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* mESC in 1981 (Martin Evans and  Matthew Kaufman)

* hESC in  1998 (James Thomson)

Development & Differentiation



The Promise of Stem Cell Research



Hierarchy of stem cells during differentiation
at each stage, differentiation potential decreases 

and specialization increases.

Zygote (totipotent)

Embryonic stem cell (pluripotent)

Germ layer stem cell (multipotent)

Lineage stem cell (oligopotent)

Tissue determined stem cell (tri- or bi-potent)

Terminally differentiated cell (nullipotent)
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Reversibility of Nucleus of Differentiated Frog Cells: NT(1960s)

Differentiated 
nuclei is 

completely 
reversible in the 

aspect of 
developmental 

potential-becomes 
multipotent.

in1962: frog cloning 
John Gurdon

Reversibility of Nucleus is Much Higher with Earlier 
Embryonic Nuclei: Cloning by Nuclear Transfer 

-Differentiated nuclei is completely reversible in the aspect of 
developmental potential-become totipotent.

-Note that genetic 
markers between egg 
donor (wild type-black 
eye) & nucleus 
donor(mutant-albino 
eye)
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The Albert Lasker Award for Basic Medical Research is one of the prizes awarded by the
Lasker Foundation for the understanding, diagnosis, prevention, treatment, and cure of
disease. The award frequently precedes a Nobel Prize in Medicine: almost 50% of the
winners have gone on to win one.

1946 Carl Ferdinand Cori
1947 Oswald T. Avery, Thomas Francis, Jr., Homer Smith
1948 Vincent du Vigneaud, Selman Waksman, René J. Dubos
��..

1960 M.H.F. Wilkins, F.H.C. Crick, James D. Watson, James V. Neel, L.S. Penrose, Ernst Ruska, James Hillier (1962) Nobel
……..
1991 Edward B. Lewis, Christiane Nüsslein-Volhard Drosophila (1995) Nobel
1993 Günter Blobel protein targeting (1999) Nobel
1994 Stanley B. Prusiner prion (1997) Nobel
1995 Peter C. Doherty, Jack L. Strominger, Emil R. Unanue, Don C. Wiley, Rolf M. Zinkernagel MHC immune sys(1996) Nobel
1996 Robert F. Furchgott, Ferid Murad Nitric Oxide (1998) Nobel
1997 Mark S. Ptashne lambda phage
1998 Leland H. Hartwell, Yoshio Masui, Paul Nurse cell cycle (2001) Nobel
1999 Clay Armstrong, Bertil Hille, Roderick MacKinnon ion channel (2003)
2000 Aaron Ciechanover, Avram Hershko, Alexander Varshavsky ubiquitin (2004) Nobel
2001 Mario Capecchi, Martin Evans, Oliver Smithies : ES and knockout  mouse (2007) Nobel
2002 James E. Rothman, Randy W. Schekman cellular trafficking
2003 Robert G. Roeder eukryotic transcription
2004 Pierre Chambon, Ronald M. Evans, Elwood V. Jensen estrogen receptor
2005 Ernest McCulloch, James Till stem cell (bone marrow)
2006 Elizabeth Blackburn, Carol W. Greider, Jack Szostak telomere & telomerase (2009) Nobel
2007 Ralph M. Steinman dendritic cell immunology 
2008 Victor R. Ambros, David C. Baulcombe, Gary B. Ruvkun microRNA

2009 John Gurdon, Shinya Yamanaka nuclear cloning, iPSc  
2010 Douglas L. Coleman, Jeffrey M. Friedman leptin

Albert Lasker Award for Basic Medical Research
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Induction of Pluripotent Stem Cellsfrom Mouse 
Embryonic and Adult Fibroblast Cultures by 
Defined Factors

- Cell line : MEF
- virus : Retroviral Infection
-gene : Oct3/4 (Nichols et al., 1998; Niwa et al., 
2000), Sox2 (Avilion et al., 2003), c-Myc(Cartwright 
et al., 2005), Klf4 (Li et al., 2005)
- feeder : STO
- gene expression (RT-PCR) 

* IPS genes : Oct3/4, Sox2 
* other genes : Ecat1, Esg1, Nanog, ERas, 

Gdf3, Fgf4, Cripto, Dax1, Zfp296, Slc2a3, Nat1

- IPS gene silencing (deletion) : No
- Teratoma / 3 layer : Yes
- Differentiation : all three germ layers
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iPS

Cells “Mouse iPS cells” 
(Shinya Yamanaka. 2006)



창약화학 © 2010 published by World Science Co. 9



Hierarchy of stem cells during differentiation
at each stage, differential potential decreases 

and specialization increases.

Zygote (totipotent)

Embryonic stem cell (pluripotent)

Germ layer stem cell (multipotent)

Lineage stem cell (oligopotent)

Tissue determined stem cell (tri- or bi-potent)

Terminally differentiated cell (nullipotent)
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SCNT /

Need oocytesiPS cell Generation /

No oocyte needed



Takahashi and Yamanaka,

August 25 2006, Cell

24 candidate factors

Oct4 ( POU-domain containing transcription factor )

• Oocytes, fertilized embryo, ICM, epiblast, ES cells, and germ cells.

• Crucial for the maintenance of pluripotency

Sox2 ( SRY-related HMG-box DNA-binding protein)

• Oocytes, ICM, epiblast, germ cells, multipotent cells of extra-embryonic

ectoderm, cells of neural lineage, brachial arches, and gut endoderm.

• Regulates the pluripotent state;

KIF4 ( Member of the Kruppel-like factor family of transcription )

• Gut, skin, and ES cells; also expressed in cells of the blood

• Tumor suppressor or oncogene that functions in regulating cell 

differentiation,cell growth, and cell cycle

C-Myc ( Basic helix-loop-helix transcription factor )

•  Multiple tissues including the heart, liver, intestine, spleen, kidney, lung,

and mammary gland

• Involved in cell cycle progression, apoptosis, and cellular transformation

Current Opinion in Genetics & Development 2008, 18:123–129

1. Factors used for iPSc production 
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What is iPSc (induced Pluripotent Stem cells) ?

Non-pluripotent cell

(adult somatic cell)

Pluripotent stem cell 

inducing a "forced" expression 

of certain genes
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Generation of iPSc using magnet-based nanofection

(Biomaterials (IP: 7.9))                            

ENGINEERING, BIOMEDICAL분야 상위 5%이내의 저널
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The potential application of patient-derived iPSCs in autologous cell 

transplantation in the treatment of various diseases.



Human iPS cell derivation, differentiation and 

applications

Adult somatic cells (unipotent) from any patient can be reprogrammed into induced pluripotent stem (iPS) cells. After

inducing differentiation in vitro, human iPS cells form specialized cells that have several applications.

Bellin et al, 2012 Nature Reviews
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Summary of the diverse cell types generated directly from mouse and human fibroblasts by lineage reprogramming. Factors

listed in parentheses are required for reprogramming human cells but not for mouse cells. References (starting from the

bottom left of the figure and going counterclockwise): Ambasudhan et al., 2011; Caiazzo et al., 2011; Davis et al., 1987; Feng

et al., 2008; Huang et al., 2011; Ieda et al., 2010; Kajimura et al., 2009; Lujan et al., 2012; Pang et al., 2011; Pfisterer et al.,

2011; Qiang et al., 2011; Sekiya and Suzuki, 2011; Son et al., 2011; Szabo et al., 2010; Takahashi and Yamanaka, 2006; Yoo

et al., 2011.

Transcription Factor-Mediated Conversion of Fibroblasts into 

Diverse Cellular Lineages

Tomas et al., 2012 Molecular cell



Differentiation and 

transplantation of 

functional 

pancreatic beta cells 

generated from 

Type 1 diabetes model 

– iPS cells

From 2008



Type 1 diabetes is an immune-mediated disease in which pancreatic insulin-

producing beta cells are damaged and destroyed.  (Insulitis)

• Alpha cells : 

producing glucagon (15-20%)

• Beta cells : 

producing insulin and amylin (65-80%)

• Delta cells : 

producing somatostatin (3-10%)

• PP cells : 

producing pancreatic polypeptide (3-5%)

• Epsilon cells : 

producing ghrelin (<1%)

Therapeutic application of iPS cells (Diabetes)

20



• Alpha cells : 

producing glucagon (15-20%)

• Beta cells : 

producing insulin and amylin (65-80%)

• Delta cells : 

producing somatostatin (3-10%)

• PP cells : 

producing pancreatic polypeptide (3-5%)

• Epsilon cells : 

producing ghrelin (<1%)

What is Type 1 Diabetes?

� Diabetes mellitus type 1 (Type 1 diabetes, T1D, T1DM, IDDM, juvenile diabetes) is a form of 

diabetes mellitus.

� Type 1 diabetes is an autoimmune disease that results in destruction of insulin-producing beta cells of 

the pancreas.

� Type 1 diabetes is fatal unless treated with exogenous insulin.

� Islet cell transplant is also being investigated and has been achieved in mice and rats, and in 

experimental trials in humans as well.

� Use of stem cells to produce a new population of functioning beta cells seems to be a future possibility, 

but has yet to be demonstrated even in laboratories.



New treatment methods and challenges of diabetes

The advantage of islet transplantation Limitations of current islet transplantation

� The treatment without the risk of 
hypoglycemia

� The possibility of repeating the procedure

� No complications of pancreatic exocrine 
enzymes

• Requires multiple pancreas donors

• Lack of donors- Lack of islets transplantation

Differentiation of insulin-secreting cells from 

embryonic stem cells
Donor 

pancreas

Pancreatic tissue 

digestion

Islet transplantation

Islets in 

Recipient 

Liver

Possibility (iPS)Limitations (ES)

� By removing the bioethical 

issues

� eliminate the concern of 

immune rejection

� iPS cells generated from 

subjects with a genetic 

disease

� Genetically matched cell lines

� Easier to create

� Highly efficient differentiation 

into insulin-producing cells

� Ethical problems of using 

embryo

� Require patient-specific 

embryonic stem cells

� the concern of immune rejection 

� The risk of teratoma tumor 

formation

Solution

Islet 

Purification
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Potential application of patient-derived iPSCs 

in autologous beta-cell transplantation in the treatment of diabetes.

•We hypothesized that a combination of the cell reprogramming and 

differentiation techniques could be used for generation of patient-

specific iPSCs and differentiation into pancreatic beta-like cells. 

•Such cells could provide a promising resource for cell therapy to 

treat diabetes. 



Cultured Stem cells

Embryo

Cultured

blastocyst

Patient cells

Islet like cells

iPS

Limited source resolved through 

the production of insulin-secreting cells

Solves lack of islet 

transplantation

In vitro Differentiation

� Definitive Endoderm

� Pancreatic Progenitor

� Progenitor Expansion

� Insulin-Producing Cells



Type 1 diabetes is an immune-mediated disease in which pancreatic insulin-

producing beta cells are damaged and destroyed.  (Insulitis)

Animal models have served a prominent function in the development of the 

present ideas of pathogenesis and approaches to therapy. This commentary 

addresses the utility and limitations of these models for facilitating the 

‘translation’ of immunology research into clinical applications.

• Alpha cells : 

producing glucagon (15-20%)

• Beta cells : 

producing insulin and amylin (65-80%)

• Delta cells : 

producing somatostatin (3-10%)

• PP cells : 

producing pancreatic polypeptide (3-5%)

• Epsilon cells : 

producing ghrelin (<1%)

Therapeutic application of iPS cells (Diabetes)

25



Differences of gene expression between normal mice & NOD mice?

Type 1 diabetes is a polygenic disease, meaning many different genes contribute to its 

expression. Depending on locus or combination of loci, it can be dominant, recessive, or 

somewhere in between.

The strongest gene, IDDM1, is 

located in the MHC Class II region on 

chromosome 6, at staining region 

6p21. 

This is believed to be responsible for 

the histocompatibility disorder 

characteristic of type 1: Insulin-

producing pancreas cells (beta cells) 

display improper antigens to T cells.

-The non-obese diabetic (NOD) mouse is a classical animal model for autoimmune 

type 1 diabetes (T1D), and exhibit clinical or immunological features that closely 

mimic those of human T1D patients. 

-Thus, the prospect of induced pluripotent stem cells (iPSCs) as a therapeutic 

modality against established T1D should be verified in NOD mouse model.
26
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- We developed an optimized stepwise differentiation protocol, based on several different

direct differentiation methods [Melton,Deng], that led to the successful differentiation of

NOD-iPSCs into insulin-producing cells.



Mouse Development

- MEF (13.5 dpc)
(mouse embryonic fibroblast)

- PDE (3 months)
(Pancreas-derived epithelial cells)

: Adult-stage
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30Figure. 1 Generation of NOD-iPSCs from NOD mouse 

ES-like col./

10.000cells

Established

efficiency (%)

NOD

MEF(NM) 4 0.04

NOD

Pancreas (NP) 8 0.08



31Figure. 1 Generation of NOD-iPSCs from NOD mouse 
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Figure. 2 In vitro and in vivo differentiation of NOD-iPSCs into the 3 germ layers

iPS cell line No. of ET No. of progeny No. of chimeras (%)

NOD-iPS 37 19 3 (8%)

Control 51 24                           5 (9%)

Control: 129-ES cells



PNAS

Cell Research (2009) 19:429–438.

ß- cell differentiation – From 2008
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Figure. 3 Dynamic expression patterns of pancreatic lineage genes during direct pancreatic differentiation  

from NOD-iPSCs
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Figure. 4 Differentiation of NOD-iPSCs into insulin-producing cells by a stepwise direct differentiation 

protocol
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Insulin secretion from these cells is responsive to 
glucose and other physiological (KCl) stimulation

Expression of pancreatic beta cell-specific genes, 
including IAPP, insulin, and Glut2, in differentiated cells 



37Figure. 5 Differentiation of NOD-iPSCs into pancreatic insulin-producing cells.
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Fig. S7. Differentiation of NOD-iPSCs
into pancreatic insulin-producing cells. 

Note that immunocytochemical staining 
revealed that 2 NOD-iPSC lines 
(NM-iPS1 and NPE-iPS1) and 
control ESCs (G4-2) differentiated 
into pancreatic beta-like cells, 
which expressed 

Pdx-1, insulin (INS), 
C-peptide (C-PEP), 
glucagon (GLU), and 
somatostatin (SS) 



39Figure. 5 Differentiation of NOD-iPSCs into pancreatic insulin-producing cells.



Epigenetic memory and preferential lineage-specific differentiation  

Hepatology



Beta cell transplantation

1. Preparation of Mouse for Transplant : Anesthetize

2. Make a small incision in the peritoneum exposing the kidney. 

41

3. Apply a slight pressure to both sides of the incision, raise or pop the kidney out of the mouse.

Keep the kidney moist by applying normal saline with a cotton tipped swab

4. Using a syringe needle, make a small scratch on the right flank of the kidney,

5. Into the nick made in the kidney, carefully slide the PE50 tubing under the capsule.

6. slowly advance beta-cells under the capsule. 

Dry the area with a dry swab and carefully cauterize the nick with low heat.
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Kilsoo Jeon and Haejin Lim:  

generation of NOD-iPSCs and 
performed cell culture and stepwise 
differentiation of ES/NOD-iPSCs 
toward insulin producing cells. 

Jeong Hyun Kim and Hae Yeon  Choi: 

measured insulin release and glucose 
level in diabetic mice. 

Seung Hwa Park (prof. in anatomy)
and Jeong Hyun Kim:

performed procedures for paraffin 
embedding, haematoxylin/eosin, and 
immunohistochemistry staining. 

Kilsoo Jeon 

Haejin Lim

Jeong Hyun Kim

the institutional animal care 

and use committee (IACUC),

Konkuk University 

(KU10069 and KU10070).



Figure. 6 Transplantation of NPE-iPSCs-derived insulin-producing cells into STZ-induced 

diabetic NOD/SCID mice.

Before transplantation, streptozotocin was injected intraperitoneally for 3 days at 50 mg/kg into 6- to 8-week old NOD/SCID 
mice and When non-fasting blood glucose levels were above 13.9 mmol/l on 2 consecutive  days, 5 × 106 differentiated cells 
were transplanted into the left subcapsular renal space. 

Transplantation of the differentiated NPE-iPSCs into diabetic model mice resulted in kidney engraftment 
of insulin-producing cells and normalization of blood glucose levels (hyperglycemia). 



Figure. 6 Transplantation of NPE-iPSCs-derived insulin-producing cells into STZ-induced 

diabetic NOD/SCID mice.
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Grafts were removed 
5 weeks after transplantation and 
analyzed by H/E staining or 
immunohistochemistry (immunofluorescence and DAB-nickel reactions).

Analysis of grafted kidney. 

(A-B): Hematoxylin/eosin staining 
of grafted kidney. 

Grafts were removed 5 weeks 
after transplantation and analyzed 
by hematoxylin/eosin staining, 
either on the non-transplanted kidney 
(A) or the NPE-iPSC group kidney (B).

The black arrows in (A-B) represent 
the site of kidney capsule injection.
K, kidney; E, engrafted cells.

(C): Expression of insulin, 
and C-peptide in the graft. 

Brown DAB staining was positive. 
Sections were counterstained 
with hematoxylin (blue). 
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The NOD-iPS cells derived from NOD-MEF and NOD-PDF showed ES cell-like characteristics, 

including expression of endogenous pluripotency genes, differentiation of three germ layer 

lineages, and formation of teratomas. 

We could differentiate the NOD-iPS cells toward functional pancreatic beta cell-like cells, which 

may be a promising application tools in biomedical research on type 1 diabetes. 

Transplantation of the differentiated NPE-iPSCs into diabetic model mice resulted in kidney 

engraftment of insulin-producing cells and normalization of blood glucose levels.

We propose that these NOD-iPSCs will provide a useful tool for investigating genetic 

susceptibility to autoimmune diseases and for generating a cellular interaction model of T1D. 
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Potential application of patient-derived iPSCs 

in autologous beta-cell transplantation in the treatment of diabetes.

•a combination of the cell reprogramming and differentiation 

techniques could be used for generation of patient-specific iPSCs 

and differentiation into pancreatic beta-like cells. 

•Such cells could provide a promising resource for cell therapy to 

treat diabetes. 



From 2008

Hope to publish in high-impact factor journal………

Our group have started from 2008, but

NOD mouse iPS cell generation – Be scooped by ….

Epigenetic memory and preferential differentiation  - Be scooped by ….

Beta-cell differentiation  of iPS cells – Be scooped by ….

Transplantation of iPSc-derived beta-like cells – Be scooped by …. 



- Although the NOD mouse has been enormously useful, establishing embryonic 

stem cells (ESCs) from NOD mouse is extremely difficult. 49

- Curative therapy for diabetes mellitus mainly implies replacement of functional 

insulin-producing pancreatic cells, with pancreas or islet-cell transplants. 

- However, shortage of donor organs spurs research into alternative means of 

generating cells from islet expansion, encapsulated islet xenografts, human islet cell-

lines, and stem cells. 

- The nonobese diabetic (NOD) mouse is a valuable model for human type 1 diabetes 

and now a key strain in the development of humanized mice, which are valuable 

animal models for human biomedical research on hematopoiesis, immune system, 

infectious disease, cancer, and regenerative medicine.

NOD mouse iPS cell generation – Be scooped by ….
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Epigenetic memory and preferential differentiation  - Be scooped by ….

Beta-cell differentiation  of iPS cells – Be scooped by ….



ß- cell differentiation PNAS

Transplantation of iPSc-derived beta-like cells – Be scooped by …. 
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Our group have started from 2008, but

NOD mouse iPS cell generation – Be scooped by ….

Epigenetic memory and preferential differentiation  - Be scooped by ….

Beta-cell differentiation  of iPS cells – Be scooped by ….

Transplantation of iPSc-derived beta-like cells – Be scooped by …. 



Moving stem cell research into the clinics

Schroeder, 2012 Curr Diab Rep
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Actuality
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- Although the NOD mouse has been enormously useful, establishing embryonic 

stem cells (ESCs) from NOD mouse is extremely difficult.
56

- Curative therapy for diabetes mellitus mainly implies replacement of functional 

insulin-producing pancreatic cells, with pancreas or islet-cell transplants. 

- However, shortage of donor organs spurs research into alternative means of 

generating cells from islet expansion, encapsulated islet xenografts, human islet cell-

lines, and stem cells. 

- The nonobese diabetic (NOD) mouse is a valuable model for human type 1 diabetes 

and now a key strain in the development of humanized mice, which are valuable 

animal models for human biomedical research on hematopoiesis, immune system, 

infectious disease, cancer, and regenerative medicine.



ß- cell differentiation
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