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1. Cellular Regeneration 1 #lR=

2. Tissue Regeneration ZilRa

3. Organ Regeneration CrA=R
4. Structural Regeneration {E{ED—ER
5. Whole body Regeneration EFE2E
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The five types of regeneration in animals

EB$MIcKlTFd “B4E Regeneration”

CELLULAR REGENERATION TISSUE REGENERATION

ORGAN REGENERATION STRUCTURAL REGENERATION

Slack JMW. EMBO reports 18(9): 1497-1508 (2017)
Originally from Bely AE & Nyberg Kg. Trends Ecol Evol (2010)
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1. Cellular Regeneration
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1. Cellular Regeneration
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1. Cellular Regeneration
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1. Cellular Regeneration
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1. Cellular Regeneration
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1. Cellular Regeneration
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1. Cellular Regeneration
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1. Cellular Regeneration
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1. Cellular Regeneration
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1. Cellular Regeneration
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1. Cellular Regeneration

Induced-Pluripotent Stem Cells — IPS#ff
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Pluripotent stem cells
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induced pluripotent stem cells
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1. Cellular Regeneration

20065E8H

Induced-Pluripotent Stem Cells —

Induction of Pluripotent Stem Cells
from Mouse Embryonic and Adulit
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
DOI 10.1016/j.cell.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 b
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.

INTRODUCTION

Embryonic stem (ES) cells, which are derived from the in-
ner cell mass of mammalian blastocysts, have the ability
to grow indefinitely while maintaining pluripotency and
the ability to differentiate into cells of all three germ layers
(Evans and Kaufman, 1981; Martin, 1981). Human ES cells
might be used to treat a host of diseases, such as Parkin-
son’s disease. spinal cord injurv. and diabetes (Thomson

or by fi / 5; Tada
etal., 2 ES cells
contain S OX2 fipotency
to som tors that
i Il identity
C_ M yc ptency in

(Nichols

K|f4 1., 2003),

., 2003),

function oth 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., 2005), KIf4 (Li et al., 2005), and
B-catenin (Kielman et al., 2002; Sato et al., 2004), have
been shown to contribute 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-
tures.

RESULTS

We selected 24 genes as candidates for factors that
induce pluripotency in somatic cells, based on our
hypothesis that such factors also play pivotal roles in the
maintenance of ES cell identity (see Table S1 in the
Supplemental Data available with this article online). For

202010A27H jwIEF2

Cell
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Please cite this article in press as: Takahashi et al., Induction of Pluripotent Stem Cells from Adult Human Fibroblasts by Defined
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2. Tissue Regeneration
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Tissue-specific stem cells (Adult stem cells)
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2. Tissue Regeneration
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2. Tissue Regeneration
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2. Tissue Regeneration
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2. Tissue Regeneration Ef;;ﬂgﬁi%ﬁﬁwﬁi _— ﬁ&
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2. Tissue Regeneration
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2. Tissue Regeneration
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2. Tissue Regeneration
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2. Tissue Regeneration B4ELEE (Regeneration and Healing)
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2. Tissue Regeneration
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2. Tissue Regeneration
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2. Tissue Regeneration
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3. Organ Regeneration

FrigDB4% Liver Regeneration
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3. Organ Regeneration

FFEB4 Liver Regeneration

Zv k2 /385 HIB% Partial Hepatectomy (PH)

Higgins & Anderson
Arch Pathol (1931)

EXPERIMENTAL PATHOLOGY OF THE LIVER

I. RESTORATION OF THE LIVER OF THE WHITE RAT FOLLOWING
PARTIAL SURGICAL REMOVAL *

GEORGE M. HIGGINS, P=u.D.
AND

REUBEN M. ANDERSON, M.D. Normal
Fellow in Surgery

ROCHESTER, MINN.

Since on the surgical removal of from 65 to 75 per cent of the hepatic
parenchyma compensatory hyperplasia of the remaining lobes follows
so rapidly, the questions arise (1) whether a liver so quickly restorea
performs the usual hepatic functions in a manner to make it comparable
to a normal liver, (2) whether the glycogenic function and the
bile-secreting function are as effective in the new parenchyma and
(3) whether the defense mechanism, or its detoxifying activity, is any
less effective in a recently restored liver than in a normal one. These
questions, as well as many others, must be answered before knowledge
of the liver is complete. Before physiologic or pathologic studies of
this sort are possible, complete data must be available concerning such
pertinent facts as: (1) when restoration begins following partial
removal, (2) when it is most active, and (3) when it is complete, or Two weeks Three weeks
when the normal ratio of the weight of the liver to the weight of the
body is restored.

202010A27H jwIEF2
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3. Organ Regeneration
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3. Organ Regeneration
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3. Organ Regeneration
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3. Organ Regeneration

SHEYERHBE  (Pluripotent stem cells) HI3E b ~ B 1B

a Definitive endoderm Posterior foregut Organoid growth
| induction | spheroid formation | Antral specification | and differentiation |
| Activin A | wNT+FGF4 + NOG | RA+NOG + EGF | EGF |
+RA (1 da
Day 3 o Day 9 Day 34
Pluripotent Deflnltlve Posterior foregut Antral eplthellum Gastric organ0|ds
stem cells endoderm spheroids
e

‘l
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f Fundus<«<——— > Antrum

CTNNBH1
PDX1 DAPI

McCracken KW et al. Nature, 516: 400-404 (2014)
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3. Organ Regeneration

L HEEEHHEY (Pluripotent stem cells) EH3E/)\BS#E

Human ESHHEZER3E Human iPS $lip& B3k

HIOs in vitro (®

Watson CL et al, Nature Med, 20: 1310-1314, 2014
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4. Structural Regeneration
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4. Structural Regeneration
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Han M et al. Dev Biol 315(1): 125-135 (2008)
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4. Structural Regeneration
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AP1/AP2

70 days following amputation

Germ-layer and lineage-restricted stem/progenitors regenerate the mouse digit tip
Rinkevich Y, Lindau P, Ueno H, Longaker MT, Weisman IL. Nature 476: 409-414 (2011)
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4. Structural Regeneration

Direction NulRO®  proximal  Eponychium
of Nail Fold
Growth
S Free Edge

Hypoaychium (undemeath)
Nail Bed (underneath)
Lateral Nail Fold

Lateral Nail Groove
Lunula

Proximal Nail Fold

Eponychium
Epidennis

Finger Surface

Y Y]

“‘III l,’
o «,
O 2,
Q A8
O LT »
Q) CS et .
DRt 0
R ) ,

NG
0y SPesl
T

MERMRDOESE

Blastema " Mesenchymal cells

Lehoczky JA et al, Proc Nat Acad Sci USA 2011
Johnston AP et al, Cell Stem Cell 2016

Lunula

N ADETDEE

Hyponychium

B4 BRSO RN EE > TWE )

4

Schwann cell precursors
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In rodents and humans, multi-tissue regeneration
occurs if the digit tip is removed distal to the nail bed

e: epithelium

bl: blastema
Undifferentiated cell mass
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5. Whole body Regeneration
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5. Whole body regeneration
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