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Recent Advancement in the Stem Cell Biology
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ABSTRACT Stem cells are the primordial, initial cells which usually divide asymmetrically giving rise to on the
one hand self-renewals and on the other hand progenitor cells with potential for differentiation. Zygote (fertilized
egg), with totipotency, deserves the top-ranking stem cell — he totipotent stem cell (TSC). Both the ICM (inner
cell mass) taken from the 6 days-old human blastocyst and ESC (embryonic stem cell) derived from the in vitro
cultured ICM have slightly less potency for differentiation than the zygote, and are termed pluripotent stem cells.
Stem cells in the tissues and organs of fetus, infant, and adult have highly reduced potency and committed to
produce only progenitor cells for particular tissues. These tissue-specific stem cells are called multipotent stem
cells. These tissue-specific/committed multipotent stem cells, when placed in altered environment other than
their original niche, can yield cells characteristic of the altered environment. These findings are certainly of
potential interest from the clinical, therapeutic perspective. The controversial terminology “somatic stem cell
plasticity” coined by the stem cell community seems to have been proved true. Followings are some of the
recent knowledges related to the stem cell. Just as the tissues of our body have their own mutipotent stem cells,
cancerous tumor has undifferentiated cells known as cancer stem cell (CSC). Each time CSC cleaves, it makes
two daughter cells with different fate. One is endowed with immortality, the remarkable ability to divide
indefinitely, while the other progeny cell divides occasionally but lives forever. In the cancer tumor, CSC is
minority being as few as 3-5% of the tumor mass but it is the culprit behind the tumor-malignancy, metastasis,
and recurrence of cancer. CSC is like a master print. As long as the original exists, copies can be made and
the disease can persist. If the CSC is destroyed, cancer tumor can’t grow. In the decades-long cancer therapy,
efforts were focused on the reducing of the bulk of cancerous growth. Now cancer therapy is changing to
destroy the origin of tumor, the CSC. The next generation of treatments should be to recognize and target the
root cause of cancerous growth, the CSC, rather than the reducing of the bulk of tumor. Now the strategy is
to find a way to identify and isolate the stem cells. The surfaces of normal as weill as the cancer stem cells are
studded with proteins. In leukaemia stem cell, for example, protein CD 34 is identified. In the new treatment
of cancer disease it is needed to look for protein unique to the CSC. Blocking the stem cell’'s source of nutrients
might be another effective strategy. The mystery of stemness of stem cells has begun to be deciphered. ESC
can replicate indefinitely and yet retains the potential to turn into any kind of differentiated cells. Polycomb group
protein such as Suz 12 repress most of the regulatory genes which, activated, are turned to be developmental
genes. These protein molecules keep the ESC in an undifferentiated state. Many of the regulator genes silenced
by polycomb proteins are also occupied by such ESC transcription factors as Oct 4, Sox 2, and Nanog. Both
polycomb and transcription factor proteins seem to cooperate to keep the ESC in an undifferentiated state,
pluripotent, and self-renewable. A normal prion protein (PrP) is found throughout the body from blood to the
brain. Prion diseases such as mad cow disease (bovine spongiform encephalopathy) are caused when a normal
prion protein misfolds to give rise to PrP* and assault brain tissue. Why has human body kept such a deadly

and enigmatic protein? Although our body has preserved the prion protein, prion diseases are of rare
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occurrence. Deadly prion diseases have been intensively studied, but normal prion problems are not. Very few

facts on the benefit of prion proteins have been known so far. It was found that PrP was hugely expressed on

the stem cell surface of bone marrow and on the cells of neural progenitor. PrP seems to have some function

in cell maturation and facilitate the division of stem cells and their self-renewal. PrP also might help guide the

decision of neural progenitor cell to become a neuron.
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Figure 1. (A) Scanning electron micrograph of shoot apical
meristem (SAM) of angiosperm. (B) Longitudinal section of
SAM with two leaf primordia. Bar = 100 um. (C) Diagram of
the apex illustrated in (B) showing the location of the different
tissue regions: C, corpus; P, leaf primordium; T, tunica layer.
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Telomere 2} telomerase
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5t} & TA7) ok Aa 2R 9] & B stem cellQ] 4
£ 771 71555 BAE A7l Hle telomere 9] Zo]
9} telomerase f49] catalytic component 2 &l 1A 8491
Tert7} ZAAOZ 2835} Telomerase= RNA component
(TER)S} AAEA (TERT)2tS] 2geld), B 2ol
RNA componentS 8 © & 5}31 TERTS &2 34 DNA2
3’-endo]] AHR A Q] DNA AREE THEA H o] ¢t} Telomerase
+= telomere terminal transferase S ¢z Zolth Telomere2] 2
|7} BolA Y stem cell 9] FHo] AAHIL 1o} Yol
Z Qt%] 1 stem cell &) 2A1% Z HR] ¢F=t} T telomere?)
Zolo| W3l7} Qloj® telomerase®] Tert 7} o) & =W
stem cell To] LA A1 & dhado] A% stem cell 2
vds zam,

2 AU 7 EEE)Y AL Y 5 ol B
FAAG 225 A& T (homeostasis)olakar 3}
o], 34 2] 4] process &= stem cell & U oA L&
= S8 Aolth

Telomerase &40 Znf 7] Eet21Q] Tert= AA| %329
stem cell ©] B4 R0 A WRAH L), o] H ZAoA TS
O]+ telomerase ] OF & 0] 7FHA] telomereo] do|7} &
oMl AL uhe HEZ F8e o] F Hrh HAY 244

e o

o, Butal ol ofat AESA NS 5 telome-
e FES §Axke] SAMolo] ofa) A7), telomere
o) Z1ol7} Bol @A 23 Aol 27]0] HAH o]
o Aol 1o1A] telomerase 2] F AA317F 713 Ao
S Erhe AS %3k Telomerase APF Atof 20
TEE o] 27]0] =BT stem cell F4J0] FaslE
Hol: telomere®] Z0]9} telomerase7} 7]3 FAMA] 8-
of Fesiths AS ¢ 4 9tk

=5-9] Abu| 2 2] (epidermis, F1})9] stem cell S X4 (hair
follicle) o] 53t 39jefl 223 A=, telomeree] Zol7}
B Al 2o stem celle] Eelo] olAET 2ol
YakEol stem cell 0] Yol stem cell] ZA1 % oF =t}
S & Tert7} TshA] SR = 4] stem cell 5H2 Z7}
B3 Hgo] siakRofl= stem cell®] 4= 7} ZFAE] T stem cell
o) 4 %4 & WA AR 2ol Fgo] BAH,
Stem cell telomere 2 0], telomerase H4~90] oF-2 oF MY - L

s WA WA} Aok

o
L

o > oS rf
XN e of

Stem Cell9 Niche

22| A stem cellZo] = 32 nichegtxl sh=t] 4F
9] microenvironment o]t} g+ 7} &) stem cell-2 asymmetric
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oF9] stem cellEX FH microenvironment 2} stem cellz}2]
signalling © 2 FA| =1L 9]
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M Eo]| A signale] U7}l o] signalol] ©]3f stem cell o] u]&
3t e SR 4= A Hrt. Arabidopsiso A=
I vk Yol Ql: organizing centre (0C)2] A|EZQ} Apo]2]
signallingo]] 2]3] stem cell ©] §X|E|1 9t}

ALE 2FA 552 Lt A (adult)7} =E 11 o)A
Ae) gtk 2 Aol FAT Tt 2 7B 25

AEELS Bdlo] 9l AMSI} AL 7F 229 o7 =

ox, o Kl rlr

stem cell

MIEES AR BEso] Q= AASE HZ2 =57
Bolch of Mg A0 FHUL 2 270) L som

celloltt F&- <
A& At Bejs U 3 Mo} UrkL shoot= Y& F
3 Z2pAA Q- ol &7] - 3] F& wheth 281 At
=l 2o A|lZo T3 shoot F2 SAMS] A YA E
Z stem cell 0] Ba] Z (root tip) 2] E& 2219 stem cell
O}E} Shoot tip¥} root tip2] stem cell&2 5 - 217k %
stem cell I £z - 7]%0] B2} Stem cellof|A] W&o
shi o] o3 24 7B YA AESE Es
6}_’ Al 9] ME wo= gk 204)7] & stem cell
Azt iEs AL 1 MEZIF 27 (R &
EP— oM ETh Stem cellof M A% M2 AlE
the RollAleloh AEollA I M2 EE922

o rr 1o
> r-im

1

o o mlo X 4
r\l
A >

2
L

ny mlm i

ol
'flﬁ.
AN

Stem Cell Biology, &2 M& - 205
O] AJQAIE (initial cell) Bo|th A& Z7|odl= 17 o_qug]
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