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New Born mouse can fully regenerate the damaged heart

;Science Magazine

»
SClenC AAARS ORG FEEDHACK HELP LIBRARIAN S

L\FVVXY NEWS SCIENCEJOURNALS CAREERS BLOGS & COMMUNITIES MULTIMEDIA COLLECTIO

ALERTS ACOESS

SCIE“CE The World's Leading Journal of Original Scientific Research, Global News, and Commentary.

Sciopce Home  currentlssye  Previous issues  Science Expressz  Scifepce Produocts My Scfence About the Journal

Home = Scignce Magazine = 25 Februany 2011 = Porrello ef sl 331 (60207 10781080
Gl 1] Science 23 February 2011 < Prev | Table of Contents | Hext .
Article Views Vol. 331 no. 6020 pp. 1078-1080

DOl 10 1126/science 1200708

» Abstract

* Full Text REPORT

* Full Text (PDF) Transient Regenerative Potential of the Neonatal Mouse Heart

* Figures Cnly

» Supporting Online Enzo R. Porrello’, Ahmed I. Mahmoud?, Emma SimpsonZ, Joseph A. Hill*Z, James A. Richardson=, Eric N. Olson'r,

Material and Hesham A. Sadek="
Article Tools + | Author Affiliations
* Save to My Folders “To whom correspondence should be addressed. E-mail: hesham. sadek@utsouthwestern.edu (HAS.);

eric.olson@utsouthwestern.edu (E.W.O.)

* Download Citation

* Alert Me When Article is
Cited

ABSTRACT



But the regeneration ability will lost by 7 days after birth

A B C D

So, some mechanism is switched off!



“Glow-in-the-dark” dogs - Ruppy!
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What is stem cell research? ‘
el SN\
~ * Prevent/treat diseases and injuries
| — Cell-based therapies (i} @)

>

— Pharmaceutical development (BEPIHE)

o
A L . .
= * To learn about basic biological science such

as development, aging, and evolution.

* Includes drug discovery, testing and delivery, etc.

— Experimental model systems (i.e. f&i=4 % $)
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Trachea transplantation:

Example of adult stem cell-based tissue regeneration




Source of Stem Cells
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Conception in a dish

Reducing the time of sperm—oocyte interaction in
human in-vitro fertilization improves the implantation
rate

Luca Gianaroli'?, M.Cristina Magli',
Anna Pia Ferrarettil, Agnese Fiorentino',
Elisabetta Tosti?, Sergio Panzella' and Brian Dale?

1.1.5.MER., Medicine Reproductive Unit, V. Mazzini, 12, 40137

In the In-vitro fertilization (IVF) procedure, sperm and eggs “interact” in a dish
leading to insemination.

They literally swim up to the egg and burrow toward the nucleus.

The first one to get there wins, and all others are blocked out.




TTHE ERmEE

PSS [ BREIRE

i IHEFZ ISR REEFEL 4 5
N ERRlESEEYE - TIEENRIBIESRE
SRR [TTHEHE]  gilaiftiis
gt ) =TI (=41 A [ B A 1 P
AFZEETEN - BEEL ° 7P
\ BHEREREL 2 A BTTRAT 2R
RIS Bl 4 B B RE
A AE
B 1T iRAEIE RS T
At BRAIEET A FRALA SElE L T8
Ml —FEREEREER 5 2 F8
E/0-8 1000 #EFaTHERE - Rl
FIEWEELN » EFAFE 6 2 7#EFD - i3 E EiE-F AR © (BizE
& * Fias 3 $HER—HE T 2HE - &7 RfGE—i )\ BEE -
25 ' FEEEARSERRE « TEEREIEH F ELIFREEF ' EEE
/= BROTHE(ESE ~ BRFRIGE T - BREPCERR TR PERFNERE
F  MIEFETRE ¢ TR T RERE i FEREEE -

Male fertility issue:
Sometimes sperm cannot latch onto and penetrate the egg. They
may choose to have Intra-Cytoplasmic Sperm Injection (ICSI)
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Fertilized Egc FIRSTivf.net
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Embryonic stem cells in the dish:
What do cultured ES cells look like?
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Human embryo, the first 4 days
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Development & Differentiation
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Real-time Video Clip of Blastocyst Formation
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Carnegie Stages of Human Development

Dr Mark Hill, Call Bealogy Lab, Schodd of Madical Sciences (Anatomy), LINSW
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How do cells know what to become?

All cells in a person have the same DNA
Yet eye cells differ from nose cells
Central dogma of biology

Genetic

engineering @
RNA

e S

Niche
factors

Tissue % F\E Cell %

therapy type

Protein




Embryonic Development
Zebrafish embryo

future dorsal side future dorsal side

animal view vegetal view




At what point is this a fetus?"
(S”I‘IEJ TR lxj’éﬁﬁ ’;quﬁb_ﬂ?) |

Days 7-14: Uterine implantation

Day 14: Three distinct layers begin to form
(no more pluripotent stem cells)

Days 14-21: Beginning of future nervous system

Days 21-24: Beginning of future face, neck,
mouth, and nose

Weeks 3-8: Beginning of organ formation

Week 5-8+: Now it’s generally called a fetus (no

consensus on exact time point)
TR T

lis picture is Week 5)




Divergent Religious View on
Research and Clinical Use of ESC

Religions Embryonic Stem Cell (ESC) Research

Catholic Prohibited (life begins at conception)

Sy 3

Muslim Acceptable (fetus has moral existence
AT I only at the end of the 4" month)

Jewish Acceptable (embryo has no moral
IRl status until 40 days)

Buddhist Prohibited (life begins at conception)
(255 (L.




Cloning
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Somatic Cell Nuclear Transfer (SCNT)

Cloning of embryonic stem cells
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Finn Dorset

Remove mammary
cells from udder
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{} Fusion

‘Culture’ in tied oviduct of sheep

Early
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Implant embryo in surrogate
mother ewe's womb
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cytoplasm and Finn
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Cloning Dolly
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Complications
Observed in Reproductive Cloned Animals

Extremely low reproductive efficiency ( [NZJHF )
High late fetal losses (F,’ﬁ‘ﬁﬁﬁﬁ)

Placental abnormalities (7% £ H )

ncreased birth size (=1 &)

— Large offspring syndrome

 Risk to mother and offspring
High early neonatal death rates (FFT,'J<T’?§*<)
— Respiratory deaths



What makes stem cells unique
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Symmetric cell division
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Asymmetric cell division
IS w55 ZY

1. Self-renews (F 1517

2. Differentiates (55 (%)

Stem cell
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Stem Cell - Definition

e Self-Renewal
— It can divide without limit
(f'=.FLT &); at least for the lifetime of animal

— It is not itself terminally differentiated

(F 7% 1F57 () ; Not at the end of differentiation
pathway

* Potency in differentiation

— When it divides each daughter cell has a cell fate
choice

(=" FRAFudE LT 3% ®); it can remain a stem cell,
or it can embark on a course leading to terminal
differentiation




Signals to Stem Cells

VaTtaVaVaTaV, —I

Matrix Molecules \ ( Q
Self-Renewal
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Soluble Factors
Other Cells Differentiation

e

Little, et al. Chemical Reviews (2008).



Different types of stem cells

el e FE KE




ferhllsed eqq

This cell >T©ti pcte ﬁf

Can form the
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This cell
Can form the

Em bryo blastocyst mntalnmig
pluripotent stem cells

Pluripotent



Key Definitions:

Totipotent : toti-, from Latin totus, means whole
= FJ: = whole potent can form every cell type,
Including germ cells

Pluripotent : pluri-, from Latin plur-, means more,

Z2HiES  several, more than one can form many

different derivatives, but not germ cells

Multipotent : from Latin multus- means much or many.
%HS can form a few different cell types

toti > pluri > multi



Loose connective tissue
with ﬁbrobiasts

Bone tissue
with osteocytes

Striated muscle cells

Nerve cells

IO
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Cell Differentiation:

Is this a reversible process?

Red blood cells

—_ Smooth muscle

"B Fat (adipose) cells

G



Transcription factor (§Ei&#[<=") is a protein that binds to
specific DNA sequences and thereby controls the transfer (or
transcription) of genetic information from DNA to mRNA

Legend: A transcription factor molecule binds to the DNA at its binding site, and thereby
regulates the production of a protein from a gene.

REGULATE

TRANSCRIPTION
FACTOR

BINDING SITE

2 supporting video PROTEIN



How do cells know what to become?

All cells in a person have the same DNA
Yet eye cells differ from nose cells
Central dogma of biology
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Time Magazine : http://www.time.com/time/

Stem Cells: Japan Gets Ahead of the Curve

Thursday, Jun. 14, 2007 By BRYAN WALSH

LEADING LIGHT: Yamanaka, a former orthopedic surgeon, knows how to knit research together with practical applications



A Dbreakthrough research!

Induction of Pluripotent Stem Cells
from Mouse Embryonic and Adult
Fibroblast Cultures by Defined Factors

Kazutoshi Takahashi' and Shinya Yamanaka'>*

" Department of Stem Cell Biology, Institute for Frontier Medical Sciences, Kyoto University, Kyoto 606-8507, Japan
2CREST, Japan Science and Technology Agency, Kawaguchi 332-0012, Japan

‘Contact: yamanaka@frontier kyoto-u.ac.jp
DOl 10.1016/.cel.2006.07.024

SUMMARY

Differentiated cells can be reprogrammed to an
embryonic-like state by transfer of nuclear con-
tents into oocytes or by fusion with embryonic
stem (ES) cells. Little is known about factors
that induce this reprogramming. Here, we dem-
onstrate induction of pluripotent stem cells
from mouse embryonic or adult fibroblasts by
introducing four factors, Oct3/4, Sox2, c-Myc,
and KIf4, under ES cell culture conditions.
Unexpectedly, Nanog was dispensable. These
cells, which we designated iPS (induced plurip-
otent stem) cells, exhibit the morphology and
growth properties of ES cells and express ES
cell marker genes. Subcutaneous transplanta-
tion of IPS cells into nude mice resulted in
tumors containing a variety of tissues from all
three germ layers. Following injection into blas-
tocysts, iPS cells contributed to mouse embry-
onic development. These data demonstrate
that pluripotent stem cells can be directly gen-
erated from fibroblast cultures by the addition
of only a few defined factors.

or by fusion with ES cells (Cowan et al., 2005; Tada
et al., 2001), indicating that unfertilized eggs and ES cells
contain factors that can confer totipotency or pluripotency
to somatic cells. We hypothesized that the factors that
play important roles in the maintenance of ES cell identity
also play pivotal roles in the induction of pluripotency in
somatic cells.

Several transcription factors, including Oct3/4 (Nichols
et al., 1998; Niwa et al., 2000), Sox2 (Avilion et al., 2003),
and Nanog (Chambers et al.,, 2003; Mitsui et al., 2003),
function in the maintenance of pluripotency in both early
embryos and ES cells. Several genes that are frequently
upregulated in tumors, such as Stat3 (Matsuda et al.,
1999; Niwa et al.,, 1998), E-Ras (Takahashi et al., 2003),
c-myc (Cartwright et al., 20085), Kif4 (Li et al., 2005), and
B-catenin (Kielman et al., 2002; Sato et al., 2004), have
been shown to confribute to the long-term maintenance
of the ES cell phenotype and the rapid proliferation of
ES cells in culture. In addition, we have identified several
other genes that are specifically expressed in ES cells
(Maruyama et al., 2005; Mitsui et al., 2003).

In this study, we examined whether these factors could
induce pluripotency in somatic cells. By combining four
selected factors, we were able to generate pluripotent
cells, which we call induced pluripotent stem (iPS) cells,
directly from mouse embryonic or adult fibroblast cul-
fures.



Induced Pluripotent Stem (iPS) Cells

Genetically engineering new stem cells

Transformed cells ¢ g Culture and harvest




Turning adult skin fibroblasts into embryonic stem cells

mouse

& = 4= Skin fibroblasts

S e PR L e C e PR =i

MNoarmal Normal mouse

1 1
- : Retroviral tfa nsfection : blastocyst
P (Oct3/4, Sox2, Kif4, c-Myc) :
~ s e W 1 f
@ 4 transcription factors  chimaeric Vs & e
d Antibiotic selection RIAYAE @ i
“ _ " Normal
é = % ; mouse
e Growth in culture g

@— iPS cell line

From the following article: N
Stem cells: The magic brew iPS-derived mouse :
Nature 448, 260-262(19 July 2007)




Box 1| The core embryonic stem cell transcriptional circuit

Qaxty) oo Endoderm

Self-renewal and

pluripotency
Lineage

Nature Reviews-Molecular Cell Biology, Vol.10, 2009 commitment



Comparison of different methods to derive pluripote nt stem cells

A ESCs from IVF embryos
Sperm Morula Btaslula Disaociate e \Isulata ICM

and culture
‘- O - )@ EST & @
Trophoblast hESC
4-6 days 3-7 days

B ESCs from nuclear transfer

matic cell

f » £y
Fuse wnh Clonal hESC
somatic cell
& >
7-10 days 3-7 days
C iPSCs from direct reprogramming
Somatic cell
- @ = ho
R rammi iPSCs
ey - i STEMCELLS 2008:26:2753-2758

>
14-21 days



Pros and Cons to iPS cell technology

e Pros:

— Cells would be genetically identical to patient or
donor of skin cells (no immune rejection!)

— Do not need to use an embryo

e Cons:
— Cells would still have genetic defects
— One of the pluripotency genes is a cancer gene

— Viruses might insert genes in places we don’t want
them (causing mutations)




Tedious Approach

e Yamanaka first selected 24 transcription factors from
literature research (~1500 TFs in human)

e His student Takahashi then tried various possible
combinations

— One TF: 24 choices

— Two TFs: 552 combinations

— Three TFs: 12,144 combinations
— Four TFs: 255,024 combinations

ﬂlﬂj
http://www.frontier.kyoto-u.ac.jp/
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Sources of Stem Cells

Stem cell type

Description

Embryonic ﬁfﬁﬁ

Cells from human blastocysts

Fetal stem cells ﬁf‘, hd

Cells from gonads of aborted fetuses

Umbilical cord blood
stem cells Jfi%,

Cells from the umbilical cord blood of newborns

Placenta derived stem
cells "I i

Cells from the placenta of newborns

Adult stem cells
5&;, K

Cells from adult tissues, such as bone marrow

Induced pluripotent stem
cells (IPSCs) ??E%E_i;@ %H:
[

Adult cells that have been genetically
reprogrammed to an embryonic stem cell-like

State




Stem cell therapy and technology
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How to collect
bone marrow and cord blood

P 5 % PR 2




Bone marrow transplant:
Example of adult stem cell-based therapy

Unfiltered Filtered

| Marrow arrow
IRONSPLg, ﬁ
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S'C“ Marrow

Patient ( '

v L\ Meatthy |
Unhealthy Unhealthy Potiend (

Marrow Marrow

CHE M OTHE?\?R‘{ Eradicated




Adult Stem Cell:
Bone Marrow Extraction
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Bone marrow aspiration needles

=R S

Maslak, P. ASH Image Bank 2002;2002:100529

Copyright ©2002 American Society of Hematology. Copyright restrictions may apply.



Bone marrow extraction — a bedside view

http://www.emedicine.com/med/topic2971.htm#targetl



The amount of bone marrow harvested

* It depends on the size of the patient and the concentration of bone marrow

cells in the donor's blood.
« Usually 10 to 15 cc of bone marrow/kg of recipient weight of marrow and

blood are harvested, which represents about 2% of a person's bone marrow
which the body replaces in four weeks.




Alternative choice other than
Bone Marrow

PSP




Cord Blood as a Source of Stem Cells

terus

= __Umbilical cord

. \Umbilical
.\ cord

Liver Primitive
stem cells




Human Placenta and Umbilical Cord

§08406/99




Collecting Cord Blood

N

After or before
placenta detach from Uterine




Placental and Cord-Blood
Stem Cell Transplants

i
Limbilical .Ii
caril —':'

After the birth of

the baby, blood is
coflected into a
special blood han

— &
4
- ==

I"r'lL_.j.

=}

)

Stem cells transferred

Crmprofectant added 1o minimize
damage during freezing

Virus-free, tissue-typed
stem cells stored in
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Cost-Benefit Analysis
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Heart Disease
cancer

Stroke

Motor vehicle accident
Suicide

Falling

Firearm assault
Pedestrian accident
Drowning
Motorcycle accident
Fire or smoke
Bicycling accident

Air/space accident

Accidental electrocution

Alcohol poisoning

Hot weather

Hornet, wasp or bee sting

Legal Execution
Lighting
Earthquake
Flood

Firework discharge

1in5
1in7
lin24
1in 84
1in 119
1in 218
1lin 314
11in 626
1in 1,008
1in 1,020
1in 1,113
1in 4,919
1in 5,051
1in 9,968
1in 10,048
1in 13,729
1in 56,789
1in 62,468
1in 79,746
1in 117,127
1in 144,156
1in 340,773

Causes of Death

What are the odds?

http://www.nsc.org/Irs/statinfo/odds.htm



Heart Disease 1in5

cancer 1in7

Stroke lin24

Motor vehicle accident 1in84

Suicide 1in 119 What are the odds?
Falling 1in 218

Firearm assault 1in 314

Pedestrian accident 1in 626

Drowning 1in 1,008

Motorcycle accident 1in 1,020

Fire or smoke 1in 1,113

Bicycling accident 1in 4,919

Air/space accident 1in 5,051

Accidental electrocution 1in 9,968

Alcohol poisoning 1in 10,048

Hot weather 1in 13,729 ]

Hornet, wasp or bee sting 1in 56,789 D ,]A-\”:[] ?O’OOO for
Legal Execution 1in 62,468 trgnos;%%lis

Lighting 1in 79,746
Earthquake 1in 117,127
Flood 1in 144,156

. . _ Royal College of Obstetricians and
Firework discharge 1in 340,773 Gynaecologists




Heart Disease
cancer

Stroke

Motor vehicle accident
Suicide

Falling

Firearm assault
Pedestrian accident
Drowning
Motorcycle accident
Fire or smoke
Bicycling accident
Air/space accident

Accidental electrocution

Alcohol poisoning

Hot weather

Hornet, wasp or bee sting
Legal Execution

Lighting

Earthquake

Flood

Firework discharge

1in5
1in7
lin24
1in 84
1in 119
1in 218
1lin 314
1in 626
1in 1,008
1in 1,020
1in1,113
1in 4,919
1in 5,051
1in 9,968
1in 10,048
1in 13,729
1in 56,789
1in 62,468
1in 79,746
1in 117,127
1in 144,156
1in 340,773

What are the odds?

1lin 2,700 for Pre-arranged
usage

1 in 20,000 for Autologous
transplant

Royal College of Obstetricians and
Gynaecologists
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Stem cell Therapy

TN ST S




Experimental model system
Heart muscle cells beating in a petri dish!

Videos by The Exploratorium




Treating cardiovascular diseases

. R P _
| Stem cells . : ]
from patients - o E cells embeded themselves
hip bone marrow 7 & 4 ' | and produce proteins that
AL ¥ ' 4 signal the growth of new blood
vessels and heart muscle

: - Sy |
- o : : } ._l |I
; ; Cells injected into
:!;H hearts damaged area




Spinal cord injury:
Example of embryonic stem cell-based therapy




Why do researchers want to use embryonic
stem cells along with other technologies?

e Pluripotent
— Expanded developmental potential allows them
to be used in ways that adult stem cells cannot
e Can proliferate indefinitely in culture
e Easier to obtain than adult stem cells




Science is discovering the unknown

Stem cell field is still in its infancy

*ﬁ! .

Human embryonic stem cell research is a decade old,
adult stem cell research | 0-year head start

Holds hope for curing «
70+ diseases

How can you help to shape the direction of this field?




Discussion

Or Quiz?




Discussion Topics

 Health insurance issue

e Ethics on stem cell therapy

e Bone marrow/cord blood donor
e Research funding support




ﬁﬁ MEM E RN RRE

212002 2003 2004 2005 2006 2007 2008 2008 59

T ——

- E




What is “ethics”?

— Ethics: “the rules of
conduct recognized in
respect to a particular class
of human actions or a
particular group, culture”




What is “Bioethics”?

— Bioethics: “a field of study
concerned with the ethics and
philosophical implications of
certain biological and medical
procedures, technologies, and
treatments, such as organ
transplants, genetic engineering,
and care of the terminally ill”




A classic bioethical decision

e One heart available 2 who should get it?

40-year-old school 70-year-old woman
principal

17-year old girl




What diseases do we do stem cell
research on first?

Muscular dystrophy

likely to die by age 20




What diseases do we do stem cell
research on first?

e Independent Citizen’s Oversight Committee (ICOC) includes:

— Spinal cord injuries about 35,000 cases in CA

— Alzheimer’s disease about 470,000 cases in CA

— Type Il (adult) diabetes 10% of adults (20 and up) have it

— Multiple sclerosis

— Type | (juvenile) diabetes 1 in every 400-600 children/adolescents
— Heart disease

— Cancer

— Parkinson’s disease
— Mental illness
— HIV/AIDS



Common concerns in funding decisions

Number of people with the disease.
The groups that suffer from the disease.
Severity of the disease.

Disease mortality.

Average age at death.

Already available therapies or treatments.



