L F IO A = 7[ A

YONSEI UNIVERSITY



What are ‘Stem Cells’

e Stem cells the definition

— Regenerative potential

— Capacity and ability to differentiate into one
or more cell types

— Unlimited propagation of source

— NOT uniformly characterized



 Toti or pluripotent stem cells

Stem Cells

— typically embryonic or fetal in

source
differentiate into any cell type
g <<7t5d

* Multipotent cells

mesenchymal stem cells (from
blood, bone marrow, placenta, or
adipose tissue),

capable of differentiating into
multiple, but not all, cell types

stem cells, of skin and muscle origin,
most limited, capable of regeneration
within only 1 cell type

- gd>>7tsd

Type of stem cell

Totipotent cells

Pluripotent cells

| Multipotent cells

1 What it can be

Each cell can

develop into a
new individual

Each cell can

form any cell type
(over 200)

' Cells differentiate

and can form a

number of tissue

types.

| Examples

| Cells of embryo
| of 1-3 days

| Cells of blastocyst
| 5-14 days

| Fetal tissue, cord

blood, adult cells



Classic ‘pluripotent’ stem cells
Embryonic stem cells

Q Inner cell

mass

\ Liver cells

Pancreatic Islet cells

ESCs culture l

Intestinal cells

Neurons



Multipotent cells

Bone marrow

Hematopoietic
stem cells

Platelet
el Myeloid
progenitor cells
Eosinophil \ [ Lymphoid

it I
Erythrocytes progenitor ce

T-cell B-cell
Neutrophil



Source of stem cell

Heterologous

- 53 Bt MM 53

— Embryonic stem cell
Autologous

- X7t G

— Adult stem cell, IPSc
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IPSc first proposed by Shinya
Yamanaka (2006)-Noble Prize (2012)
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BACKGROUND

./ =  Endometrial =

cells

Female patient

iPS
cells

Mesodermal Lineage
differentiation

Autologous
erythroblast
differentiation

Myeloid
progenitors

Osteoclastic
differentiation

In vitro bone

made for
patient specific
osteoporosis
medication
screening




IPS cell line from Endometrium

Sox2, Oct4, KLF4, cMyc
Retroviral transduction

<=

Endometrium primary cells iPS cells

hENDO 1, hENDO 2, hENDO 7

Origin Reprogramming Donor IPSC line

Endometrium Retrovial vectors hENDO1 hiPSC1

hENDO2 hiPSC2

hENDOY hiPSC7
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Hysterectomy driven endometrial cells
Retroviral reprogramming to iPSc (hiPScl,2,7)
OP9 hematopoietic differentiation system

Erythroid differentiation of RBCs from
hiPSC/OP9 co-culture cells

Analysis of proliferation and morphology
Differential counting of cultured erythroid cells




Phase I:. OP9 cell and iPS
coculture

IPS cell culture in 6 well

\/

Collagen IV (Imgml-1), ImL, 5 min

an®
.~ iPS cells (7day, 1X10°)

o

OP9 cell and iPS coculture 8 day OP9 cell culture



Phase I:. OP9 cell and iPS
coculture

¢ \/

Collagen IV (Imgml-t) 5mL, 30 min

OP9 cell and IPS coculture (9day)

!

FACS

(sample@ 5X10°> Al ALE)

Trypsin EDTA (0.05%) 5mL, 15 min

(VOL.6 NO.3, 2011, NATURE PROTPCPLS, published online 17 February 2011; doi:10.1038/nprot.2010.184)



Erythroid differentiation
Protocol

hiPSC

Single cells
1 Hematopoietic differentiation l Erythroid differentiation
| | > | | | S
I I I I I
Day 0 8 17 0 7 14 17
Over grown OP9 Hydrocortisone

hiPS/OP9 coculture 9 day IL-3
SCF
EPO

F68




Overview of heiPSc differentiation to erythroblast differentiation

Overgrown OP9 (Day 8)

hiPSC (Day 7, 1X106)

hiPSC/OP9 coculture Day 9 Erythroblast differentiation Erythroblast differentiation
(Wright-Giemsa staining)



Flow cytometric analysis of hematopoietic differentiation on OP9
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Normal RBC differentiation
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Basophilic

normoblast Polychomatic n.  Orthochromatic n. Reticulocyte Mature RBC

Mononuclear Proerythroblast

0 4 7 14 21

Days differentiation
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IPS I\/INC RBC dlfferentlatlon
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Comparison of cell morphological changes

100% A
90% -
80% -
70% -
™ other
60% - M orthochromaticllerythroblast
50% - ® polychromaticerythroblast
M latelbasophilickerythroblast
40% -
M earlyfasophilicBerythroblast
30% - M proerythroblast
20% -
10% -
0% 1 T 1

7day 10day l4day 17day
M Basophilic ; ; ;
ononuclear Proerythroblast Polychomatic n.  Orthochromatic n. Reticulocyte Mature RBC

normoblast



Flow cytometric analysis of erythroblast differentiation culture
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Uses of Stem Cells
In gynecology

 SUI and pelvic floor dysfunction

— Bone marrow(BMSC) and adipose-derived mesenchymal stem
cells (ADSC): animal studies

— muscle-derived stem cells (MDSC) (cultured from patient thigh
or deltoid biopsies): human studies

« Admninstration Routes
Muscle development e Intraurethral
A * Periurethral
T * * Intravenous (IV)
/. Satellite cells Localized injections make
Myoblasts \J inherent sense!



TABLE 1
Summary stem cell research in siress urinary incontinence
Author Cell source Methods Results/conclusions Complications
Kim et al'™ Rat BMSC Rat papulation Restoration LPP/CP In fransplant — Nona
Injury: biataral pudendal group Pragence "muscle
nerve fransaction Miscle masses noted In wrethra  massas”™ notad
Injection: periuratnral Conciude erncacy could ba dus
4 wk putcoma maasures b Improved confraction -
blking effect
Cnzata’™ Feat BMSG abeied with 6FF  Rat population 4 ¢ GFPIn urathra, vagina, Nona
MH vaginal distension rectum, and levator
Injection: v 10 ¢ Increased GFF In urathra
4and 10 d owcoma IV BMSC able ta home to sites of
maasura Injury
fueta™ Fat MDSC labedad w Rat poputafion Transpiant: LPF Increased with  Nona
GFP = Flbn Glue Injury: bikataral pudendal ant wimout 1onn glus s Injury  Transpiant group: +
fransacson without franspéant Increased thicknass of
Injection: peruratnral NG Signincant difierence In muscle witn varabie moer
1, 4 wi funconal function with fiorin ghue, but +  onantaion
avaluation Incraased call survival and
4 wik histology microvessel dansity
Corcos eld™ Feat BMSG Feat population Resoiution of LFP fo basalne In Nona
Injuy: bitatoral pudendal  Transpéant group
fransacson
Injection: infrasphinciaric
4 WK postovaiuation
Wi et ™ Fat ADSC Feat poputation Transpéania®on group: INcreassd  Nona
Injury: pudandal nenve LPF, CF, FUL, s no fransplant
{crush) Urefira: siuciural rasolution fo
Mjecﬂm perurathral, 3 basallna with franspiantation
Sam'mm at3, 7,14d
posiransplantation
Lim gt @™ HUCE with fuorescant kbl Rat population Transpianis: LPP and histologic Nona
Injury: pariuretnrl Improvament v control
alecioc BUT no labedad cells found at
Injection: 2 sites, Iateral 4w
wall midurathra Impact attributad to paracrina
Evaluasion 2, 4 Wk gffect of cytokines and growtn
factors
Unetal™ Rat ADSC, labaled Rt population Slgnincant Improvement InLPP~ Mona
Injury: vaginal distension wiih gifer transplantation
and Difatral sopherectomy  method
Injection: infraureihral or IV + Dedection cells at 4 wk
Evaluason af 4 wk + Homing demonsirated in IV
S - .
Thao et &7 Rat ADSC rat + nerve Rt population Slgnincant Improvement LPP and  Mona
qgrowth eactor (NGF) = Injury: bikataral pudendal MLESCSa propartion and neuronal
ancapsuiated poiytactic- Bon dansify when ADSC + MGF +
cogiycalic acid njection: periuratnral Capsule
Evaluason at 8 wk Oihier ADSC groups Improved but
i nod retem io basaling
Kinepuchl et a™  Raf BMSC Rat poputafion LPP Incraased in fransplant Nona
M=o Inaciad 1 group with  injuny: urathirolysls and group, but not signincant vs CFM
{27 Injection fmdn Infaction
Injection: peruratnral +GFP anowed fsion
13 wk avaluation Less striated muscle In GFM vs
MEC or control group
Some contribufon growth
ractors/cyiokines from medum
alone seen
lave Gemedb Am] Obme Cpmeenl iz T amnmued)
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TABLE 1
Summary stem cell research in stress urinary incontinence (continued)
Author Cell source Methods Results Complications
Imamura et al'® Rabbit BMSC Rabbit population LPP higher in transplant vs None
Injury: cryoinjury control at 2 wk
Injection: intraurethral
Evaluation at 1, 2 wk
Fu et aP® Rat ADSC Rat population Max bladder capacity, LPP, and  None
Injury: vaginal distention muscle thickness increased in
Injection: posterior urethra  transplant group
4t bladder neck
Follow-up 1, 3 mo
Carr etal”' Autologous MDSC Human: & women SUI 5 women + improvement None
Injection: up to 4 1 woman = total continence
circumferential urethral 2 of the improved still proceeded
injections wiith midurethral sling
12 mo data 3 did not continue follow-up
Lee et aI* Humnan cord blood Human: 39 women w/SUl 12 months: 26 women (72.2%)  None
Injection: transurethral had =50% improvement
1, 3, 12 mo follow-up In selection of 10 women, MUCP
increased =30 cm H,0
Sebe ef al™* Autologous muscle Human: 12 women 3 patients dry: subjective diary None
progenitor cells persistent, severe SUl w and pad test

fixed urethra s/p prior failed

surgery
Injection: intrasphincteric
Follow-up to 12 mo

7 decreased with pad test, but
no change after incontinence
episodes 2 some Worsening

ADSE, adipose derived mesenchymal siem cells; BMSC, bone marmow-gerived mesenchymal stem cells; CFM, cell free medium; GP, closure pressure {urethral); AU, functional urethral length; GFP,
green flucrescent protein; HUCE, human umbilical cord blood; LPF, leak point pressure; MOSC, muscle derived stem cells; NGF, nerve growth factor; UL, stress urinary incontinence.

Lame. Stem cells. Am | Obstet Gyrecol 2012,




Evidence for Stem cell therapy for
Asherman’s syndrome

« eMSCs can be isolated as CD146 PDGF-R

cells (platelet derived growth factor receptor-p)

— which identified their perivascular location in both the
functional and basal layers of human endometrium

— regenerating endometrium
— Gargett, Taylor Group

Figure 2. Y chromosome, cytokeratin, and
CD45 immunofluorescence. Immunofluo-
rescence staining of Y chromosome (red),
cytokeratin (yellow), and CD45 (green)
demonstrates differentiated bone marrow-
derived endometrial epithelium cells in the
transplanted female mice uteri. (A): Y chro-
mosome signal in lymphoid cells (spleen)
demonstrating expression of CD45 (pan leu-
kocyte marker). (B): Y chromosome-posi-

tive and CD45-positive cell demonstrating a transient leukocyte in endometrium. (C): Y chromosome-positive, cytokeratin-positive, and CD45-negative
cell in transplanted endometrium. This cell is a differentiated epithelial cell (cytokeratin+), not a leukocyte (CD45—), and is of donor origin (Y +).
Three-micrometer paraffin sections; nuclei are stained blue with 4,6-diamidino-2-phenylindole. Original magnification X400. Bar = 10 microns.

Du et al 2007



Repeated implantation
failure/Asherman’s syndrome

Effect of stem cell application on Asherman syndrome,

an experimental rat model

Sevtap Kilic - Beril Yuksel -
B. Boztok - T. Delibasi

F. Pinarli - A. Albayrak -

Received: 14 January 2014 / Aceepted: 1 June 2014/ Published online: 29 June 2014

© Springer ScenceBusiness Media New York 2014

Abstract

Purpose We evaluate the effect of stem cells to induce endo-
metrial proliferation and angiogenesis on Asherman Syn-
drome (AS).

Methods The experimental study was performed in stemcell
research laboratory. Forty Wistar-Albino rats were divided accord-
ing to groups. In groupl (n=10) to establish the model; trichloro-
acetic acid was injected to right uterine hom. Two weeks later,
intrauterine synechia was confirmed. In group2 (n=10), 2 weeks
later, 2106 mesenchymal stem cells (MSC) were injected into
right uterine hom followed by three intraperitoneal injections of
MSCs. In group3 (n=10), daily oral estrogen was initiated on the
second week. In group4 (n=10), MSC injections and oral estrogen
was given together The amount of fibrosis, vascularisation, in-
flammation and immunohistochemical staining with vascular en-
dothelial growth factor (VEGF), proliferating cell nuclear antigen
(PCNA) and Ki-67 were evaluated in the ulerine tissues.

Results In all treatment groups: fibrosis decreased but vascu-
larisation and immunhistohemical stainings increased in the
experimental side. The amount of fibrosis, vascularisation, Ki-
67 and PCNA scores were similar between group2 and 3. In
group4, comparing to group2, less fibrosis but more Ki-67,
PCNA and VEGF staining was observed.

Conclusion Stem cells, when added to estrogen, are a highly
effective altemative to induce regeneration of endometrium in
Asherman Syndrome therapy.

Keywords Intrauterine adhesion - Intrauterine synechia -
VEGF - PCNA -Ki-67
Introduction

Asherman Svndrome (AS) is defined as intrauterine adhesions

Intrauterine transplantation of autologous bone marrow
derived mesenchymal stem cells followed by conception in
a patient of severe intrauterine adhesions

Yong Zhao, Aiming Wang", Xiaorong Tang, Min Li, Ling Yan, Wei Shang, Meizhu Gao

Department of Obstetrics and Gynecolo gy. Na\v General Hospital, Chinese People’s Liberation Army (PLA), Beijing, China
Email: stampzhy(@126.com, fone army

Received 13 March 2013; revised 15 April 2013; accepted 22 April 2013



Potential uses in the future for
endometrium induced diseases
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Artificial Gametes

Table | Studies demonstrating possible routes to create artificial gametes.

Route creating artificial gamete Most advanced outcomes reached™
rom stem cells i s
Gamete Fertilization  Offspring Gamete Fertilization  Offspring

Avrtificial sperm from male

(1) Inviro differentiation of germiline stem cells | 1
(G5Cs)
M (2) Invitro proliferation of G5Cs followed by 34,5 6 7,8,9.10, 11,12, 13,
() S O m at I C Ce | I autotransplantation 14,15, 16,17, 18,19,
20,21,22,23

(3) Invitro differentiation of embryonic stem 24,135,126 27 28, 29, 30,

n u C | ea r tra n Sfe r Of E:;I;(zf.zjiffﬁmllﬁal.iﬂll of ESCs folowed by 33 34, 35,36,37 e

autotransplantation

M (5) Inviro differentiation ofinduced pluripotent 38 29,39, 31
patient nucleus

(&) Invitro differentiation of iPSCs followed by 40 35
autotransplantation

I n to d O n O r (¥) Invitro somatic cell transformation into

sperm without documented transitional cell
types

e m b ryo n i C Ste m (8) Inviva somatic cell transformation into 41

sperm without documented transitional cell
. types
cells (Tachibana et e
(1) Invitro differentiation of GSCs 42 42
(2) Invitro proliferation of G5Cs followed by 42 43 42

a/ ?0 Z 3 autotransplantation
4 (3) Invitro differentiation of ESCs 16,44,45,46 47, 48 18

(4) Invitro differentiation of ESCs followed by

autotransplantation

(5) Invitro differentiation of iP5Cs 47, 48
(&) Invitro differentiation of iPSCs followed by

autotransplantation

L] L]
PY (¥} In vitro somatic cell transformation into 49,50 51,52
I C r I Ve n oocytes without documented transitional cell

types
g (8) In vivo somatic cell ransformation into 53,54
O O C te S a aS / oocytes without documented transitional cell
types
(%) Haploidization by transplantation 55,56,57,58, 621 58, 63 59,64, 65
et a/ ?0 Z ?N of a somatic cell nucleus intoan 59,60, 61
P enucleated donor cocyte
Avrtificial oocytes from a male +4 24
Avrtificial sperm from a female 66, 67 68, 69,70 39

ESC, embryonic stem cell; iPSC, induced pluripotentstem cell; GSC, germiine stem cell, —, refers to no publication reporting on the respective outcome as a furthest end-paint.
*Mumbers (Supplementary data) indicate the appropriate reference with the respective outcome as furthest end-paoint.



Oocyte production form stem
cells (ES/1PSc)

N4 Primordial

ES cells @ germ cells
O

Somatic 3 Oocyte
nucleus O >

transplantation . ¥
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Blastocyst

EScels” ¥ = Sgﬁfy'fggs

== (such as
e muscle cells)

NATIONAL 7 SCIENCE & HEALTH
Japanese team produces massive number of eggs
iPS cells

FUKUOKA - A team of researchers has achieved a world'’s first by using

induced pluripotent stem cells from a mouse tail to produce a large

number of eggs in vitro, according to a study published in the British

science journal Nature. e

Until now, mouse iPS cells had to be transplanted to a different mouse
ovary for eggs to become capable of fertilization, but the team, consisting
of researchers from Kyushu University, Kyoto University and other
institutions, achieved the process using only cultures.

Further improving the technology could within several years open up the

possibility of producing human eggs from iPS cells, said Kyushu h
University professor Katsuhiko Hayashi, one of the researchers.

The technology may also help “shed light on the cause of infertility” if the ~ *
team can replicate the egg creation process using iPS cells derived from
infertile women, and “be useful for the conservation of endangered

species” if a large number of eggs can be created in vitro, Hayashi said. 2



Somatic cell driven germline cells
and offspring

— Hayashi et al. 2016

SHARE summer, the scientists showed that they could keep developing mouse ovaries growing
in the lab and make them produce mature, fertile eggs.

L

Egg cells derived in the lab from embryonic stem cells.

Mice derived from labmade eggs were normal, fertile adults.

Mouse egg cells made entirely in the lab give
rise to healthy offspring

By Gretchen Vogel | Oct. 17,2016, 11:00 AM






