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Embryonic Stem Cells

Pluripotency & un-limited  proliferation

Cells in the inner cell mass are pluripotent and can develop into all kinds of organs

Thomson et al., Science 1998



Specialty of Embryonic Stem Cells

1. Pluripotency (Teratoma formation)

2. Un-limited proliferation 

3. High genetic stability during long-term culture

4. Ethical problem

5. Immune recognition 

 Required Patient-Specific Pluripotent Stem Cells  
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The strategies for preventing hESC immune recognition :

 Induction of tolerance by hematopoietic chimerism using hematopoietic cells

differentiated from hESCs

 Creation of universal cells by genetic modification to reduce the expression of

MHC molecule

 Establishment of large banks of immunophenotyped hESC lines to match

MHC alleles between hESC lines and patients

or

Generation of Isogenic Plutripotent Stem Cell Lines using the patient’s 

own somatic cells by SCNT or IPS technologies

For the Clinical Application of Pluripotent Stem Cells



Cell Line

Result

ABO genotypeHLA-Class I HLA-Class II

HLA-A HLA-B HLA-Cw HLA-DR

CHA-hES 3 A* 2402, 3101 B* 1507, 4601 Cw* 0102, 03031 DRB1* 0403, 0803 O/O

CHA-hES 4 A* 0207, 1101 B* 1801, 4601 Cw* 0102, 1203 DRB1* 0405, 1104 O/O

CHA-hES 5 A* 2402, 3303 B* 07021, 4403 Cw* 0702, 1403 DRB1* 01011, 0701 A/O

CHA-hES 6 A* 0201, 0203 B* 3802, 4001 Cw* 0304, 0702 DRB1* 0901, 1101 B/B

CHA-hES 7 A* 0201, 1101 B* 1511, 5401 Cw* 0102, 03031 DRB1* 0405, 1202 O/O

CHA-hES 8 A* 1101, 2402 B* 1527, 4801 Cw* 04011, 08011 DRB1* 0406, 1405 B/O

CHA-hES 9 A* 0201, 1101 B* 1301, 4001 Cw* 0304, 0702 DRB1* 1202, 1405 O/O

CHA-hES 10 A* 1101, 3004 B* 1401, 5401 Cw* 0102, 0802 DRB1* 0404, 1405 A/O

CHA-hES 11 A* 0201, 3101 B* 1518, 5401 Cw* 0102, 0704 DRB1* 0401, 1405 A/O

CHA-hES 12 A* 0203, 3004 B* 1401, 3802 Cw* 0702, 0802 DRB1* 0802, 1101 A/A

CHA-hES 13 A* 2402, 3001 B* 07021, 1302 Cw* 0602, 0702 DRB1* 01011, 0405 B/B

CHA-hES 14 A* 1101, 3303 B* 4403, 5101 Cw* 1402, 1403 DRB1* 0901, 1302 B/O

CHA-hES 15 A* 3101, 3303 B* 4403, 4601 Cw* 0102, 1403 DRB1* 0403, 1302 A/O

CHA-hES 16 N/A* N/A* N/A* N/A* O/O

CHA-hES 17 A* 3303, 6801 B* 5101, 5801 Cw* 0302, 1502 DRB1* 1302, 1407 A/O

CHA-hES 18 A* 2402, 2603 B* 1501, 5502 Cw* 0102, 0303 DRB1* 0901, 1501 B/O

CHA-hES 19 A* 0203, 2402 B* 3802, 5101 Cw* 0702, 1402 DRB1* 0803, 1502 B/O

CHA-hES 20 A* 0201, 0207 B* 1501, 4601 Cw* 0103, 04011 DRB1* 0901, 14011 B/O

CHA-hES 21 A* 0101, 3303 B* 3701, 4403 Cw* 0602, 0701 DRB1* 0301, 0701 A/O

CHA-hES 22 A* 0206, 0206 B* 4001, 5502 Cw* 0102, 0702 DRB1* 1202, 1501 O/O

CHA-hES 23 A* 2402, 3303 B* 4403, 4601 Cw* 0103, 1403 DRB1* 0901, 1501 A/O

CHA-hES 24 A* 0206, 3004 B* 1401, 35011 Cw* 08011, 0802 DRB1* 0404, 12011 A/B

CHA-hES 25 A* 0101, 0206 B* 35011, 3701 Cw* 03031, 0602 DRB1* 0405, 1001 O/O

CHA-hES 26 A* 0201, 0206 N/A* Cw* 0102, 0304 DRB1* 0405, 1405 A/B

CHA-hES M1 A* 1101, 3101 B* 1501, 4002 Cw* 0304, 04011 DRB1* 0406, 1407 A/O

CHA-hES R1 A* 0206, 2402 B* 07021, 5901 Cw* 0102, 0702 DRB1* 01011, 0405 O/O

CHA-hES R2 A* 0201, 3303 B* 27051, 5801 Cw* 0102, 0302 DRB1* 01011, 1302 B/O

CHA-hES R3 A* 0206, 0207 B* 4601, 5101 Cw* 0102, 1402 DRB1* 0803, 12011 A/A

CHA-hES R4 A* 0301, 2402 B* 07021, 27051 Cw* 0202, 0702 DRB1* 01011, 01011 B/O

HLA and ABO genotypes of CHA-hESC lines ( ≥ 60)
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Embryonic Stem Cell Bank (HLA-matched Cell Bank)
Overcome of Immunological Problems after Transplantation - I 

HLA typing of 38 CHA-hESC lines vs.  7387 donated cord bloods

for simulation of stem cell transplantation
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A, B antigen and

DRB1 allele level

A, B and DRB1

allele level

Full match 1 mismatch 2 mismatch

A, B antigen and 
DRB1 allele level 0.31% 3.84% 41.49%

A, B and DRB1 
allele level 0.24% 2.34% 24.34%

Lee et al., Cell Transplantation 2010, CHA Stem Cell Institute, 2011

It was estimated that our 38 CHA-hESC lines can provide a coverage for 27% and 45% of the Korean 

population with A, B, DR allele level and A, B antigen/DR allele level matches, respectively.

Human Embryonic Stem cells



The strategies for preventing hESC immune recognition :

 Induction of tolerance by hematopoietic chimerism using hematopoietic cells

differentiated from hESCs

 Creation of universal cells by genetic modification to reduce the expression of

MHC molecule

 Establishment of large banks of immunophenotyped hESC lines to match

MHC alleles between hESC lines and patients

or

Generation of Isogenic Plutripotent Stem Cell Lines using the patient’s

own somatic cells by SCNT or IPS technologies

For the Clinical Application of Pluripotent Stem Cells



Somatic Cell Nuclear Transferred (SCNT)- Stem Cells

Therapeutic cloning

• produce pluripotent stem cells that carry the nuclear genome of the patient

• eliminate the critical problem of immune incompatibility

Lanza et al., Nat Biotechnol 1999
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Somatic Cell Nuclear Transferred (SCNT)- Stem Cells

Difficulties in derivation of SCNT-stem cells

• SCNT embryos fail to progress beyond the 8-cell stage or did reach the blastocyst

stage only.

• may due to an inability to reprogram critical embryonic genes from the somatic donor 

cell nucleus

Noggle et al., Nature 2011

French et al., Stem Cells 2008

Fan et al., Stem Cells Dev 2011
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Somatic Cell Nuclear Transferred-Stem Cells

First successful derivation of SCNT-SCs using fetal and neonatal  somatic donor cells

Tachibana et al., Cell 2013 

• The use of electrical activation 

combined with ionomycine /DMAP 

activation 

• The use of HDAC inhibitor after oocyte

activation

• Caffeine treatment  during enucleation

• The use of a hormone stimulation 

protocol yielding a small number of 

high quality oocytes  

• Derivation of 4 SCNT-SC lines using 

same fetal embryonic fibroblasts

• Derivation of 2 SCNT-SC lines using 

cells from  an 8-month-old subject with 

Leigh syndrome (but, no karyotype or 

evidence of pluripotency was provided)
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SCNT– derived stem cells (SCNT-SCs)

CHA NT2
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Sources of patient-specific pluripotent stem cells

• patient-specific pluripotent stem cells

- induced pluripotent stem cells (iPSCs)

- Somatic cell nuclear transfer –derived stem cells (SCNT-SCs)

SCNT-SCs
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• Derivation of human SCNT-stem cells using adult somatic cells has 

potential for application in a range of therapeutic contexts. 

• 2 human SCNT-SC lines using dermal fibroblasts from 35- and 75-year-

old males.

Chung et al., Cell Stem Cells 2014



Establishment of SCNT-Stem Cells using Adult Cells

Chung et al., Cell Stem Cells 2014

• Derivation of SCNT-SC lines and Characterization

Karyotypes of SCNT-SC lines
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Establishment of SCNT-Stem Cells using Adult Cells

Chung et al., Cell Stem Cells 2014

• Characterization of SCNT-SC lines and Characterization

Nuclear DNA genotyping
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Still extremely low efficiency !!!

Chung et al., Cell Stem Cells 2014

Derivation-efficiency of human SCNT-SC lines

1. Injection with mRNA for two centrosomal proteins (Human 

NuMA and HSET) into reconstituted eggs. 

 did not enhance cloning efficiency

2. The slightly prolonged incubation time (30 min to 2 hours) 

before activation

 may enhance developmental progression of cloned 

embryos.

3. SCNT-SC lines were derived from only hatching blastocysts

at day 6 and specific oocyte donors. 
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Cell fate decisions and their timing in mouse versus 

human early embryo development.

Niakan et al., Development 2012
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Matoba et al., Cell 2014



18Matoba et al., Cell 2014
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Genetic networks of human pre-implantation development

Niakan et al., Development 2012



Establishment of SCNT-Stem Cells using Adult Cells

• Establishment-Efficiency of SCNT-SC lines using mRNAs of reprogramming-factors
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Establishment of SCNT-Stem Cells using Adult Cells

• Establishment-Efficiency of SCNT-SC lines using mRNAs of reprogramming-factors
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Kdm4d-dependent and independent modules

(data from Cell 159: 884-895, 2014)
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Establishment of SCNT-Stem Cells using Adult Cells

• Establishment-Efficiency of SCNT-SC lines using mRNAs of reprogramming-factors
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Establishment of SCNT-Stem Cells using Adult Cells

• Establishment-Efficiency of SCNT-SC lines using mRNAs of reprogramming-factors
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Chung et al., 2015 submitted



Establishment of SCNT-Stem Cells using Adult Cells

• Establishment-Efficiency of SCNT-SC lines using mRNAs of reprogramming-factors

25Chung et al., 2015 submitted



Ideal Cell Sources for Stem Cell Therapy???

Ideal Cells for 

Application

Embryonic Stem Cells (ESCs)

Fertilized embryo-derived ESCs 

Parthenogenic embryo-derived ESCs

Single blastomere-derived ESCs

Reprogrammed Pluripotent Stem Cells

Somatic Cell Nuclear Transferred (SCNT)- Stem Cells

Induced Pluripotent Stem Cells (iPSCs)

Mid brain tissue from aborted fetus

Autologous Adult Stem Cells

Adipose-derived

Peripheral blood-derived

Bone marrow-derived

Testicular stem cells (HTSC)

Allogeneic Adult Stem Cells

Cord blood-derived

Placenta-derived

Wharton’s jelly



Induced Pluripotent Stem Cells (IPSC)
Overcome of Immune recognition after Transplantation 

• Using 4 factors: Oct4, Sox2, Nanog, & Klf4, ES like cell production 

from patients’ somatic cells (Takahashi and Yamanaka, 2006; 

Takahashi et al., 2007)

• However, clinical application of iPSC remains the safety issue with 

use of virus and gene modification 

Goldthwaite Reg Med 2011
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Cummulative proportion of patients with at least one human 

HLA-matched Parthenogenetic donor for hESC

transplantation

◆: Parthenogenetic donor with full match; 

△: single mismatch at one loci or HLA-A, -B, or –DR  

●: single mismatches at the two loci or better match

How many homozygous-NT-hESC lines are needed 

for clinical use?

Nakajima et al., Stem Cells 2006 Japan., Homozygous iPS bank



Recent Animal Studies

 Functional and Structural Comparison between Mouse SCNT- and 

iPSC derived–SC from Same Somatic Cells

• SCNT-mediated reprogramming mitigates telomere 

dysfunction and mitochondrial defects to a greater 

extent than iPSC-based reprogramming.

• When compared to induced pluripotency, SCNT might be 

a safer way to reprogram somatic cells into a pluripotent

state with a lower mutation load.

29



Ma et al., Nature 2014 (July) 

• Genetically matched cell lines (fetal dermal fibroblast, NT1-NT4, iPS-R1 and iPS-R2, iPS-S1-

iPS-S5, hESO-7 and HESO-8) from 1 fetal skin fibroblast 

• Subchromosomal aberrations

• Global DNA methylation, DNA methylation at imprinted and XCI regions

• Autosomal non-imprinted loci and whole-genome bisulphite sequencing

• Non-CG methylation in NT ES cells

• Global gene expression

 Both NT ES cells and iPS cells derived from the same somatic cells contained comparable 

numbers of de novo copy number variations. 

 In contrast, DNA methylation and transcriptome profiles of NT ES cells corresponded closely to 

those of IVF ES cells, whereas iPS cells differed and retained residual DNA methylation patterns 

typical of parental somatic cells.
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Recent studies

 Functional and Structural Comparison between Human SCNT- and 

iPSC derived–SC from Same Somatic Cells of Adult Patients

• Global expression profiles of SCNT-SC was very similar 

to those of same donor cells-derived iPSCs as well as 

conventional ESCs and iPSCs.

• Comparison of Genetic Stability between Human SCNT-

SC and iPSC derived from Same Somatic Cells

CHA-hES NT2 CHA-hiPS NT2-S4

Fibroblast 

(DFB-2)
CHA-hES NT2

CHA-hiPS-NT2-

S4

6-FAM_Blue

D8S1179 14 16 14 16 14 16

D21S11 28 30 28 30 28 30

D7S820 9 10 9 10 9 10

CSF1PO 12 12 12 12 12 12

VIC_Green

D3S1358 15 17 15 17 15 17

THO1 6 7 6 7 6 7

D13S317 9 11 9 11 9 11

D16S539 11 12 11 12 11 12

D2S1338 17 19 17 19 17 19

NED_Yellow

D19S433 14 14 14 14 14 14

vWA 17 19 17 19 17 19

TPOX 9 10 9 10 9 10

D18S51 14 19 14 19 14 19

PET_Red

AMEL X Y X Y X Y

D5S818 11 12 11 12 11 12

FGA 22 23 22 23 22 23
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Analysis of SNP variations from 3 sets of Pluripotent

Stem Cells (1 NT-SC and 2 iPSCs)

Somatic cell        

(nuclear donor)
NT-SC iPSC1 iPSC2

Group 1

(CHA-NT2)
641,995 641,852(99.978%) 641,758(99.963%) 641,848(99.977%)

Group 2

(CHA-NT4)
680,432 680,384(99.993%) 680,258(99.974%) 678,471(99.712%)

Group 3

CHA-NT5
668,528 668,245(99.958%) 668,136(99.941%) 668,270(99.961%)

Total 1,990,985 1,990,481(99.975%) 1,990,152(99.958%) 1,988,589(99.880%)

Somatic cells

(nuclear donor)

NT-hES iPS1 iPS2

Unpublished data



Production of Patient-specific SCNT-RPE

Schematic view of Clinical Application of SCNT 

Production of Patient specific 

SCNT-derived RPE 

CHA Stem Cell Institute 2015
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