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Stem cells

s Self-renewal

= Potency

e The capacity to differentiate into specialized
cell types

e Totipotent, Pluripotent, Multipotent, and
Unipotent
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Pluripotent Committed Progenitor m
stem cell cell

stem cell

Differentiated
cells



Classes of Stem Cells

Source Description Examples

Adult organs Reservoir of cells partially Liver, bones, bone
committed to type marrow, lining of gut,
of tissue in organ. and spermatozoa.

Fetal tissues Precursor cells more Heart muscle cells, brain
abundant in growing cells, germ cell
organs; some precursors to sperm
uncommitted cells. and eggs.

Blastocysts Inner cell mass cells of Stem cells from
blastocysts created either parthenotes are under
by chemical/electrical investigation;
stimulation of unfertilized embryonic stem cells
eggs to produce have the potential to
parthenotes, or by give rise to all cell
infertility procedures types.
with sperm and eggs.

Nuclear Derived from eggs Under investigation;

transplant stimulated to divide process related to

blastocysts following complete animal cloning.

exchange of genetic

information




Adult Stem cells &
Regenerative medicine
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With combination of growth differentiation factors

| Ectoderm (external layer) | | Mesoderm (middle layer) | |Endoderm (internal layer) |
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Skin cells Neuron Pigment Cardiac Skeletal Tubule cell Red Smooth Pancreatic Thyroid Lung cell Sperm
of of brain cell muscle muscle of the blood muscle cell cell (alveolar
epidermis cells kidney cells (in gut) cell)




Tissue engineering from ES cells

retinoic
acid insulin, thyroid hormone
~ . >
adipocyte
retinoic acid
cells of inner cell mass ~

neuron

macrophage colony- interleukin-3,

J stimulating factor, interleukin-1
<
cultured embryonic macrophage
stem cells :
dibutyryl cAMP,
early embryo retinoic acid
(blastocyst) - >
fibroblast fibroblast smooth muscle cell
fibroblast growth factor 2, growth factor 2,
growth epidermal platelet-derived
L factor " growth factor " growth factor " {}

astrocytes
and oligodendrocytes




Characteristics of Embryonic Stem Cells

Application of Stem cells

1. Origin:
Derived from pre-implantation
or peri-implantation embryo

Blastocyst

@ Stem cell

o EeltRa ewHl ¥ U The Promise of Stem Cell Research
The cells can divide to make e CVG
copies of themselves for a (‘." )
prolonged period of time — y .
without differentiating. / | i
(‘:9 N )@\J\ o) ; 52 |
Identiy dnia targsls —— Understanding prevention
and teZt pogentiz?l and treatment of
3. Pluripotency: therapeutics birth defects
Embryonic stem cells can give rise to ‘
cells from all three embryonic germ Study cell
layers even after being grown diflfleryentiation
in culture for a long time. -
LS

The three germ layers and one example of a cell type derived from each layer: T —r
Ectoderm Mesoderm Endoderm : :
. 3 ¢ 3 | 7 | L4
Toxicity testing Lo
} B
\ Y"‘,__.._“"—_x b/ Ectoderm Endoderm

)Zj/ Neuron Blood cells
=

J.
Liver
Ectoderm gives rise to: Mesoderm gives rise to: Endoderm gives rise to: Necren i
brain, spinal cord, nerve muscles, blood, blood vessels, the gut (pancreas, stomach, ‘
cells, hair, skin, teeth, connective tissues, and the liver, etc.), lungs, bladder, 4
sensory cells of eyes, ears heart. and germ cells (eggs or spern

nose, and mouth, and

pigment cells. Tissues/Cells for Transplantation



Totipotent Blastocyst Fetus

Cells +
Inner .S

Cell Mass @mﬂh\ ?ﬁ

»Embryonic stem (ES) cells @

4 : Cultured Pluripotent
Embryonic germ (EG) cells Stem Cells

Primordial
Germ Cells
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How Human Embryonic Stem Cells Are Derived

How Embryonic Stem (ES)
cells are derived

In Vitro fertilization
Day 0

1
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Totipotent cells

Morula: Morula: . 23
8 cells 16 cells Section of By
(2/2 days) (3 days) blastocyst

Blastocyst
Day 5

Blastocoel

Trophectoderm

' 9
Inner cell \
mass

Inner cell mass
Blastocoel

Irradiated feeder cells Trophectoderm

Embryonic stem cells

.......

Cultured pluripotent stem cells
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Somatic cells ES-ike cells

Reprogramming factors
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Reprogramming Factors Do Exist
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ES-like Cells
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Evaluation of Candidates

4 factors
Octd/4, Sox2, c-Myc, Kif4
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Fibroblasts

iPs cells
{Induced pluripotent stem cell)

Comparison to Other Methods
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Induced Pluripotent Stem Cells (IPS cells)

s A type of pluripotent stem cell artificially
derived from a non-pluripoten cell by
Inserting certain genes.

e

Somatic cell I Pluripotent stem

Pluripotency- cell
iInducing factors

O




Induced Pluripetent Stem (IPS) Cells in' Mouse

>

mtroduce ES-like Pluripotent
stem cell (IPS cell)

Mouse tibroblast

4 Factors
Oct3/4 ~ Sox2 ~ c-Myc ~ KlIf4

s K. Takahashi, S. Yamanaka, Cell 126, 663 (2006).

s K. Okita, T. Ichisaka, S. Yamanaka, Nature 448, 313
(2007).
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4 factors

Cumulative tumor-
incidence rate (%)
>

o
T

Age (months)

-Generation of induced pluripotent stem cells without
Myc from mouse and human fibroblasts

Masato Nakagawa!, Michiyo Koyanagi'*, Koji Tanabe', Kazutoshi Takahashi!, Tomoko Ichisaka®?,
# * o * w4 # [ # # 7 % L
Takashi Aoi', Keisuke Okita', Yuji Mochiduki', Nanako Takizawa' & Shinya Yamanaka'>*




IPS cells vs. Tumor cells

EECSEERMRICE S IELTE
PEBFHF LS E, KRBPCIPSEARICE-LELTS, LiO
YANWANY 2~ DNADRCHRAZEhDTH 5, ChHFRE
EXT, BMLTHS LS BMESVENDSLIC, H3LER
ROAEF HEDAMBREOTREY, L bOTA AN 2~
EBVBETAMICI, RFCBECEZI LABFNFBETV S,
&5, ESﬁ!!GiPSﬂI!G. imugm:saru e
r—v (BEH)) L h3—HORBE SRAF B3,
iPS I % REOBREMCIEAY 312, ThsDOFALYEH
ESEAIFREMATIEFRDELL,

L RO IWANI 53,
#Ha0) DNA [CHBTEND (1~5)

LRASANAXRT A—FEROBICRAL, BATE LAEFSF
DNAKH&AZEhBAH=XLEI~ETRLE, L FATANAXT
2—#HOMEDRIEDNATIEZ C RNATH Y, BROFPTDNAC
S YHAT (3) 5, MEODNACMACENS, COLE, 8H
CENBHMRBICHACREZINT, AR E > THREMETH)
AR G—DRBHICE>THRRENSAMMSES D,

iPSHIE (AT SRELENRHE)

L bODA ARG 5—

biAHIE

FCHEFORBICE ST, HRIERDBIESE
ZEL, TPHCHARMLDODD BT OHFEICE S
TUFEOBOZE [HAMR] V5. HAMRD
SWMRFSLLHON [DA (REOHR)] THE
(KDHLLIET70~75"—),

1. LRODA ARG F—1H
@EICEDDL

Wy

3. RNA DBEIHSE S D
DNAZBRY D

DNA \ S v. | - ]

4. U RO/ RN Y=
BEDDNAD, D/,
DNA BT ENS

| amOpAESIEST IR SS
VFDZL‘(JI«Z’\'OG—-ﬂ“ﬂlfCﬁhf:&IG)iE(‘-’..
5. @xZENLIMCH o1 SROKFEFIRETFHSY, ThHIDhBIEN
BERRE, PHENZBE 52, B3V, BRILSEFBEASATVIRT
LTRIES=%ERS | OIFARGT) (ZhPFRAS EBBRFFALTS

= | $I5BETF: o-MycBHELHFAREFTHD) »
l ECCBY, ThHRYPORD SRS S5, Ch

4 SRERONFALESIEECTRAICES, Hh (BFABRODTEED)



g
Cancer stem cells
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iR (L F Cardiovascular, Nervous System and Diabetes
Harvard Stem Cell Institute Disease, Cancer Stem Cell, Tissue Engineering
g4 8 Mature Tissue or Organ Stem Cell, Human
hESC, Center for Human Embryonic Stem Cell, Cancer Stem Cell
Embryonic Stem Cell Research
and Education

R #HF Pluripotent Stem Cell, Adult Stem Cell ,
Cambridge Stem Cell Initiative | Hematopoietic Stem Cell, Cancer Stem Cell
4248 Embryonic Stem Cell , Adult Stem Cell ,
The Oxford Stem Cell Institite | Hematopoietic Stem Cell , Cancer Stem Cell

P& RP|F IPS, Stem Cell Differentiation, Stem Cell

Center for iPS Research and
Application, Stem Cell Research
Center

engineering, Stem Cell Processing

|G S +
Center for Stem Cell Biology and
Regenerative Medicine

IPS, Hematopoietic Stem Cell, Human
Embryonic Stem Cell, Liver Stem Cell



International’ Symposium on induced Pluripotent Stem
(IPS) Cell Research: Frontier and Future (Kyoto, 2008)

Dr. Shinya Yamanaka
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