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Introduction to stem cell
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1
All blood elements
develop from one
origin cell — stem cell »

Monophyletic theory, A. A. Maksimov
The term "stem cell” Maksimov proposed in 1908.

o Developed and proved the
“Unitarian theory of
hematopoiesis”

Alexander A. Maximow
1874 - 1928


http://en.wikipedia.org/wiki/File:Alexander_A._Maximow,_Portrait.JPG

DIAGRAM OF HEMATOPOIESIS
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WHAT IS STEM CELL?

|II

“Self-renewa
replicate itself, or...

“Differentiation”
( ) o  Classified by their potency

differentiate into many

cgll types. @
Sl
,:‘\',{/\\/

Image prepared by Catherine Twomey for the National Academies,

Understanding Stem Cells: An Overview of the Science and Issues a4
from the National Academies, http: //www.nationalacademies.org/stemcells.

Academic noncommercial use is permitfed.

A single cell that can




HIERARCHY OF STEM CELLS AND PROGENITOR CELLS

Totipotent cell
ot '
telaa (z ') (capable of dividing and developing to
fom\acomplete. matureuga
Pluripotent cell
Self-fenewalc; \/ (@ ;ableofm nginto all

’ \ erent cell types)

- ( .) ~ Multipotentcell
(capable of
Blood Stem Cells o ening Into
»manyeell types)

RedBlood  White Blood
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WHERE CAN WE FIND STEM CELLS?

HUMAN DEVELOPMENT CONTINUUM
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Embryonic stem cell research will prolong life,
improve life and give hope for life to millions of
people.

(Jim Ramstad)
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TOMALLEN needs some Stem Cell ff
- Research. ' '
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HUMAN EMBRYONIC STEM CELLS

Stem Cell Therapy

Blastocyst
(64 to 200 cell stage,

\ cross-section)
P trophoblasts

Transplantation

Cells transplanted into patient with
spm"ﬁ‘é?f%" e L aonf»;" ' Disoi
injury, Lou s 5€,
cancer, cardiovascular disease,
rheumatoid arthrilis, etc.

James Thomson, 1998
University of Wisconsin-Madison



THERAPEUTIC CLONING

Patient-Specific Stem Cell Therapy

Biopsy Nuclear transfer

o Develop to

blastocyst stage

Isolate and propagate
pluripotent stem cells

Smith et al., 2001



PROBLEMS ASSOCIATED WITH THE USE OF HUMAN
ESCS IN CLINICAL APPLICATIONS
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Generation of the desired cell
types is still inefficient
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Immune rejection due to
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INDUCED PLURIPOTENT STEM CELLS (IPSCs)

&if::;@— Skin fibroblasts

Teratoma Retroviral transfection
formation . Oct3/4, Sox2, Klf4, c-Myc

Antibiotic selection Pluripotent markers
(Oct-4, Nanog, TRA-1-60,

b &’” — TRA-1-81, SSEA-3, SSEA-4) ' '
NOD/SCID mouse \ j Dr. Sh|nya Yamanaka
Growth in culture
Kyoto University

/@@@—'%ce" line Nobel prize 2012 in

in vitro differentiation

@ o Physiology or Medicine

Normal " g @
blastocyst
. \O« ..) /

—

ENDODERM MESODERM ECTODERM
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mouse '\ Lung Heart and blood vessels Eyes
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Takahashi et al, 2006, 2007



|IPSC THERAPEUTIC APPLICATIONS

Personal stem cell

Arrhythmic event

Molecular mechanism
of the disease

— |Reprogramming | | Differentiation

~4 4 4
o> $_. ey 9

Somatic cells iPS cells Specialized Drug reening
(unipotent) differentiated and discovery
cells ‘ O
J Yy New drugs

Patient

Cell therapy?
Human preclinical

trials ‘in a tube’

Cardiac, neural,
liver toxicity tests |

J

Nature Reviews | Molecular Cell Biology



PAROXYSMAL NOCTURNAL HEMOGLOBINURIA

e Non-malignant, clonal disorder of
hematopoietic stem cells

e Hemoglobinuria (Intravascular hemolysis) ,
cytopenia, thrombosis

* PIG-A gene mutation in HSCs = decreased or
absent CD55 and CD59 expressions

e (D55 & CD59 - complement regulatory
molecules

15



EXPERIMENTAL OVERVIEW

biopsy
/ “ Characterization ”
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PNH DIAGNOSIS

CD55 and CD59 expressions by

flow cytometry for PNH diagnosis

CD55 CD59
. PNH ¥ PNH
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IPSC GENERATION

O5KM
factors

Patient’s HDF iPS cells = hESC morphology

» Spindle shape » Round shape with high N/C ratio
» Compact colony with clear boundary

Phondeechareon, et al. Ann Hematol 2016; 95: 1617.



|PSC CHARACTERIZATION

Pluripotent marker Gene expression
NANOG __ SSEA4 10000
EE 1000 '2’::206 —
PNH1 PNH1 PNH2 PNH2 Chula4.
TRA-1-60 TRA-1-81 HDF HDFiPSC HDF HDFiPSC hESC
In vitro and in vivo differentiation Karyotypic analysis

Ectoderm 7 Mesoderm Endoderm
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g J 59 *0 5 2 Y& g n
¥ NESTIN/DAPI |SMA /DAPI AFP / DAPI : iﬂ B KQ tn 2 we we
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Pigmented Cartilage Gut-like structure
epithelium tissue

Phondeechareon, et al. Ann Hematol 2016; 95: 1617.



EXPRESSION OF CD55 AND CD59

CD55 and CD59 expression
PNH casel PNH case2 Normal

CD55 CD59 CD55 CD59 CD55
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Phondeechareon, et al. Ann Hematol 2016; 95: 1617.



HEMATOPOIETIC CELL DIFFERENTIATION

, : Differentiati -
o OB HETEnHator CD34 and CD59 expressions
tsf\% a — by flow cytometry

- Cytokine cocktails

PNH-specific
iPSCs
CD34* HSPCs derived from CD34* HSPCs CD34* HSPCs
A PNH-specific iPSCs from healthy donor from PNH Patient
- PNH2 iPSC D12 Adh.004 - Data.002
= E = E - PHHZ-ENMATIC-110912-002.002
CD34| %] .
T o 3 273
= ] =]
§N'°'3 ENE? g“e 1
8 g 57
23 = -]
oo i % =
—100 '61 162 10'3 104 -—100 101 102 103 104 2100 —r ....1.31 —r ‘0.2 — 10.3 — 104
CDS9PE CD59 PE CDSAFITS
CD59

Phondeechareon, et al. Ann Hematol 2016; 95: 1617.



CONCLUSION

» Our PNH-specific iPSCs demonstrated pluripotency with normal
karyotype.

» After reprogramming, PNH-specific iPSCs maintained expressions
of CD55 and CD59 at the normal levels.

» CD34* HSPCs derived from PNH-specific iPSCs expressed CD59 at
the normal level similar to those of healthy donor’s CD34* HSPCs.

» PNH-specific iPSCs may provide a potential cell source for
autologous transplantation in the future.

22



MYANMAR

o-thal 10.5%
B-thal 4%
HDE 1-26%

THAILAND
a-thal 5.5-30%

MALAYASIA
a-thal 1.8-7.5%
B-thal 3-5%
HbE 5-46%

 INDONESIA

a-thal 0.5%
B-thal 3%
HbE 1-25%

PREVALENCE OF THALASSEMIA AND HEMOGLOBINOPATHIES

IN ASIA PACIFIC REGION

L 4

»

o
PN s CAMBODIA
L & a-thal 10%
A B-thal 3%
. HoE 31-63% |

| PHILIPPINES
o-thal 5.4%
o % pethal 1.2%
== < HbE 1%
S A

0 T ew
QI atme <@ Zu =P

.

Viprakasit V et al. Expert Opinion on Orphan Drug 2014.



EPIDEMIOLOGY OF THALASSEMIA SYNDROMES IN THAILAND

At least 800,000 patients are thalassemia patients in Thailand

At least 20 million with HbE trait worldwide and nearly
1 million are at risk of HbE/b-thalassemia

VIETNAM
MYANMAR  LAOFD.R

b

e K aen B-TM 2,500 625 6,250
Chiang Mai - — ,
THAILAND 4 Hb Bart’s 5,000 1,250 0
/..,-4 hydrops
/{’& B-Thal/HbE 13,000 3,250 97,500
Bangkok HbH disease 28,000 7 000 420,000
GULY OF THAILAND
! Total 48,500 12,125 523,750
.’\ ™ Songkla
N
ANDAMAN SEA Source: thalassemia Foundation of Thailand 1998.
MALAYSIA

Thal, thalassemia.



BETA THALASSEMIA/HEMOGLOBIN E

e One allele produces decreased levels (*) or no beta globin ((°), another
allele produces abnormal HbE.

* [B*or B° can result from various possible mutations.

* HbE results from a single point mutation at codon 26 of the HBB gene,
G = A substitution (glutamic acid = lysine).



STANDARD TREATMENTS

* Blood transfusions
* Iron chelation therapy
* Folic acid supplements

* Hematopoietic stem cell
transplantation (HSCT)

Cells harvested 2.

from pauent e; I:|Ilae?e(\!"2(1)5
/.,b reproduce Future treatments

SR\ s 0 velobininducing agents
* Gene therapy in HSCs

&% A.';fge:az:"; ;":f:;:“ |
N * Genome editing in HSCs

Altered virus
~. \ mixed with .
- patient’s cells d P S C
5. anal S
Cells become

genetically altered

http://landdestroyer.blogspot.com/2012/12/on-cusp-of-ending-big-pharma.html



GENOME EDITING TECHNOLOGIES

Artificially
engineered nucleases
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GENETIC CORRECTION OF BETA THAL/HBE IPSCs

* To correct mutation (HbE: Codon 26 G—>A) on HBB gene of
beta-thalassemia/hemoglobin E iPSCs using CRISPR/Cas9.

Functional
analysis
Gene correction NSG mice
‘ using CRISPR/Cas9

=] I In vitro
differentiation .

Corrected iPSCs Healthy HSPCs




CHARACTERIZATION OF B-THALASSEMIA/HBE IPSCs

NANOG OCT4 SSEA-4 TRA-1-60 TRA-1-81

BE-iPSC1

BE-iPSC2

NESTIN AFP SMA
. BE-iPSC2, p19, 46, XY

O
¥
4y ? A ”g £h 2 %«
& 22 80 03 BE RF
@
- B ] ag 2 .
88 35 42 54 Eg 2L 8%

BE-iPSC2

Sebaceous tissue artilage

Wattanapanitch, et al. submission 2017



TARGET MUTATION CORRECTION BY CRISPR/CAs9

Workflow

I STEP 2 STEP 3 STEP 4

sgRNA SpCas9

=y T
pSpCas9(sgRNA) \*%q%
Construct Cas9 Evaluate the function  Prepare a repair Genome edit
& sgRNA plasmids and efficiency of template the cells

SgRNAs



GENETIC CORRECTION OF BE-IPSCs

312 clones screened
Isolated clones

BE-iPSC2
Corrected
C297
Corrected
Cc22
C194
C292
C232
C88
C138

M 274 275120 116 281 291 288 296 297 298

« 93 clones were
transfected

cinternaletrl "o 23 HHE negative clones

<«Normal ctrl (7.4% DSB efficiency)

B8 4 & & 4 14 clones showed

indels (4.5% NHEJ)
DNA * 9clones showed
sequencing of successful seamless
negative clones correction of HbE

mutation. (2.9% HDR)

DSB
v
AAGTTGGTGGTAAGGCCCTGGGCAGGTTGGTATCAAGGTTACAAGACAGGTT

AAGTTGGTGGTGAGGCCCTGGGCAGGTTGGTATCAAGGTTACAAGACAGGTT
AAGTTGGTGGTGAGGCCCTGGGCAGGTTGGTATCAAGGTTACAAGACAGGTT

AAGTTGCGCTGGTGAGGCC-mmmmmmmmmm s o e e
e ACAGGTT
AAG - GGTT

AAGC T TG G e GGTT
AAGTTGCGCTGG e -GGTT

Wattanapanitch, et al. submission 2017



SEAMLESS CORRECTION OF HBE MUTATION

26G/A

BE-iPSC2 T 6 6T 6 G T|G|JA G G C ¢ C T G G

(Before genome editing)

c22 T6 6 T 6 6 T/|G|AG GC CC T G G
(After genome editing)

Wattanapanitch, et al. submission 2017



ALL CORRECTED IPSCs HAVE NORMAL KARYOTYPE

C22
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Wattanapanitch, et al. submission 2017
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HEMATOPOIETIC DIFFERENTIATION

mTeSR1™ RPMI StemPro-34 IMDM/Hams F12
| |
Days -1 0 1 2 3 4 5 6 7 12 >
BMP4 BMP4 BMP4 VEGF B27, N2 B27, N2
VEGF VEGF VEGF bFGF BSA, VEGF, BSA, VEGF, bFGF
Wnt3a bFGF bFGF bFGF, SCF, SCF, FIt3 L, TPO
KOSR KOSR FIt3 L IL-6, EPO, FICZ

Smith et al, Blood, 2014



HEMATOPOIETIC DIFFERENTIATION

Day 12 Adherent Cells

40
K% CD34
T 30 *
) H CD43+
2 20
= B CD34+CD43+
(7]
o
9 10 m CD235a+
TR II. |II i1 Ll o

0 = - m CD235a+CD71+
HDF iPSC BE-iPSC2 Ci34 C137 C258
Day 12 Floating cells

120 CD34+
i
< 100 m CD43+
O 30
o B CD34+CD43+
2 60
= m CD235a+
2 40
S CD71+
& 20
° 0 - I I m CD235a+CD71+

HDF iPSC BE-iPSC2 C134 C137 C258

Wattanapanitch, et al. submission 2017



CFU Assay

140 H GV W BFU-E ®m CFU-E B GEMM

120
100
80
60
40
20

CFU number/30,000 cells

HDF iPSC BE-iPSC2 C134 C137 C258

Wattanapanitch, et al. submission 2017



CONCLUSION

Thalassemia patient-specific iPSCs were generated and genetic
correction of HbE mutation was efficiently performed in one step
using CRISPR/Cas9 system.

Together with efficient hematopoietic differentiation protocol, the
corrected iPSCs would provide an alternative renewable cell source
for autologous transplantation to the patient.

This gRNA design can also be applied to genome editing in HSCs for
patients with beta thalassemia/HbE mutation.

This strategy can be applied to other genetic diseases, in which the
mutations are resulted from a single or a few nucleotide change(s)
such as sickle cell disease, familial platelet disorder or SCID-X1.



Normal development
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DIFFERENTIATION
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Reprogramming to pluripotency
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Direct reprogramming

(Dedifferentiation) (Transdifferentiation)
Key : . . .
) Pluripotent cell state @ Differentiated cell state . Cells of another lineage
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transdifferentiation .
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Kazutoshi Takahashi. J Cell Sci. 2012



TRANSDIFFERENTIATION OF ERYTHROBLASTS TO MEEGAKARYOCYTES
BY FLI1 AND ERG TRANSCRIPTION FACTORS

Callular Haemastasls and Platelats

Hematopoietic stem cell

Megakaryocyte — Erythroid Progenitor

RBC

FLI1
ERG =

Megakaryocyt

Transdifferentiation of erythroblasts to megakaryocytes using FLI1 and

ERG transcription factors

Darln Siripin®*; Pakpoom Kheolamal®** Yaowalak U-Pratya®*; Aungkura Sup

|'; Methichit Wat

Nuttha Klincumham®; Chutl Laowtammathron®; Surapol lssaragrisii®
"Facaity of Madical Tach nology, Mafiidol Unversy, Banghok, Thalans, Dhvision of Call Bioiogy, Faculty of Moricing, Thammasat Unkersly, Fafbumiiae), Thallase 1Canar of

Exczlionce In Stam Coll Resoanch, Facuity of Modkdng, Trammazat Univorsy, Pothemita, Thalland, $Division of Hematology,

, Daparimant of Madidng, Facelty of Madidne S|

Hospital, Makidol Ushearsity, Eangiok, Thalland, *5iriraj Canter of Exsellancs for Stam Cell Reseanch, Facuity of Maedidna Sirira) Hospltal, Mabldel University, Sangiok, Thalland

Summary

Platelet transfusion has been widely used to prevent and treat Iife-
reatening thrombocytopenta; however, preparation of a unit of con-
centraied plateiet for ransfusion requires at keast 4-6 units of whole
biood. At present, 3 pistelet unit from 3 single donor c2n be preparsd
using apherests, but ack of donoes s stll.a major problem. Several ap-
proaches to ouce platelsts fom Other SOUNCES, SUh 35 hasmatn-
podetic stem cels and pripotent stem cell, have been attempled but
e system ks extremely complicated, ime-consuming and expensive.
We now report 2 novel and simpler tednology to obtain platelets
using transdifferentiation of human bone marrow enytiroblasts to
megakanynoytes with owerexpression of the FLY and ERG genes. The
obtalned transdifferentiated enythroblasts (ooth from CD71* 2nd

CoeTaspondanca to:

Prat. Surapal ksaragyisl

Dwision af Bamaiclegy, Department of Madicng, Facuty of Mecicng Sirirs] Hospital
Matidol Unkvarsiy, Sanghok 10700, Thaland

Tal- +BET 419 8448 50, Fac 4662 411 2012

Emait arapeis@gmalloon

Introduction

Matelets play & critical robe tn maintaining hasmaostasts by partsct-
pattng in bliood coagulation and vascular repatr processes (1) Life-
threatening thrombocytopents, 2 condition in which the mumber
of platdets in blood & markedly decreased, can occur in pattents
undergoing chematherapy or tmmunosuppression and patients
with bone marrow fallure such as aplastic ansemta and acute lew-
kaemia (2). Platelet transfuston has been widely used to prevent
and treat Ufe-threstening thrombocytopents; however, preparztion
of 2 unit of concentrated platelets for transfusion requires at least
46 units af whole blood thereby significantly increastng the risk
of blood-borne Infections and adverse Immunalogic reactions (3,
4). At present, a platelet unit from a single donor can be prepared
b apherests, bat Lack of donors 15 still 2 major problem. Desplte
the recent development of an 1 vitra culture system for producing
platelets from varous types of stem cells, such as heematopatetic
stem cells (HSCs) (5-7), embryonde stem cells (ESCs) (8, 9) and
tnduced plurtpotent stem cells (IPSCs) (10, 11), these approaches
‘are expensive, Hme-consuming and Inappropriate for cindcal wse.

D Schattauer 215

GPA" eryifvobiast subpogutations) exnibit typical features of megaka-
ryocytes Incuding morphoiogy, expression of specfic genes joWRL
and TUBET) and 3 marier protein {C041), They also have the abillty to
generate megskanyocysc CFU N cuiture and produce functional pla-
telets, wiikch 0Jregate with normal human pitelsts to form 3
norma-inging oot Overexpression of FUY and ERG genes 15 suffl-
dent o rarsdifisrentiate sythroblasts o megakaryooytes that can
produce functional platelets.

Keywords

Transdifferentiation, erythroblast, megacaryocyie, platelst, fransolp-
tion factors

Firaneal suppart:
This 15330 [Bmect wes Sundad by grants from Thalland Resaarc Fusd (grast s,
FTA 483-000T) and the Commimion of Higher Educaion (gramt na. CHE-SESAC 43

Racawad: Dacembar 30, 704

Aocoptas shtor majar swision: Agr 11, 2015
Eputs ahaad of print: Ama 11, 2015
ntpctide dolorg! 1.1 160TH14-12-1090
Thromes Haameast 2005; 114: wa

Therefore, the development of 2 novel methodalogy which s less
expensve and move efflclent s requined.

Several transcription Eactors and cytakines are essenttal for pro-
Itferatiom, survival, Bneage commitment, and functional matu-
ration of all heematopodetic Bneages (12). Althoagh erythroblasts
and megekaryocytes are different from each other with regard to
cell morphology, gene expression and function, they are denved
from a comman progenitor called the megakaryocyte-erythroéd
progenitor (MEP). Previows stadies Indicsted that GATAL
GATAZ, FOGI, TALI/SCL, GFIB, and NFE2 play important
roles during the development of bath erythrold and megakaryn-
cyte ineages and three transcription factors tnduding erythrood-
specific KLF (EKLF1), Friend lewkemia integration | transcription
factor (FLI1), and ETS-refated gene (ERG) are pecessary for the
Itneage diverstfication process of the MEP (13-17). It has been
shiown that overexpression of ERG or FLIT genes in the K-562 cell
Iine downregulated expression of erythroid-spectfic genes and up-
regulated the expresston of megakaryocyte-spectfic genes (8, 18,
190 In fact, transdifferenttation of human somatic cells sach as
Iymphocytes and fibroblasts to macrophages can be snocessfully

Thnominosts and Haemostasis 1143205

Cownionded fam

an AT 08| 1T
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A SCHEMATIC DIAGRAM OF THE EXPERIMENTAL SETUP

Plasmid construction

gene

attL a“’-z attB

=4

FLI1/pLenti6/V5-DEST

gene

Expressio
Clone

g ERG/pLenti6/V5-DEST

attB2

l Lipofectamine transfection

uction

production

sl

plasma —
« @

CD71+ and GPA-

positive selectior\ /

Siripin, et al. Thrombosis and Haemostasis 2015: 593.

Bone marrow
aspiration

CD71+ and GPA+ cell

“FLI1 & ERG”

Semi-solid collagen-based system for CFU-Mk

L =i

Liquid-based system for platelet producfion

‘\//

Platelet aggregation

Pro-platelet  Platelet



MEGAKARYOCYTE COLONY FORMING UNIT (CFU-MK) ofF IMKS

BM-MNCs GPA+/TEs CD71+/TEs NT-GPA+ NT-CD71+

CDA41 staining
BM MNCs GPA+/TE;§ CD71+/TEs | NT—GPA+ NT-CD71+

Siripin, et al. Thrombosis and Haemostasis 2015: 593.



MORPHOLOGY OF THE CD71+/IMKS AND GPA+/IMKS (LIQ CULTURE)

BM-MNCs GPA+/TEs CD71+/TEs NT-GPA+ NT-CD71+

IMMUNOCYTOCHEMICAL IDENTIFICATION OF MKS : CD41 STAINING
BM-MNCs | GPA-I-IT Es N CD71+/TEs NT-GPA+

Siripin, et al. Thrombosis and Haemostasis 2015: 593.



SURFACE MARKER EXPRESSION OF IMKS ANALYSIS

MNC-MKs (positive cont.)

GPA-iMKs

GPA (negative cont.)
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GENE EXPRESSION OF TES ANALYSIS BY USING QRT-PCR

w
1]
=]
o

Relative mRNA level

14
12

0.8
0.6
04
0.2

Relative mRNA level

Siripin, et al. Thrombosis and Haemostasis 2015: 593.

3000 A
2500 -
2000 A
1500 A
1000 -

S00 A

FLI1
*
#
== ‘ B =
BM- CD71+ GPA+ NT- NT-
MNCs /TEs /TEs GPA+ CD71+
Bl1-tubulin
#
. = [——1
BM- CD71+ GPA+ NT- NT-
MNCs /TEs /TEs GPA+ CD71+

O 1400
&
L1200 A

1000 -+

Relative mRN.

Relative mRNA level

800
600 A
400 -
200 A

14
12

0.8
0.6
0.4

0.2

ERG

== ==
BM- CD71+ GPA+ NT- NT-
MNCs /TEs /TEs GPA+ CD71+
*
c-MPL
#

CD71+ GPA+ NT- NT-

MNCs /TEs /TEs GPA+ CD71+



FUNCTIONAL CHARACTERIZATION OF IIMK-DERIVED PLATELET
IN VITRO BY AGGREGATION ASSAY

Phase-contrast Fluorescence
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Siripin, et al. Thrombosis and Haemostasis 2015: 593.



CONCLUSION

* Overexpression of FLI1 and ERG genes
can transdifferentiate erythroblasts to
megakaryocytes which can produce
functional platelets in vitro.

« This offers a novel sources of platelets
for future clinical applications.



IPSC THERAPEUTIC APPLICATIONS
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BANKING OF HUMAN PLURIPOTENT STEM CELL

Banking iPSCs

* Japan

- Yamanaka announces plan to establish global iPS cell bank on Jan 16, 2014
- 140 types of homozygous iPS cells, which can cover 90 percent of all Japanese!

* United Kingdom

- 150 types of homozygous iPSCs for common HLA types selected from 17 million
individuals could provide an HLA antigen match for 93% of the UK population?

Banking hESCs

Ten homozygous hESC lines would provide an HLA antigen match for 38% of recipients?

hESC lines that are homozygous for common HLA haplotypes would be a valuable
resource in the establishment of a stem cell bank

Haploid ESCs would be a valuable resource for a stem cell bank

INat. Methods 2011, 8:409, 2Cell Stem Cell 2012, 11: 147, 3Lancet 2005, 366: 2019



HAPLOID APPLICATION

Half HLA express: high chance to match
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HUMAN HAPLOID ESCsS

Derivation and differentiation of haploid human
embryonic stem cells

Ido Sagi!, Gloryn Chia?, Tamar Golan-Lev!, Mordecai Peretz!, Uri Weissbein!, Lina Sui?, Mark V. Sauer?, Ofra Yanuka!,

Dieter Egli®* & Nissim Benvenisty'

Nature (2016) | doi:10.1038/nature17408

Received 30 July 2015 | Accepted 08 February 2016 | Published online 16 March 2016

Generation of human haploid embryonic stem cells from
parthenogenetic embryos obtained by microsurgical

removal of male pronucleus
Cell Research (2016) 26:743-746. doi:10.1038/cr.2016.59; published online 17 May 2016
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APPLICATION OF HAPLOID CELLS TO
GENETIC SCREENING

Haploid cell Diploid cell L. L 'X
Hemizygous 3 f *
g Heterozygous Homozygous
mutation mutation mutation
No phenotype masking Phenotype may be masked by expression from other allele

Mutant library
Pool of cells with
different mutations

Introduce mutations
using viral or
transposon vectors

Isolate cell clones with
g desired phenotype
» 0

Development 2014 141: 1423



HAPLOID APPLICATION
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Disease modelling:

Alpha thalassemia trait

It possible to establish human parthenogenetic disease-specific stem cell lines



hpESCS FOR THERAPEUTIC APPLICATION

* Haploid ESCs only have half of HLA antigen =
easy to set the match

 hpESC banking (Diploidized Bank)

A




THE ADVANTAGE OF HAVING HAPLOID HESCS

1. For gene targeting
Haploid hESCs = Sorting 1IN—> Gene targeting = Diploidization

2. Homozygous hESCs banking for therapeutic propose

(Clinical grade)
Haploid hESCs = Diploidization = HLA typing

We are going to make the clinical GMP-grade hESCs.

What do we have now

1. Clean room (Class 100) for human embryos culture
and generation of hESC lines.

2. High efficiency for hESCs derivation (70%)

3. GMP grade hESCs culture media (Nutristem) and
extracellular matric (CellStart/rLaminin).



ENDOTHELIAL PROGENITOR CELL
DYSFUNCTION IN DIABETES MELLITUS



ENDOTHELIAL PROGENITOR CELLS (EPCs

Hemangioblast-like cells

/ BONE MARROW

@ Endothelial progenitor cells (EPCs)

CIRCULATION

Early circulating EPCs Circulating EPCs

Caw o e > e OO e s e o -

From: Mihail Hristov et al. Arterioscler Thromb Vasc Biol. 2003;23:1185-1189



IN VIVO NEOVASCULARIZATION BY EPCs

Hypoxia

Extravasation of EPCs

Generation of pre-capillary
tunnels by EPC

Maturation of EPC-derived
capillary

From: Krenning et al. Trend in molecular Medicine, Vol. 15 (4), 2009, 180-189



EPC NUMBER IN NORMAL AND DIABETIC SUBJECTS

Number Correlation with FBS and HbA1C
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From: Churdchomijan et.al., BMC Endocr Disord. 2010 Apr 7;10:5.



VIABILITY, PROLIFERATIVE CAPACITY AND APOPTOTIC RATE OF EPCS
IN HYPERGLYCEMIC CONDITIONS
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GENE EXPRESSION PROFILE OF EPCs IN
HYPERGLYCEMIC CONDITIONS
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From: Jiraritthamrong et.al., Ann Hematol. 2012 Mar;91(3):311-20.



PROLIFERATIVE CAPACITY, APOPTOTIC RATE AND VESSEL FORMING
CAPACITY OF EPCs IN THE PRESENCE OF ANG-1 AND ANG-2
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THE FOUNDING POPULATION AND
FACTORS REQUIRED FOR THE
ESTABLISHMENT OF EPC COLONIES



Experimental design
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From: Sudchada et.al., Ann Hematol. 2012 Mar;91(3):321-9.
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CYTOKINE ARRAY
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EFFECT OF ANGIOGENIN ON EPC DERIVATION
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CONCLUSION

There was EPC dysfunction in type2 DM which might
be improved by strict glycemic control.

However, the circulating EPC number and
proliferative function in patients with good glycemic
control did not reach the level in healthy controls

The in vitro vessel-forming capacity of EPCs cultured
in high glucose concentration id impaired due to low
levels of angiopoietin 1.

The UCB-derived EPCs are confined to CD14-/CD34+
subpopulation and angiogenin 1 released from

CD14+ supopulation may be an important factor
promoting the EPC colony formation



FUTURE OF STEM CELLS




SUMMARY

Stem cell research holds great promise for regenerative
medicine

Ethical and moral issues should be very much concerned

A clear legal and regulatory framework that will allow and
support stem cell research under the appropriate ethical
guideline is required

Stem cell therapy is mostly experimental except for
hematopoietic stem cell transplantation and skin stem
cell graft to treat severe burns



SN0
',;;,S.MI

amuumsHwng JeDunsISS1s

I3EMSUIWNIAS 1Y

= o SiMI

dnuuMsuwngaoniiunsissiy

“5 Insbmisrian WeduRdoURSSIsgnoLIUGH”

psuwngnwulneus:gns WWSAUr=~ -ywyganiu




