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Abstract

“LVHDVH XQGL HUHQILDIHG FHXV &6&V DUH D VXESRSXIDILRQ IIKDIl FDQ GULYH UHSHDI DQG PHIDVIDVLY ,Q WKLV ZD\
IUHDIPHQIV IRFXVIQJ RQ &6&V DUH UHTXWHG 7KH SUHFLVH PRIHFXIDU PHFKDQLVP E\ ZKIFK QRQ &6&V UHIXIDIH &6&
SURILIHUDILRQ DQG GL HUHQILDILRQ LQ IKH IXPRU PLFURHQYLURQPHQI LV (DUJHI\ XQNQRZQ GHVSLIH SUHYLRXV ¢QGLQJV VXJIJHVILQJ
KLV ,QIKH 3&  KXPDQ SURVIDIH FDQFHU FHX (lQH ZH GLVFRYHUHG KDl D GLUHFI LQIHUDFILRQ EHIZHHQ &6&V DQG QRQ &6&V
GHFUHDVHG &6& GLYLVIRQ > § = KHQ QRQ &6& UFK SDUHQID! 3&  FHIV ZHUH SUHVHQN LQ D FXWXUH IKH SURILIHUDILRQ RI
3& GHUYHG &6&V 3U6&V ZDV VLIQL,FDQIN (RZHU IIKDQ ZKHQ WKH\ ZHUH DEVHQIl = KHQ 3U6&V ZHUH LQGLUHFIN
FREXXUHG ZUIK 3&  FHIV DFURVV D 7UDQVZHN LQVHUW IKHUH ZHUH QR GL HUHQFHV LQ 3U6& SURILIHUDILRQ DQG 3U6&V IKDH
ZHUH WDQVLHQI\ ERXQG IR LPPREULJHG 3&  FHIV SURILIHUDIHG PRUH VIRZI\ IKDQ 3U6&V 7KH UHFXUWHQFH RI FHI GLYLVIRQ
ZUIK HDUWHU 3U6& FRQIDFI ZDV IPHV KLIKHU [Q IKH 3U6& PRQRFXIXUH FRQIUDVIHG DQG WIKDIi LQ WKH FREXWXUH ZUIK
3& FHUV> § $ FHI SUR[LPUN DVVD\ UHYHDIHG IIKDI IKH 3U6&V ZHUH DSSUR[LPDIH\ ILPHV PRUH FIRVH\ DVVRFLDIHG
LQ IKH PRQRFXIXUH IKDQ LQ IKH FREXNIXUH ZUIK 3&  FHIV ,Q IKH FREXNIXUH ZUK 3&  FHIV IKH IVLHTXHQF\ RI DVAP PHIULF

3U6& GLYLVIRQ ZDV ZKUH Ll ZDV LQ IKH PRQRFXIIXUH 3 = H GLVFRYHUHG IIKDIl 3U6&+QRQ &6& FRQIDFH
UHIXIDIHV 3U6& GLYLVIRQ IUHTXHQF\ DQG PRGH IKURXJK GDID DQDI\VLY 7KH WUHDIPHQI RI FDQFHU PD\ KDYH D XVHIX0 IDUJHN
LQ WKLV UHIXIDILRQ > @
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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 KClI;
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-gPCR 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
(9-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 Tf4.9(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 CJO
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