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@ The term “stem cell” appears in the scientific
literature as early as 1868 in the works of the eminent
German biologist Ernst Haecke

@ Historically, the word stammzelle (German for stem
cell) had a dual meaning:

(1)the evolutionary unicellular ancestor of [ a
multicellular organisms, and \

(2) the second being the ancestral (ontological) stem @

cell of a tissue in an organism, initially in the germ line.
Subsequently, the term became more widely applied to
other tissues.

Nature Reports Stem Cells | doi:10.1038/stemcells.2009.90 ; Ramalho-Santos and Willenbring Cell Stem Cells 2007
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(Stem Cell Pluripotency & Cloning)

» Stem cell research originates from more than hundred
years of research on developmental biology. In 1885,
Hans Driesch showed that both cells of a two-cell sea
urchin embryo are able to develop into a complete sea
urchin, demonstrating the totipotency of these cells.
Pluripotency of vertebrates (salamanders) was
demonstrated by Hans Spemann in similar
experiments in the early 20th centur

Stem Cell Reports 17:1248-1267 (2022)
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(Stem Cell Pluripotency & Cloning)

Hans Adolf Eduard Driesch 1885 —

First-ever demonstration of artificial
embryo twinning

The sea urchin is a relatively simple
organism that is useful for studying
development. Dreisch showed that by
merely shaking two-celled sea urchin
embryos, it was possible to separate the
cells. Once separated, each cell grew
into a complete sea urchin.

This experiment showed that each cell
in the early embryo has its own
complete set of genetic instructions and
can grow into a full organism.

Bt 40 B BERV BT 28 R IS
(Tissue Stem Cells & Niche)

> Already in the early 20th century, Alexander Maximov
presented a hypothesis according to which all the cells
of the blood would originate from a common stem
cell. Half a century later, in the early 1960’s, James Till
and Ernest McCulloch demonstrated the existence of
blood stem cells in experiments where they
transplanted bone marrow to mice, whose own bone
marrow had been destroyed by irradiation.

Stem Cell Reports 17:1248-1267 (2022)
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@ Alexander Maximow (Maximow, 1908),

Wera Dantschakoff (Dantschakoff,1908), Ernst , !
Neumann (Neumann, 1912), and others € @- L) -}
began to use the term stem cell to refer to
the common precursor of the blood system. ,&

®

@ The demonstration of the existence of I
hematopoietic stem cells (Becker et al., C,’ _
1963; Till and McCulloch, 1961; Till et al., g o
1964) established these cells as the
prototypical stem cells: (1) cells capable of
proliferating nearly indefinitely (self-renewal)
and (2) of giving rise to specialized cells
(differentiation).

Nature Reports Stem Cells | doi:10.1038/stemcells.2009.90 ; Ramalho-Santos and Willenbring Cell Stem Cells 2007
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= Stem cells can divide to make more of
themselves and generate specialized cell
types.

v Undifferentiated/unspecialized cells

v/ Capacity for self-renewal (generally slowly
cycling in vivo) which enabled to generate at
least one daughter cell (self-renewal
capacity)

v’ Able to undergo multi-lineage
differentiation (capable of producing
progeny in at least 2 lineages)

v Functional, capable for tissue reconstitution
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Embryonic Stem Cells Somatic Stem Cells

» Two main types: Embryonic stem cells and tissue-specific (adult) stem cells.
» Adult tissue stem cells reside in a niche that expressed specific features
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Mesodermal lineages

B Lymphocytes Cadiomyocytes

- Embryonic stem cells
Embryonic stem cells ¥

(pluripotent)

Ectodermal lineages
Epidermis CK10 (+)

Adult stem cells

(multipotent) Endodermal lineages
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> Tissue stem cells reside in a niche that expressed specific features

Embryonic stem cells
(pluripotent)

Adult stem cells
(multipotent)
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> Tissue stem cells reside in a niche that expressed specific features
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> Tissue stem cells reside in a niche that expressed specific features

Current Topics in DevelopmentalBiology,2014 http://dx.doi.org/10.1016/B978-0-12-416022-4.00012-3
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» Stem cell therapy involves isolating and culturing
autologous (or allogeneic) stem cells and
transplanting them into the patient's body to
further repair degenerated or injured tissues and
organs.

> By differentiating autologous or allogeneic stem
cells into functional somatic cells, they are then
transplanted into the patient's body to further
replace dysfunctional cells and tissues within the
organs.

N Engl J Med 2019; 380:1748-1760 DOI: 10.1056/NEJMral716145
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43 approved cell and gene therapies!

e Last week, The U.S. Food and Drug Administration on
Wednesday approved Mesoblast's cell therapy for
treating a type of complication that occurs after a
stem cell or bone marrow transplant called graft-
versus-host disease (GVHD). The therapy, branded as
Ryoncil, is the first mesenchymal stromal cell therapy
approved to treat pediatric patients aged two months
and older whose GVHD symptoms have not
responded to standard steroid therapy.
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Cytotherapy 2019; DOI: 10.1016/j.jcyt.2019.04.002

sRA PR S AV AL bR B A IR E 3R R R




A aES E A

B e E1E M 4l iE

SRR 4T
5 Bk AT
B4R
ST
B
rimspam AR
R AT
HEA
B R4

NIH Stem Cells




B R EANERIKER

=1 J B R 32

» Bone marrow transplantation: A bone marrow transplant involves taking cells that are normally found in the bone
marrow (stem cells), filtering those cells, and giving them back either to the donor (patient) or to another person

N Engl J Med 2007; 357:1472-1475 DOI: 10.1056/NEJMp078166
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Biology of Blood and Marrow Transplantation 2017 231241-1249DO0I: (10.1016/j.bbmt.2017.05.003)
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Cord Blood Mobilized Peripheral Blood

Engraftment
(HSCT)

Risk of GYHD
Proliferation

are in S+ G2M phases;
fewer in GO/G1 phase

Marker

Expression

Response No noticeable effect
to Cytokine on BM-HSPCs with SCF
stimulation orIL-3

30-60% of BM CD34+ cells

Slowest engraftment

Lowest risk of GvHD due to primitive
nature of HSPCs

Majority of CB and PB cells are in GO/G1
phase

Stimulation of HSPCs from CB and PB
with SCF and IL-3 transiently increased their
proliferation in vitro

Rapid engraftment when used for HSCT
than bone marrow

Higher risk of GvHD than bone marrow

Majority of CB and PB cells are in GO/G1
phase

Reduced CD117 or c-kit

Stimulation of HSPCs from CB and PB
with SCF and IL-3 transiently increased their
proliferation in vitro
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Sig Transduct Target Ther 7, 272 (2022).
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Figure adopt from Williams and Hare
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Isolation of MSCs from BM aspirate

» BM aspirate is mixed with lysis buffer. When the
erythrocytes are lysed, the cell pellet is washed, cells are
counted and seeded in culture medium.

> BM aspirate is mixed with PBS and carefully layered on the
Ficoll-Paque for density gradient centrifugation.
Subsequently, the MNC interphase ring is harvested, the

cells are counted and seeded in culture medium.

Mesenchymal Stem Cell Assays and Applications pp 23-35

a BM b BM
with Ly5|sbuffar on Ficoll-Paque

l

Plasma &
Platelets

MNC

Ficoll-Pague

Erythrocytes &
Granulocytes

RBC-| LyS|s (NH:CI) Density Centrifugation
E_—- = [

after 2 days: medium change

after 7 - 10 days: analysis of CFU-F

+ Further culture expansion

+ MSC-characterisation for quality control
- Immunophenotyping
- Differentiation assays
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In 2006, the International Society for Cellular Therapy (ISCT)
proposed the term“multipotent mesenchymal stromal cells”, and
provided a set of criteria to define human MSCs. These criteria
include adherence to plastic in culture, expression of specific
surface markers, and the ability to differentiate into osteoblasts,
adipocytes, and chondrocytes.

Colony-Forming Unit-Fibroblasts (CFU-F)
Historically significant term reflecting early isolation and
Mesenchymal Stem Cells
Coined by Arnold Caplan in 1991 based on their capability to
form mesenchymal tissues.

Multipotent Stem Cells

Reflecting the cells’ ability to differentiate into diverse cell types.
Mesenchymal Stromal Cells

Acknowledges the challenge of isolating ‘pure’ stem cells, often
collected with non-stem cell types from stromal tissue.
Medicinal Signalling Cells

Emphasises MSCs’ therapeutic potential beyond traditional stem
cell roles.
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BMJ Open Resp Res (2014); Sci Rep 11, 3403 (2021)
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Cell Mol Immunol 20, 555-557 (2023)
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Trends in Pharmacological Sciences 41(9): 653 — 664 (2020)
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STEM CELLS 35(4):851-858 (2017)
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Biomedicines 2021, 9(7), 785; https://doi.org/10.3390/biomedicines9070785
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» MSC-based clinical trials are mainly applied to the diseases associated with inflammation, wound
healing, infection, as well as degeneration in diverse organs

51 55 55 4 A RV B K 8 R & BE

J Hematol Oncol 14, 24 (2021); Stem Cell Rev and Rep 18, 1525-1545 (2022); J Biomed Sci 28, 28 (2021)
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v Cytori is developing cell therapies that harness the unique attributes of living cells
that are present in an adult human patient’s own adipose (fat) tissue, also known as
Adipose-Derived Regenerative Cells (ADRCs).

v’ Cytori Cell Therapy is the collective name given to the fresh, heterogeneous
population of ADRCs prepared with the proprietary Celution® System platform
technology and administered to a patient for a specific disease or medical
condition, all within a single day:
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Front. Cell Dev. Biol., 2015
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Sig Transduct Target Ther 9, 112 (2024)
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Experimental Cell Research 385 (2019) 11164

amESCs
LIF \ BMP-4
Jalﬂ’Sta'B Sm&dﬂﬁ
Mesoderm / \/ Neuroectoderm
Endoderm
Tmphecwderm
Primitive endoderm
b hESCs FGF-2, naggin
TGF-f, activin A, nodal PI3K/AKT
BMP-4

p- }
SMAD23 s /

SMAD1/5

! Neuroectoderm

Mesoderm \/

Endoderm

Trophectederm
Primitive endoderm

Signalling pathways required for the maintenance of pluripotency
in embryonic stem cells

Expert Reviews in Molecular Medicine © 2005 Cambridge University Press
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Human blastocyst

l

Human @ Isolated inner cell mass

embryonic
stem cells l Feeder layer

I
Embryoid bodies

Ectoderm

Derivation of a human embryonic stem cell line, and differentiation strategies
Expert Reviews in Molecular Medicine®@ 2005 Cambridge University Press
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Co-culture 3-D scaffolds

Mesaderm Endoderm Germ cells
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» Ocata Therapeutics Inc. (formerly Advanced Cell Technology) has been
running a clinical program since 2011 with a Phase I/1l open-label,
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multicenter, nonrandomized, prospective study to determine the R TR A P
safety and potential efficacy of subretinal RPE cells spontaneously RESCRPE T orursuess | w0 | 12 | ompes e Ush
produced from hESCs (MAQ9-hRPE). e gy |NCTo1340008 | SEY | w2 | Compotsd AR us

. . . . NESC-RPE Stargardt | . =
> Patients with GA in dry AMD (NCT01344993) and Stargardt’s disease puotsen MU e | 2| R LS |
. . . WCTO1674E2g | Dry AMD | 172 Urikncwn = Korea
(NCT01345006) had pars plana vitrectomies and were subretinally Fhéscree Soi |7 oo | GBS s
. . | angg o) [NCTOIERSESS| gsane | tcenced o ARM)
transplanted with 50,000 to 200,000 hESC-derived RPE cells. TESCRPE [ncrozsaarea | oo a0 | 2 | votroonng | e Ush
» Nine eyes in patients with GA and nine eyes in patients with [ e vin | e | Do e |
. . % CTozza6089 | Dry AMD | 12 | Fecruit [Coll Cure Neurasciences| sl
Stargardt’s disease were transplanted and followed for a median of 22 150 el L i
. . . [PF-05206388 NCTO1681261 | Wel AMD 1 Rl Fecruiting Phized UK
months. No treated eyes developed abnormal tissue proliferation, e e I el B
teratoma formation, rejection or inflammation.Of treated eyes, 72 WESGRPE |NGTOZ756426 | DyaMD | 0 | Rocring | Corese Mol | gripy
iPSC-APE B Wat AMD 1 On hold RIKEN Japan_ |

percent had patches of increasing subretinal pigmentation consistent
with viable, transplanted RPE.

Inkarmaion sximcted froem hitpol clnicalirials gov
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> At present most human embryonic stem cells can o Conaan S o
only be obtained by destroying live human
embryos at the blastocyst stage

> They proliferate rapidly and are extremely
versatile, but there is scant scientific evidence
that embryonic stem cells will form normal
tissues in a culture dish

> Embryonic stem cells are difficult to develop into
a stable cell line. It spontaneously accumulate
genetic abnormalities in embryonic-stem cell
cultures

> Embryonic stem cells are prone to uncontrollable
growth and tumor formation when placed in
animals
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{ERER EAHSAVTIEE @ TR RSB EERER4lM(induced pluripotent

stem cells)
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» Reprogramming somatic cells to pluripotent ESC-like cells using define factors
(induced pluripotent stem cells, iPSCs)

2009 Albert Lasker Basic Medical Research Award
2012 The Nobel Prize in Physiology or Medicine

AR ENZ B MR E I B ER

Debbie King Cell Culture Dish 2016
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Haruhisa Inoue et al. EMBO J. 2014;embj.201387098
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autologous cells
iPSC-cardiomyocyte for heart failure

iPSC-RPE for AMD clinical trial  clinical trial initiated 2020/01/29 first case

reported
Green: allogenic cells
iPSC induction IPSCRRE for AVID clinical tial _iPSC-NK and iPSC-CAR-NK for sofid turmor
method Szl | e ==linical trial initiated
=
. Hypoimmunogenic iPSC; 7A5F€ﬂa_s—.Allele .
CiRA founded iPSC-DA neuron for PD clinical | BE= (jcsF Universal iPSC project
trial initiated 2018/10 first case o
Enhanced Immune =
iPSC-neuron for spinal cord injury, compatibility; Kyoto BlueRock
clinical trial initiated i:{‘egi:‘e"r:::;z‘zz‘l’;fs L
ﬂ iPSC-corneal cell
iPSC-MSC for GvHD
Phase | trial
2019 2020
2006 2010 2014 2017 2018 I
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o6 World first for allogeneic iPSC-derived cell therapy: Cynata gains clinical
trial approval from UK regulatory authority

Melbourne, Australia; 19 September 2016: Australian stem cell and regenerative medicine company, Cynata Therapeutics Limited (ASX:
CYP) has received approval from the UK Medicines and Healthcare products Regulatory Agency (MHRA) to proceed with its Phase 1 clinical
trial of CYP-001 in patients with steroid-resistant graft-versus-host disease (GvHD). CYP-001 is Cynata’s lead CymerusTM mesenchymal

stem cell (MSC) product.
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J Transl Med 9, 29 (2011); Kunter & FloegePotential Risks of Stem Cell Therapies 2011
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e Stem cells have the potential to
treat certain diseases and
conditions, particularly those
involving tissue damage or
degeneration. However, they are
not effective for all diseases, and
their application is limited by
current scientific understanding
and technological capabilities.

e Stem cell treatments require
extensive research and clinical
trials to ensure they are safe and
effective.
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