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Cancer stem cells (CSCs) are characterized by self-proliferation, an ability for symmetric/
asymmetric division and an ability to propagate cancer in vivo. Contrary to our expectation,
CSCs show a quiescent nature, the morphology of small resting cells, resistance to multiple
drugs/radiation, and side-population phenotypes distinct from major cancer cells. Research has
been focused on overcoming drug resistance, discovery of biomarkers for CSCs, and tailored
treatment targeting CSCs. Recently changing concepts of CSCs reflect the genetic hetero-
geneity, hierarchy of cancer tissue, and evolving dynamic mutations within one tumor. First, mul-
tiple CSC clones with different mutations including initiating driver mutations can coexist within
one tumor. Second, CSCs stand at the top of the tumor hierarchy during therapy or disease pro-
gression, and the proportions of these clones are changing dynamically, depending on the can-
cer progression. Third, tailored treatments should be not fixed, according to the initial situation at
diagnosis, but appropriate treatment should be attempted in accordance with the dynamic
properties of CSCs at each stage of cancer.

Keywords: Cancer stem cell; Genetic heterogeneity; Tumor hierarchy; Tailored treatment

N B Bl vhokst 31¢) 20| EAIs £ IRl A= A
AR lth= Ho] ML) AE7 T de 25

=z FAE F 2 M A1 AR Al Ee] o5t o) A3t do)o] wj$- Bela 5] #4e )% 2l
O o 290 Aol SATGE AdolN BT Ae 5 ol wez skl gk
AFHA L, o]elsh AT B Malwz} 13 ZFoA
Hal=o] gt} AEI TS AT A% T2 A3 L=T|IMZe| JHE
TAdske] Hte] Aol ol@ldt Al Tt fHH L
2 vhokain 9k UlRoli AR dgkae glo) Fale] 7 ZFz) ) A A EEwho] EAs) 5eo] ok o

© Korean Medical Association

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is
properly cited.

J Korean Med Assoc 2013 July; 56(7): 611-624 thstelarzsixl 611



@
M LeeDS -KimSY

(PanuRUOD)

uoisuedxe
[£118002 0U3IN Ul JoYR
"le 18 ouwlei3 +0L +€€Ld0 §'l-¥0 SOA VN ‘snosuelnogns - 3ANN PUe aios Bun
[91]1800¢
"|e 18 Buex 0l -0602/-57Ad 05'¢ ON VN onedayenul aios Jonr
euwiouloled
(511 £00Z OMQ”'zBey 180 snowenbs
“|e 1e 8ouLd 000§ Lvrad ZL-0L SOA VN  snosueinognS  pue J|DS/QON  >osu pue pesyH
[71] 6002
"|e1e Bueny pabessed Ajjeuss Gz +L-HAVv 0S¢ SOA VN  snosueindgns dIdS/doN [B}0810]0D
[€L] 2002
“le1s eqiejed 00¢ w7700/ VST 09'¢ ON VN  snosueindgns dIdS/doN |B}0810]0D
[¢l] 2002 uonelpe.l
“le1s usigd,0 ool L€€1La0 §vC-8l SOA leyiegns  sjnsdeo |eusy dIoS/doN [B}0810]0D
[LL] ¥002
"e 18 ybuis 0ol +€€1Aa0 629 ON VN [BlUBJOBAU dIdS/doN uielg
ped
[0L] £00C sioed  1ey Alewiulew
"|e 18 Jsnsauln 00§ +L-HAv oL-€ SOA usBols3 psziuewnH dIdS/doN isealg
161 €002 souno7C0D s19]jed ped
"le1e lleH v 00¢ A0/ VST Ge-LL ON usfonss ‘9l-dA  1e} AleWWEN dIdS/doN iseslg
[81 600Z
“le1e ueyd 0ol 144€0) €9e-€ SOA VN [ewepelU| OMa™zbey Jeppe|d
UoI1eIp.LI
|eyie|gns pue
[£1 1102 NG 4o weuiesneld
"|e o poddg VN VN 60000°0-90°0 ON ¢Clad 0 DIAI [eJowsjenu| dIJS/AON TNV
(uonoely _8edd
/#€Q0 1s8MQ
yum sejdwes uonelpeul Al
ul) (x) -8€AD [BY 19|9ns pue /AIDS/A0ON
[91 8002 /:%€QD 1o Juswieaseld suogenul  puy _,_““9/d10s
"le1e Bissne| @0l 10 0L X G2 (+) -8€QD/1¥€AD (x)9L0°0 ON CCLAD JO DIAI pue snousAenu] /QON ‘AIDS/AON TNV
[€] L66L uonelpeL!
“le 18 Jouuog 0L X¢ -8€Q0/.¥£dD G0 ON [eys|gns snousAenu| dIdS/AON TNV
ulog MeN
[G] 800Z uoneipedL! Al
"|e 3o Buoy 4,0l X 9T +61A0/,7€A0 09'¢8 ON [eyie|gns snousAenu| /AI0S/AON (Mv-a) 11v
Jowny e uieyqo Jowny ui [EIBE] soIW
1w juaidioal uonoalul
20uUBIa)eY 0} §||99 + Jayiewolq sioylewolg uone|ndod payouus  yum 10 JUBWIEB]] 10 odAL Jewiuy Jaoue)

JO Jaquinu [ewWiUlp]

-0SD Jo abejusaiad uonoslul

shesse oA ur Buisn sieylewlolq DSD Jown} Aleulid uewiny Jo UOeDIUSp| °| djqerL

J Korean Med Assoc 2013 July; 56(7): 611-624

o
oo

xl=20]2]

=
=-

612 2=7Mmol Syntg



Changing concepts of cancer stem cells

oy T T M AR
WoEg g W RN E
o W E om Y M T T g
P ®ER®Ns
7ﬂﬂ_ﬂ__ounum_-lyﬂ&edl.m
whlT T ¥
=8 -7 &% ¢ WDl
_— 0 O — o A
= b = T W 0
S ) w2
=% pdH LT
z.tﬂﬁhﬂﬂﬂ_u_.ﬁdE 2
TER 5 §EX E ¢
D2 = oo R
Wi,AHF;o__o‘gl‘l [as)]
o I N R L il @
N sE N S Mo &
R SN ar RS

,.mo O#E

<R
T

S EEEEY!
94

AF
7] A=A, 0] ¥Zak(2004\d), T
2

O ol W
B o

[}
F kxS
Ay oF ok
TN R

A7} BAEQTH4] (Table 1), Q1A 2]

~ M T oY
ﬂdﬂmmﬁ
T TN 2
ﬂﬁ@%
Méwm
~n N\
e
oo o
= WK K
~ N4 A
%ﬁﬂw
T < N
R O® o
Moo S R
o LT

$503
T
N4 o
= -
NE T
XO._HUH#OE
E;dﬂ@;o
& H oy
— T ol
%Eow_ﬂlmﬁ
Wmo_‘l%
<0 T
‘Ol.ﬁ‘_ﬂgo
MMUF;EN
N o om ok
H BN o
N R R

THS=

o) i
o Y
o ~X =r
o 2
~ I

N

Al
I Fge dE7IA
ATkaL AzhE| AL glekz6] (Figure 1),
AA7EA] AIAZELH27],

N W ®
|
~ on —
ﬂmu@&.
333
ut No o
R P T o
T o7 o
,%Ltz
H]nﬂnﬂ
= ~
auz*[om%
Aoz om o
M_,%dﬂdv.
0 oF T %
m & B W
ok or T H

o T el
2n®
= 70 X
@_%dr
Sy

3
@aﬂ@
on X

B
w8
_ﬂwﬂ;o‘nﬁl
HTEﬁ.LIt
aTﬁ_;OM
o 9P
Ny
H BN

‘uonejndod ,8eQ0/,¥€QD BUL 10} SUNSY
‘uoneindod 8D/, 7£QD BU IO} SYNSY .
“JUBI01{BPOUNWILLI PAUIGUIOD B19AS/0laCeIP 858qouou ‘QIDS/AON PasSSesSe 10U N ‘UlingojBounwiil SNOUsABIIUL ‘D|A|
‘upjnapelul | ‘usbiue dipoads-eleyds ST {199 WSlS J8OUeD ‘)SD ‘BILISYNS| PIO[SAW 810 A eIUISdNa| dnse|qoydwA| 8mnoe 1y || eseusbolpAysp spAysple ‘L-HA TV
‘[7] @SULI| SUOWIWIOY) BAesI) 8y} 01 BuIplodde ‘€6Z-18Z:861:ZL0Z I01F (18 [ “[e 18 | l]j@odeg WO

"Apnis Buipuodsa.iod 8y} JO 80UBI8}8I 8L SE || SE JouN} UewNY e 0} 811 9AIB 0} 8|ge SslaJewolq 8say} Buissaldxe S||8d Jowny JO Jaquunu [euliuiw 8y} pue ‘uonejndod
paYRLUB-)SY SIY} IO} PaIHIUSP! SIayIewOIq 8y} ‘AlIus Jown) UsAIB eyl Ul pansasao uonendod payouus-)S) paiiuap! 8yl Jo Aousnbaiy syl :3ybll 01 Ya| Wol{ paziewwns ale
S9IPN}S 9S8} JO S}NSAJ Ul B} ‘SULIN|0D INOj 1Xau 8y} uj “uoieiuejdsues) uodn [9BLIB|Al YU PBXILU 819 S|[80 JOWwn) 8y} Jayraym pue ‘Aesse ay} Bulinp 821Ul JO Juswiesl} ‘801w
uaIdioas 8y} o Bul -uoiipuodaid 's|[92 Jowny UBWINY JO Uolelue|dSUe.] JO 81N0J 8} ‘PaSN UIBS 9SNOW pasiudolduiodounwiwl jo 8dA1 8yl ‘Alpus Jowny 8yl :1ybu 0} Ya| Woi4 ‘paisi|
ale JusW -lyeibus Jowiny Jo AduaIDIye Byl Buiouan|jul sialawieled UIBW 8} ‘'SULUN|OD A1 1SII} 8U} Ul “PaisI| a1e suonendod DS UewNy payoLus Jo adualsixe ay) Buipodal saipnig

[¥2] L00Z pjely Jemod-ybiy
“|e 18 uuewleH 005 L£€100/.vS3 leds|ed 9 ON VN onesouedenul 3JANN oneaioued
onesld
[ezl 72ad -uedenui pue
L00Z “[e18 1] 00l /.v7Q2/,vS3 80-20  S8A VN snoeueinogns aldS/aoN onesloueq
- M21/ains
[z2] LloZ /AON ‘alds
"l 38 luuBAD 000L +1£2Ad lL-8 S VN snoeueinogns  /AON) ‘IANN ewoue|e|\
[LZ] 0102 Al
"lejo BUBUIND  (S8SED JO %87 Ul) L VN VN  SeA VN snoeuenogns /QIDS/AON BUOUBIBIA
lozl oL0z
“|e1e oxlog 00l +1£2Ad l7-GC7  SeA VN lewispesny| oMQ*zbey ewoue|e|\
[6118002
QERENIETS 0l 6908V 702-9 ON VN snoeuenogns alds/aon BUIOUBIBIA
[8L] zl0zZ Ul
"le 1o Bueyz 0055 +,991aD/u| Gl uelpsly  S8A VN snosueiNogns /QI2S/AON Bung
Jown} e ulelqo Jown} ul [ELIBENN
QouaI9yey 01 S||99 + Jaylewolq siayiewolg uone|ndod payoua  yum Mw_ﬁwuﬂmww_ _“N_wo%\m.,_h._ |ewiuy J90Ue)

JO Jaquinu [eWIUlA]

-0SD Jo abejusaisad uonoslul

(panunuoD) °L ajqeL

x 613

[AFEE]

ol
iod

F

ch

J Korean Med Assoc 2013 July; 56(7): 611-624



@
M LeeDS -KimSY

7Fsatefof ahm, AR, vhaket B2
_ @ Highly tumorigenic, A METER B3} 753 MEE
2 Unlimited self-renewal activity, 2 wtEo] W &= glojof st} BilH
g at the helm of tumor hierarchy;
= can be resistant to A=A Zo) =T A X7 g2 AL
3 B conventlor\al therapies and New tumor, .
5] e enter quiescent or slow- similar to the =7 E= FAHE A 27t 7341
g “ cycling states primary tumor Bl =L e —
5 TS & 7 vk 2otk Al
N c ~ = oA
F;:r:](a):y -% @ Non/poorly-tumorigenic Ao EAshe Ad=E71A1Ee
limit If- | activi A = 5
_% imited self-renewal activity ?}'%7]*‘“}_9]— H]ﬂ‘o‘]—Oﬂ l?‘_?i, H]—}?}
(=]
- A VHHE 29k 4 9tk AA,
) F 7 A2 27 B2 Hasym-
Q w ) Non-CSC populations @ CSC populations ” CSC niche metric division)& & = It} O

Figure 1. The classical cancer stem cell (CSC) concept. Tumors are heterogeneous and hier
archically organized entities. Upon dissociation and transplantation into an immuno- sl HEZE A=

Y(symmetric division)-2 A}2l3} &
BH.od

compromised animal, human CSCs can be functionally distinguished from non/ ) .
poorly tumorigenic cell populations by their ability to reinitiate and grow a similar 3} Bt Lo Z]—{;Jf]- =3}k

heterogeneous tumor in vivo. From Baccelli |, et al. J Cell Biol 2012;198:281-293,

according to the Creative Commons license [4].

dE7IAZY A FEFRAAN SEAZE G2A

zE T uE FEl st

X2 Felate] Z7te] AlE

TERETYS Bt ASHEAY. TF2A A T
HZE Hefste] FE7|HNE FARE Qe T GAZE
718 ol8stel 27 HEE SR A= Felsre]
Saol TSt FFF S B FHoE Y=
2 AZE Eelste %—‘ﬂr%kﬂ xﬂ; —’F~ = —;f‘?J Al

LS| EA ] dETIAIE EH yheko] A %7}
SR FE7IM 2] AHE ATk AsiM e ©
M| EZZHsingle cell manupulation)o] B42{o]H | o]7]
Sk Hollx] ko g o] GZ7|A|Ee gk 7= #3HH<l
HETHE A37]%, 5 7]&@nd] 28 vkal ojopr]y
7 g

AE7|M=2| =4

U7 EY] 2 EE A, THS AT T o
of 31, &4, A W F%A3Hin vivo propagation)7}

614 =7IMzo EMt 2EX|R00 28

Az}t AN L33 A EE FAol A
Ul AS A= Figure 2). E
A, =7 NEE ARS8l A A71E LA Bt
FrAdRs 98- =t dETIMER A TS 4
A717] S8 A7 A5 = o] Tk, AlA, w3ks ol Sk
= Aolvh, AETIMEE 7ol g AEE Estet
™, FE7AE A Balsto] theket A S Hol=
78] FFAZE Attt UiA, BT 1EY d=
ZIAIEE B AR Al ) Als 3 =] ofsf Ao
ZH€ct

I A=A Ee} ST HE e
7V? A dE I E A 27| Aol Trefah= Al g
27 A o2 2HE AS AdERA 0] AAHH, As
AGA 2ol o] (dysregulation)o] A -9 I=7]A|E
2 foka Azbe L Qlet, 2] Jellx= sl 1,011719]
A2} A2 o] FAH=H o220 R 1067] AlE 5 sht
EQnol7} WAsHA k. 2R SFFeollw gk
7He] ol E Ad AlZ7L e ol AlEE &
AEZ7}F HA] g ol A the Al (multistep
process)ol| 23l HA3}7] wfEol GUdEdH R 2=
hHlol| Bgtaty] wzoloh, B 2] o] o] Al

TEE o] WhsH, 5 oln] 3] RajE ALE

od M2

rir

J Korean Med Assoc 2013 July; 56(7): 611-624



Changing concepts of cancer stem cells @g’-g—_{}

LS7IMZL] 7HE Hatet
M2=2 X 71

Targeted therapy +
chemotherapy

’ wa#_

HAdE FHNE T =2 M =E
Z] AZ=0] A|E ol Zokro] A)
o e
ol A=A, T AlESe] vl o=
’ oo @ AHERD AZHISAE, A 109
Wt cl
e, @ 2 il Slah, HETIAEE Y
Competition and
®- . . dominanc by 24 AEF 99 Azl 932,
,, CSC clones
- FAH0 R thpet QplESe] 1 3
o 728 o) e AL o]
C Intravasation £ ket AxEe g AT
EMT
A& FElo] FEHT, T tolA
9% A k. &, FFe 5
Extravasation
eT o 54 747 AEAT] offe} )
S ojopel AER FAEo) 9, o4
@R (B *® Non-CSC populations “@“ Related but distinct CSC clones 7IAZEe] 7 do] 2ok A} Ao
6. Disseminating CSCs "}~ Cell death . Cell niche - Metastatic niche EJ = HH‘?‘ %@"Eﬂ'ﬂ Q_:]l = Z‘:I]?_]_ _ﬂ]_;g%
Figure 2. The dynamic classical cancer stem cell (CSC) concept. (A) Acquisition of new CSC g 2 A = 4 9= naolg)

clones. Although early stage tumors might be governed by a single CSC clone,
advanced stage tumors might contain several distinct but related clones, either &7 %31 QJt} AFZ]& o] R A3
arising from the initial CSC clone or from its differentiated progeny via mutations or _

via induction by the CSC niche. Targeted therapy and/or chemotherapy eliminate £ 445 A /AR Aelshd v

the tumor mass, possibly including some of the CSCs. At least one resistant CSC R, 5 ZoFo O AR o= 1
clone is then responsible (possibly after acquiring additional mutations) for tumor 2 W, FEE frdHem &
relapse. (B) Flattening of CSC hierachy at late stages. Advanced stage tumors con- orAste], 27] v, APk A, B& A
tain several distinct but related CSC clones. Some acquire enhanced self-renewal ’ ’ ’

capabilities with simultaneously decreased differentiation. During tumor progres- 3 H7]o|x] A& o} th= §-A A =}
sion, the CSC clones compete with each other, leading to the dominance of at least _ —

one CSC clone with the subsequent loss of differentiated tumor progeny. Over ol B = Slr}. 270l ofF A
time, this leads to a flattening of the hierarchical structure and to a selection of the o = T= o o

! . ’ O Z=7]9o] olZTIAN|EE0] FokS

most aggressive CSCs. Late stage tumors may thus be comprised almost exclu- = A ETINESe] SEE
sively of aggressive, multiresistant CSCs, a situation similar to the one proposed by~ BFA| 7| =2|wk, Z13)&}= Zol o]

the stochastic model. (C) CSC plasticity during dissemination. Carcinoma CSCs
display a dynamic phenotype during systemic dissemination: they are able to at of ogt A2 F=7|M|E ZE0] A
least partially lose epithelial traits through epithelial-to-mesenchymal transition
(EMT). It is most likely that only a subset of such disseminating CSCs are able to
survive in the systemic circulation, extravasate, and reacquire epithelial features =
(MET) to seed in a new microenvironment and to initiate metastasis. All three =

scenarios illustrated in A, B, and C occur in parallel and/or during different phases o 3
of tumor progression. From Baccelli |, et al. J Cell Biol 2012;198:281-293, according 3

to the Creative Commons license [4]. o] A o F28kaL, Aeh F4-2

T TR BAo] AA Eetd
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Figure 3. The metastasis initiating cell (MIC) concept. Advanced stage primary tumors are O |A_||%_7O:|J—,—|_ L—l _)[\_l

heterogeneous and multi-hierarchical structures. Upon dissociation and transplan-
tation in immunocompromised hosts, MICs can be functionally distinguished from
classical cancer stem cell (CSC) clones by their metastatic ability in vivo (dissemina-

tion, survival in the systemic circulation, extravasation, seeding, and expansion in a Z71MZ 9] U4l (stem cell niche)
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