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

A wide range of tissue stem/progenitor cells contribute towards the restoration of
the mouse distal digit
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ZEBEREA Conditionally renewal system

- FB4& Liver Regeneration

- Bl{§8% Healing of wound

ER27E1TA1TE AEE2

SHENE4ERE®E Physiologically renewal system

| B4R (Stem cells) HllaEEHHELTVWS |

< Rig - ®W1458

< Mm: « 0.1 mm/BH BX£Y3%0Ic3—64A

- B2 - #10%7%F 50—100%&/HBE 2—6FHE
o MK : - FRI0ZR 120H

o FERIIR ~2:EM
- THilE 4~6~5H Bifllg #HE~%~sH
- IR 10H

< NG : o RN ERMHEE 2~4H
- if#fils 3~5H
+ Paneth cells #J30H

- FEREKE: - 28—30HRAHA

BT . ~648
FR27EI1A11H FEF2
t MEFHBHE

FiAE
A / A L / A # A A
(Fax| =1 = " i v v =g

y 3 - - -
EXBE TRV AL i 4

[—;
2HD60-70%  2FD30-40% | ,/,_\_ A 7 4 V 4
HE8 757 hoiEM '
- -

RS AOFAY  FER
EHFBIEDRE

BEREABHP LD

FER27E1TA1TE FEE2



FRIEET SH

fiT#5E

FR27EITAE FEF2

B&ELEE (Regeneration and Healing
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(balance of proliferation and apoptosis)
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ER27E1TA1TE AEE2

Bl  (Wound) : AREHAMESREBOIFER RIS

BliEiamE BERUITORBERFICETT 2D (BE) |
Healing of wound  #&R(Scar) %% L C{&18 (Repair) S 2 i

BE FREMICE, FeBiEnIcbRbhnrk
Regeneration #HERAFIETENZ L

BHSaF

Healing of wound
R RIBMEEHASHEME (BRcollagen)
Scar BgIcL--TEBIRSh3Z L

KRME © EFROBHICOWTIE TR HEDPND

FR27TE1TATIR wE¥2

B&E{EE (Regeneration and Healing
| BEv3BE |

6h 1d 2d 7d

‘BJ‘I.I (?ﬁl‘]) Control

| BELBWES |

i EBOBELNE —FRERER

FEECINE CLUBNER Wound Healing Center Homepaged& D

FER27E1TA1TE FEE2



B AR & AFHEE  Granulation

Skin surface Red blood cell g_m : %ﬁ’im% Eﬁ& 4 ’ 5 E
L Wound q/ Platelet Florin - R
) — e | - MEREICEDLEMU, MMRDSEIENIYA b
e @0/ | e 1@{§ég§j NAVICED. HRR, UVIUR BEROBENE
o O.\u Og;oo & ana A\ﬁ,\_ - 3f/ N z3
o of &% o | e RRER (Y07 7—Y) B0, KM
occsrge 391 MM V& D RESFEROBEERET 3
v e . (HEOTH) PEIS

o] O e

3 L
— i
= e ie

== X\ Macrophage

ST EEH (RFEME)  RG#R~1, 28
- WS L 2B (25—TY) BE

D . EnEORE
- PISFHERAZAR
Gollagen Fibroblast
== ——
T | pEm wEm
-
. e Fm\:era!m (72h) . I—> 1 Remodelling (weeks to months) : *ﬂ %ﬁ;g;%g 4 &R EHTEEL ggg{b
e phases of cutaneous wound healing . : ) )
Expert Reviews in Molecular Medicine ©2008 Cambridge University Press #R{t(Scar formation) Ol’ganlzatlon

FR27EITAE FEF2

EbhDFICEWT

- EEERIE. Z0BEDMHEAHS3DICKFITNS
- EBNBERER

- REBLERER
- FEERER
- BISHiaEY S BEICII2EES .

B4 (Regeneration) &{&18(Repair) I:> TTED 7R3 h R (Scar) 2%
a4 R (Keloid)#2R

- BliFaRid. RAEH. AEFE (fB# Granulation)BiZ#%

c BET 3L EDE. HEEEIBOEERYBREICESS

ER27E1TA1TE AEE2

rAa- K (Keloid)

ASAmARTRBER (A5—7Y) B#EISBRICEShEILICE>TRIS

REMSED EH > BiER. MEROBEVER (RIEREEEERE)
REE - SR : BEHRRRE PEVRE. BREHBEICSZ W

ERICBRRE

FR27TE1TATIR wE¥2

HEREE

FHIEE

2. FHiHAE

FER27E1TA1TE FEE2



BHEEE  (Stem Cells)
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Embryonic stem cells (ES cells)
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Tissue-specific stem cells (Adult stem cells)
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Induced-Pluripotent Stem Cells — iPS3fIBa

20065%8H

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

Kazutoshi Takahashi” and Shinya Yamanaka'
Do

o i
J i

Oct3/4
Sox2

Differentiated cels can be reprogrammed to an
embryonicfike state by transfer of nuciear con-
tents into oacytes or by fusion with embryonic
stem (S) cells. Little is known about factors

that pluripotont stem cells can be directly gen-
eratod from fbroblast cultures by the addition
of only a fow dofined factors
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Pioas i s arice n pross as: Takahashiof e, Induction o Plrpotent Stem Cols from Adut Human Fbrobists oy Defned
Factors, Cell (2007), doi:10.10164.cell.2007.11.019
Cell
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Induction of Pluripotent Stem Cells
from Adult Human Fibroblasts
by Defined Factors

Kazutoshi Takahashi, Koji Tanabe," Mari Ohnuki,' Megumi Narita,'2 Tomoko Ichisaka," Kiichiro Tomoda,®
and Shinya Yamanaka' 234+
“Department of Stem Cell Biology, Institute for Front % 2 ., Japan

2CREST, Japan Science and Technology Agency, Kawaguchi 332-0012, Japan
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SUMMARY issues is to induce pluripotent status in somatic cells by
direct reprogramming (Yamanaka, 2007).

u- We showed that induced pluripotent stem (PS) cells

man somatic cells into a pluripotent statewould ~ can be generated from mouse embryonic fibroblasts
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(1)  Somatic cell nuclear transfer {#liFE1%#£4E (Cloning)
KERENCEMREDREBIET 5 L BEFIFMBALEEINS

Differentiated cells retain the same genetic information as early embryonic cells

1975: cloned frogs

<«— Prof. J. B. Gurdon$ )L 0 K& #RaI% B HE

1996: cloned sheep “Dolly” <— Dr. I. Wilmut® iR HE

(2) Pluripotent stem cell lines such as ES cells DFFZEhEA T W

(3) WMEEEEFHREShTWE

(4) EEBRF (transcription factors) HYHAERDERIRED "Master gene”

MyoD (1987):  Formation of myofibers in fibroblasts
C/EBPa. (2004): B & T lymphocytes to macrophages
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Human iPS cells

Human ES cells
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The Nobel Prize in Physiology or Medicine 2012

was awarded jointly to Sir John B. Gurdon and Shinya Yamanaka

"for the discovery that mature cells can be reprogrammed to become pluripotent"

iR BEIC L 5 BIEFIcED

reprogramming reprogramming
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Direct Conversions — Transdlifferentiation 4MbiEif Key Point 3
- Ascl1/Brn2/Mytil H HERHBINeurons H ; -
sesan s | SEERNewos | SEEMEME  Pluripotent stem cells
Gata4/Mef2c/Thx5 J DR cardiomyorytes | cLHEMZERD - 2TOHEBOMEICSLrIEE

leda M et al, Cell, 142, 375-386, 2010

Oct4 + bFGF/IGFIl/Flt-3/SCF ° ES.’ﬁHlHE\ IPS%HHE?‘J‘& 3

H & MER#BZHematopoietic progenitor cells H

Yamanaka factors
Oct3/4/Sox2/KIf4/cMyc

BEERNORANGHRFIATVWS

SCF/G-CSF/FLT3LG/IL-3/IL-6/BMP-4
| IR Multiple blood cells |

Szabo E et al, Nature, 468, 521-526, 2010 o &ﬁﬁmﬂﬂ@*um ic ‘iﬁﬂﬁ?/\‘ = ﬁ:ﬁ%ﬁ}ﬁb‘i& )

}

Hnf4o + Faxal/2/3

Foxa3/Gata4/Hnfla ° ﬁigﬂgt;ﬁ:ﬂiaﬂg
- BRI RIE
PS colls | BF#B Hepatocytes | B (SEE) R

Sekiya S & Suzuki A, Nature, 475, 390-393, 2011
Huang P et al, Nature, 475, 386-389, 2011
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BHEEE  (Stem Cells)
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Stem cells
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Tissue-specific stem cells (Adult stem cells)
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Allsopp R, et al. J Exp Med, 193:917 (2001)
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connective
tissue

differentiating cell

connective tissue of dermis

dermal papilla
(connective tissue)
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Transit-amplifying (TA) cellsD$§#(

Location of putative intestinal stem/progenitor cells SRR S 7R b= R

'a’ stroma  (Niche cells)

a ‘ Progentor cell active
i (CK19)

=

LRC (label retaining cell) Musashi-1

Myofibroblast
(aSMA)
Progenitor cell, active

(Villin, MSI1)

LRC+4 cell, quiescent
(BMI1, DCLK1, MSI1)

1 division/day
_ CBC, active
» ~ (LGRS, OLFM4, MSI1)

Ci b | Ml
(Crypt base columnar cells) ﬁmnﬂ%ﬁ

" Paneth cell n&mi&ﬁm . 2~4H
g #(Goblet)#fifa : 3~5H
Paneth cells : #30H

INBeryptic &1 2 BB DFIELRAL

Paneth cellsi&. niche& LTEIWTWS

Quante M & Wang TC, Nat Rev Gastroenterol Hepatol, 6, 724 (2009) 27118118 mE$2

EPIDERMIS

DERMIS

‘ Differentiated cells: BZASBR. /& ‘
ﬂ HEL. EOEMICHMETS

Transit amplifying cells (TA cells; short-lived)

ﬂ SHEU. TA cellsfitia

Lgre* Intermediate stem cell population

|| Bulge ‘l H Stem cells (Label-retaining cells; long-lived) H

% il HIABD
Lgr5* Intermediate stem cell population

Lgr5 Tracing

ﬂ SHEU. TA cellsfitia

Transit amplifying cells (TA cells; short-lived)

ﬂ HEL. EOMMICHMET S

o

Differentiated cells : &

Lgr6 Tracing

Barker N & Clevers H, Gastroenterology 138:1681-1696 (2010) FR27FE11B118 RE¥2
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], Gcastric pit

> Pitcells
Keratinocytes
Parietal cell
Basement membrane
Isthmus.
~— Stroma/submucosa
Neck
~=~ Neck cells
d Differentiated
> Zymogenic tissue cells
cells
Progenitor cells
Base (proliferating)
Active stem cell
= Enteroendocrine
cell
it ) Quiescent stem cell

Intestine Stomach

Quante M & Wang TC, Nat Rev Gastroenterol Hepatol, 6, 724 (2009) FR27TE11A11H FEF2



Small Intestine
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X7 Lgr5*-CBC cells
3

¢ Cel Differentiated cells
shedding —
D Goblet Entero- Absorptive
cells endocrine epithelial cells Differentiated cells
Crypt-villus cells
Villus ' 3 junction 15 TAs x 16~32 = 240~480 cells/day
8 Dil;erentla‘liion
p and migration
- AT A a
X t
o TA cells
o 7 Generate 16~32 cells/TA cell/day
v ?
| 7 Proliferative *
J x P progenitors

—
; ' ~15 cells at a crypt bottom
Mitotic = O stem cell PN
renewal @ |
24-36 hr “g

&% Paneth cell |’ Lgr5* cells

Lamina propria " 4

Multipotent stem cells at crypt bottom

Lgr5 stem cell ‘

Lgr5* cells
Quiescent, rarely dividing

I[ Marked Lgr5* cells persist for the lifetime of a mouse ]I

de Lau W et al. Genes Dev. 2014;28:305-316 FR27TEVIBE mES2

FALIC LS BRbak S
15 TEL Bo R EDOBMEI S > T2 &

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):733-42.

o FREMPORMIRE, oo fc2@DEmMEHMERETS > fc

« BIMXXDtelomereR (3. RiEHRICLEER LU T17{EEI > T

Most hematopoietic stem cells may have died from 'stem cell exhaustion,'
reaching the upper limit of stem cell divisions."

<3

Stem cell exhaustion is a likely cause of death at very old ages?
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200 ~1000 cells

(<0.1% of CD133* cells)

Long-term quiescent (reserved: backup)

HSCs: 1 division/145 days
<L

‘ & MERHART Actively cycling (primed) ‘

N
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2.4 x 108 #HRa

) —»l
MERF  transiently
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B coi3zsprominini+
ependymal NSC

SVZ) Pl
7 )/ Grap+
N0 , § ~
‘CD133/prominin1*
‘ependymal cell N

Nakafuku M et al. PNAS, 2008

GFAP*
SVZNsc
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P

Subventrcular
stom coll zone
©2)

52008 e e

Barani U et al. Int J radiat Oncol biol Phys, 2007
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Key Point 4
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Regenerative medicine * Tissue Engineering (T %)
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Kobayashi T et al. Generation of rat pancreas in mouse by interspecific blastocyst
injection of pluripotent stem cells. Cell. 2010 Sep 3;142(5):787-99.
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CD ( ECAD™): collecting duct
DT (GATA3-ECAD*LTL): distal tubule

PT (ECAD" ): proximal tubule
G( ): glomerulus

Takasato M et al. Nature 526: 564-568, 2015
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