
Sizuki, Int J Inflam Cancer Integr Ther 2023, 10:2

 Expert Review Open Access

ǧǻǸȁǹǱ 0/ Ș ǚǿǿȁǱ 1 Ș 0///106ǚǺȀ Ǜ ǚǺǲǸǭǹ ǔǭǺǯǱǾ ǚǺȀǱǳǾ ǥǴǱǾ+ ǭǺ ǻǼǱǺ ǭǯǯǱǿǿ 
journal

Internatio
na

l J
ou

rn
al

 o
f In

flam
mation, Cancer and Integrative Therapy

ISSN: 2381-8727

Direct Cell-Cell Communication Controls the Division of the PC-3 Human 
Prostate Cancer Cell Line's Stem Cells
Erick Sizuki*
Department of Applied Biological Science, Tokyo University of Agriculture and Technology, 3-5-8 Saiwaicho, Fuchu, Tokyo, 183-8509, Japan

Abstract
'LVHDVH� XQGLႇHUHQWLDWHG� FHOOV� �&6&V�� DUH� D� VXESRSXODWLRQ� WKDW� FDQ� GULYH� UHSHDW� DQG� PHWDVWDVLV�� ,Q� WKLV� ZD\��

WUHDWPHQWV� IRFXVLQJ�RQ� &6&V� DUH� UHTXLUHG��7KH�SUHFLVH� PROHFXODU� PHFKDQLVP� E\�ZKLFK� QRQ�&6&V� UHJXODWH� &6&�
SUROLIHUDWLRQ�DQG�GLႇHUHQWLDWLRQ�LQ�WKH�WXPRU�PLFURHQYLURQPHQW�LV�ODUJHO\�XQNQRZQ��GHVSLWH�SUHYLRXV�¿QGLQJV�VXJJHVWLQJ�
WKLV��,Q�WKH�3&���KXPDQ�SURVWDWH�FDQFHU�FHOO�OLQH��ZH�GLVFRYHUHG�WKDW�D�GLUHFW�LQWHUDFWLRQ�EHWZHHQ�&6&V�DQG�QRQ�&6&V�
GHFUHDVHG�&6&�GLYLVLRQ� >�@��:KHQ�QRQ�&6&�ULFK�SDUHQWDO�3&���FHOOV�ZHUH�SUHVHQW� LQ�D�FXOWXUH�� WKH�SUROLIHUDWLRQ�RI�
3&���GHULYHG�&6&V��3U6&V��ZDV�VLJQL¿FDQWO\�ORZHU�������WKDQ�ZKHQ�WKH\�ZHUH�DEVHQW��:KHQ�3U6&V�ZHUH�LQGLUHFWO\�
FRFXOWXUHG�ZLWK�3&���FHOOV�DFURVV�D�7UDQVZHOO�LQVHUW��WKHUH�ZHUH�QR�GLႇHUHQFHV�LQ�3U6&�SUROLIHUDWLRQ��DQG�3U6&V�WKDW�
ZHUH�WUDQVLHQWO\�ERXQG�WR�LPPRELOL]HG�3&���FHOOV�SUROLIHUDWHG�PRUH�VORZO\�WKDQ�3U6&V��7KH�UHFXUUHQFH�RI�FHOO�GLYLVLRQ�
ZLWK�HDUOLHU�3U6&�FRQWDFW�ZDV����� WLPHV�KLJKHU� LQ� WKH�3U6&�PRQRFXOWXUH�FRQWUDVWHG�DQG� WKDW� LQ� WKH�FRFXOWXUH�ZLWK�
3&���FHOOV�>�@��$�FHOO�SUR[LPLW\�DVVD\�UHYHDOHG�WKDW�WKH�3U6&V�ZHUH�DSSUR[LPDWHO\�����WLPHV�PRUH�FORVHO\�DVVRFLDWHG�
LQ�WKH�PRQRFXOWXUH�WKDQ�LQ�WKH�FRFXOWXUH�ZLWK�3&���FHOOV��,Q�WKH�FRFXOWXUH�ZLWK�3&���FHOOV��WKH�IUHTXHQF\�RI�DV\PPHWULF�
3U6&�GLYLVLRQ�ZDV�������ZKLOH�LW�ZDV������LQ�WKH�PRQRFXOWXUH��3����������:H�GLVFRYHUHG�WKDW�3U6&±QRQ�&6&�FRQWDFW�
UHJXODWHV�3U6&�GLYLVLRQ�IUHTXHQF\�DQG�PRGH�WKURXJK�GDWD�DQDO\VLV��7KH�WUHDWPHQW�RI�FDQFHU�PD\�KDYH�D�XVHIXO�WDUJHW�
LQ�WKLV�UHJXODWLRQ�>�@�
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Introduction
A subset of cancer stem cells known as CSCs are crucial to the 

development of malignant tumors. In spite of the fact that CSCs exist 
in tiny numbers in growth tissues, their capacities to self-recharge 
by means of symmetric division and to foster more-separated cell 
aggregates (e.g., non-CSCs) by means of deviated division empower 
them to drive the spread of disease, including through the development 
of a progressive construction of heterogeneous disease cells. Non-
CSC cells, stromal cells like �broblasts, immune and vascular 
endothelial cells, and extracellular matrix components make up the 
tumor microenvironment (TME), which includes CSCs. In this niche, 
CSCs interact with these cells to create and maintain intratumor 
heterogeneity. CSCs exhibit high plasticity and can dynamically switch 
between non-CSC and CSC states through reversible di�erentiation, 
in addition to their interactions in the TME. However, little is known 
about the molecular mechanisms that underlie these processes [4].

Non-CSCs that are derived from CSCs through asymmetric division 
play a particularly important role in controlling CSC proliferation in 
the TME. Maintaining intratumor heterogeneity requires interaction 
between the two subpopulations. Using mathematical simulation 
models, researchers discovered that a mechanism involving the 
regulation of CSC division by nonmalignant cells, including non-
CSCs, keeps the number of CSCs in a tumor constant [5]. However, 
the precise molecular mechanisms by which CSC populations are 
maintained and CSC proliferation is controlled by surrounding cells 
are largely unknown. A depiction of these instruments could add to the 
improvement of novel malignant growth treatments [6].

Materials and Methods
Cell culture	

�e JCRB cell bank (National Institutes of Biomedical Innovation, 
Health, and Nutrition, Tokyo, Japan) provided us with the PC-3 human 
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Immuno�uorescence staining

We seeded cells into a 24-well culture plate at a density of  104 cells 
per well. A�er 24 h, we �xed the cells with 4% paraformaldehyde for 
15 min at room temperature, and a�erward washed them with PBS 
(43 mM Na2HPO4, 15 mM KH2PO4, 137 mM NaCl, and 27 mM KCl; 
pH 7.4). �e cells were blocked for 30 minutes with PBS containing 
1% BSA, incubated with anti-CD44 antibody, and conjugated for 30 
minutes at room temperature with PE-Cy5 (TOMBO Biosciences, 
Osaka, Japan) in the dark. Using a �uorescence microscope (type BZ-
X700, KEYENCE, Osaka, Japan), we took immuno�uorescence images 
a�er we had washed them three times with PBS [8].

Cell proximity assay

We used a MarkerGene Cell Proximity Assay Kit (Abcam, 
Cambridge, UK) to conduct a cell proximity assay to examine the impact 
of cell–cell contact on CSC proliferation. �e turnover of a luminescent 
substrate is the foundation of this assay system, which is mediated by 
interactions between the two cells of interest. Each cell was transfected 
with both the LacZ and luc genes. As a measure of cell proximity and 
interaction, we measured the light emission produced by the turnover 
of the substrate. Using Lipofectamine 3000, we transformed the luc 
and lacZnls12co expression vectors, pDC57 (Abcam) and pCMVBeta 
(Abcam), into PrSCs to produce PrSCs carrying luc (PrSC-luc) and 
lacZ (PrSC-lacZ). In a 96-well black plate containing RPMI-1640 
complete medium, we seeded 1  104 cells consisting of PC-3 and PrSC-
luc and -lacZ (2:1:1 in terms of cell number) or PrSC and PrSC-luc 
and -lacZ (2:1:1 in terms of cell number). We replaced the medium 
with 50 L of complete RPMI-1640 medium, supplemented with 20 
mM HEPES and 50 L of the Lugal substrate (1-O-galactopyranosyl-
luciferin;) a�er incubating them for 24 or 44 h. 1.5 mg/mL). Using an 
Enspire multimode plate reader (PerkinElmer, Waltham, MA, USA), 
we measured the chemiluminescence every 5 minutes for a total of 90 
minutes [9].

Results
Isolation and characterization of PC-3-derived CSCs (PrSCs)

To con�ne a CSC populace from PC-3 cells, we utilized a formerly 
settled technique with minor changes. We discovered that the resulting 
holoclone accounted for 9.9% of the original PC-3 cell population, 
which is consistent with the �ndings of the previous study. We used 
RT-qPCR to measure the levels of the CSC markers CD44, 133, and 
ALDH1A, which were signi�cantly higher in the holoclone than in the 
original PC-3 cell population, to con�rm the CSC characteristics of the 
holoclone. �e sphere-formation assay's �ndings further demonstrated 
the PC-3 holoclone's stemness [10]. As a result, we utilized PC-3 
holoclone as PrSCs for the prostate.

A direct cell–cell interaction regulates CSC proliferation

We evaluated PrSC proliferation in coculture systems to test our 
hypothesis that non-CSCs control CSC growth. We isolated holoclones 
(g-PrSCs) from PC-3 cells that were stably expressing GFP (g-PC3) 
in order to obtain an accurate measurement of PrSCs. We cultured 
g-PrSCs either with or without PC-3 cells that were more than 90% 
non-CSCs. When compf hic71 Tw T*
[4.9(io)(�(sin) (a)-(t)-5.d6(h)312(t)-6()19. )0.5(t)-6(h)4(e C6 5iPC-3en)19(t w)-3(i)12(es)5(s/P)9(rSCs-6(h)4(e CJ
0.161 Tw340.1615 (o)11.9(n-C1, USA),u5 (o)11.9(7a [(min)19(u(3o)-9(c]4(e a)3.7. A)16(s a r4(o)12(r)1c624(e)5(r)/T1_0 1 c:)-6er)13(e)6.9(y 7PC37dCJ
0.1615(o)11(p)11(u)-5(l21.5(133, )0037c)192.353
0.161 T0.5(t)t)-6(h)di)12)]TJ
-4(lde-n-C1x5(r)-85, w)8(e (i)12(t)-6(h)4(o)1)-6(h o)12(t w)0.002e s)5((e u)12(t)-4.9(i)(s t-85, wn-C1x5(r)-85, w)(e)-4.9((c)6(6 )0.5(c)6-5(l)17(u)-5(l(a)9(n in t)-65(le)-8(v)8(e)4(l)1(t)-6(a)9(i(t)5.9(er)-5 hic)6(71 (t)5.(o)12(r)1c624(e)5(r)/T1_0 (l p)-9(o)11(p))13(em)4(6(h)4(es9(rac)-6)97(e c)-6(h)4(o)12(f )(r)-6(m)3(i24(13(e ue w)-3(i)12(t)-6(h mi(o)12((c)(o)12(r)19-5(ra)19.1(t)6(e)-5(d5(ur)13(e )0.6)3(a)-5(2(9(t)6(e m-3 ce9(er)-5 hic)(s a rs(d )]TJ Tw T*A)16(s)13( 61 Tw T*o)7(l0.5 USA)(t w002 Tw - o)12(rw(t)-5(6(h)4(e C6 5iPC-6(h)4(f P)9(rSCs. W)97)12(n)8(s)5169-5(ra)19.1(t)6(e)-5m(d )2c)6(h
0.161 Tw340.16ac)9(o)12(r 5(t)T)83(t)t2(t)-6sw3(e )0.6(w T*
19(9(r w002)97)12
[(h)9(y 7PC3615mi)4(l)-4.9(l p)6( 13(e in,(d )]TJ Tw T*(CD44, )09(rSCs-6(h
[(n)4(o)1n-CSCs. W)12(h)4(e(e c)-)12(m)19.1(p)12(fi(l0. C6 5iP4r w05(1_0 (l p)-9(o)11(p)9(c)6(lo)12(n)4ic)6(71-d)0.5(c)6(h4(13(e 97)12(c*
[4.9(iodCJ
0.1615(o)11(p) a)8.9(e c)-n a)8.95odCJ
0.um,(em)8(s t)19-5(r3 t)79 72c)911(ur A)16(s Tw T5(r(l)-5(l-29(13(e 97)12(361)0.6�c)-2-3 ced 97)1c12(h)4(e(n acc)--16(s)13g)-5(l)12(u)-3(a)19(t)6(e)-4.9(d P)rSC p)12(r)13(9(er)-5l6(lo)129(t w)8(er)13(e1m)448 u)12(t)-5(0(t o)11Dur )t2(t)iod 72 12(t)-6(h r)s)5(lc)6(h w))-6(a)9(r)s3(h)1c.1([11]2.1(r)13(os)5(t)-61a)19(t1 3)3(2283 700.7657.126 TDis)4(e C618(s1)0.i.5(c)63(lif)14(e)5(r)-8(a)15(t05(i)-6(o)10(n)327.4016 684/P)64.126 T(s t). W)12(h)4(361)(h)3e c)-)ad6l(er)13(e1m)t05(i)-6(o)10(n)329(l p)-8.9(o)10.9(p)11(u)19(t1 3)3. )0.5if)14(e)5(r)-8(a)(t)-6(a)9(in a)8.9(n )-6(a)9(in.i.5(c)63(lif)14(e 9h)43(e m)4(o)12(r)13(e t)-6(h)3(a)9(n)63(lif)14 9(n ii)129(t w)8(71-d)0.5(c)6(h4((71-d((/5(i)[(h)9(y 7-3(a)GFP (t)T)83(do)12(r)13(e t)-6(h)3(a)9(n)63(lif)14 9(n ii)129(t o)107SCs. W)12(.(n ii)129(t o)107a)19(t1 3r)13(e)-)911()0.5(c4(e)5a2(m)19. 62(o)10.9(2 12(A8c)1826 T(s-6(h)44.9(dt w)8(71y5.(o)12(r(1ii)129(t o)(a)1i4er)13(e 13(n)8(s)d)0.5(c55(c)63(lif)As)-5(l)o)12(t w)07p)-8.9(o)1i,(em)El)-5(56657.126 TDis)4(e h r)s)5(lc)(n)4(es )]e(n )-6s)19.1(t)6B(t108(71y5cr)-8(a)15(tu 7-3(a)GFPm)e m)4(o)124.9(l p))e m)4(o)12(r)i)129(t29(t w6 5i(f P)9e 9h)43(e m)4(o)12(r)13(e t)mTw340.16d)13(e 8(s)5(c)6(h(t)-3(9(e-)911ug124.44.9(dtt)-6(h)4(7)12
[(h)9(y 05sin) (a)-(5m(d )2ege 9h)43(e m)4(o)16i(t)5.9(e28o)5(b)5(lc)6(h e )9(i(t)5.9 t)-5.d6(h)312(tr3 t)79 72c)911h r)s)5(lc)6(c)6(w))-9(dta)9(r)s3(h)1c.1([11C618(s1)0.ddCJ
6 c)-7 Tw T*
[(n9(r)s3(h)13(e m)4(o)12(r)13(e t)(h)9(y 7 s)5((26 TDis)4(e (2 12(A12(t, 4(f P)98.9(oe(d )2c)6(h
 8(s)1(t)-6(a)9-8(ae)13(9(vT1_0 c)6(h
 8(s)t)-6(hp)-8dies)5(c)6(h(t)-)GFP)9(i(t)-6sw3(e )7-3(a)GF)1c12(h)13(e t)1(p) a)8.9(e c5(t05(i)-aa2(m)192(r)13(e t)(h)9(y 7 4)5((26 TDis)4(e )12(m)tr)-8(awlo)129(t12((t)-6(a)9(s1)0.t)-5.d6(h)312(tr3 t)7p)-8.9(-6((o)7(l)r h r)s)5(lc)(n)4(es )]e(n )-6s)19.1(t)6CJ
5(h)4(od )2ege 9h)43(-8(a)15(t052(r)13(e t'p))13(em)234(6(h)4(esh r)s)5(lc(71y5cy 7-3(a3(9(e- m-3 ce)4(l)-5(71y5cr))12(t 9h)43(e m)l)r  m-3 ce)4F)1c12( )]TJ Tw T*A)y 7-3m 61 Tw  7-3, 61 Tw(c)63(l6awlo)129(t)-)9(dta6(o), 61 Tw
0.9h)k)1c(t)-5.d66)/T1_0t)661 6)(t)e m-3 ce9(er29(t4)k)-7 Tw6(p))13(em)45sin) 26 TDis)4(e C618(o)10.9CJ
4-16(sid 9h)437t)t2(t4(133(e 9unicr)-8(a)15(t05(i)7)12
[)5(lc(74)437t)T1_0 )16(s (r 5(.5(c)63(e t)1(p) a)8.9()12(m)(n)4(inn )169(dg9(2 12(A7a [(min)19()129(t o)(a)1i46(o9(d.)(h)9(y 7 sin) 26 TDis)4(e (t)-lP4r w05k)-7 d )]Tl2-3 ced 97s(h)4(en co)12y 7-3(a3(9((l)-53(e m)4(o)16i)7)12
[f12(.9s)5(lc)64(13)17(u)-5(l(a)93(n)8(s)3 t)79 72i 8(s)t)-6(hp)-8d37t)t[12])6(e)-5(d(h)9(y 041in) 26 TDis)4(e de CJ
0.161 T8()911()0.5(-C1x5(r)-)4(7)12
[()97(e c)-6(c)6(h4((76)97(e c)-6(h)4s a r4(o1 6)C618(o)10.96)97(e c)-6)5(lc(71y5.96)97(dir)-5 hiem)8(s t c)-n a)8(76)97(-5(l(a)93(n(o1 6))911ua)9(in.i.5(c)63(lif)14(e 9h)43(e m)4(o)12(r)13(e t169(ds 61 Tw T*o1 Tw17(u))13(em)261in) 26 TDis)4(e -5(l(a)93(n)8(s: 7)12(c*
[4aa22(t l2-3 ced 97s,5(c)63(7 l2--2( )]Tl2-3 ced 97s,5(a)9(s1)0..9(oe(d )2c)-2( )]Tl2-3 ced 97s 1A). H)2563(7 l2--2( )]Tl2-3 ced 97s71-d((/5(i)[(h)9(y 081-d)0.5(c))12(m)  )7-3(a)GF)1c12(h)a)-8(as((t))mTw340.16d)13(e 8(s))12(m)19c12( )(e m)4(ou 7-3(a)GFP c)-6(h)4(a)Gy)5(c)6(h(t)-)GFP)79 72c)911h -8.9r)13(e )6[(n9(r)s3(h)13(e m)93(n(d)0.5(h r)s)5(lc)6(h w))-9(dta)9(r)s365(d(h)9(y 15s)5((26 TDis)4(e (2 6t)-)GFr s3(h)1ce)4F))12(CJ
5(h)4(fc4(e))5(lc(71y5qhp)-8e c)-n a 6ty9(2 12(A8c)13(7 l2--2( )]Tl2-3 ced 97 2--2( cr))12(t(h)9()5(lc()(a)1i)3 t3(lif)1)t)-6(hp)-8d37t)twr )t2d(h)9(y 17in) 26 TDis)4(e -(h4(13(e 97)12(c*
[4a169(db6(c)6(FP (t)T)83(do)c)6(h4((7)9(i(t)1w
0.1)0.3 t)79o)102c)911li(t)-6(05(i)-a9(r)s3. 62(o)10.))12((t))mT9(er29(t4)k)-7 Tw6(p)lP4r55k)-7 dCD44d(h)9(y 13657.126 TDis)4(e (a)9(s1)0.133,5(a)t2dwlo)12l(a)93(n((a)t2dALDa)9H1A1,5(a8.18(o)10.9h3(e16)102c9h)437t)tex1(t)-6(a)9)]e(n -3(a)GF)15)0.3 t)79o)102c)911p)12(13(e )-6)C618ied 97)1c12(h)(h)9(y 7 7in) 26 TDis)4(e 8c)13(7 l2--2( )]Tl2-3 ced 97)]T,dwl1m)4i 

https://www.google.com/search?q=1.+Dick+JE+(2008)+Stem+cell+concepts+renew+cancer+research.+Blood+112%3A+4793-4807.&rlz=1C1GCEU_enIN819IN819&oq=1.%09Dick+JE+(2008)+Stem+cell+concepts+renew+cancer+research.+Blood+112%3A+4793-4807.&aqs=chrome..69i57j69i60.560j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=2.+Plaks+V%2C+Kong+N%2C+Werb+Z+(2015)+The+cancer+stem+cell+niche%3A+how+essential+is+the+niche+in+regulating+stemness+of+tumor+cells%3F+Cell+Stem+Cell+16%3A+225-238.&rlz=1C1GCEU_enIN819IN819&oq=2.%09Plaks+V%2C+Kong+N%2C+Werb+Z+(2015)+The+cancer+stem+cell+niche%3A+how+essential+is+the+niche+in+regulating+stemness+of+tumor+cells%3F+Cell+Stem+Cell+16%3A+225-238.&aqs=chrome..69i57j69i60.432j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=2.+Plaks+V%2C+Kong+N%2C+Werb+Z+(2015)+The+cancer+stem+cell+niche%3A+how+essential+is+the+niche+in+regulating+stemness+of+tumor+cells%3F+Cell+Stem+Cell+16%3A+225-238.&rlz=1C1GCEU_enIN819IN819&oq=2.%09Plaks+V%2C+Kong+N%2C+Werb+Z+(2015)+The+cancer+stem+cell+niche%3A+how+essential+is+the+niche+in+regulating+stemness+of+tumor+cells%3F+Cell+Stem+Cell+16%3A+225-238.&aqs=chrome..69i57j69i60.432j0j9&sourceid=chrome&ie=UTF-8


Citation: Sizuki E (2023) Direct Cell-Cell Communication Controls the Division of the PC-3 Human Prostate Cancer Cell Line's Stem Cells. Int J Inflam 
Cancer Integr Ther, 10: 217.

Page 3 of 3

Volume 10 • Issue 2 • 1000217Int J Inflam Cancer Integr Ther, an open access 
journal

��	 &OHDU\�$6��/HRQDUG�7/��*HVWO�6$��*XQWKHU�(-��������7XPRXU�FHOO�KHWHURJHQHLW\�
PDLQWDLQHG�E\�FRRSHUDWLQJ�VXEFORQHV�LQ�:QW�GULYHQ�PDPPDU\�FDQFHUV��1DWXUH�
�������������

��	 6ZDQWRQ�&��������,QWUDWXPRU�KHWHURJHQHLW\��HYROXWLRQ�WKURXJK�VSDFH�DQG�WLPH��
&DQFHU�5HV���������������

��	 0DUMDQRYLF� 1'�� :HLQEHUJ� 5$�� &KDႇHU� &/� ������� &HOO� SODVWLFLW\� DQG�
KHWHURJHQHLW\�LQ�FDQFHU��&OLQ�&KHP�������������

��	 9HUPHXOHQ�/��7RGDUR�0��GH�6RXVD�0HOOR�)��6SULFN�05��.HPSHU�.��������6LQJOH�
FHOO� FORQLQJ�RI� FRORQ� FDQFHU� VWHP�FHOOV� UHYHDOV�D�PXOWL�OLQHDJH�GLႇHUHQWLDWLRQ�
FDSDFLW\��3URF�1DWO�$FDG�6FL�86$������������������

��	 /LX�;��-RKQVRQ�6��/LX�6��.DQRMLD�'��<XH�:��������1RQOLQHDU�JURZWK�NLQHWLFV�
RI�EUHDVW�FDQFHU�VWHP�FHOOV��LPSOLFDWLRQV�IRU�FDQFHU�VWHP�FHOO�WDUJHWHG�WKHUDS\��
6FL�5HS���������

��	 /XR�<��<DQJ�=��6X�/��6KDQ�-��;X�+��������1RQ&6&V�QRXULVK�&6&V�WKURXJK�
LQWHUOHXNLQ���(�PHGLDWHG�DFWLYDWLRQ�RI�1)�NDSSD%�DQG�-$.�67$7��VLJQDOLQJ�LQ�
KXPDQ�KHSDWRFHOOXODU�FDUFLQRPD��&DQFHU�/HWW��������������

��	 0L]UDN�'��%ULWWDQ�0��$OLVRQ�0��������&'�����PROHFXOH�RI�WKH�PRPHQW��-�3DWKRO�
���������

���	/L�7��6X�<��0HL�<��/HQJ�4��/HQJ�%��������$/'+�$��LV�D�PDUNHU�IRU�PDOLJQDQW�
SURVWDWH� VWHP� FHOOV� DQG� SUHGLFWRU� RI� SURVWDWH� FDQFHU� SDWLHQWV
� RXWFRPH�� /DE�
,QYHVW�������������

���	/L� +�� &KHQ� ;�� &DOKRXQ�'DYLV� 7�� &OD\SRRO� .�� 7DQJ� '*� ������� 3&�� KXPDQ�
SURVWDWH�FDUFLQRPD�FHOO�KRORFORQHV�FRQWDLQ�VHOI�UHQHZLQJ�WXPRU�LQLWLDWLQJ�FHOOV��
&DQFHU�5HV���������������

���	+XDQJ�5��:DQJ�6��:DQJ�1��=KHQJ�<��=KRX�-��������&&/��GHULYHG�IURP�WXPRU�
DVVRFLDWHG�PDFURSKDJHV�SURPRWHV�SURVWDWH�FDQFHU�VWHP�FHOOV�DQG�PHWDVWDVLV�
YLD�DFWLYDWLQJ�EHWD�FDWHQLQ�67$7��VLJQDOLQJ��&HOO�'HDWK�'LV���������

���	/LX�+��3DWHO�05��3UHVFKHU�-$��3DWVLDORX�$��4LDQ�'��HW�DO���������&DQFHU�VWHP�
FHOOV� IURP� KXPDQ� EUHDVW� WXPRUV� DUH� LQYROYHG� LQ� VSRQWDQHRXV� PHWDVWDVHV� LQ�
RUWKRWRSLF�PRXVH�PRGHOV��3URF�1DWO�$FDG�6FL�86$������������������

���	0DUXV\N� $�� 7DEDVVXP� '3�� $OWURFN� 30�� $OPHQGUR� 9�� 0LFKRU� )� ������� 1RQ�
FHOO�DXWRQRPRXV�GULYLQJ�RI� WXPRXU�JURZWK�VXSSRUWV�VXE�FORQDO�KHWHURJHQHLW\��
1DWXUH������������

https://www.google.com/search?q=3.+Cleary+AS%2C+Leonard+TL%2C+Gestl+SA%2C+Gunther+EJ+(2014)+Tumour+cell+heterogeneity+maintained+by+cooperating+subclones+in+Wnt-driven+mammary+cancers.+Nature+508%3A+113-117.&rlz=1C1GCEU_enIN819IN819&oq=3.%09Cleary+AS%2C+Leonard+TL%2C+Gestl+SA%2C+Gunther+EJ+(2014)+Tumour+cell+heterogeneity+maintained+by+cooperating+subclones+in+Wnt-driven+mammary+cancers.+Nature+508%3A+113-117.&aqs=chrome..69i57j69i60.1112j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=3.+Cleary+AS%2C+Leonard+TL%2C+Gestl+SA%2C+Gunther+EJ+(2014)+Tumour+cell+heterogeneity+maintained+by+cooperating+subclones+in+Wnt-driven+mammary+cancers.+Nature+508%3A+113-117.&rlz=1C1GCEU_enIN819IN819&oq=3.%09Cleary+AS%2C+Leonard+TL%2C+Gestl+SA%2C+Gunther+EJ+(2014)+Tumour+cell+heterogeneity+maintained+by+cooperating+subclones+in+Wnt-driven+mammary+cancers.+Nature+508%3A+113-117.&aqs=chrome..69i57j69i60.1112j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=4.+Swanton+C+(2012)+Intratumor+heterogeneity%3A+evolution+through+space+and+time.+Cancer+Res+72%3A+4875-4882.&rlz=1C1GCEU_enIN819IN819&oq=4.%09Swanton+C+(2012)+Intratumor+heterogeneity%3A+evolution+through+space+and+time.+Cancer+Res+72%3A+4875-4882.&aqs=chrome..69i57j69i60.448j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=5.+Marjanovic+ND%2C+Weinberg+RA%2C+Chaffer+CL+(2013)+Cell+plasticity+and+heterogeneity+in+cancer.+Clin+Chem+59%3A+168-179.&rlz=1C1GCEU_enIN819IN819&oq=5.%09Marjanovic+ND%2C+Weinberg+RA%2C+Chaffer+CL+(2013)+Cell+plasticity+and+heterogeneity+in+cancer.+Clin+Chem+59%3A+168-179.&aqs=chrome.0.69i59j69i60.368j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=5.+Marjanovic+ND%2C+Weinberg+RA%2C+Chaffer+CL+(2013)+Cell+plasticity+and+heterogeneity+in+cancer.+Clin+Chem+59%3A+168-179.&rlz=1C1GCEU_enIN819IN819&oq=5.%09Marjanovic+ND%2C+Weinberg+RA%2C+Chaffer+CL+(2013)+Cell+plasticity+and+heterogeneity+in+cancer.+Clin+Chem+59%3A+168-179.&aqs=chrome.0.69i59j69i60.368j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=6.+Vermeulen+L%2C+Todaro+M%2C+de+Sousa+Mello+F%2C+Sprick+MR%2C+Kemper+K+(2008)+Single-cell+cloning+of+colon+cancer+stem+cells+reveals+a+multi-lineage+differentiation+capacity.+Proc+Natl+Acad+Sci+USA+105%3A+13427-13432.&rlz=1C1GCEU_enIN819IN819&oq=6.%09Vermeulen+L%2C+Todaro+M%2C+de+Sousa+Mello+F%2C+Sprick+MR%2C+Kemper+K+(2008)+Single-cell+cloning+of+colon+cancer+stem+cells+reveals+a+multi-lineage+differentiation+capacity.+Proc+Natl+Acad+Sci+USA+105%3A+13427-13432.&aqs=chrome..FILENAME
https://www.google.com/search?q=6.+Vermeulen+L%2C+Todaro+M%2C+de+Sousa+Mello+F%2C+Sprick+MR%2C+Kemper+K+(2008)+Single-cell+cloning+of+colon+cancer+stem+cells+reveals+a+multi-lineage+differentiation+capacity.+Proc+Natl+Acad+Sci+USA+105%3A+13427-13432.&rlz=1C1GCEU_enIN819IN819&oq=6.%09Vermeulen+L%2C+Todaro+M%2C+de+Sousa+Mello+F%2C+Sprick+MR%2C+Kemper+K+(2008)+Single-cell+cloning+of+colon+cancer+stem+cells+reveals+a+multi-lineage+differentiation+capacity.+Proc+Natl+Acad+Sci+USA+105%3A+13427-13432.&aqs=chrome..FILENAME
https://www.google.com/search?q=6.+Vermeulen+L%2C+Todaro+M%2C+de+Sousa+Mello+F%2C+Sprick+MR%2C+Kemper+K+(2008)+Single-cell+cloning+of+colon+cancer+stem+cells+reveals+a+multi-lineage+differentiation+capacity.+Proc+Natl+Acad+Sci+USA+105%3A+13427-13432.&rlz=1C1GCEU_enIN819IN819&oq=6.%09Vermeulen+L%2C+Todaro+M%2C+de+Sousa+Mello+F%2C+Sprick+MR%2C+Kemper+K+(2008)+Single-cell+cloning+of+colon+cancer+stem+cells+reveals+a+multi-lineage+differentiation+capacity.+Proc+Natl+Acad+Sci+USA+105%3A+13427-13432.&aqs=chrome..FILENAME
https://www.google.com/search?q=7.+Liu+X%2C+Johnson+S%2C+Liu+S%2C+Kanojia+D%2C+Yue+W+(2013)+Nonlinear+growth+kinetics+of+breast+cancer+stem+cells%3A+implications+for+cancer+stem+cell+targeted+therapy.+Sci+Rep+3%3A+2473.&rlz=1C1GCEU_enIN819IN819&oq=7.%09Liu+X%2C+Johnson+S%2C+Liu+S%2C+Kanojia+D%2C+Yue+W+(2013)+Nonlinear+growth+kinetics+of+breast+cancer+stem+cells%3A+implications+for+cancer+stem+cell+targeted+therapy.+Sci+Rep+3%3A+2473.&aqs=chrome..69i57j69i60.369j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=7.+Liu+X%2C+Johnson+S%2C+Liu+S%2C+Kanojia+D%2C+Yue+W+(2013)+Nonlinear+growth+kinetics+of+breast+cancer+stem+cells%3A+implications+for+cancer+stem+cell+targeted+therapy.+Sci+Rep+3%3A+2473.&rlz=1C1GCEU_enIN819IN819&oq=7.%09Liu+X%2C+Johnson+S%2C+Liu+S%2C+Kanojia+D%2C+Yue+W+(2013)+Nonlinear+growth+kinetics+of+breast+cancer+stem+cells%3A+implications+for+cancer+stem+cell+targeted+therapy.+Sci+Rep+3%3A+2473.&aqs=chrome..69i57j69i60.369j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=8.+Luo+Y%2C+Yang+Z%2C+Su+L%2C+Shan+J%2C+Xu+H+(2016)+NonCSCs+nourish+CSCs+through+interleukin-17E-mediated+activation+of+NF-kappaB+and+JAK%2FSTAT3+signaling+in+human+hepatocellular+carcinoma.+Cancer+Lett+375%3A+390-399.&rlz=1C1GCEU_enIN819IN819&oq=8.%09Luo+Y%2C+Yang+Z%2C+Su+L%2C+Shan+J%2C+Xu+H+(2016)+NonCSCs+nourish+CSCs+through+interleukin-17E-mediated+activation+of+NF-kappaB+and+JAK%2FSTAT3+signaling+in+human+hepatocellular+carcinoma.+Cancer+Lett+375%3A+390-399.&aqs=chrome..FILENAME
https://www.google.com/search?q=8.+Luo+Y%2C+Yang+Z%2C+Su+L%2C+Shan+J%2C+Xu+H+(2016)+NonCSCs+nourish+CSCs+through+interleukin-17E-mediated+activation+of+NF-kappaB+and+JAK%2FSTAT3+signaling+in+human+hepatocellular+carcinoma.+Cancer+Lett+375%3A+390-399.&rlz=1C1GCEU_enIN819IN819&oq=8.%09Luo+Y%2C+Yang+Z%2C+Su+L%2C+Shan+J%2C+Xu+H+(2016)+NonCSCs+nourish+CSCs+through+interleukin-17E-mediated+activation+of+NF-kappaB+and+JAK%2FSTAT3+signaling+in+human+hepatocellular+carcinoma.+Cancer+Lett+375%3A+390-399.&aqs=chrome..FILENAME
https://www.google.com/search?q=8.+Luo+Y%2C+Yang+Z%2C+Su+L%2C+Shan+J%2C+Xu+H+(2016)+NonCSCs+nourish+CSCs+through+interleukin-17E-mediated+activation+of+NF-kappaB+and+JAK%2FSTAT3+signaling+in+human+hepatocellular+carcinoma.+Cancer+Lett+375%3A+390-399.&rlz=1C1GCEU_enIN819IN819&oq=8.%09Luo+Y%2C+Yang+Z%2C+Su+L%2C+Shan+J%2C+Xu+H+(2016)+NonCSCs+nourish+CSCs+through+interleukin-17E-mediated+activation+of+NF-kappaB+and+JAK%2FSTAT3+signaling+in+human+hepatocellular+carcinoma.+Cancer+Lett+375%3A+390-399.&aqs=chrome..FILENAME
https://www.google.com/search?q=9.+Mizrak+D%2C+Brittan+M%2C+Alison+M+(2008)+CD133%3A+molecule+of+the+moment.+J+Pathol+214%3A+3-9.&rlz=1C1GCEU_enIN819IN819&oq=9.%09Mizrak+D%2C+Brittan+M%2C+Alison+M+(2008)+CD133%3A+molecule+of+the+moment.+J+Pathol+214%3A+3-9.&aqs=chrome..69i57j69i60.320j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=10.+Li+T%2C+Su+Y%2C+Mei+Y%2C+Leng+Q%2C+Leng+B+(2010)+ALDH1A1+is+a+marker+for+malignant+prostate+stem+cells+and+predictor+of+prostate+cancer+patients%27+outcome.+Lab+Invest+90%3A+234-244.&rlz=1C1GCEU_enIN819IN819&oq=10.%09Li+T%2C+Su+Y%2C+Mei+Y%2C+Leng+Q%2C+Leng+B+(2010)+ALDH1A1+is+a+marker+for+malignant+prostate+stem+cells+and+predictor+of+prostate+cancer+patients%27+outcome.+Lab+Invest+90%3A+234-244.&aqs=chrome..69i57j69i60.511j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=10.+Li+T%2C+Su+Y%2C+Mei+Y%2C+Leng+Q%2C+Leng+B+(2010)+ALDH1A1+is+a+marker+for+malignant+prostate+stem+cells+and+predictor+of+prostate+cancer+patients%27+outcome.+Lab+Invest+90%3A+234-244.&rlz=1C1GCEU_enIN819IN819&oq=10.%09Li+T%2C+Su+Y%2C+Mei+Y%2C+Leng+Q%2C+Leng+B+(2010)+ALDH1A1+is+a+marker+for+malignant+prostate+stem+cells+and+predictor+of+prostate+cancer+patients%27+outcome.+Lab+Invest+90%3A+234-244.&aqs=chrome..69i57j69i60.511j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=11.+Li+H%2C+Chen+X%2C+Calhoun-Davis+T%2C+Claypool+K%2C+Tang+DG+(2008)+PC3+human+prostate+carcinoma+cell+holoclones+contain+self-renewing+tumor-initiating+cells.+Cancer+Res+68%3A+1820-1825.&rlz=1C1GCEU_enIN819IN819&oq=11.%09Li+H%2C+Chen+X%2C+Calhoun-Davis+T%2C+Claypool+K%2C+Tang+DG+(2008)+PC3+human+prostate+carcinoma+cell+holoclones+contain+self-renewing+tumor-initiating+cells.+Cancer+Res+68%3A+1820-1825.&aqs=chrome..69i57j69i60.336j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=11.+Li+H%2C+Chen+X%2C+Calhoun-Davis+T%2C+Claypool+K%2C+Tang+DG+(2008)+PC3+human+prostate+carcinoma+cell+holoclones+contain+self-renewing+tumor-initiating+cells.+Cancer+Res+68%3A+1820-1825.&rlz=1C1GCEU_enIN819IN819&oq=11.%09Li+H%2C+Chen+X%2C+Calhoun-Davis+T%2C+Claypool+K%2C+Tang+DG+(2008)+PC3+human+prostate+carcinoma+cell+holoclones+contain+self-renewing+tumor-initiating+cells.+Cancer+Res+68%3A+1820-1825.&aqs=chrome..69i57j69i60.336j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=12.+Huang+R%2C+Wang+S%2C+Wang+N%2C+Zheng+Y%2C+Zhou+J+(2020)+CCL5+derived+from+tumor-associated+macrophages+promotes+prostate+cancer+stem+cells+and+metastasis+via+activating+beta-catenin%2FSTAT3+signaling.+Cell+Death+Dis+11%3A+234.&rlz=1C1GCEU_enIN819IN819&oq=12.%09Huang+R%2C+Wang+S%2C+Wang+N%2C+Zheng+Y%2C+Zhou+J+(2020)+CCL5+derived+from+tumor-associated+macrophages+promotes+prostate+cancer+stem+cells+and+metastasis+via+activating+beta-catenin%2FSTAT3+signaling.+Cell+Death+DisFILENAME
https://www.google.com/search?q=12.+Huang+R%2C+Wang+S%2C+Wang+N%2C+Zheng+Y%2C+Zhou+J+(2020)+CCL5+derived+from+tumor-associated+macrophages+promotes+prostate+cancer+stem+cells+and+metastasis+via+activating+beta-catenin%2FSTAT3+signaling.+Cell+Death+Dis+11%3A+234.&rlz=1C1GCEU_enIN819IN819&oq=12.%09Huang+R%2C+Wang+S%2C+Wang+N%2C+Zheng+Y%2C+Zhou+J+(2020)+CCL5+derived+from+tumor-associated+macrophages+promotes+prostate+cancer+stem+cells+and+metastasis+via+activating+beta-catenin%2FSTAT3+signaling.+Cell+Death+DisFILENAME
https://www.google.com/search?q=12.+Huang+R%2C+Wang+S%2C+Wang+N%2C+Zheng+Y%2C+Zhou+J+(2020)+CCL5+derived+from+tumor-associated+macrophages+promotes+prostate+cancer+stem+cells+and+metastasis+via+activating+beta-catenin%2FSTAT3+signaling.+Cell+Death+Dis+11%3A+234.&rlz=1C1GCEU_enIN819IN819&oq=12.%09Huang+R%2C+Wang+S%2C+Wang+N%2C+Zheng+Y%2C+Zhou+J+(2020)+CCL5+derived+from+tumor-associated+macrophages+promotes+prostate+cancer+stem+cells+and+metastasis+via+activating+beta-catenin%2FSTAT3+signaling.+Cell+Death+DisFILENAME
https://www.google.com/search?q=13.+Liu+H%2C+Patel+MR%2C+Prescher+JA%2C+Patsialou+A%2C+Qian+D%2C+et+al.+(2010)+Cancer+stem+cells+from+human+breast+tumors+are+involved+in+spontaneous+metastases+in+orthotopic+mouse+models.+Proc+Natl+Acad+Sci+USA+107%3A+18115-18120.&rlz=1C1GCEU_enIN819IN819&oq=13.%09Liu+H%2C+Patel+MR%2C+Prescher+JA%2C+Patsialou+A%2C+Qian+D%2C+et+al.+(2010)+Cancer+stem+cells+from+human+breast+tumors+are+involved+in+spontaneous+metastases+in+orthotopic+mouse+models.+Proc+Natl+Acad+Sci+USA+107%3AFILENAME
https://www.google.com/search?q=13.+Liu+H%2C+Patel+MR%2C+Prescher+JA%2C+Patsialou+A%2C+Qian+D%2C+et+al.+(2010)+Cancer+stem+cells+from+human+breast+tumors+are+involved+in+spontaneous+metastases+in+orthotopic+mouse+models.+Proc+Natl+Acad+Sci+USA+107%3A+18115-18120.&rlz=1C1GCEU_enIN819IN819&oq=13.%09Liu+H%2C+Patel+MR%2C+Prescher+JA%2C+Patsialou+A%2C+Qian+D%2C+et+al.+(2010)+Cancer+stem+cells+from+human+breast+tumors+are+involved+in+spontaneous+metastases+in+orthotopic+mouse+models.+Proc+Natl+Acad+Sci+USA+107%3AFILENAME
https://www.google.com/search?q=13.+Liu+H%2C+Patel+MR%2C+Prescher+JA%2C+Patsialou+A%2C+Qian+D%2C+et+al.+(2010)+Cancer+stem+cells+from+human+breast+tumors+are+involved+in+spontaneous+metastases+in+orthotopic+mouse+models.+Proc+Natl+Acad+Sci+USA+107%3A+18115-18120.&rlz=1C1GCEU_enIN819IN819&oq=13.%09Liu+H%2C+Patel+MR%2C+Prescher+JA%2C+Patsialou+A%2C+Qian+D%2C+et+al.+(2010)+Cancer+stem+cells+from+human+breast+tumors+are+involved+in+spontaneous+metastases+in+orthotopic+mouse+models.+Proc+Natl+Acad+Sci+USA+107%3AFILENAME
https://www.google.com/search?q=14.+Marusyk+A%2C+Tabassum+DP%2C+Altrock+PM%2C+Almendro+V%2C+Michor+F+(2014)+Non-cell-autonomous+driving+of+tumour+growth+supports+sub-clonal+heterogeneity.+Nature+514%3A+54-58.&rlz=1C1GCEU_enIN819IN819&oq=14.%09Marusyk+A%2C+Tabassum+DP%2C+Altrock+PM%2C+Almendro+V%2C+Michor+F+(2014)+Non-cell-autonomous+driving+of+tumour+growth+supports+sub-clonal+heterogeneity.+Nature+514%3A+54-58.&aqs=chrome..69i57j69i60.272j0j9&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=14.+Marusyk+A%2C+Tabassum+DP%2C+Altrock+PM%2C+Almendro+V%2C+Michor+F+(2014)+Non-cell-autonomous+driving+of+tumour+growth+supports+sub-clonal+heterogeneity.+Nature+514%3A+54-58.&rlz=1C1GCEU_enIN819IN819&oq=14.%09Marusyk+A%2C+Tabassum+DP%2C+Altrock+PM%2C+Almendro+V%2C+Michor+F+(2014)+Non-cell-autonomous+driving+of+tumour+growth+supports+sub-clonal+heterogeneity.+Nature+514%3A+54-58.&aqs=chrome..69i57j69i60.272j0j9&sourceid=chrome&ie=UTF-8

	Title
	Abstract

