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What are stem cells?

> Are prima[ cells common to all multicellular organisms that are
characterized by two main features:

1-retain the abili‘cy to renew themselves thvough cell division ( keep

the populaﬁon of stem cells).

2-can be d@ﬂérenﬁated into awide range of specia[ized cell types.

» All stem cells are unspecialized (und@ﬂ'erenﬁated) cells that are of
the same family type (lineage).



D iﬁfeven‘t lation vs se [f renewal

Asymmetric division

Se |f_ Re newa | due to differential segregation

of cell membrane proteins
between the daughter cells

Stem cells can divide

asymmetrically to be able

to renew themselves on

one side and to
leferentlatlon differentiate into other cell

Matu re Ce” types on the other side.

Stem Cell

Sebc—renewal: The ab ili’ty to go through numerous cycles of cell division
while maintaming the undﬁerentiated state.

www.allthingsstemcell.com



http://www.allthingsstemcell.com/glossary/

How Does Asymmetric Division Occur”?

» Differential segregation of cell membrane
proteins (such as receptors) between the
two daughter cells.

v" This means that during cell division, the proteins and cell membrane
proteins that are important for keeping the stemness of stem cells are
going to be located in the cell that renews stem cells population,
whereas the proteins and the membrane proteins that are important
for driving differentiation are going to move to the second cell that
goes into differentiation path.




What does stem cell division produce?

* Progenitor cell: Stem cells generate an intermediate cell type or
types before they achieve their fully differentiated state.

o Stem cells do not undergo differentiation in a single step. They pass through
intermediate cellular steps in which these intermediates are partially
differentiated and produce different types of fully differentiated and mature

cells.
o Theseintermediates are called progenitor cells.

Hilar Astrocyte

Quiescent Stem Cells ; -
Activated Stem Cells g1y Neural Progenitor
Late Neural Prog.
Committed

Venere et al 2012 Granule Neuron



Stem ce

| niche

A specia[ized cellular environment t

SM]O]OOV’t neededfor sebf—renewal.

o To maintain the population
of stem cells, they must be
surrounded by a
microenvironment (niche)
that supports their self-
renewal and provides
optimal conditions for their
differentiation into fully
differentiated and
functional cells.

Stem
cell

- ﬁtcc

nat provides stem cells with the

Niche cells

Stem cell
Paracrine

%m

Nlche cells SRM

SRM paracrine signaling to neighboring somatic or stem cells



Stem cell niche
Cells on[y

A single cell type, or a whole Intermediate cell Direct contact

host of interacting cells. O

Cells outside the stem cell’s

|
lineage, or they may derive *TV-
pvimarily ﬁfom the stem

cell’s own descendants.

Notch, Wnt, FGF, Soluble factors
Cells &ECM EGF, TGF-B, SCF,

and chemokine o
Secreted or cell swface factovs families t

One niche s different from the other. It may contain
just cells or cells and ECM or just soluble factors.




Why stem cells need a special environment?

* Demands on stem cells necessitate special supportforviability and se!f-renewal.

* Nutritive ﬁmcﬁon

* Niches might be agents of feedback control (control of stem cell pool size, so it doesn’t

expand or shrink ).

* Niches are instruments of coordination among tissue compartments.

* Niches are hubs of inter-lineage coordination.

Niches also act as coordinators between
lineages. A stem cell may proceed into
several differentiation paths, so there
should be some sort of coordination
between them to ensure that one does not
dominate over the others. The niche acts
as a hub or center for this coordination.

By interactions or
feedback mechanisms,
they can coordinate size,
moving into different
differentiation pathways
and the production of
certain cell types.




POTENCY OF STEM CHLS

 THEDI

TYHE OF POTENCY :
1 TOTPOTENT

These cells are able to differentiate into
all cells of the body and to extra
embryonic tissues including placenta.

2 PLBURPOTENT

These cells are able to differentiate into
all cells of the body but not to extra
embryonic tissues including placenta.

3 MULTPOTENT

Able to differentiate into
several cell types.

4 UNIPOTENT

Differentiate into a single
cell type.

Totipotent
“Toti-" = whole

f
-

—&

ERENTIATION POTENTIAL OF THE STEM CHLS

Potency: the ability to differentiate
into several cell types OR how many
cell types can be produced from a
certain stem cell type.

Pluripotent Multipotent
“Pluri-" = many “Multi-" = several
p« Inner cell mass l
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THREE GERM LAYERS

Endoderm
(nternallayer)

(] Ll
Lung cells Thyroid Digestive
(aveolar cells  cell

o)

If we take a pluripotent stem cell population
and expose it to differentiation conditions,
they should be able to give rise to cells from
all three germ layers, as seen in the figure,
and give arise to a wide variety of cells from
these layers (if they are pluripotent).

Mesoderm
(middle ayer)

cel) (ancreatic (| cels —cels  the kidney

Ectoderm
(extemal ayer

\ : 'l
l-‘é‘}y;-
L}

¥
Ab

Skincels Neuron  Pigment

MSCR  muscle celsof cels  musce || of onbran ~ cells

cels
(nul)

epidermis




Types of stem cells

Another classification of stem cells depending on the time of presence during development.

Embryonic stem cells Embryonic stem cells Adult stem cells
+ Areableto dﬁwenﬁate into all the // \ )
specia[ized embryonic tissue Blastocyst b ;r ”
P
§ e '
* Appear during em’oryonic . 5 \k‘ Cord blood
. g ~ from newborn
development and are important fov A - :// umbilical cord
Y e v 4
fetus development 55\. _—

Extract embryonic

- Adult stem cells stem cells from Bone marrow
inner cell cluster V

* Actas arepair system (Vegeneraﬂon)
for the body rep[aeing specialized
damaged cells

. Appeav aﬁer birth or later in adult [ife.



Embryonic Stem Cells (ESCs)
D

. . . ‘)
v ES cells are derived ﬁrom nner cell 225
mass of mammalian blastocysts B
e

v Develop Iaefove imp lantation in the

uterus

Neural cells y

Cardiac muscle

o Quick review of fetal development up to the inner cell mass:

* It starts with fertilization of an egg to form a zygote. The zygote then divides until it reaches the
8-cell stage (we still have a ball that is full of cells from the inside and outside). After that, a
blastocyst forms. Its structure consists of an outer layer of cells, while the inside is mostly
hollow, except for one side where there is an accumulation of cells called the inner cell mass.

* Thepluripotent or embryonic stem cells that are necessary for fetal development are located
within the inner cell mass.



leqootency of ESCs

lefip otency transcription factors:

Oct 4

Nanog

Wnt-B-catenin signaling
Other TFs

N I



The Ethical Dilemma of ESCs

Prevention or Respect the
alleviation of value of
suffering human life

A

Morals and religion



The Ethical Dilemma of ESCs

» What is the problem in using ESCs from embryos?

O

One of the problems presented with ESCs and their usage in the treatment of
diseases is that we need to isolate them from embryos, which means we are
basically going to kill the embryo after it started to develop. So there is an
ethical dilemma, However, they will be used to alleviate the suffering of
patients.

v" This raises the need to find a balance between morals and religion.

©)

Another problem to consider is that transplanting cells from one embryo into
another patient (even if they are siblings) is introducing foreign cells into the
patient's body which may cause immunological problems and immune
rejection. So it is not just an ethical problem, there are other problems.

v That’s why scientists started to think about another source of pluripotent stem

cells but this time from the patients themselves (endogenous source), soitis
not foreign. And on the other hand to avoid ethical dilemma and problems
related to embryonic stem cells.



©)

Induced Pluripotent Stem Cells (iPSCs)

In labs, scientists reprogram
and reverse the differentiation
of fully differentiated cells
from the patient by expressing
the transcription factors
necessary to maintain
stemness of cells under certain
conditions, so they are
reversed to stem cells.

Only some of the
reprogrammed cells can be
very potent again, these cells
are called iPSCs.

Ethical

Autologous

Treatment y | Transplantation of genetically
with drugs L Y matched healthy cells
L ‘
& - \ : ? Ad K\-
{“ Patient P
‘ ° | &\ ‘\
Healthy cells

/e ]

l‘\ \.,\‘h\' /q-‘ ,/'

Disease-specific drugs
Screening for
therapeutic

compounds &\

In vitro
differentiation

S g
\\r Skiniopsy
Affected cell type l Repaired iPS cells
tn il = &65 2 Use gene targeting to repair
nhvigo COP 1 disease-causing mutation
differentiation t‘\‘» > &/

~ 7

Safer

As they are from
the same patient.

Patient-specific iPS cells

Patient-
specific

There should be no immunological
problems related to them.



Generation of IPSCs

 iPS cells were obtained by transducing embryonic and adult fibroblasts with
defined transcription factors.

« OCT3/4, SOX2, c-Myc, KLF4

Takahashi K, Yamanaka S. 2006. /nduction of pluripotent stem cells from mouse
embryonic and adult fibroblast cultures by defined factors. Cell 126:663—676.

Takahashi K, Tanabe K, Ohnuki M, Narita M, Ichisaka T, Tomoda K, Yamanaka S.
2007. Induction of pluripotent stem cells from adult human fibroblasts by defined factors.
Cell

131:861-872.

The first scientist who was able to do this was (Yamanaka) back in 2006. He was able to reverse
differentiation or reprogramme a fibroblast into iPSC by a set of 4 transcription factors:
OCT3/4, SOX2, c-Myc, KLF4.

Another group at the same time was able to do it using another set of transcription factors, but
both groups were able to do it by 4 transcription factors.




Yamanaka’s comparison of iPS and
ES cells

o Afterisolating the reprogrammed cells, they conducted tests to verify whether

these cells really acting like embryonic stem cells, which cannot be distinguished
by microscopy alone.

o Sothey compared the following features:

iPS-MEF24-1-9
1" B 3 e

In vitro
differentiation

Surface antigens

Proliferation

Morphology
|
ress e —— 44
st iPS cells are indistinguishable |
: Promoter
‘ from ES cells in: - oo
Telomerase activities And
activities _ _ ‘ active genes
Epigenetic status
of pluripotent cell- A teratoma is a tumor that
specific genes contains cells derived from
all three germ layers.




Adult stem cells

» They have less differentiation ability than a
pluripotent stem cells.

» They might be just either multipotent or unipotent.
> UHdiﬁCerenﬁated cells fovmd ‘t’mfough out the Ioody.
» Function: ’chey divide to rep/emlsﬁ aj/z'ng cells and

regenerate &/azmage&/ lissue



Types of adult stem cells

1. Bone marrow stem cells.
Can be divided into:

A. Hematopoietic stem cells,

Can raise to all types of
blood cells.

Hematopoietic Stem Cells

Multipotential
Bone Marrow Stem cell Q »

- Stem Cell

Eosinophil _
Basophil g Neutrophil
i H
i gl ‘
oy, @ OB,

Macrophage

B2010 Howstuf tWorks

Lymphoid

Hematopoietic Progenitor Cell

9

Myeloid
Pragenitor Cell

Heu Blood
Cells



Types of adu t stem cells

’ Liver

Rat brain
‘ : H e CP:IS stem
B. Somatic stem cells = D Stoleta

Bone
marrow

such as mammary stem cells - i/‘
and mesenchymal stem cells ‘

(osteoblasts, chondrocytes,
myocytes, adipocytes, " 4 «Smm » g?m..a.
neuronal cells). (Ff;'f' / d

|
\. ‘ / \ \-&q,c,t ,; P
~ —~ 4 )

Cardiac muscle

Glial cells




Types of adult stem cells

SOLUBLE & MECHANICAL
FACTORS FACTORS

L >< 4

self renewing differentiation /
"F—h

oligodendrocyte

_‘__'_,_,_:—'—'_‘—-—*_
Meuron

itor
astrocyte
naural stem cells

2. Neural stem cells: neurospheres — ﬂoa’c'mg heterogenous aggregates of cells,

containing a large proportion of stem cells respons ible for adult neurogenesis in

subventriculare zone, which lines the lateral ventricles of the brain, and the dentate
gyrus of the hippocampal formations.

O They are neuronal cells, and they can generate some types of neurons.



Types of adult stem cells

@ e Floating adipocytes

3. Adipose stem cells (ASCs). Eﬂ el A

o Found in adipose tissue,
these are mesenchymal Adipose tissue-Derived
stem cells. They can be CEEE« | Stromal Cells (ADSCs)

obtained after liposuction — N
proc edures, where Smooth muscle cells l \ i

adipose tissue is removed. Fibroblasts
o Some of these cells can ‘ Mesenchymal Stem Cells \
differentiate into thelia '

fibroblasts, pericytes, e ~
endothelial cells, and
other cell types.

Endothelial cells




Types of adult stem cells

Hematopoietic
Stem Cells

Mesenchymal
Stem Cells

. .\* CORD BLOOD

CORD TISSUE .—\-ﬁ.

4. Umbilical cord stem cells

o Umbilical cords contain two types of stem cells.

v The blood of the cord contains hematopoietic stem cells, while the cord
tissue itself contains mesenchymal stem cells. In Jordan, there is a center
that stores these stem cells from newborn babies.



Types of adult stem cells

5. Olfactovy adult stem cells: found in olfactory mucosal cells,

o Theyareresponsible for the regeneration of sensory cells, as these
cells are easily damaged by certain chemicals and odorants.

\ N
( \\—\ OLFACTORY BULB

OLFACTORY NERVE

( % OLFACTORY EPITHELIUM

———



Types of adult stem cells

6. Tissue stem cells in cornea, trabecular meshwork, etc.

o Theyare a small population of stem cells located between the cornea
and iris at the anterior chamber angle, responsible for regulating

intraocular pressure in a very small region just beneath Schlemm’s
canal.

Scleral

Schwalbe’s line Spur

Cornea



ANterior cnamoper

Episcleral
vein /

Aqueous St
vein ;‘(

Schlemm’s canal

Uveoscleral

outflow
Trabecular

meshwork

Lens

Ciliary body

Extra figure



Uses of stem cells

*To s’tudy the spec'gfic signals and dgjfevenﬂaﬂon
* Genetic therapy

* Drug testing

* Cell based therapies

* Stem cells fov cancer treatment on activation of

chemotherapeuﬁc agen’cs

if we want to test a certain drug to work on hepatocytes, we can use stem cells and differentiate them into
hepatocytes and test the drug on these liver cells to check whether they are effective or not, and we can also
choose that this certain cell has a certain genetic makeup to see if a certain drug will work better including this
genetic makeup or not, which will of course simulate how drugs work in real life in which sometimes they are
more effective in certain individuals with certain genetic makeup and they are less effective in others



Stem Cell Thevapy Limitations

v Stem cell therapy has disadvantages such as:

>Carcinogenici‘cy If you transplant them as stem cells not as differentiated
form, Since they have the ability to divide.

>]mmune Vejec‘cion If it is not autograph transplantation

>]nfecﬁon

v These fac‘cors make the usage of stem cells limited.



Limitations of Using Adult Stem Cells (ASCs)

. Lack of stem cell makers Vesulting n d'gﬁficu[ﬂes to separate
and idenﬁfy cells.

. Invitro systems fov manipulaﬁng adult stem cell popu[aﬁons
(to maintain their stemness) are oﬁen not well d@cined.

. Invivo: our understanding of how adult stem cells Vegula‘ce
within their niche is in its infancy.

. Multi potency of ASCs, limited differentiation ability compared
to pluripotent cells.



Past papers:

1- The statement that describes stem cells is:

a. Changes in the niche have no effect on the behavior of stem cells.

b. They can be used for cell- based therapy and modelling human diseases.

c. Their niche drive their differentiation and does not keep their stemness

d. They have a limited ability to asymmetrically divide.

e. We can use them as a cell- based therapy directly after we test them in tissue culture disease
models and they show an improvement of the disease.

2- You have recently heard that stem cells may have a potential in regenerating damaged

lung tissue caused by SARS-CoV-2 in COVID-19. Before they can be used in clinic, the

following has/have to be checked:

a. Carcinogenicity specifically if pluripotent stem cells are used.

b. The mechanism by which stem cells repair the lost pulmonary function.

c. All experimental stages starting with ex vivo experiments, animal stage, clinical trials of 3 stages.
d. Food and drug administration approval in the country of practice.

e. All points have to be verified before stem cell can be used as a treatment for COVID.

3-Which stem cell is the most potent, genetically engineered and causes no immune
reaction:

a. iPS

b. embryonic

. adult neural

4- True about stem cells
embryonal stem cells have more potency that adult

Answers: B, E, A



Stem Cells & newodegenemﬁve diseases

WWW.nutraingredients-usa.com
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Newodegenemﬁve Diseases

> A wide range of acute and chronic conditions in which

neurons and glial cells in the brain and spinal cord are
lost.

> Acute: ischemic stroke or s]o'mal cord njury

» Chronic: Parkinson disease (PD), amyotrophic lateral
sclerosis (ALS), or Alzheimer disease (AD).

o The type of neurodegenerative condition —whether acute or chronic—
and whether it affects a single cell type or multiple cell types determines
the extent of cellular damage and functional loss. This variation would
affect the use of stem cells as a treatment modality for these diseases.




Main considerations when we use stem cells to

treat neurodegeneraﬂve diseases

> What is Vequired for the stem cell—based approach to be clinica”y competitive?

o Stem cells as a treatment modality must be competitive with existing treatment
modalities available in the clinics for different neurodegenerative diseases. They should
provide significant improvement in the patient’s condition and quality of life, effectively
treat the disease, and avoid causing additional or more serious complications. In this
way you can convince yourself first then your patient to consider using stem cells
therapy instead of other treatments that might be even cheaper.

> Risks to the patient that are accepta’ole, depending on disease severity. Animal models
may not ﬁd [y predic’c their toxicity, occurrence Qf immune and other bio[ogic responses,

and risk for tumor formaﬁon aﬂer implan’caﬁon n patients.

o Side effects of using stem cells may include carcinogenicity, toxicity, immunological
problems and infection etc.



Main considerations when we use stem cells to

treat neurodegeneraﬂve diseases

» Thevariab 'L[i‘cy between neurodegeneraﬁve diseases in the degree of disa]oiﬁ’cy that
’chey cause and in the therapeuﬁc options that are available.

e.g PD- symptomatic treatment

o Another point to consider is the variability among neurodegenerative diseases in the
degree of disability they cause. Some diseases are highly disabling, where even a
small reduction in disability would be acceptable and convincing to the patient. In
other diseases, available treatments mainly treat the symptoms, and patients may
already be satisfied with their current management. Therefore, when using stem
cells, there should be a significant improvement in the patient’s quality of life, along
with reduction in the degree of disability associated with these diseases.



Main considerations when we use stem cells to

treat newodegeneraﬁve diseases

> The cell type to be Vegenera’ced and transp lanted.

PD- dopamine neurons

ALS — motor neurons

Stroke and Alzheimer's disease-several cell types

o The next point to consider is the specific cell type that needs to be replaced or
regenerated in each neurodegenerative disease.

v" For example, in Parkinson’s disease, where there is dopaminergic loss, dopaminergic
neurons need to be replaced. In conditions such as Alzheimer’s disease, stroke, and
spinal cord injury, multiple cell types may need to be replaced. This may include
restoring myelin, re-establishing synapses, and remyelinating axons.

o Therefore, several changes occur in the tissue that need to be repaired.



Main considerations when we use stem cells to

treat newodegeneraﬁve diseases

> The stem cell—based approach should show substantial improvement of functional

deﬁc its in animal models before their use in clinical app lication.

o Another point to look at is the amount of improvement the patient is expecting. A patient
with Parkinson’s disease, for example, can live with it with the available treatments right
now, so they need a great amount of improvement to consider stem cells as a treatment
option. But for a spinal cord injury with a high degree of disability, even a small
percentage of improvement would be acceptable for the patient. So it depends on the
disease and the amount of disability associated with it.

> To determine the Ioio[ogical mechanism under[ying the observed q%cts of a stem

cell—based treatment in an animal model.

> e.g. reconstruction of neuronal circui’cvy

o We also need to determine the biological mechanism by which the repair happens. Is it
due to the simple replacement of lost neurons, or due to the reconstruction of neuronal

circuitry? Is it through inducing or activating neural repair at the site by the transplanted
stem cells, etc.?



Common considerations when trans lating stem

cell therap les to newodegeneraﬂve disease patients

Inclusion/exchision criteria  Enralling late-stage patients may prevent loss of guality of lifs
Late-stage patients may mask any positive effects due to the
intervention gCowrring too lats in the disease courzs

F.ealistic expectation Informead conzent fonms nmist clearly dbammate the zoals of the study
Safety trials vs. efficacy trials
Expectations of therapeutic affects bazsed on dizease state at
intervention

Conirollad shady Tdeal stwdy is a double-blind placebo stady
Late-stage patienis may mask any positive effects not observed due
to the intervention ocowring too lats in dizease
Crigmal PD stodies offerad control arms freafment after 2 1-year
fallow-up which confises mrtarpretation of efficacy

Inumunosuppressian While the brain remaing an imroumolosically privilezed site due to the
blood-brain-barriar, there iz evidence that this barrier can be
compromized in dizessze
Shadies into cell graft survival demonstrate that inrmmosuppression
increases that survival of graft tiszus

Potantial side effects Pravent'minimize potentiz] side affects (Le. meningitis, fevar)
Awoid exacerbation of dizeasze and tumaor fonmation
Faisk e, guality of lifs

Zafaty of callular therapy Comsider O3 accessibility and safety of delivery methods
edministration Pros/cons of systemic dalivery, honbar punchirs or stereqtactic
injection are impartant

Abbreviations: PD, Parkinzon's diseaze; CHE, central nervous sysiem.



Common considerations when trans laﬁng stem

cell therap les to newodegeneraﬂve disease patients

Other considerations we need to look at include whether we need to immunosuppress
the patient before proceeding with any stem cell-based therapy, and what the
potential side effects are? Are these therapies safe to be administered? or could they
cause problems later that might even be more dangerous than the disease the patient is
currently suffering from?

We also need to consider what types of studies are required, such as double-blind
placebo studies, which are the ideal design in which neither the patient nor the
operator knows whether the treatment or a placebo is being given.

In addition, we need to assess whether the patient’s expectations are realistic and
whether they have been clearly explained. Has informed consent been obtained?

We also need to define the inclusion and exclusion criteria. Are there specific
conditions that must be presentin a patient to qualify for this type of treatment, or can
any patient with the disease be included?

All of these considerations are important before proceeding with choosing the
treatment modality for diseases.



Examples on Neurodegenerative Diseases
Targeted by Stem Cell therapy



Parkinson’s disease (PD)

o : Degeneration of nigrostriatai DA

neurons is the main pa’choiogy

B\ = Fi \.(;) ’ \:.
Tx: [DOPA, DA agonists, enzyme
inhibitors, and deep brain
stimulation
No Tx for dementia

W~ Sy
(PSCs for modeiiing the

Characteristic symptoms are rigidity, hypokinesia, geneﬁcaﬂy COWl]Olex PD
tremor, and postwai instability

=2

o Different treatment modalities are available, including administration of L-DOPA,
dopaminergic agonists, and enzyme inhibitors, etc. The main purpose of these treatments
isto replace the lost dopamine.

wWww.carelinx.com



http://www.carelinx.com/

Stem cell—based therap leS fov PD

Proof of principle: clinical trials with intrastriatal transplantation of human embryonic
mesencephalic tissue (vich in postmitotic DA neuroblasts). DA =Dopaminergic

- >
( ';0' / ";,"
e e~
Stom cells DA nouron precursors or
2 modified for neuroblasts genecated

neuroprotection from stem cells

Putamen "‘w .
Substanta nigra —— ?”f’-r \ Sk

Nommal brain 7 Parkinson disease ' A Stem cell therapy

umaxisfng DA neurons Newly derived DA neurons



Stem cell—based ’cherap leS fov PD

Pros Cons

-The DA neurons that form from the -A small fraction of graft-derived DA
transp lanted tissue veinnervate the denervated neurons contain Lewy bodies (the
striatum and become ﬁmctionaiiy integrated, hallmark of PD). Suggesting that the disease pathology may have
. . . . been transferred to the grafted neurons,
restoring striatal DA velease and giving rise to causing them to become diseased as well.
clear symptomatic Veiief in some patients. . Avaiiabiiity Of human embryonic
mesencephalic tissue is limited.
1—16 years afier transp lantation, cell Variability of ﬁmctionai outcome afier
Vepiacement remains a viable therapy. transp [antation is high.

They show highly variable functional outcomes in terms of restoring
lost function, with some patients showing major improvement while
others show only minimal benefit. This variability makes it difficult to
standardize the treatment.

The progression of pa’choiogy n graﬁ—derived Poor standardization of the transpianteoi
neurons is slow, and ti'iey are still ﬁmc’cionai cell material contributes to the high

aftev a decade. variab iii’cy




Stem cell—based therap leS for PD

Other sources of DA (dopaminergic) neurons:

v  ES cells ( Embryonic stem cells)

v’ Cloned ES cells

v/ NSCs and progenitors of embryonic ventral mesencephalon
v Adult NSCs from the subventricular zone (SVZ)

v’ Bone marrow stem cells

v Fibroblast-derived iPS cells

Human stem cell-derived DA neuron precursors/neuroblasts can
survive in animal models of PD and can be functional after

maturation.



Stem cell—based thevap leS for PD

Hurdles that prevent stem cell ‘chempy for PD ﬁfom bench to clinic:

v PDisa wm[ﬁsystem disorder, gC mndopaminergic systems are
affected, they will not improve by intrastriatal DA grafts.

v Substantial re-innervation @c striatum has not been demonstrated.

v Restorationof DA release in vivo has not been demonstrated.

v’ Marked improvement (50-70%) in the deficits and symptoms
experienced ]oy PD patients has not been demonstrated.

v’ Risk of tumorfommﬁon—even Lf minor, it is not acceptable.

v’ The need to inject cells at all sites of njury.



Stem cell—based ’chevap leS for PD

So, the main hurdles that interfered with this approach are that Parkinson’s disease is a
multi-system disorder, meaning that in some systems non-dopaminergic neurons are
also affected. Therefore, a treatment that only improves dopaminergic release would
NOT be a fully effective option in this situation.

Also, the extent of re-innervation of the striatum was not properly checked or verified
in these patients, whether it was substantial or only occurred in a small percentage of
the transplanted cells. In addition, restoration of dopaminergic release was not proven
in vivo.

Furthermore, the degree of clinical improvement in patients was not sufficiently high,
as it would need to be around 50-70% to be truly convincing for both clinicians and
patients.

Another concern is the risk of side effects, including potential cancer formation, even
if the probability is small. This is not acceptable in Parkinson’s disease, because
patients can already live with the condition using available treatments, so exposing
them to a therapy that might carry a risk of cancer is not justified.

Finally, another limitation is that stem cells would need to be injected into all sites of
injury, which might be hard in practical .



Clinical trials
* By International Stem Cell Corporation (ISCO)

* They tried the Parthemogenetic cells derived of
unfertilized oocytes after suppression of the second
meiotic division

 Drawbacks:

Used cells are PAX6-positive suggesting that they are of a

dorsal neural fate. In contrast authentic midbrain

dopaminergic neurons are derived from a PAX6-negative
ventral midbrain neural precursor.

o Thedrawback is that the transplanted cells are Pax6-positive (Pax6 is a transcription
factor important in development).

o The problem with this marker is that dopaminergic neurons are normally derived
embryologically from Pax6-negative precursors. Now they are generated from pax
positive cells that might have an effect that may appear later on after transplantation in the
patient.




Alzheimer’s disease  (AD)

Healthy Brain Severe Alzheimer's Disease

Cerebral
Cortex

Hippocampus O

Memory impairment, cognitive decline,
and dementia due to widespread and

progressive pathological changes.

The effect is exerted at the tissue
level rather than at the level of
individual cells.

Severe Cortical
Shrinkage

Severely Enlarged
Wentricles

Severe Shrinking |
of Hippocampus

Newronal and synaptic loss,
newcﬁ’oviﬂary tangles, and
deposits of B-amyloid protein
involve the basal forebrain
cholinergic system, amygdala,

hippocampus, and cortical areas.

wwWw.positivehealth.com
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Stem cell—based therapies for AD

1. Cho[inevgic Neurons: acety[cho[inesfzrase
inhibitors, which enhance cholinergic

Normal brain

Alzheimer disease

ﬁmdion, induce some temporary

improvement in AD patients

2. Neurogenesis or maturation of hippocampal
neurons as the formation of immature

hippocampal neurons was Veported in AD.

Stem cell therapy

L S) i ¢
> v, Stem cofis modihed 1«
L{}ﬂ . "0 release growth factors

l ¢ ’ . > fen
Compounds or antibodies to
sl oy IU(_;._, OUS NOUNOgenesis

3. Nerve growth factor
(NGP) releasing stem cells,

that stimulate neurons
regeneration and

repair

4. Anti-B-amyloid
antibodies or B-
amy[o id—degvad'mg

protease neprilys n.



Stem cell—based thevap les for AD

Hurdles that prevent stem cell therapy for AD ﬁme bench to clinic:

v Sincein AD brain loss many cell types, stem cells  have to be pre-
differentiated in vitro to many different types of neuroblasts for

subsequent imp lantation in many brain areas, because there are multiple
lesions in different brain areas.

v’ Tor a long-lasting symptomatic benefit, cholinergic cell replacement
requires intact target cells (host neurons that the new cholinergic

neurons can act on) that are damaged in AD.

v’ Stem cell—based cell rep lacement strategies are very fav ﬁfom clinical
app lication in AD.



Clinical trials

o By stemedica cell techno logies:
e Stem cells ﬁrom heal’chy peop le to mild to moderate AD patients
®* Totest Lf stem cells work fov AD



Stroke

Ischemic stroke, caused by occlusion
of a cerebral artery, leads to
focal death of multiple newron
types, as well as oligodendrocytes,

astrocytes, and endothelial cells,
Depending on the artery that is
occluded. Hemorrhagic Stroke

Ischemic Stroke

Neuronal plas’cicity and reorganization of neural circuitries contribute to spontaneous
recovery to varying degvees, but most patients exhibit persistent motor, sensory, or

cogniﬁve impaivments.

fescenter.org



http://fescenter.org/clinical-programs/current-clinical-trials/stroke-programs/

Stem cell—based them ies for stroke

v' Many stem cell types can be used to treat post- stroke

Human Embryonic Stem (ES) cell—derived, Neuronal Stem Cells

rain lesi

s, such as:

(NSCs) and Mesenchymal Stem

Cells (MSCS , gmﬁed into rat stroke site, MLgrated toward the lesion and i tmprove fovehmlo

performance.

Stem cell therapy

Stre kc nducu..

Neuron precursors or
neuroblasts generated
from stem cells

Compounds to
promote endogenous
NEWOgenesis

Stemn celis for

neuroprotection and
modulation of inflammation

) ,’.

o _

.

8 Preexisting neurcbiasts
Subwentricular zone

stern/progenitor cells
Aprecmmg NeUrons

TV injection of human
NSCs  induced
improvements aﬁer
hemowhagic stroke in
rats, pro’oa’o[y through
antiinflammatory

actions



Stem cell—based ’c’aerap les for stroke

v" No substantial clinical improvements were detected after 1V

injection of autologous MSCs in patients with an ischemic
lesion in the regions supplied by the middle cerebral artery
(MCA).

v" Several clinical studies using intravenous or intraarterial
(into damaged tewitovy) infus lon of auto logous bone
marrow—derived stem cells in stroke patients are ongoing,

but still However, none of these studies have yet been established
as a final clinical treatment.

v A clinical trial in stroke patients involv'mg ’cransplantaﬂon
of clonal, condiﬁonauy immortalized NSCs isolated ﬁrom
human fe’cal cortex is being tested.

V' 80% of neuroblasts and neurons die duringthe first twoweeks after
formation at stroke site in rats.



Clinical trials, include:

* Transplanted ESCs, nduced Pluripotent Stem Cells (iPSCs),

and NSCs can Veﬁslace the miss ing brain cells in the infavc‘ced

Neuronal stem ce

area. Mesenchymal stem cells

* Non-neuronal adult stem cells, such as MSCs provide trophic
support to enhance self-repair systems such as endogenous
neurogenesis.



Sp inal cord njuries

Pathological changes after spinal cord injury are complex

and include:

1. Interruption of ascend'mg and descend'mg pa’chways

2. Loss of neurons and glial cells ()

3. Infllmmation ’ /
4. Scar formation

5. Demyelination
Similar to AD, spinal cord injuries involve tissue-level
damage, making stem cell therapy more complex.

Spinal Cord

Inju
Fractured Jury

Vertebral Body ‘

v’ Patients experience loss of movement, sensation, and
autonomic control below the level of the injwed sp'ma[
segment.

v Available treatments are inqﬁcecﬁve.

v Diﬁ%rent types of stem cells were tested and improved
ﬁmcﬁonal outcome in animal models ‘chrough secretion
of neurotrophic factors, remyelination of spared axons,

or modulation of inﬂammaﬁon
medical.miragesearch.com



http://medical.miragesearch.com/treatment/spine-surgery/spinal-cord-injury/

Stem cell—based ‘cherap les for sp inal cord njurtes

Stem cell therapy

Formation of neurons, oligodendrocytes, & astrocytes. Spmal neuron precursors Stamcellsfor  Oligodendrocyte
O néurobiasts generated modulaton of progenitors genarated
Foy-maﬁon Of syna-pses and axons from stem calis inflammation from stem cells
Rewy[enaﬁon : high-purity  oligodendrocyte a < f - < s -
progenitor cells (OPCs) generated from human o
ES cells in vitro can diffeventiate into \ﬂ(\)
oligodendrocytes (clinical trial) .U.
Astrocyte
Preexistng Damaged mysiin  Degenerated Remyelnated
sheatr Axon

Spinal cord
leson

' Mﬁ-r:»ql:.ﬂ coll

o .
|-‘ " {“.r
A

(

Myelin sheath

Axon

Newly derived neuron




Stem cell—based therap Les fov sp inal cord njurtes

Before moving to clinic, we should determine the following:

» Determine how to control the proliferation  of transplanted stem cells and their

Progeny. Because we need them to be in certain amounts and be able to form diﬁferen’c

types of synapses.

» Determine how to enhance the differentiation of these cells to the specific
types of neurons that have been lost.

» Determine how the resulting neurons can be directed to format appropriate
synaptic contacts. To perform the lost function



Stem cell—based thevap les for sp inal cord njurtes

> Other stem cell types:

Umbilical cord blood, bone marrow—derived HSCs, and MSCs have ahfeady
been app[ied in patients with sp mal cord njury, with claims of parﬁa( recovery,

Thus far, these strategies have NOT reached clinical implementation as
definitive therapies.

> Problems in these trials:
1. The implanted cells were often poorly characterized.

2. The prec[inica[ evidence of efficacy for several of these approaches was
insufficient.
3. The therapeu‘cic beneﬁt was Veported ﬁ‘om open- label trials where patients

had been Sulojec’ced to physio’chevapy, Consequently, it remains unclear
whether the improvements result from stem cell therapy or physiotherapy!

4. The mechanisms underlying observed improvements were unclear.



Neurodegenevaﬁve Diseases & Stem Cell

Therapy: A Summary

» Clinical trials using stem cells have ahfeady been pevformed or initiated

(e.g., for the vare, fata[, autosomal recessive neurodegeneraﬁve disorder

Batten disease)

> No stem cell-based therapy has yet been proven beneficial for any

neurodegenerative condition.

> Despite this fac’c, unproven treatments for several neuvodegeneraﬁve
diseases are oﬁered at “clinics” around the world without rationale and
with poor scientific and clinical basis. So, as a clinician, you should
check its approval by the FDA.

> Ethical, regulatory, societal, and economical issues need to be addressed.



2.

Translating a stem
cell-based treatment
fromthe bench to bed,

o Requires along research pathway:
1.

Starting with in vitro

characterization and studies.
Then progresses to animal model
studies—using small animals first,

followed by large animals.

After that, it moves to clinical
trials, which consist of 3 phases.
(This stage is the longest, often

taking 10 to 20 years of

investigation, until we obtain

conclusive evidence on the

benefits of using this treatment in
any neurodegenerative disease or

other conditions).

You should help the patient to
choose the proper treatment.

Road map to a FDA-approved Phase | human safety trial

Inclusicon

charactenshicy

Pee-operatve sxam

Salety data

for stem cell therapy for ALS

[ vitra charactorlzation
Small animal model validation
Tumewipenews Collincorporation Aneval
studly AT e g on wavival
Large animad validation
Human tral appication
FOA sepdicmion FUhcs towiew

IRS sy

Patient enroliment
Exchsion

Informed corent charactenstics

Pre-operatrve
counseling

Operation

Follow up assessment

Post study assessment
Data Safety Monnoring Boaed revies

5 reviewed for each group before traredtoning to next group

ayn

Ay

Syn

7yrs

Hyrs

10 yrs



BIOCHEMISTRY

QUIZ


https://forms.gle/37RVCrHSarvN94Qx5
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For any feedback, scan the code or click on ifg
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