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1. Cellular Regeneration

2. Tissue Regeneration
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© EMBO

Five types of regeneration in animals
B$IcElT5d “BYE Regeneration”

CELLULAR REGENERATION TISSUE REGENERATION
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AN | |
o
STRUCTURAL REGENERATION WHOLE BODY REGENERATION / 3

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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Tang SK & Marshall WF. Science 2017
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1. Cellular Regeneration

k=B d Siflka

__ BRlEEHAE
Embryonic stem cells (ES cells)
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Stem cells
| i (1BR) S
EPIEE — Tissue-specific stem cells (Adult stem cells)
(&R

Somatic cells
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1. Cellular Regeneration
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Stem cells
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Pluripotent stem cells
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Multipotent stem cells
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Monopotent stem cells
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1. Cellular Regeneration
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1. Cellular Regeneration

EpHllE  (Stem Cells)

« SHEMEERHABE  (Pluripotent stem cells)
£ToMRICH{brIgEl iz (BEZFERTES)

e ESHHARE Embryonic stem cells

o iPSHHBE Induced pluripotent stem cells

« ZEEMEEHRE (Multipotent stem cells)
=REMDHRICHET SEEN RO

o JEMEHARE Hematopoietic stem cells
- MHERMAE (Bf8. BERh. FE®T) Mesenchymal stem cells
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1. Cellular Regeneration
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1. Cellular Regeneration
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Allsopp R, et al. J Exp Med, 193:917 (2001)
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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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induced pluripotent stem cells
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1. Cellular Regeneration

FiEaeHEE - Embryonic stem cells
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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

ES#ilE  (Embryonic Stem Cells)
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1. Cellular Regeneration
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Induced-Pluripotent Stem Cells —

iPSHHAd

Filah S 2EMERMRZESZEHTEL

(ipsHlifa : A TZAEMEEHARR)

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
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-
and Kif4, under ES cell culture col
Unexpectedly, Nanog was dispens
cells, which we designated iPS (i ced 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

Please cite this article in press as: Takahashi et al.,
Factors, Cell (2007), doi:10.1016/j.cel.2007.11.019

Induction of Pluripotent Stem Cells from Adult Human Fibroblasts by Defined

| IUA4EF
< e Oct3/4
1  Sox2

e C-Myc
q° Kif4

20071 1H

Induction of Pluripotent Stem Cells
from Adult Human Fibroblasts
by Defined Factors

Kazutoshi Takahashi,! Koji Tanabe,! Mari Ohnuki,” Megumi Narita,’2 Tomoko Ichisaka,-2 Kiichiro Tomoda,®

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*

1Department 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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2. Tissue Regeneration
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2. Tissue Regeneration
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2. Tissue Regeneration

E b QR EHE

HAF
Human body

sebaceous

hair gland

stem cells in
the bulge

Ao

dermal papilla
(connective tissue)
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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
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2. Tissue Regeneration
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Holstege H et al. Somatic mutations found in the healthy blood compartment of a 115-yr-old woman demonstrate
oligoclonal hematopoiesis. Genome Res. 2014 May; 24(5): 733-742.
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Most hematopoietic stem cells may have died from 'stem cell
exhaustion,' reaching the upper limit of stem cell divisions."

e

Stem cell exhaustion is a likely cause of death at very old ages?
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2. Tissue Regeneration JEERERBEMOBYE — iR

Homeostasis of Neurons in the brain

| R, B - HREICH ZPIRERIRBEELLEY | —ROMEMEUIFLET S
AR I B A

R E 1T 5 PR R O fiE el B FE SR

«  PBMZET (Subventricular zone of the lateral ventricle (SVZ)

78 B BIAE] (Subgranular zone of the dentate gyrus within the hippocampus (SGZ)

BEERE Lateral
I ventricle

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:

Lateral
ventricle BETH

DTN VBN LUIe

(SV2)

BT H

l
H'ppocampus (bg;%)\;tﬂl AV @
/ Glial fibrillary acidic protein (GFAP) *
£ 2008, MediVisua Inc. M Neurons
Barani IJ et al. Int J Radiat Oncol Biol Phys, 2007 . As.trocytes
* Oligodendrocytes
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2. Tissue Regeneration Homeostasis of Neurons in the brain
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Subventricular zone of the lateral ventricle (SVZ)

m Neural stem cells (subventricular zone niche)
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Wabik A & Jones PH. EMBO J 34; 1164-1179 (2015) l
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2. Tissue Regeneration
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2. Tissue Regeneration - a: (niche)
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Niche components

—ka
(Niche)

g (Stem Cells)

}

Transient Amplifying Cells
(T A#Hpa)

 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

HHEFF

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

 Extracellular matrix

1k 20 e % AN ES

Provide mechanical support and biochemical signals

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

ek
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2. Tissue Regeneration

Intestinal stem cell niche
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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
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3. Organ Regeneration

FiEOBYE Liver Regeneration

¥y T HEDORR

Prometheus

X7 EEE

AHEICNZEEZfcC &ET. ZeusDED ZEH LN,
OA—HYADIUDEICEHTEI N, KZEICKEITH
fgz2WWEEhdAlichEhiz,
Prometheus|3F5ED & T > =D THHiE IS EH
ICIETICE>TULE S,

BB EHHEKT., #H. KEICELE,

Prometheus Bound, Peter Paul Rubens
(Philadelphia EfiTgERR)

2023%F12A7H wEF2 38



3. Organ Regeneration

B4 Liver Regeneration

Zv bk 2/ 3858k 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, Pu.D.
AND

REUBEN M. ANDERSON, M.D.
Fellow in Surgery
ROCHESTER, MINN.

One week

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 Four 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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4. Structural Regeneration
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4. Structural Regeneration
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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 N ADIEHEDODBYLE
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4. Structural Regeneration
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4. Structural Regeneration
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Nishiyama C et al. Prolonged myocardial regenerative capacity in neonatal opossum. Circulation 2022; 146:125-139
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5. Whole body regeneration
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5. Whole body regeneration
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