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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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ORGAN REGENERATION

Slack JMW. EMBO reports 18(9): 1497-1508 (2017)
Originally from Bely AE & Nyberg Kg. Trends Ecol Evol (2010)
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The five types of regeneration in animals

EB$MIcKlTFd “B4E Regeneration”
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1. Cellular Regeneration

Neurons
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Tang SK & Marshall WF. Science 2017
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1. Cellular Regeneration
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Stem cells
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Somatic cells

Embryonic stem cells (ES cells)
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Tissue-specific stem cells (Adult stem cells)
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1. Cellular Regeneration
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1. Cellular Regeneration
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1. Cellular Regeneration

i@ (Stem Cells)

- LHEMERHEE (Pluripotent [totipotent] stem cells)
ETOHICHErTgeL iR (BEZARTES)

o ESHIEE Embryonic stem cells
iPSHHBE Induced pluripotent stem cells

« ZHEMEERHIRE (Multipotent stem cells)
=REE DRI BEEN ZHF O

EMEFHAAE Hematopoietic stem cells
MERHE (B88. BElh. BE®) Mesenchymal stem cells
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1. Cellular Regeneration
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1. Cellular Regeneration

= e 0D i el B
(k7T) FRHflAI DRI DR _ EnEERoBE
gILER (GO—G1) k$H3 | Gom: " ST
Allsopp R, et al. J Exp Med, 193:917 (2001)
[Z%Q?Srl}ﬁ%?g > Erilifa (Stem cells)
o l Self-renewal
EIFICIEZ TVl — Transit-amplifying (TA) cells
U
Bgeitaeim > BIERHEE (Progenitor cells)
"

MEilfa (Differentiated cells)
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1. Cellular Regeneration
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Embryonic stem cells
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Pluripotent stem cells
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1. Cellular Regeneration

1501 (Zygotes)
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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

S ReMEFF A
Pluripotent stem cells

iPSiHAZ
induced pluripotent stem cells
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1. Cellular Regeneration

2006E8H

Induced-Pluripotent Stem Cells —

iPSHfiE

Fifah S 2REEFHlZ{ES ZEHTEL

(ipsififa : AT ZaEMEEHHAD)

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

1,2,

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 by
introducing four factors, Oct3/4, Sox2, c-Myc,
and Kif4, under ES cell culture conditj
Unexpectedly, Nanog was dispensab
cells, which we designated iPS (indu€ed 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 iniurv. and diabetes (Thomson

Please cite this article in press as: Takahashi et al., Induction of Pluripotent Stem Cells from Adult Human Fibroblasts by Defined
Factors, Cell (2007), doi:10.1016/j.cell.2007.11.019

| lush4aEF

=+ Oct3/4

wl o SOX2

e C-Myc
 Kif4

2007118

nduction of Pluripotent Stem Cells
rom Adult Human Fibroblasts
by Defined Factors

fpzutoshi Takahashi,! Koji Tanabe,! Mari Ohnuki,' Megumi Narita,’? Tomoko Ichisaka,2? Kiichiro Tomoda,®

& g v 7
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

and Shinya Yamanaka?.2:3.4.*

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

3Gladstone Institute of Cardiovascular Disease, San Francisco, CA 94158, USA

4Institute for Integrated Cell-Material Sciences, Kyoto University, Kyoto 606-8507, Japan

*Correspondence: yamanaka@frontier.kyoto-u.ac.jp

DOI 10.1016/j.cell.2007.11.019
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1. Cellular Regeneration ipsmﬂﬂh\wijm bid h‘i t“ . ([%'l: é nf‘-_-_a)j_)\ ?

[ resEBRORES | EEEE
‘ AGHE L 2R L)
- RN ZRIRT S — (BB EE)
— « — % 110 i ]\ u
AERRISAES 2 = | o

- [E5% (F2hE) RO AIRETH b ~ESHARa -
V iPSHHR/N> &

| FERICREIEY O—Y ABDEREM |

202110878 mEE2 24



2. Tissue Regeneration
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Stem cells

2. Tissue Regeneration

| xE (EiR) SRR

Tissue-specific stem cells (Adult stem cells)
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2. Tissue Regeneration

E MEFBEBOERMYHE - BE
- £IBMEE RIBEE (Physiologically renewal system)
- RE-M-E
o INIZ
- MMEK
FEAE
- ZHBERMER (Conditionally renewal system)
I
¢ u:lgl:‘él%ﬂﬁlﬁﬁ
- ME
- EER
- JEBERIBM (non-renewal system)
o A
- 'B18A
o IViH
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2. Tissue Regeneration

IR ERER
Physiologically renewal system
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2. Tissue Regeneration
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Human body

sebaceous

hair gland

stem cells in
the bulge
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dermal papilla

- connective tissue
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2. Tissue Regeneration
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de Lau W et al. Genes Dev. 2014;28:305-316
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2. Tissue Regeneration
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Homeostasis of Neurons in the brain

| REL. B - BWICHZPEHRIIEELLEL | —EROMEMISELET S
ol R I B A AT A

RAIC & 1T 2 PR R O ME el fF i ak

- M=+ (Subventricular zone of the lateral ventricle (SVZ)

- BEEEIRE] (Subgranular zone of the dentate gyrus within the hippocampus (SGZ)

whauE
Neural stem cells (NSCs; GFAP-positive astrocytes)

Subgranular
stem cell
zone
[(SGZ)

Long-term self-renewal

Proliferative potential
The ability to differentiate into the 3 main CNS cell types:

BETH
2 Ss

Glial fibrillary acidic protein (GFAP) *

Lateral

ventricle

© 2008, MediVisuas Inc. ° Neurons
Barani IJ et al. Int J Radiat Oncol Biol Phys, 2007 * As_trocytes
* Oligodendrocytes
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Homeostasis of Neurons in the brain

HEZ1—OYOBE

Subventricular zone of the lateral ventricle (SVZ)

m Neural stem cells (subventricular zone niche)

1 i

Wabik A & Jones PH. EMBO J 34; 1164-1179 (2015) H“ME-F%

ALl ES ik

(rostral migratory stream)
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2. Tissue Regeneration - “/ 9: (n|Che)
BRI DIEYE - ML - MEFFICHERIRIR

Niche components

—ka
(Niche)

|| E#lfa (Stem Cells) ||

:

Transient Amplifying Cells
(T A#HRE)

e Stromal support cells

Act through short-range signals, which include
secretion of soluble factors or membrane adhesion

* Blood vessels

Provide nutritional support, convey long-range signals
from other sources, and allow cell trafficking from
and toward the niche

* Neural inputs

HHEFT

NS

R 2 L % RN EE

Integrate signals from different sources and often
contribute to stem cell mobilization

 Extracellular matrix

Provide mechanical support and biochemical sighals

*  Organizing stem cell positioning
*  Governing chemical signals
* Creating gradients that guide stem cell fate

Ci=gilin
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2. Tissue Regeneration

Intestinal stem cell niche

Lateral inhibition

BMP
I\ R D HERF IC TR F \
MIZERHHBE mesenchymal cells
* R-spondin (WNT signaling)
 EGF (TGF-o)
* Noggin (BMP signaling inhibitor)
I\BEERH A
(Lgr5F1tfHA)
Wnt N
—> BMPligands ~ —> R-spondins W Enterocyte OTuft cell QGoblet cell O Paneth cell ° WN.r3
2 gt st Deoccar () Ao (0] Secreory - Enerendocrie - EGF (TGF-a) _
= Notchligand 88 Notch receptor % Mesenchymal cell ° DLL1 & DLL4 (NOtCh IlgandS)
1 DDeryptNICTFEIET BLgr5* stem cells®lE. /SR— K~ INF— b iffiRd
fHBE (Paneth cells) QUTKFEL . Fi9154ka
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2. Tissue Regeneration
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2. Tissue Regeneration

B& LB (Regeneration and Healing)

| BET35a | = =

P18 (FMRD  conra

| BEULABWES |

‘& 2
o “~ 5
© ¥ ERDIEE EHE —FRBARE
FEEEE i cLUB SR Wound Healing Center Homepaged& D
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2. Tissue Regeneration ﬁU{%iﬁ%ﬁﬁ?:‘:ﬁ

&%, HEATHEI IBIET SICIE6~8IFHVNEEINDS, COEIEIFAEOBERZESINS
“Golden time” EIEEN B

Al e

> 18R

HVWAYPFERRE T > EI3EET S
&, EEELGWHE DIV 1 BORDIEH
%5h. BEFXTOHRMIEL ENWITE
%, Golden timeIC 3 B EIIX B HIEZ HHF
955G < 1 RESTEER AR

> 28R

BEEDREHDKE VLRIV, FROZEL WAL
Golden timehBE T=REEBIICH L TIX, £

=Sk o BTEBVWOTHBEBIOFEF & LU TREE
’ 5 BzED 358
‘ o > 3RAE
CHEIL) St S« AIEFO IR & AUEIERL, IIRGRE, 18(5), p.1-11, 1992. 2 ;ﬁiﬁ%-z“\ i “——- @%E{\# 5 Eu{%‘:i\j b T

ERIC—EHREMABRAIE LTLEL. Al
HERMEULICRICRRGHET 5155

2021F10A7H fwEEF2 41



2. Tissue R
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2. Tissue Regeneration
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3. Organ Regeneration

gD B/4% Liver Regeneration
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3. Organ Regeneration

FFEB4 Liver Regeneration

Zv b2/ 382YIER 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.
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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
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McCracken KW et al. Nature, 516: 400-404 (2014)
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3. Organ Regeneration

L HEEEHHEY (Pluripotent stem cells) EH3E/)\BS#E
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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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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 NI ADIBHEOBLE
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In rodents and humans, multi-tissue regeneration
occurs if the digit tip is removed distal to the nail bed
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Lehoczky JA et al, Proc Nat Acad Sci USA 2011 Schwann cell precursors

Johnston AP et al, Cell Stem Cell 2016
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5. Whole body Regeneration
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5. Whole body regeneration
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