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Progress in the sorting and signaling pathways of breast cancer stem cells

WU Hai-Ge™, WU Chen, YAO Zi-Ang, GAO Chen-Hui, LI Qian
(School of Life Science and Technology, Dalian University, Dalian 116622, China)

Abstract: Cancer stem cells are a group of cells in tumor tissue which have properties of stem cells and the ability

of both mliti-directional differentiation and self-renewing. In recent years, with the concept of cancer stem cells

proposed, much work has been focused on breast cancer stem cells (BCSC). Understanding how to sorting BCSC

and how to maintain the "stem" is crucial for treatment and prevention of breast cancer. In this paper, the progress in

sorting of BCSC, related signaling pathways and epithelial-mesenchymal transition (EMT) is summarized.

Key words: breast cancer stem cells; sorting of stem cells; signaling pathway
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2.1 ZAREFRE S FHRRICHITHFIE——CD44/CD24

CD44 J2 Lt A0 e Ath 22 b i 9g 43~ 1 48 AR (1)
—ANE R P R LR R T A A
AN IFLIR Mg iy g, B AFR BB RS D
ZRAER 1ok 8RR PR ) CD44 il B A v BU8
Alé [10]0

CD447/CD24 1 L i 9 41 i LA i 983 2 46 1
M. X L BOR MR 40 B T 4 R 1)
fE B, W e, B TE. WRIT BT EAR
FiE AL U,

ELHR CD44'CD247"" 41l R REWE & SR T4
M, FiLF4IARIC, {H CD44'CD247"" 18 3 If i
S L 2 FE AR P9 DR AT e R IA e R AR AR .
b, EFRICIEA RS UG & B SR T U A
AL IR T 4 i ) R T A 6 B R AL B, I
RYSEME R P Z Rt B R AR B

2014 ¢, Liu %5 " wf7c 8], @il CD44'CD24
PRI (7L e T4 A (R 7E R A R Y, A
A B R 2 R SRR G B8 7 ZARic )
AT B AR E MR 4.

2.2 YHpEsRE S FRRCAIIFIE——CD133

CDI133 s Fot— M it o, BEE Al o1k
HExRRE Y, oaRgREY, CD133’
i yeE 240 ffi B A IR S ) R B R BB AR R £ ) 4y
TR fe, $27 CD133 & 2 B8 1 40 o ff) 26 1T b
i W, Breal SURRIRE A O 295 E & F fE e on
T 41 4% 5 CD133 Al CD44°CD24” #rid P [A]
FEdh, F7A CD133 Aric (iR 40 i O 7E MEB R

AR (ER). U 24K (PR) M E A KH 132
1A (HER2) 25 ] 1 (¥ = P4 L B (TNBC) Hh ik
i [21]c
2.3 ALDEFLUOR#%#fi——ALDH

LR A 1(aldehyde dehydrogenase 1, ALDH1)
S 4 P AT DU I SR AR AN 4 BRI — b 7
ALDEFLUOR 43 #r9% 22 DAl ALDH1 (1) 14 A 5
T, #HBU P ALDHI 35 14 155 ) 40 i RE 4% 5% e hric,
AT AT DA G R 43 328 >R . ALDHI 75 -4 ffg
kM, MAERFT AN T R EEEER.
ALDHI 7EfiE T4l rp i R ik . — T s,
ALDH-Bri 40 i £ 7L AR 12 78 14 5 8 98 1 1 5z 41 g o
tefl e, &4 7 AASUERE /) HYS CD44, CD24
4y AW R P, ALDH' 540 i 1 70 g 9 +
YA R AR A, R R AR RE
ZhR AN 2 AL T B (R 28 R g o U
2.4 UBEMARIERAR

78 2 b N IR A S AR 4R i b, i i ff
ARG GO IR R Y, C&UE 71
#t (side population, SP) 40 g B A5 4Rt m Y.
20 0 JiE 2% 1 v R A 1) ATP 45 4 #5 (ATP-binding
cassette, ABC) #1255 [ RE 815 ¢ Y 4l Hoechst33342
It An A g B A g Gt AT BB Bt it X4
M g o, Loy i 2 LR A 3 (SP) 4
ffd. Patrawala 2 #* SR B O3 40 A 40 3% R 2L iR 988
Y1) 2 MCF-7 th 43 1% (1) SP 40 i 24 5 S 4A ) 0.2%
54k SP 4 LL, SP 4 B A 8 BT 7 40 i b
J IR Tk R T AR S A Wu 5 P, SP
i i 5 Al SP 4 A5 B BE AN S AL 1 BT R B %
SV AT R A YR X 41 A 0 2 M BT . B AR
B, FEAE A ZE AN IR R LA A I R b o — AN A
2N BRI (0.05%~5%)" s SR, T IR FEAIE 5K
4 SP 4lffufE A CSC (1 — AN A7 AE — S ) 8, H
T SP 4HAuFIAE SP 4HMu M AF7EAS X5 5%, WARE
Sy Ui SP AN T, S RAEM P, 42
Firik, SP 4 f /& 75 55 A 1 s 1 40 i A7) 5 23k —
HHIWT AT .

3 FLBRE TR RS SEE

FUIR s TA M AR K28, HOEGEM B R E &
BHE SEBMEE. HEl, 3 & E5@KCE
Wi €« Wnt., Hedgehog LA /2 Notch {5 Sl . 7£
FUBRH, IX 3 K5 S IEMS AT M P B IR HH K
FEEEAER . Bk K I Hippo 15 5 8 % Ae 8 41|
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3.1 Wntl5S5@K

Wt {5 5 il #% 75 22 40 i A2 ik N 72 Or 57 1.
Wt [ BC A 2 — Fh U T 20 2R AR S IR A 2 b W R
H. B-catenin & — MR AHCE H, W LAZEA LA
%, MISrF Lef/Tef ()% 5%, FH30E wnt § m)
B, Wt FIBE A Wt 5244 (1 45 4 7T LRG 1k
B-catenin [ [£fi#. B-catenin /E N Wnt {5 S IEEE I T
TR, HA AT EoE /E H - HER2 & — s (A,
A Dy B L1 LR TS AT R ¥, HER2 BE6% 1)
B-catenin 1G4, M FE ISR LEF [k
$n =,

Wt {5 5 38 B 7 7L AR 40 Al o Bl s B
2013 4, Lamb 25 PRI FJ o Bk 04 8% 3% 5 R & 4R
MCF-7 H (1) FL R 40 M, % MCF-7 = (1 L i
T4 5 3 1) 52 A AT E R, J85d B-catenin
HERIX RS NI HEE B AXIN2, LEFL (1) 3 n,
PAJe DKKI1 HHRIE R RS, I 7 LS T4
i WNT 15 5 88505

MM E 2, HFE5 B-catenin 7E N [] Wnt {5 5 il
BT AES ST, WSS T T40 M 400
(A . 767 T 240 B o] LA SE 3] B-catenin (1)
8 B9, 2 S Wt (55 e 08 4E R T4 1) B 3R
FH AR RES B wne 70/ RFLIR A O3 FE %
TN 2 38 0 L ek R R B B LE B AT wne-1
FE LA 1 /0 BRCFL AR IR 95 2515 T 0 LR MR A, R
BB 43 15 HH Rl T4 g B
3.2 Notch{ESBI

Notch SZ k& —FRFHESEE S, Eid5IE
W40 Mo 22 1H Notch FCAAE T, 875 40 1) A= KR 7
1t Notch 3244 FL A R A1 73 AV /N B4 T A B
4y B LS A 4 B Notch 2244 (Notchl1~4) Al
[F] FF 9 5 i 2 1 1% 5 A ic#& (DLL), 43 71~ Delta-
like (DLL) 1.DLL 3. DLL 4 D)\ }% Jagged 1.Jagged 2.
AL S Notch 2RI 456, nIis 32 R E,
fi J5 B B Y % 43 FR S NICD (cytoplasmic domain).
NICD fiff J5 #E N4 A, JFIE IS 5 e s B E 1)
CSL 454, MIEE Notch $EFE R, 1 L83 K] )
T AT RE T B R A0 B IR I B, DL R 4 A
T2 52 B0 9, Notch 15 5 38 % 76 7L I 141 g o
CLAWIE R, f Hilid Notch Hu4A A #141 Notch {5
%@E% [34,41]0

Notch 52 /A& 75 T 41 i 71 . Wi AH 4 i 3 B 3R

ik ™. Notch-4 (#7303 IE T 2 4 1F B 555 70 1 7L AR
F AR RSN A, FRAEAR N IR AR A SVERK
(g [ i i3 LR PR 1 % J8 5+, 2010 4E, Harrison
&5 WURIEFL IS T4, Notchd [¥175 £ 14 5,
117 0 Notchd (145 5 % T I ) DA B A 30 1 e = 4
JHO P H

3.3 Hedgehog{5 5B

T T4 ML o, Hedgehog 15 5 38 i v 5%
e, X5 M40 i B B3R5 R # U0 oK%
Hedgehog {5 5 il #% A7 3 M HE &R HBCA4 : Shhy Dhh
A Thh, X 26 e 1A 55 2 Jifd 54 125 5 52 44 Patch (Ptchl)
g, WIMEAL 5 — Mg 2 44 Smo. Smo HiE 1L
FE— BRIV R N, W Gl EEEENEN,
1R Gli &2 H #EAG0 % IR B0E 2 5 40 i 1 A 1Y
JUASFE DR, Gt i ) 3 2 1 (cyclins)y  J50 g 45 A
(c-Myc). R KK T (EGF), LUK WA K
A1 (VEGF)™,

Tanaka 25 " Hf 52 & L, hedgehog 15 5 i 1% 1
BOSATRE 1 LU T AR AR e R, R4
AT S BIRER . e R T, Ptchl,
Glil 1 GLi2 [y ik 38 n “, gesb, 40 Glil 1)
T OA B % B AR R IR T 40 A 0 1 g B R,
Hedgehog 5 3, [l i = 40 i i 200 10 1) B 2 ke, A B
210 55 KL 5T 1) AR ELAE A 9%, D9 3L 40 i it
B JE SRR AL A PR S R

A JifJes A0 28 B B K AR K JE B, Wnt. Notch,
Hedgehog iX 3 2% - E 15 Tl B Z (A AFEAS 5
[ B A AR, (HRXFROR ROE R AR, Rt —
BAILT A
3.4 Hippol5Si&%

Hippo {5 5 il % 75 % F J& 7] 52 & B O) 57 1.
Hippo J&— M2 21K / 752 FHE, J& T Ste20 FHilt
MoK k. 1ZiE s B BRI D T AT ERL
Rigyf 3 iy, Ho, RS Z0a T
oy T B N, EEHN TR TR A
TAZ (transcriptional co-activator with PDZ-binding
motif, X FK WWTRI1) j& Hippo 15 5 i % T JiF & AF
M) — NS IEROE T, TAZ AR m S A
FIBIE (TR ) MG, TAZ S4mIGE. T
¥ 54k fE 15 V1A 9 Y. Cordenonsi 45 P¥ B 57
WY, FUI T4 ML 1 3R SRR R RS AR BE 0
T TAZ [0 .

2014 4F, Bartucci % ™ TR G 1A
e 4 A AN HAT IR RS BE 0 1 SR 4R TAZ
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SR RIEBEATHLE, RBE O L. A BURTER
FLBE AT, TAZ FdRE R E ARy BA
BUg A BA TR e S It AR, FEFLIRE T
b, TAZ RSN, FEAR T 4R AR A
TULITRES T

4 FLARETHESEMTHMMET

I % 18] 78 i #4k, (epithelial-mesenchymal transition,
EMT) /& & b Bz 40 0 38 5 A5 5 12 7 e A oy B AT ) Jo
RV A2 FE . Mani 25 B WF R R0, Bb
e T4 LA EMT RS K345 B LS DI B &R .
Weinberg SE4G /N IE, G EMT 355 (1 N B2 48
i3RI T A s B,

EMT 7£ 1% 3 40 o 3 X B B B S 7E e+
i EMIT 15 3 40 i 4% A0 1) 22 DR 3 TR A =X AR B
() B, Notch, Hedgehog. Wnt. Hippo. TGFp Al
NF-«B %55 iR 40 A S (5 Sl i, [RIREAE
§ EMT HURFEME ] Pl

ML EMT, ERZAnigsk 2 7 anfpmtt, k%
HERE R EESE E R ERR, P T HARENIT
T 51228 DU TR B A 2 P &1 5 53 1Y) e ) 5 T) )
FA D EFEN R, EMT &A1 . N4l
M AR wT DLl i B- 85 3R H R, Ui
B B B 57, XA I R AR TR e o - b R e Ak
(mesenchymal-epithelial transition, MET).

Liu 25 " W50 R0, L T4 i EAT 1] 78 R
2 R R R b B AR P RE P A . CD44'CD24 1) 7,
AR A A R A R A, BB R
22 e 7 AR X R 14 5 e 77« ALDH™ (1) ZL IR T
Y FA b R R o e R A B PR g
U T4 03847 EMT it MET FOAH B85, X Ff
AT B 0F e e 40 1 R AR 5 R AR 2R BE 0 2 b EE I,
I HARFR AR 3 B b R EH .

5 45k

I 2o R 440 3R T R 0 30 Y L R T 4
HE, DAL AR T AR B A E 2 O A, SR A
A 5B, AR A e AR R TR, A
b, B o i LR TR AT P E
FHAL. BT TR S LR T 4R
I RN AR, FRAYEL S, AR IR
T2H AN M TR T, 0 7Ll T 4 AR T R AL 1]
9T W SRR LB T AR R, T
figp L 2 LA A S GTEAG T IR AL, i R b A e

T 2R ML PR e R IR R BE T o

IR AT Aok, (B LIRS T 20
Xt FLBREE 2 L T T LR SR TR T S T TR
L EE R K, A S e AL e A
JE A E 7E i SR A SRR 1 H o

(& £ X #]

[1] Bonnet D, Dick JE. Human acute myeloid leukemia is
organized as a hierarchy that originates from a primitive
hematopoietic cell. Nat Med, 1997, 3(7): 730-7

[2] Al-Hajj M, Wicha MS, Benito-Hernandez A, et al.
Prospective identification of tumorigenic breast cancer
cells. Proc Natl Acad Sci USA, 2003, 100(7): 3983-8

[3] Karamboulas C, Ailles L. Developmental signaling
pathways in cancer stem cells of solid tumors. Biochim
Biophys Acta, 2013, 1830(2): 2481-95

[4] de Mendoza FH, Rodriguez EA. Cancer stem cells in
brain tumors[M]//Stem cells in cancer: should we believe
or not? Netherlands: Springer, 2014: 229-43

[5] Kuchler V, Polson ES, Patel A, et al. Induced
differentiation of brain tumour stem cells|M]//Stem Cells
and Cancer Stem Cells, Volume 11. Netherlands: Springer,
2014: 149-58

[6] HuJ, Yuan X, Xu Q, et al. Cancer stem cells in
glioblastoma[M]//Stem Cells and Cancer Stem Cells,
Volume 1. Netherlands: Springer, 2012: 113-20

[7] Takahashi RU, Takeshita F, Fujiwara T, et al. Cancer stem
cells in breast cancer. Cancers: Basel, 2011, 3(1): 1311-28

[8] Battula VL, Shi Y, Evans KW, et al. Ganglioside GD2
identifies breast cancer stem cells and promotes
tumorigenesis. J Clin Invest, 2012, 122(6): 2066-78

[9] Velasco-Velazquez MA, Homsi N, De La Fuente M, et al.
Breast cancer stem cells. Int J Biochem Cell Biol, 2012,
44(4): 573-7

[10] Liu H, Patel MR, Prescher JA, et al. Cancer stem cells
from human breast tumors are involved in spontaneous
metastases in orthotopic mouse models. Proc Natl Acad
Sci USA, 2010, 107(42): 18115-20

[11] Ponti D, Costa A, Zaffaroni N, et al. Isolation and in vitro
propagation of tumorigenic breast cancer cells with stem/
progenitor cell properties. Cancer Res, 2005, 65(13):
5506-11

[12] Zhang Y, Toy KA, Kleer CG. Metaplastic breast
carcinomas are enriched in markers of tumor-initiating
cells and epithelial to mesenchymal transition. Mod
Pathol, 2012, 25(2): 178-84

[13] Ratajczak M, Tarnowski M, Staniszewska M, et al.
Mechanisms of cancer metastasis: involvement of cancer
stem cells? Minerva Med, 2010, 101(3): 179-91

[14] Arima Y, Hayashi N, Hayashi H, et al. Loss of pl6
expression is associated with the stem cell characteristics
of surface markers and therapeutic resistance in estrogen
receptor-negative breast cancer. Int J Cancer, 2012,
130(11): 2568-79

[15] Idowu MO, Kmieciak M, Dumur C, et al. CD44"/CD24™"



1034

FHEE, e

FUMRSE TG 5 38 B AH DR AR 5 B BRI FUaE

1071

[16]

[17]

(18]

(21]

[22]

(23]

[24]

cancer stem/progenitor cells are more abundant in triple-
negative invasive breast carcinoma phenotype and are
associated with poor outcome. Hum Pathol, 2012, 43(3):
364-73

Takahashi K, Tanabe K, Ohnuki M, et al. Induction of
pluripotent stem cells from adult human fibroblasts by
defined factors. Cell, 2007, 131(5): 861-72

Mallon BS, Chenoweth JG, Johnson KR, et al. StemCellDB:
the human pluripotent stem cell database at the National
Institutes of Health. Stem Cell Res, 2013, 10(1): 57-66
Liu S, Cong Y, Wang D, et al. Breast cancer stem cells
transition between epithelial and mesenchymal states
reflective of their normal counterparts. Stem Cell Reports,
2014, 2(1): 78-91

Brescia P, Ortensi B, Fornasari L, et al. CD133 is essential
for glioblastoma stem cell maintenance. Stem Cells, 2013,
31(5): 857-69

Wright MH, Calcagno AM, Salcido CD, et al. Brcal
breast tumors contain distinct CD44"/CD24 and CD133"
cells with cancer stem cell characteristics. Breast Cancer
Res, 2008, 10(1): R10

Liu TJ, Sun BC, Zhao XL, et al. CD133" cells with cancer
stem cell characteristics associates with vasculogenic
mimicry in triple-negative breast cancer. Oncogene, 2013,
32(5): 544-53

Alison MR, Guppy NJ, Lim SM, et al. Finding cancer
stem cells: are aldehyde dehydrogenases fit for purpose? J
Pathol, 2010, 222(4): 335-44

Ginestier C, Hur MH, Charafe-Jauffret E, et al. ALDHI is
a marker of normal and malignant human mammary stem
cells and a predictor of poor clinical outcome. Cell Stem
Cell, 2007, 1(5): 555-67

Ibrahim SF, Diercks AH, Petersen TW, et al. Kinetic
analyses as a critical parameter in defining the side
population (SP) phenotype. Exp Cell Res, 2007, 313(9):
1921-6

Patrawala L, Calhoun T, Schneider-Broussard R, et al.
Side population is enriched in tumorigenic, stem-like
cancer cells, whereas ABCG2" and ABCG2™ cancer cells
are similarly tumorigenic. Cancer Res, 2005, 65(14):
6207-19

Wu C, Alman BA. Side population cells in human cancers.
Cancer Lett, 2008, 268(1): 1-9

Christgen M, Ballmaier M, Bruchhardt H, et al.
Identification of a distinct side population of cancer cells
in the Cal-51 human breast carcinoma cell line. Mol Cell
Biochem, 2007, 306(1-2): 201-12

Holland JD, Klaus A, Garratt AN, et al. Wnt signaling in
stem and cancer stem cells. Curr Opin Cell Biol, 2013,
25(2): 254-64

Khalil S, Tan GA, Giri DD, et al. Activation status of Wnt/
ss-catenin signaling in normal and neoplastic breast
tissues: relationship to HER2/neu expression in human
and mouse. PLoS One, 2012, 7(3): e33421

Woodward WA, Chen MS, Behbod F, et al. WNT/B-catenin
mediates radiation resistance of mouse mammary
progenitor cells. Proc Natl Acad Sci USA, 2007, 104(2):

(31]

[32]

[37]

[47]

618-23

Collu GM, Brennan K. Cooperation between Wnt and
Notch signalling in human breast cancer. Breast Cancer
Res, 2007, 9(3): 105

van Amerongen R, Bowman AN, Nusse R. Developmental
stage and time dictate the fate of Wnt/p-catenin-responsive
stem cells in the mammary gland. Cell Stem Cell, 2012,
11(3): 387-400

Lamb R, Ablett MP, Spence K, et al. Wnt pathway activity
in breast cancer sub-types and stem-like cells. PLoS One,
2013, 8(7): e67811

Li X, Ren J. Isolation of CD44°/CD24™"*" and side
population cells from MDA-MB-453 cells and the analysis
of their activation of Wnt and Notch pathway. Beijing Da
Xue Xue Bao, 2008, 40(5): 471-5

Ling L, Nurcombe V, Cool SM. Wnt signaling controls the
fate of mesenchymal stem cells. Gene, 2009, 433(1-2): 1-7
Vaillant F, Asselin-Labat ML, Shackleton M, et al. The
mammary progenitor marker CD61/B3 integrin identifies
cancer stem cells in mouse models of mammary
tumorigenesis. Cancer Res, 2008, 68(19): 7711-7

Li Y, Welm B, Podsypanina K, et al. Evidence that
transgenes encoding components of the Wnt signaling
pathway preferentially induce mammary cancers from
progenitor cells. Proc Natl Acad Sci USA, 2003, 100(26):
15853-8

Van de Walle I, Waegemans E, De Medts J, et al. Specific
Notch receptor-ligand interactions control human TCR-
af/yd development by inducing differential Notch signal
strength. J Exp Med, 2013, 210(4): 683-97

Koch U, Radtke F. Notch and cancer: a double-edged
sword. Cell Mol Life Sci, 2007, 64(21): 2746-62

Rizzo P, Osipo C, Foreman K, et al. Rational targeting of
Notch signaling in cancer. Oncogene, 2008, 27(38): 5124-
31

Farnie G, Clarke RB. Mammary stem cells and breast
cancer--role of Notch signalling. Stem Cell Rev, 2007,
3(2): 169-75

Aguirre A, Rubio ME, Gallo V. Notch and EGFR pathway
interaction regulates neural stem cell number and self-
renewal. Nature, 2010, 467(7313): 323-7

Harrison H, Farnie G, Howell SJ, et al. Regulation of
breast cancer stem cell activity by signaling through the
Notch4 receptor. Cancer Res, 2010, 70(2): 709-18

Bolos V, Mira E, Martinez-Poveda B, et al. Notch
activation stimulates migration of breast cancer cells and
promotes tumor growth. Breast Cancer Res, 2013, 15(4):
R54

Cohen MM Jr. The hedgehog signaling network. Am J
Med Genet A, 2003, 123A(1): 5-28

Tanaka H, Nakamura M, Kameda C, et al. The Hedgehog
signaling pathway plays an essential role in maintaining
the CD44"CD24 " subpopulation and the side population
of breast cancer cells. Anticancer Res, 2009, 29(6): 2147-
57

Liu S, Dontu G, Mantle ID, et al. Hedgehog signaling and
Bmi-1 regulate self-renewal of normal and malignant



1072

G gEEd

6%

[49]

[50]

[51]

[52]

human mammary stem cells. Cancer Res, 2006, 66(12):
6063-71

Shipitsin M, Campbell LL, Argani P, et al. Molecular
definition of breast tumor heterogeneity. Cancer Cell,
2007, 11(3): 259-73

Kasper M, Jaks V, Fiaschi M, et al. Hedgehog signalling
in breast cancer. Carcinogenesis, 2009, 30(6): 903-11
Collu GM, Hidalgo-Sastre A and Brennan K. Wnt-Notch
signalling crosstalk in development and disease. Cell Mol
Life Sci, 2014, 71(18): 3553-67

Hayward P, Kalmar T, Arias AM. Wnt/Notch signalling
and information processing during development.
Development, 2008, 135(3): 411-24

Mascaro Cordeiro B, Dias Oliveira I, de Seixas Alves MT, et
al. SHH, WNT, and NOTCH pathways in medulloblastoma:
when cancer stem cells maintain self-renewal and
differentiation properties. Childs Nerv Syst, 2014, 30(7):
1165-72

Harvey KF, Zhang X, Thomas DM. The Hippo pathway
and human cancer. Nat Rev Cancer, 2013, 13(4): 246-57
Cordenonsi M, Zanconato F, Azzolin L, et al. The Hippo
transducer TAZ confers cancer stem cell-related traits on
breast cancer cells. Cell, 2011, 147(4): 759-72

Bartucci M, Dattilo R, Moriconi C, et al. TAZ is required
for metastatic activity and chemoresistance of breast
cancer stem cells. Oncogene, 2014 [Epub ahead of print]

[56]

[59]

[60]

[62]

Mani SA, Guo W, Liao MJ, et al. The epithelial-
mesenchymal transition generates cells with properties of
stem cells. Cell, 2008, 133(4): 704-15

Battula VL, Shi Y, Evans KW, et al. Ganglioside GD2
identifies breast cancer stem cells and promotes
tumorigenesis. J Clin Invest, 2012, 122(6): 2066-78
Battula VL, Evans KW, Hollier BG, et al. Epithelial-
mesenchymal transition-derived cells exhibit multilineage
differentiation potential similar to mesenchymal stem
cells. Stem Cells, 2010, 28(8): 1435-45

Takebe N, Warren RQ, Ivy SP. Breast cancer growth and
metastasis: interplay between cancer stem cells, embryonic
signaling pathways and epithelial-to-mesenchymal
transition. Breast Cancer Res, 2011, 13(3): 211

Shin SY, Rath O, Zebisch A, et al. Functional roles of
multiple feedback loops in extracellular signal-regulated
kinase and Wnt signaling pathways that regulate epithelial-
mesenchymal transition. Cancer Res, 2010, 70(17): 6715-
24

Yoo YA, Kang MH, Lee HJ, et al. Sonic hedgehog
pathway promotes metastasis and lymphangiogenesis via
activation of Akt, EMT, and MMP-9 pathway in gastric
cancer. Cancer Res, 2011, 71(22): 7061-70
Moreno-Bueno G, Portillo F, Cano A. Transcriptional
regulation of cell polarity in EMT and cancer. Oncogene,
2008, 27(55): 6958-69



