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Stem Cells in Colorectal Cancer: New Potential

Therapeutic Target

Tae I Kim

Department of Internal Medicine and Institute of Gastroenterology, Yonsei University College of Medicine, Seoul, Korea

Within the crypts of the intestinal mucosa, intestinal epithelium is a permanently renewing tissue, the architecture of which is
maintained by the ability of the intestinal stem cells to self-renew and to generate a hierarchy of proliferative and differentiated
cells. In the hierarchical structure of intestinal epithelia, the balance between proliferation and cell death is important for ho-
meostasis. This unique structure of intestinal mucosa, crypt axis, is supported by micro-environmental factors, and the disrup-
tion of the homeostasis of the crypt axis can develop colorectal neoplasia. Recent evidence suggests that colorectal cancer may
arise from mutated colorectal stem or progenitor cells termed colorectal cancer stem cells (CSC) or initiating cells because of
their exclusive ability to sustain tumor formation. Colorectal CSC have been identified based on the expression of cell surface
markers such as CD133, CD44 and CD166, and these cells have stem/progenitor cell properties, the ability to self-renew, differ-
entiate, and proliferate indefinitely to drive continuous expansion of the malignant cell population. The CSCs, in limited num-
ber within the bulk of the tumor, may account for their capability of escaping conventional therapies, thus leading to disease
relapse and metastasis. To overcome these malignant features of cancer, the researchers emphasize the importance of better
characterizing CSC to target the CSC. (Intest Res 2013;11:85-91)
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FE7 M2 BAAZE DR A QUA] EE Al7]0 27 141220 A
A = bromo-deoxyuridine & *H-thymidine labelingg ©1-&-
St AFolA HAH SR DNA 7HehE Al fASk= 27141220 &
S &l AR, o] MlEE= FFAetolA Aot 71A =R 49K
AEZ0] X615 +4 labeling retaining cell (LRC)Z LA 9
J2]31 A9F FEFA (crypt morphogenesis) 59t ZF A1QFof| A St
O] Z7IMIEE7H Ao} sl A AP AeAl =5, o] 22 A
A8 ThEE Hljor 2K polyclonal embryonic crypt)”t THE= AJQIA
2Hmonoclonal adult crypt) 2 BH= 7102 201w|Qict?

S7IMIE AFoIA 7 SRS 2710] BolAQl E71AIE #A
ARIH|, 22 ko] 71250 EASk= =27 M2 AR o
3ll lineage—tracing UF-2 A OF&SH F 7HA] 83k 2Ho] 9
it} Leucine-rich repeat containing G protein—coupled receptor 5
(LGR5)+= 7412t 71415-2] Paneth AIZ£2] Ato]ofl X[t crypt base
columnar AE(CBC cell) & FAIok= WNT AledE9] 4] EX}0]
1" B lymphoma Mo-MLYV insertion region 1 (BMI1)2} telomerase
reverse transcriptase (TERT)+= A41210] +4 LRC AEOA AL
= E7M2E EAAOIEL T o5 AETNE BANER tiash= &
FNEEE X 2 ol A= t=2u g A7 NEE oL gt
Al FARRE YT = QL o] vE EAQ E7IHE7H Ao
Qo & = QI o] B4 A +4 LRC AlZ=0] vl AdHe &
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Fig. 1. Homeostasis of colon crypt and
stem cell-regulating factors. Colon crypts
are maintained by the ability of the in-
testinal stem cells to self-renew and to
generate a hierarchy of proliferative and
differentiated cells via complex signaling
pathway, such as WNT, Notch and bone
morphogenetic protein (BMP), and sup-
ported by microenvironments, including
pericryptal myofibroblast and inflamma-
tory cells.

Inflammatory cells

7IM13E, CBC A2t 4 AHie] S71MIE 2 ZIER|TE -2 +4
LRC AlZEoA®= BMIT Y@L}t TERT S&AE= E T2 £4
< Holu [GR5 AlZELER] Aot YA = th= A Yeh JE = o5 =
5/39] HE7 M2 b2 Ao Akg, Aok A, 22l TEEA Al
2F= FAJotAl == 713 Sofl thafiats oFg] =go] it 5 1 gjof
T musashi 1 (Msi-1), OLFM4, ASCL2 50| Qf #e] =714
ZO| T2 FARFEE YA 9, = CDI33 (Prominin-1), al-
dehyde dehydrogenase—1 (ALDH-1), doublecortin and CAM kinase—
like 1 (DCAMKL-1), Ephrin B2 (EphB2), leucine-rich repeats and
immunoglobulin-like domain! (Lrigl) 5= 58 A=7|A3E EX|AL
2 Qg7 gJc}

WY delbgel dS7ME 2 BXRC} A= 28

iAol Ashrbd-8 thESk= adenoma-—carcinoma sequence~—
g e] AT 21g¥of] glo] o] 28 |HANEL] JolPF EA =W
Al ol EhAgst X Erhk= 2 AYE W-8olXgh 1 2] nAgHy
O B, & T Uioll M2zt E449] v 5 Al =7 IAIE
o] 7igo] Zo| 7=t & S W A2 thei/dol thet B
Bt oA, olF F &0 B Al Tho] ¥ TY 5Y &
g9l TLE FAY & Sl 5ol Stk Uig o= =T IMIES]

22 BMI1, CDI133, 2831 LGR59] Cre recomninase OFQ-AS
0]-85F ALoA] =7 A|PEOA] 9= adenomatous polyposis coli
(APC) Rt A2 uhes ZHE0] WS wh= A feskglal,
S FAIE At 23R o] EAeE APC 242 AAIZR]
WY Aot L] s whago] AS BTt M olgt &AL
ESPCHA O] M|2L7} ohd S71A|ALo)A 0] Q. bk -G} Hol7t
Yol F=2 M2 AoH, LAELL] 719I0] H= AEEA] X1
ot FE7IME7E 2 Uittt vt X B arof oJshH ulAg
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7oA 923t hepatocyte growth factor (HGF), F= G&A] ZARI
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E7MER ARs = 2R8-g g 4 QIrt. B o] ojujojA Tt
o] o] thE EAE2 o Y2 1AL Zfo], 12al sl 71
Azzo] Z&el= 744 §Hole] Xpol7t =2 UIY 4= 97, 0]t H
201 7 nlAIEEo] gk Pt EotE|ojoR & Fa IRt

Tt ofAl AE7IAEES] 24 Y F24d0] tisl 2] ool 9l
o, OJAL oFA] F5Idt YETIAMEL] T HARPT | BESITH =
Aoz elo] Q. |AzH CD133, CD166, CD44, CD24, ALDH-1,
LGRS, epithelial cell adhesion molecule (EpCAM), BMI1, DCAM-
KL-1 59 =7 ME BXRAZE BaE Q=102 o5 32

AE o83t =7 IMEE ] EAJ0] ASEAL St

ol E7 2] 7HE2 F85HA A71= o= o8 A= A

’63%‘1 ; ] EH_-E[-_F(-]O] Aﬂi_,_o]ap— 7(—]_,_]»23 2 XHHT»OP aj OPX%O]_OJ
F9 dRlo] = £ QJrk= o] Qltk(Fig. 2).% ofe] AtofA] Uyt
ARl AR ' & WA FYLTe BASHAITE S W FET M=
9] 282 23| S5k A B A= ATt At =
8 Rlo] & £ 9l&-S BAIskar Qlar, oo F 83t HTS k=
epithelial-mesenchymal transition (EMT) o] AS7|AIZEONA T

®ok
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Fig. 2. Concept of cancer stem cell (CSC)-targeted therapy. Conven-
tional chemotherapy does not target cancer stem cells (red), which is
resistant to chemo and radiation therapy. The tumor is reduced in size
in the short term, but eventually relapses driven by cancer stem cells
(A). When CSC-targeted therapy (B) or CSC-differentiating therapy
(C) is combined with conventional therapy, tumor will progressively
exhaust its growth potential.
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FoflA g et UiollM Ay 7M1 2] F4lat 2ato]
A o] QAT Y Al A0 Higl oJslE Eoll YE7IAES] A}
7F A4 S AT o] ARk glow, At 27IA1E] &
A, 324 U B3of|A} AR AeG AT GET MM 2
25k9 2 WNT, Notch, bone morphogenetic protein (BMP) 5-2] A1
SHY BAe 2AskL, Y U]/‘ﬂfﬂﬁﬁ Fe 2o =N A=
7|M220] FALS Aok = AT-E0l XA lrt. 0|2t tiEo] &
S7M320] FapEA % 55t gﬂ*ﬂi—l E4S AAge =N A
g x| =o] tiet B2 =ohs RO, olzf]t oFx 1 7]
O] A2} 2ol & —‘:E— }0‘] g APde F55
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T3 WNT Z3QIAIRI R-spondinl-> AZE7|AIEL2] 77+ &
AL X Aol ofsid E7 M EAIAIR] LORSE
k= CBC A2 GOl YXISk= Paneth A7t E7 A1 2] f-A]2t
SAl0] Hofoks WNT3a2l F23F 35 Al22 Wolxirh™

O]9 Zo] WNT 4leof tde g2 Qa2 U&7 INZ fAl Y
SAO gofstal gleu 2 AET M RIS fIet +8 X7 240
Sftolch” E3F WNT A15.9] AR ZA] 39 niche Y DIAIZHEO]
WOl wofsln 2 Ny 24 Eok F- a9t Aot

2. Notch Al 9} |24 9l B3]

E7NEZZRE 235}0] o2 = I E7 M2 2] 235t = TH
T} F9] S o2 HE]Q] o] AT ol A%}, Notch A15.9]
ZASH= hairy/enhancer of split (Hes) -8-%1Ak0] ¥Hd-S ZI1A)7]
O, Hes-1 ¥ Z/dal= BuNE 2ot s Math-13F Neu-
rogenin-32} Z+2 basic helix—loop—helix (bHLH) HARIZFE2] &
& AR

Notch A1EAZ0] FSZHH7RAIQI v —secretase S AAIoFH Hes-1
iAol ofal] AU BulAE wich FA1S Qs 0 @Ay wfjo}
OllA Hes-10] A&H nheA= 919k A%40] Uy Alxze] 27] 3
SRS Ho|u A XM} A 7t STk

Notch EAR= delta, jagged® LR ligand2F 2ot S/J5he]
o], ZAJSHE A= ZFAIO] Notch ligand S HAITRO 24 1A
39| Notch Z4J3tE AAsHA =M, ojet 22 71 o= oA
o] Ba} AAo] 7|ofgtt” ol A= Notch EASH= S44AE
oF FHIAIE Afo]o] 22kE ZASIH, Notch AlZHEe] A= &
ZHA2EO] A4S §dbslal, Notch EAJsk= XA Heg fdt
Qhch M S WNT A5 SA 28 A] 20| F418 ZX15k,
WNT 4AlT glo] @=0% 285 off 5 JAEZZO] 2315 3=
oo} ZPAIQt FAMA] frrlol] ofFcE, P TR 0] TS oA
WNT A&7} Z57}]0] 9o U@ Notch AlZof| o5t AT INE &
A1 FkEAJo] Wo] B11E]o] Q137 Notch A1S 2240 oI5t Z7IA3E9]
SIPHA dEA Qleug AETIAIE A U 2e|w0]| 8 #

2RI} E 4= 9k,
3. BMP ¥ Hh A1 9} X191 g4

BMP22F BMP4+= 77date] ZHA|azox e s, Aok-gw
ZBAR-RI0NA AlIZO] 4] A2t B3E -Fieo] ok, BMP 48
A AE Et= BMP HAIRIARRI nogein@] I UheA= A1)
WSA] 2242 HQIL} 7 BMP= A1eke] A ek oujet 7] Aof
A FHIERE FET A 5-912] ZIIAIEEA FH]El= noggin
52| BVP HARIAR= BMP2| 2ok G3hE AASHA| Htt,

AJT}8219] platelet-derived growth factor (PDCGF)-Ax 82 &
IO g8 FATE Fote 122 SAS 2Eshe
o Foists, 53] PDGF-A 2h5ofl sl ZHEMZ=RE TAo
¥l BMP Aoz ARAIES] Z4177E U] AgHa] FAlo] ofalct
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BMP A1 9] 0|42 familial juvenile polyposis syndrome (JPS)¥} 2+
o] glonf BMP-4 A TRl noggin ¥hd nReA0] 749
JPSeF QAR -850 AYstaL BMP 484191 Bmprla® 22
o} GA] FUTH 85 LAY QUL o]9h -2 JPSOt - RAKSH &
39| T2 BMP Ale oAof oJaf -gofA] Aeby/del vl A
g3t go] ofeittar AHHstal 9t} BMP 418 S4Jsh= 235t
St Ee o] gleu g =TS Bk ot I
A A Aol 719 4= Q= A= FA0[H,

Hh A5 S| wlo} A 0] ofe] Ao A] hofsin, 9k gt
AJolA sonic hedgehog (SHH)Z}+ Indian hedgehog (THH) -2 4F
1] 2711220 FAlut 23tof Ao, W77t 52t Hh Ao o
Al AQ-§1 HAYO] ojkS Zefighct U PAIote] Hh AlSHE
oA, [HH= 28k AduA|zoflM das]o] 229 Z1gAlEo] G
o] BMP 285 |3 ™Y SHHO| Hgtof| tishisl= oFz] oA
ol Zom T 7|50 thet A=rt B2t

opgel o2 AlegAel e akgol ofsto gAlete] Zatet &
Alo] 2, Aot FA2 Hut EA40] B0 oo, AR
ZALO] oot A ul 24t T Uk Ao B o] LR EGeh= AE
0] 2=, o] A AbE-2 22 BRIE-S FAolo] A=
= AR FAdok= Aok A F71E ZARRIXIT of2ih Aok A
d F719] ek HukiAt B 20t opet 27] 2 AT
2 ol oo, g7 Az WY T} SAlof F-a%t
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A} 50] 2710 FE7INEO] SAlmH Ao @A, 9K,
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Z7NM229] 752 NS IS RISk A= A}
7] BA, F4, 223l 28k Fol Al E o
S}, o] I nicheghe £ 72 WollA o]F XA
O] TN ST} F4] = 28 SR AUHEES0] o5l G2 B
Al It 82 7% % (basement membrane)©l 2J5H AT A2} 2]
=[O QUA|TE o] 3L0] THFAIE (M2EL] 71, AGAIEA, 3, Adad
T, AR AREAIE) S-S E71AMI2E niche s F-AISH ] 915l 2
3t 451]-71 (epithelial -mesenchymal) 7H] A}&2R8-2- FXIAT]
TF, OoRd] AHA|A] 2 B2 Alo gyt 24| QIXPF o T2 H
A|5H= o] 293 7102 Az, A1910] B TRk A1QlE
Q] Z¥A (pericryptal mesenchyme) W2l Z/8-9- %Al (myofibroblast)
= HGF, transforming growth factor beta (TGFf3) Z12]al keratino—-
cyte growth factor (KGF) 5-9] o2] 24-& Bu|gict ™ 1 9] 419k
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91 2 AlzoIA 28] 10 Qs Qs ANl Y=
= 98 #8lE4=2A1 PDGF, SHH, BMP, forkhead-6 (Fkh),
WNT Z22]12 Notch 5°] <=4 9t} At A2t U g Sx|=
Q3 Aot 9] 7HEZR AL Q. = Q5 3RS g 7o 2 AY7l5h,
HAFQ) Kok 9] ik offet ok 2 WA Aefol AT QM
QFo] AFS A Eaf 2.9 ATRS S}

A2 A4 WB0) ol nHBHo) vjRsl BRgMET

l

R e o] HUHLR,® ofel FUF Do) G2 oA
of olat ehstuby Slo] el GIEL FURY BEFATEA o

TNF-a, IL-6, TGF-B 5] JEUAF L ARIETRISZ TG B
At FAlol FRATE 5t JuME2] NFeB Z43Hs 55l
TY YIS ST & oz 27 IMIZTE obd IS ETIM
E2 ARSI gl 7jofjiet !

12} BiEol Y W Ao T v =8 Ax=
A o] 72 AR AIEZ RIS 28510 Fge] S0

ofgiet® 5] B Wl L RorAlEolA Eu|=h= HGF= WNT &
JSHE F9H T2 SA ST INE AJE FAl0f BofskaL, ESE

c-MetS 55 31 YHIZE UBIZR RBATIE o £
L2 B,

BuOIRFEL. Zok

1o

Opat 2o FF nlAlEE ] o] At 2
Al H

Z4] 29} offe} 9E7|ME] §A Y FAPIE Tofshy 9, 5
A o 2o Bak Afelo] QNES FZINES] B4
A AR HFAPIIE SHO 2 S |HIE EAX|ROA ole

7 2 niche QIAF0] L wPY 4 Qi EAHoIE?

= YA TFHR FAIRA oA A,
A, olo] FAPE o ¢ l Slel sidstor & 7Y Fa9t 2A
U Zloe, of2{gh oAl XA, A, Ho2] A0 F-5A e = 2o
oh= A0 54 T shp Y7 M B4R o &X]9] &
fIet of2] sl YEVINZE BA 02 St ZPEAL Qlrt
| 22 %‘%ﬂ*ﬂioﬂ oieh o) it oAl B 27 M
O] FAI A FAOML AR ASHEZ ol 8dh= YE7 M2
ofsite FWol TstaL Qlrt. T2t opA A HE Mz o
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