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Diploid germ cell
Chromosome #: 46
DNA content: 2n

Chromosome replication

Chromosome #: 46
DNA content: 4n

Chromosome #: 23
DNA content: 2n

Meiosis Il i

Chromosome #: 23|

. S
Haploid gametes -~ f ~
DNAcontent: 1n .l _~

\ Homologous

] chromosomes

Reduction
division

\  Mitotic
\division
VI

Four haplold gametes
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The fusion of a haploid male gamete and female gamete leads to the

formation of a = oic. Azygote is a fertilized egg.
Embryogenesis
c c c 10 mm
zygote 13 14

19
7 day) 20
(%0 dnys) 21

=2

Carnegie Stages

(approx. postovulatory days)

This presentation is for t¢aching purpose onl
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o‘e;'g Role of Stem Cells I.

DIFFERENTIATION

SELF-RENEWAL

This presentation is for teaching purpose only



The history of a medical sensation I.

::Medleel treatment of Blindness using hESCs

Martin Evans at the University of Cambridge is first to
identify embryonic stem cells — in mice

lan Wilmut and colleagues at the Roslin Institute,
Edinburgh. Dolly the sheep, the first artificial
animal clone.

Nobel Prize 2007

James Thomson (University of Wisconsin) and John Gearhart (Johns Hopkms)
isolated human embryonic stem cells and grew them in the lab. |

Bush controversy

Shinya Yamanaka of Kyoto University reprograms ordinary adult
cells to form "induced pluripotent stem cells".

Obama-power
Medical treatment of Spinal injury using hESCs
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Self renewal: The ability of a stem cell to divide and produce
copies of itself for an indefinite period of time.

Totipotent: A cell capable to form entire organism. The zygote is
totipotent; not demonstrated for any vertebrate stem cell.

Pluripotent: A cell able to form all the body's cell lineages,
including germ cells, and some or even all extraembryonic cell
types. Example: embryonic stem cells.

Multipotent: A cell able form multiple mature cell types that
constitute an entire tissue or tissues. Example: haematopoietic
(blood) stem cells.

Differentiation: The process by which cells become specialized
to perform particular tasks. @

Regenerative medicine: Reconstruction of diseased or injured
tissue by activation of resident cells or by cell transplantation.

mml;mcﬂ"- oy e an N AT T AP F i SOy WS = e




\'fﬁ Kinds of Stem Cells

Embryonic stem cells come from a five to six-day-old embryo. They
have the ability to form virtually any type of cell found in the human
body.

Adult stem cells are undifferentiated cells found among specialized
or differentiated cells in a tissue or organ after birth.

This presentation is for teaching purpose only



o %o Comparison of
~ A Embryonic v/s Adult Stem Cells

Embryonic Stem Cells Adult Stem Cells
= Cell lines last and last and last = Cell lines do not last
= Multipotent = Not multipotent
= Easy to find * Hard to locate
= Ethical issues - when does life * No ethical issues

begin?
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@ A Embryonic Stem Cell I.

Outer cells
Day 5-6 (forms placenta)

Inner cell mass

~ Donated excess In vitro fertilization (IVF) embryos.

~ Can be grown indefinitely in the laboratory in an unspecialised state
retain ability to specialise into many different tissue types — know as

‘ —?:‘."Ol'.‘g_ ?);5)" . ‘ﬁ, —
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Inactivated mouse embryonic
fibroblast (MEF) feeder cells

Cells dissociated and replated

New MEF

8 !

(T

8% ~V Established embryonic stem
Patient £ 3 s cell culture

= O

T 2

>3 Differentiation ——> Other tissues

£ £ | Airway epithelium / l\ Intestinal cells

X o

[ J—

ve ‘e Pancreatic 3 cells
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P Derivation and Use of
’\g Embryonic Stem Cell Lines I.
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Characterization m Differentiation

» |Isolation of » Characterization » Culturing stem » Activation of stem

1)

=

individual stem  of isolated stem cell linesin a cell differentiation
cell population cell populations stable, multi or to desired
using using additional pluripotent state, lineages
appropriate markers free from maintaining strict
markers mutations and to control
sufficient quantity

» Checks to » Ensuring that » Economical » Checking for
ensure that cells are expansion to be functionally active
stem cells transplant ready aimed to make differentiated cells
R GE cell-therapy a
functionality reality

and potentual to
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* Qutstanding Examples
* Planarian
* Newt
= Embryos
* [nverse Relationship
* Increase complexity

= Decrease regenerative ability

Growth
cycle

& tb;‘
4"’. b

> g e
. g
1 week

hitp://pearsoniab.ca
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Adult Stem Cell Locations

Brain and Spinal Cord

Liver

Blood Vessels

Pancreas

Epithelia of Skin

Cornea and Retina
Lungs
Skeletal Muscle

Epithelia of
Digestive System

Bone Marrow

lllustration by Matt Bohan, 2007
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* Bone Marrow Transplants (BMT) & hematopoietic stem cell therapy

(HCT)
* Lymphomas and thymomas
* Hematopoietic cells
* Metastatic cancers of other origins

= Autoimmune Diseases with

hematopoietic stem cells (HSCs)
*» Rheumatoid arthritis

= Systemic Lupus Erythematosus

* Type 1 diabetes mellitus

* Multiple sclerosis

* Pernicious anemia

Healthy Donor

Transplant Recipient

Bone marrow
transplant

Donor bone cells proliferate recipient

e ey

i

hitp:www. medindia_net/patients/patientinfo/bona-marnrow-transpliantation. him

= Hematopoietic Stem Cell: Best-studied, used clinically for 30+ years
= Allogeneic and Autologous stem cell transplantation



o"'."'. Umbilical cord stem cells (UCS cells):
9-‘1% an alternate source of stem cells I.

= Also Known as Wharton'’s Jelly

= Adult stem cells of infant origin

= |[solated prior to/ immediately following birth
= Haematopoietic stem cells (Majority)

= 100,000 stem cells per mL in UCB

= Alternate to bone marrow stem cells
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Airway Basal Stem Cell (Krt5) Ciliated cell
(Acet-Tub)

Putative early =\ Secretory cell
- |(Clara/ Serous)



Nature Reviews Genetics 7, 349-359 (May 2006)

B Stem el

B Vaneth cells

T Tramsm amplying
colly

B Absorptive colls

B Gotset c wih

Bl Cmtercendocrine
cells

Small intestine

Tearvut ampliiying coth

cells anvd Paneth

Intestinal
stem cell

Committed Paneth cell
progenitor
L _
Absorptive cell
Committed
progenitor_>
s ' Enteroendocrine
cell
Committed

progenitor

Goblet cell

Differentiated Cell




@ A What are stem cell technologies? I.

« Cloning technologies
—Is human cloning a technology?
—~What is different about cloning embryonic stem cells?

* Induced Pluripotent Stem cells
—New ways to potentially avoid the use of embryos
—Disease-specific stem cell lines created
—The promise and potential pitfalls of this approach

When does research actually become technology?
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There are two very different types of cloning:

Reproductive cloning Molecular cloning

o - =

- -
— X e X
» Use to make two identical individuals » Use to study what a gene does

» Very difficult to do » Routine in the biology labs

» lllegal to do on humans » Cut and paste
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O.eA Molecular cloning: Principles I.
A

1) Take DNA out of the nucleus

oO——I- | .

cell 1 cell 2

2) Make a new piece of DNA

e 1 DS T .

Xegmm X -

3) Put new DNA into a test cell and grow copies

Daughter cells
contain same DNA:

insert new DNA
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Gl N S \ Nuclear Oocyte enucleation

Somatic cell @ Trans‘fe/
Cell Fusionl .'

|

ES cell

éﬂ% Dolly

022 (05.07.1996 -14.02.2003)
lan Wilmut

J' Cell division
DNA replication

Implant in
surrogate mother
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Induction of Pluripotent Stem Cells

from Mouse Embryonic and Adult
Fibroblast Cultures by Defined Factors

Kazutoshi Takahashi' and Shinya Yamanaka '
Cell 126, 663-676, August 25, 2006

Dr. Shinya Yarhanaka

Kif4, SOX2, c- Mvc, KLF4

BN .

Somatic cells cultured iPS cells cultured

Dr. Kazutoshi Takahashi

Induction of Pluripotent Stem Cells &<
from Adult Human Fibroblasts

by Defined Factors

Kazutoshi Takahashi,' Koj Tanabe,' Marn Ohnuki,' Megumi Narita,'? Tomoko Ichisaka, '-? Kiichiro Tomoda,?
and Shinya Yamanakat.33.4.*

Cell 131, 861-872, November 30, 2007
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Klf4 Sox?
Oct4 C[\ch

© 00 ¢ 009
Somatic cells

|

» Silencing of retroviral transgenes
« Activation of pluripotency genes
« Activation of telomerase
Somatic markers silenced . Reactivation of silent X
Activation of SSEAT1 chromosome in female cells
Intermediate cells Teratomas and germ line
(transient population) chimeras

> O iPS cells

Partially reprogrammed cells
(stable cell lines)

« Viral transgene on

* Proliferation genes activated

« Pluripotency genes silent

« Aberrant expression of lineage genes

| 1 ~hi K and Plath, K
« Teratomas, but no adult chimeras Wﬂodw o e, K
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Personalized Diabetes
specific drug

‘ TN e ,;
Diabetic Transplantation

Patient

e Diabetes
il pathogenesis l

Drug screening

|

Somatic Insulin-secreting B cells
cells 51

oy
}
:
'
Differentiatio

2+ Oct4
: §
. ~ ' 3 E|- c-Myc
Patient specufuc Insulin- S &l. kifa
secretm‘? p cells 2 :‘é}. * Nanog Corrected iPSCs
& Ve Lin28 4

Differentiation Gene correction

<o’ oo 9%

Diabetic Patient }
Derived iPSCs Wmmm;»
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iPSCs has been generated from

(Yemanaka et al., 2006)
(Yamanaka et al., 2007)
(Liu et al., 2008)
(Liao et al., 2009; Li et al., 2009)
(Shimada, H. et al, 2010)
( Esteban, M. A. et al., 2009)
(Wu, Y. et al., 2010)
(Honda, A. et al., 2010)
(Kristina Nagy et al., 2011 )
(Luetal., 2011)
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- No need for embryos/ No ethical issues
- Ability to differentiate into many cell types

- Vastly renewable. Cell number not a limitation. iPSC cell lines can be
made and stored

- Easily accessible. Variety of somatic cells such as blood,
keratinocytes, fibroblast and hepatocytes etc can be used

- Can be used to model human disease in a dish and drug screening

- Individual-specific i.e. personalized or non-immunogenic

Somatic cells Kif4, SOX2, c-Myc, KLF4 iPS cell Patient-specific

cell therapy
—->0 — —> ¢ oo oo —> | Drug screening

Somatic cells cultured iPS cells cultured Disease modelling
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O\’:ﬁ Stem cell home: Niche I.

Niche stem cell ‘

Microenvironment around stem cells that Va o
provides support and signals regulating I |
self-renewal and differentiation niche “EN T @S ora™

/

7

Intermediate cell

Direct contact N ( Soluble factors




°~g_-;jg Stem cell therapy: Challenges I.
e 4
How to control stem cells after > Oa
injection Skin
Marker identification for isolating
pure SCs pool Neuron

Finding right expansion conditions 3

Blood

i) 69 69 Different Differentiation conditions 4 - '
embryonic stem cells/ w

iPSC/Adult stem cell i
/ Different Scaffolding required Intestinal cells

A 4

Diffe‘ren.t delivery system and 3
monitoring

| Long term storage for future use




http://www.dailymail.co.uk/sciencelech/article-2599568/UK-scientists-make-body-parts-lab.html
» Professor Alexander Seifalian (pictured) made a nose for a man who lost
his to cancer.

» Stem cells were taken from the patient's fat and grown in the lab for 2
weeks before being used to cover the scaffold.

» Dr Michelle Griffin (pictured) said ears are harder to make than noses



Paolo macchiarini (scaffolding, seeding) and Harvard bioscience

o

Born without a windpipe

Artifitial trachea grown from her own stem cells
on a 3-inch-long frame of plastic fibers

Bone marrow stem cells seeded on scaffold and
grown in a bioreactor before transplantation
Hannah died after three months of the surgery
Though controversies exist but this story suggest
the future use of stem cells for therapy




For the first time, doctors were able to improve heart function and reverse

tissue damage in heart failure patients, using stem cells taken from the
patients’ own heart tissue.

Fes (\'nr cells

‘..J."

Cardiogenic

’
rmam

Heart muscle celis

-

-

-
-

Cardiac mn ils
{c-kit* or Sca-1+)

Vascular cells
hitp:/iwww.stemcellresea
https://sites.google. stngenemﬁmwdbdsmheaWstmlﬁmmmwmnmnﬁium



Cell Stem Cell 12, June 6, 2013 "2013

Small molecules
or proteins
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Coll delivery

Reprogramming non-myocytes
to cardiomyocytes
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Tissue
engineering




o Latest stories I.
A

» Embryonic stem cells, from a woman with Type 1 diabetes, were
induced to turn into insulin-making beta cells, in hopes they could be
implanted to cure the disease.

» Stem cells in the adult pancreas have been identified that can be turned
into insulin producing cells, a finding that means people with type 1
diabetes might one day be able to regenerate their own insulin-
producing cells.

» Ovary Stem Cells Can Produce New Human Eggs

» Clinical trial using stem cells in patients with amyotrophic lateral
sclerosis

Insulin, shown in red, is being
produced by cells that started as
embryonic stem cells derived from
a patient with type 1 dia‘ibetes.

‘ » -
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hitp/abenews go. com/Heallh/expenmental-siem-Coldheragyy-turms-
victimsa/story?id=17350731

» Disease reversal

hitp.Hwww.cira kyolo-u.ac jpfhotta/en/research him

Reprogramming

= Treatment of disease

Exba

* Organ/tissue availability Hemophilia
* Aging

» Gene correction

* Drug delivery
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» Production of Soluble Chemical Factors like EGF, FGF, TGF-f etc

O

Transduce signals
= Growth, Survival, Motility and Differentiation
= Cell type-dependent
= Differentiation stage-dependent

» Scaffold

Temporary structural support
= Maintain shape
» Surface coating and chemistry
* Rigidity, Porosity, topography

Cellular microenvironment
= High surface area/volume
= ECM secretion —

= Integrin expression 5 =
= Facilitate cell migration %
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» Delivery Methods
Injectable stem cells
= Cells or cell-polymer mix
= Adopt shape of environment
= Controlled growth factor release
Solid scaffold manufacturing

= Computer-aided design and
matching

* |dentifying defect shape
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LET’S PRAY FOR THE SINNERS
WHO ENGAGE IN THE DEVILS
WORK OF STEM-CELL RESEARCH!

© The Prtsburgh Post-Gazette Dist by UFS Inc

LORD, HELP THEM Fnp

A CURE DAD'
Atlﬂfmck’s.f

A CURE FoR .
PARKINSON’g =

A CURE FoR




O oA Politics and Arguments I.

» In Aug, 2001, The Bush Government announced federal funds could only
be used to study human embryonic stem cell lines that already existed.

» Stem cell research done with the use of private funding.

» The UK in 2001 made it legal to create cloned human embryos for use in
medical research.

» President Barack Obama lifts 2001 restrictions on federal funding for
human embryonic stem cell research.

» Different countries have different rules.

» Scientist can only use eggs from fertility clinics that do not fertilize when
mixed with sperm.

> In 'ASla, South Korea. Smgapore'iare; all moving forward_; on'h stem cell




°*o;;jA India and Stem cell I.

The Indian Department of Biotechnology, together with the Indian Council of
Medical Research, drafted the nation’s stem cell policy in 2007, the Guidelines
for Stem Cell Research and Therapy. India, Department of Biotechnology and
Indian Council of Medical Research, Guidelines for Stem Cell Research and
Therapy, November 2007,
http://www.icmr.nic.in/stem cell/stem cell quidelines.pdf.

The Guidelines call for the establishment of a national body for the review of
stem cell research proposals, the National Apex Committee for Stem Cell
Research and Therapy (NAC-SCRT). This committee was established only
recently, with the twelve-member group being formed by the government in

March 2011.
The Guidelines divide research on human stem cells into three areas:
permissible, resirncied, and prohibited. Permissible research includes in vitro

studies on prevnously establlshed cell lines from any cell type (including ES
cells), in vivo studies in animals with established cell lines from any type of
stem cells (including ES oells) the establishment of new ES cell lines from

“spare” IVF embryos, and clinical trials with minimally manipulated cells.
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IS AN EMBRYO HUMAN?
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» s it morally right?

» Why do the embryos have to be destroyed for stem cell research? Isn't this
the same as taking a life?

» Will embryo farms will be around the corner?
» Will organs be produced as per your specification?

» Why do we need to keep using embryos in research when we have new
iPS cells? '

» Could women be forced to sell eggs/ embryos for

research? o
WHO'S

PLAYING

» Won't doing therapeutic cloning lead to cloning
humans?

» ARE HUMAN PLAYING GOD?

GOD

[

?

-
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©e4 Science is discovering the unknown I.
A
« Stem cell field is still in its infancy

« Human embryonic stem cell research is a decade old, adult stem cell research
has 30-year head start

» Holds hope for curing or improving treatments for 70+ diseases

« Veterinary applications need to be thought about
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