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Regenerating a limb

A newt can regenerate an entire
limb within 7-10 weeks.
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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)

A wide range of tissue stem/progenitor cells contribute towards
the restoration of the mouse distal digit
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The phases of cutaneous wound healing
Expert Reviews in Molecular Medicine©2003 Cambridge University Press
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Pluripotent stem cells

ZHREME AT

Multipotent stem cells

LNt gl

Monopotent stem cells

ETOEFERHERR
IESHMERTRE

ZREEE DOHERIC 2
{LrTRE

*Bipotent stem cell

1TESEDOMBRIC D>
SMEETRE



B SR PIFESE wa e B
i
— Qﬂf% R - s
s tm
ctoderm ERse N i,
iz .
> smsiEE— B, BRGEE, IR, SRR Z::“
SFiR . RESIR, LOX, RE, MR LER ) FOSRE - PR ) k@ ZM
) BhA. i E
’ : fﬁ‘“#ﬂﬁ SIS > B O —> :?w —>  TEENE AER  maE . 5 e
ERER - fER R i
R o DiE - IE Ly mssere i > RmE uwEn > sRemA - L ;p:if-r-
= - o o BREE-JVIX 'W‘i 5 i - mawm - AR ol
2R = BE o ZER Mesoderm & >R . TR e
. ER . =
Eg ﬁg L BEMERE — wE
HEE
> #gHE—> NEBE
o 3 =] A5 =480
ZE}EE R EEE
L
AEE - B
Endoderm | |- AFH&. FEH&
° HEH; ° ME WikiPathologica-PukiWiki:
. uﬁﬁ . ?\,AEH //www.ft-patho.net/index.php?WikiPathologicad b
. BB - BRE

BB  (Stem Cells) E+HH B oD #H B P HA

- £HEMEERMBE  (Pluripotent [totipotent] stem cells)

RMOMERDSS LS (G0-G1) K53 |

£TOMIC bR EER
+ ESHARE Embryonic stem cells

S, G2, MEAD#HRT : 5 %UT
GoHj : 75%

Allsopp R, et al. J Exp Med, 193:917 (2001)

EMEHRDES

o iPSHABE Induced pluripotent stem cells

- ZHEEERHRE (Multipotent stem cells)
ZIREHOMEIcHL T DEEN ZF DM o

o EMERHEE  Hematopoietic stem cells Transit-amplifying (TA) cells <—— ERICEZ T\ 25

- MERRME (B8, BEi5. FEEIM) Mesenchymal stem cells q
BIBRHHEE (Progenitor cells)

O
SMEHHBE (Differentiated cells)

E2HHRE (Stem cells) H EE. Dormant ZRiREE H

Muse#fif@  (Multilineage-differentiating stress enduring cells)



EHlRR D 5> R

BRHH A D451 « RIMLEEDHER: (HCREFHE)
- ECEREE
iR (9Mb) MBaDBtE

A) e B) C)
e e S: stem cell
e e P: progenitor cell
A | st 5
e e \\ W
IR AR | IR i
RFEROHEE — AEREIB Tl A <

FRRREOH R

SUESEE (Progenitor cells) : ifs@a;tﬂ:uﬁm@am%wmnﬁaéﬁaﬁﬁxo;;ﬁzmﬁﬁﬁ@ﬁﬁﬂj%ﬁaw
FOM

EXMFE  (Stem Cells)

FRHAT

Stem cells
1 (HH#) 2R

Tissue-specific stem cells (Adult stem cells)

Key Point 2
- BRMEBRICIE. FRMEERMRE S A (FBRR) ML H S

- iR METREG IR DEEN 5. SHEM. SEEM.
HEMICATSND

- Bifilaid. OECHERE. QHCHKRIFE. QR (92b)
HiDHtiGEE. ZHFI S

o (IFE) BHAaIE. FRILEAICH D, IS 2T BEFEIMF
IhTw?

SENBEREBOBE — £

L mmo At
g

t%} /\'}b;“:‘fl!

£ KER

| /SLI8 Budge) | R, E£E. HAEROSHMEIELHEL TV




SENBEREROBE

Location of putative intestinal stem/progenitor cells

Progenitor cell, active
(CK19)

Myofibroblast
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Progenitor cell, active
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CBC, active
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Parietal cell
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Neck cells

~> zymogenic
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Keratinocytes

- Basement membrane
= Stroma/submucosa

Differentiated
tissue cells

Progenitor cells
(proliferating)
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Quante M & Wang TC, Nat Rev Gastroenterol Hepatol, 6, 724 (2009)
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Quante M & Wang TC, Nat Rev Gastroenterol Hepatol, 6, 724 (2009)

Somatic mutations found in the healthy blood compartment of a 115-yr-old woman demonstrate
oligoclonal hematopoiesis.

Holstege H, Pfeiffer W, Sie D, Hulsman M, Nicholas TJ, Lee CC, Ross T, Lin J, Miller MA, Ylstra B, Meijers-
Heijboer H, Brugman MH, Staal FJ, Holstege G, Reinders MJ, Harkins TT, Levy S, Sistermans EA.
Genome Res. 2014 May;24(5):733-42.

the majority of the peripheral white blood cells were offspring of two related hematopoietic
stem cell (HSC) clones. Moreover, telomere lengths of the WBCs were significantly shorter than
telomere lengths from other tissues.

Dr. Holstege explains that she and her team may have uncovered results that point at the limits of
human longevity:

"To our great surprise we found that, at the time of her death, the peripheral blood was derived
from only two active hematopoietic stem cells (in contrast to an estimated 1,300 simultaneously
active stem cells), which were related to each other."

In addition to these findings, upon examining the length of the telomeres - protective repetitive
sequences at the ends of chromosomes - the team found that the white blood cell telomeres were
17 times shorter than those in the brain.

Dr. Holstege says as a result of this finding, they "speculate that most hematopoietic stem cells
may have died from 'stem cell exhaustion,’ reaching the upper limit of stem cell divisions."

However, she adds that future studies need to investigate whether stem cell exhaustion is a likely
cause of death at very old ages.
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Early human embryos
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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”
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IARY issues is to induce pluripotent status in somatic cells by
direct reprogramming (Yamanaka, 2007).

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

20065%8H

lis int i woul can be generated from mouse embryonic fibroblasts

IPSHIfEREEXE TOE R
(1)  Somatic cell nuclear transfer {#liFE1%#£4E (Cloning)
REFENICEHHOKZRIEY % L BEEFIIMHEESNS

Differentiated cells retain the same genetic

1975: cloned frogs
1996: cloned sheep “Dolly”

information as early embryonic cells

(2) Pluripotent stem cell lines such as ES cells D HEA TV

(3) #HEEEFHRES LTV

(4) EERF (transcription factors)

MyoD (1987): formation of myofibers

HIHBIDERIRED "Key factor”

in fibroblasts

C/EBPa (2004): B & T lymphocytes to macrophages
MafA/Pdx1/Ngn3 (2008): the conversion of pancreatic acinar cells into p-cells

Ascldl/brn2/Myt1 (2010): the conversi

ion of fibroblasts into neuron

Gata4/Mef2c/Tbx5 (2010): the conversion of fibroblasts into cardiomyocytes
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Transdifferentiation - Direct Conversions

Transdifferentiation

SHEHERE 1

H
s [EENXG

iPS cells

Fibroblasts

Ascl1/Brn2/Mytdl

Vierbuchen T et al, Nature, 463, 1035-1041,
2010

Gata4/Mef2c/Thx5

Cardiomyocytes

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

Oct4 + bFGF/IGFIl/Fit-3/SCF

Hematopoietic progenitor cells H

CF/G-CSF/FLT3LG/IL-3/IL-6/BMP-4

H

Multiple blood cells

Szabo E et al, Nature, 468, 521-526, 2010

HNF4o + Faxal, 2,3
Foxa3/Gata4/Hnfla

Hepatocytes

Sekiya S & Suzuki A, Nature, 475, 390-393, 2011
Huang P et al, Nature, 475, 386-389, 2011
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Multiple steps
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