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S A f e i 1k WntSa 4 AR , qPCRVE FIBUEE O 3% i 1% 75 26 (R 52 36 K I WntSa 2 AN [A] Wt T Ui {5 5 8 % 400 il 5510 6F
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WntSa promotes vasculogenic mimicry and stemness in prostate cancer cells
through miR-141-3p upregulation
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[Abstract] Objective: To investigate the effects of Wnt5a on the vasculogenic mimicry (VM) and cancer stem cell (CSC) properties of
prostate cancer (PCa) cells by upregulating the expression of miR-141-3p. Methods: Human prostate epithelial cell line RWPE-1 and
PCa cell lines PC-3, LNCaP, and DU145 were cultured. qPCR was employed to detect miR-141-3p expression, and Western blotting
(WB) was used to measure Wnt5a protein levels. Stable WntS5a-knockdown or miR-141-3p-knockdown LNCaP and DU145 cell lines
were established respectively via plasmid transfection. VM formation ability was assessed by three-dimensional culture assay. Cell
proliferation ability and drug sensitivity were measured by CCK-8 assay. Cell migration and invasion abilities were detected using
wound healing and Transwell assays, respectively. The expressions of VM-related molecules and CSC markers were detected by qPCR
and WB. Colony formation ability was determined by clonogenic assay. The proportion of CD133" cells was sorted and calculated by
flow cytometry. The expressions of miR-141-3p and WntSa in CD133" and CD133" cells were detected by qPCR and WB. Stable
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Whnt5a-overexpressing PCa cell lines were constructed via plasmid transfection. The effects of Wnt5a and different Wnt pathway
downstream inhibitors on miR-141-3p expression and promoter activity were detected by qPCR and dual-luciferase reporter assays.
Expression of c-Jun was knocked down in Wnt5a-overexpressing cells using si-c-Jun transfection. The target binding relationship
between c-Jun and the miR-141-3p promoter was verified by qPCR, dual-luciferase reporter assay, and chromatin immunoprecipitation
assay. Results: The expressions of miR-141-3p and Wnt5a were significantly higher in PCa cells compared with those in RWPE-1 cells,
with the highest relative expression in DU145 cells and the lowest in LNCaP cells (P < 0.001). Downregulation of Wnt5a or miR-141-3p
significantly inhibited VM formation ability and stemness of PCa cells, and significantly suppressed the proliferation, migration,
invasion abilities, and enhanced the sensitivity to bicalutamide of PCa cells (P < 0.05 or P < 0.01 or P < 0.001). Downregulation of
Whnt5a significantly inhibited miR-141-3p expression and promoter transcriptional activity (P < 0.01 or P < 0.05), whereas upregulation
of Wnt5a significantly promoted miR-141-3p expression and promoter transcriptional activity (P < 0.01 or P < 0.001). The promoting
effect of Wnt5a on miR-141-3p expression and promoter transcriptional activity could be inhibited by a JNK/c-Jun pathway
inhibitor (P > 0.05). Downregulation of c-Jun significantly inhibited the promoting effect of Wnt5a on miR-141-3p expression and
promoter transcriptional activity (P > 0.05). c-Jun could bind to the -348 to -295 sequence of the miR-141-3p promoter. In absence of

this fragment Wnt5a wouldn’t promote miR-141-3p expression (P > 0.05). Conclusion: The Wnt5a/JNK/c-Jun signaling pathway can

upregulate miR-141-3p expression, and thereby promote VM formation in PCa cells, possibly by activating CSC properties.
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1.1 @\ £ 2X7)
N BIFIIRIER | 240 RWPE-1 F1PCa4ilfifl PC-3.
LNCaP.DU145 Hi #rs2E & /8 56 XN R EBERAT

DMEM ¥ 77 5 6 4 35 % 3 55 1H Gibeo 2 7], qPCR
IV B T A TREA R A E A K, 1308 50
A & H H A TaKaRa A & , qPCR i 7l & W H ¥
Roche 2 ], RIPA 24 - BCA 77 £ . CCK-8 A 7
& ECL W22 ROLHE B il = RAEVHE AL
7] , miR-141-3p inhibitor (miR-141-3p inh) & H: B 4
XTI (inh-NC)  Wnt5a i F A 1895 B 4 /& (Wnt5a-OE)
I FLBHPEXT IR (Vector) «si-WntSa S BN HE (si-NO).
si-c-Jun SILIFAMATHEi-NCO) , LA K miR-141-3p Hf 4= A
IR AR Y 1R B2 't 2R A 75 5 D] o ks A4 1) b i
LA O ) B s B0 Y 2% e T A IR e B 5
Promega /7 , TR1zol i7fl]\ Lipofectamine™ 2000 #%
Yk 7 &% 3 3£ [F Invitrogen A &) , Matrigel 3 i % «
Transwell /N % 1 [ 3% [ Corning A 7] , e ft A WntS5a
Ak APt N vimentin Hii4 /NPT A GAPDH Hiff
% PL N VE-cadherin HL44 S HLA CDI33Hifk b A
c-JunPiiA I H 9 [ Abcam /A #] , % Pi A\ E-cadherin
Uik bt A Nanog. bt A Sox2. /MR T A Octd
J&) 5 3% [E Proteintech 24 ] , AR It AL (HRP) 45
10 3519 1gG AL = 51/ B 1gG W H AL 5 T 2
WA AR IR A A, e th )i e 2% 3 PTE (chromatin
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Technology A ]
1.2 mpasEd R ek g

i FH & 10% it 48 ML i 100 U/mL 5 % &
100 pg/mL 5% % () DMEM 15 77 FL 85 F2 40 il , 55 7530
55:37°C.5% CO, fHIL R =46 . BUSTEUHA KT
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G5 7 6 U0 BH A 2 O 20 MR AT e G, K A R A
miR-141-3p-inh 2 (¥4 J% miR-141-3p inh) . inh-NC 21
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(¥ 4% inh-NC) .si-Wnt5a 2 (54 4% si-Wnt5a) . si-Wnt5a
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1.3 qPCR %4 M| PCa %8 #2 F miR-141-3p % mRNA
EF 323

IS 55 40 A, TRIzol ¥4 £ HU 40 Jild /52 RNA, ¥

RNA ¥ # 3% A cDNA , Z [l qPCR 71 & i B P gk 47
P14 K miRNA M2 mRNA [ %% . 51 % 55 W
1. PCRNZEAT:95 °CTIARE 30 5595 °CAR 45 s,
60 s KFIZESH 10 s, HHEAT 40 M EF . miR-141-3p
PLU6 AN 2, mRNA LL GAPDH NN 2, K FH 223k
TR HL ] mRNA AR Rk

%=1 qPCR3|¥F%
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551530

miR-141-3p
VE-cadherin

TCCCACCCAGTGCGATTTGTC
TTGGAACCAGATGCACATTGAT

GTTGCTGGGAGGCTAAGATGAG
TCTTGCGACTCACGCTTGAC

Vimentin GACGCCATCAACACCGAGTT CTTTGTCGTTGGTTAGCTGGT
E-cadherin CGAGAGCTACACGTTCACGG GGGTGTCGAGGGAAAAATAGG
CD133 AGTCGGAAACTGGCAGATAGC GGTAGTGTTGTACTGGGCCAAT
Nanog TTTGTGGGCCTGAAGAAAACT AGGGCTGTCCTGAATAAGCAG
Sox2 GCCGAGTGGAAACTTTTGTCG GGCAGCGTGTACTTATCCTTCT
Oct4 CTGGGTTGATCCTCGGACCT CCATCGGAGTTGCTCTCCA

U6 CTCGCTTCGGCAGCAGCACATATA AAATATGGAACGCTTCACGA
GAPDH TCAACCCTACAAGTCCAGCT TCCAGTCACCAAGTAGCGATCT

1.4 WB k4 M PCa %8 e F Wnt5a. VM = L § 8] i
HAL(EMT)X & Gty &k

SCEE B AL 40 i, A RIPA 2 78 v 4 B 400 it 2
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LUK 73 B8 5 e T, 5% Mt R Wk 35 P 1 h J5 , 7 Wnt5a
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E-cadherin (1:5 000) - CD133 (1:1 000) . Nanog
(1:1000).Sox2(1:1000).Oct4(1:5 000)F1 DAPDH
(1:5000)—Hid, B T4 CRERAL B . PEfE S,
£ HRP #1211 2 1 % 1gG (122 000D 5% Ll 2 51/ B
IgG(1:2 000) —Pi , EiFFEARALFE 1 h, ECL &,
A2 RO EE R 58 R G id% - LA GAPDH 1E A P
2, i ] Image] 3143 Bt 85 11 o3 2415 (1) K FEAAL, LAK
FEAEARER H 2 i AR SRR &
1.5 = 4355250460 PCa @ i VM 89 7 ik 1 9L

TS AR 35 TS, s T4 1) G I3 s 7 i 5
e 1218 A 71 96 FLAR I T &1 500 uL, 37 °Ci
2 ho HUGHE A KIS A0, LA 1 x 10" 4~/mL %5
FE M BF LI 100 wL 48 g 20, 4k 235 97 24 h, 10
BN SR S M HESE I A e SRR . B B
N SN EF AT IR BB IR S M R
B IMH .
1.6 CCK-8 k4] PCa 4@ L6938 75 A% /) R 2h SR M

BN SO A K - 4l L, DAREAL 1 < 104441
%l T 96 FLIR , B T 37 °C ¥ 7% # b K5 77 12, 24,
48.72.96 h J& , A1 & LN 10 uL ) CCK-8 ik 5

37 °CAbF 1 h )&, A5 FH B AR O € 450 nm 4k ) O6
FE (DA [R5 724000 24 h 5, B 100 pmol/L
B A~ B %, 25 A0 7 ) BS 77 12.24.48.72.96 h,
] 4 FL N 10 pL i) CCK-8 3R 7,37 °CAb# 1 h )5,
Rl DAE » I 42 HE 2 20« 40 B 3% 51 R = [(SEIR4A D
B - SEXEDED/(AHX A DE - X
DAED] x 100%” T 541 B FE %

1.7 RIJEFE BN PCataftn o L4558 )

O B KA 25 040, AREFL 1 x 10044
W4 T 6 FLIL , 5555 12~24 h, f 4RI & FF 80% A 4
i, FH 200 pL WSk 2 BT LK BRI, PBS 32 52 Bt
B2 WG HEAT 40 B, B e G VAR IR AL gk R R
24 h, RO AR A B AT IR . {37 Imaged #4HI
SRR, AT 0 A
1.8 Transwell 52 1242 PCa 20 L 6913 £ 4% 7

OO A K AR 25 2 4 e, BAREFL 1 < 10044
422 b T T4 35 53 2 ) Transweell /%58 (2 i &%
200 pL), 1A K = 0N 600 uL 5 5% fif 2 M3 i 55
Ak, WiF24 0, FELEMTFENZREEFN,
4% %2 J& WIS 8 52 40 0 15 min, 0.5% %5 & 48 e
20 min , PBS {E¥E/NE 3 K. J62E RS T BEALIEEL
5/ P T 5 A A O 0 R, T B0 28 A i L, B
¥IH.

1.9 SIEH Ak 52 3545 PCa 4@ At 69 52 1% 71 A Bk /)

EORT 5 A K H 4D 440 B o) % ol o 200 PR B, ¢ R
5 % 10°/™ 4 /LI 25 FE 42 b 1 mL 20 L8 22 24 AL
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PR, 5 52 4 IR LA 40 i 73 #5035 5 o 55 3R A8 R R
BE 7R 2~3 A, L IR) 3 I TR R i R IR . 4 IR
A LI oa B I 26 1 55 5, 5 R B IR PBS /DR TR
200, AT S R [ 2 4E R 15 min, 77 RS
Ja AT H0.1% 45 b 58 G4 44 5 10 min, 7K
BV Y, AT S T WS, BL10 /R
HURLET , THEUELAE > 50 wm FO4H D 7e k% , BCE21E .
1.10 R X fm e KA CD133" 4m it o 4]

N A K 3 10 %% 2 40 i, LA 800 r/min & 40
5 min, B8 B0 M0 E , 75 F PBS 15 P40, 7 IR S 0
S WSCEE A0 0 TE , DN 100 L CD133 Hi4A (FiBk B 7]
115000, HFIREIG 4 °CUKAR I E 30 min, K
FH AR 240 B ARSI CD 13341 A B )
L1l MR AZBRELARNEREIEIWntSa s 5
miR-141-3p B 5 T X &9 A2 4

K F ' 2 S R S 56 58 GF WintSa 5
miR-141-3p LA E R . #7E miR-141-3p J3 3T 1 EF
A (miR-141-3p-WT) FIZEAZ A (miR-141-3p-MUT)
He R MRS FE R ML, 48 Lipofectamine™ 2000 % 4%
PTG IR E O Z R 35 3 K BURL . miR-141-3p inh
J XS IR WntS5a-OE S H6) TR  si-WntSa Mz X I
JFRE si-c-Jun S U TR , 44500 T RABHCH; Y %2 PCa
SR, B G 48 h J5 A FHOUUE Y 2 T = DR 0
PG R, Bk R e RS
U RS VA I LA A 1B S5 B 2R R 1
1.12  ChIP % 3545 c-Jun 5 miR-141-3p /2 ) F X 4
BT B

FE37 °CF LA 1% H VA AL FE4H i 10 min, J5 0
NHZER (IR E 125 mmol/L) & 1k e M. oK _EZ4fE
YRR, B Co WSO AR 20 B A, FH PR 1) 1 P D) i G i D7)
& 4 1) B, B 10% 1 24 Input 5 /o 6l SR 5
A c-Jun 5§ 7 P HUAR Cof FAH FH 1gG) , 4 °C F b B T
o FEIMN Protein A/G i Bk ,4 °CCAREE AL HE 1 ho 1K
AR 26 3 28 \LiCl M2 TE 2l ve B i3k 2 &)
Jei s MRN8 2 1 i J B T T K, 65 °C A A8 BRI AR o
K H DNA 4difb 77 & B DNA J B, il ik qPCR ¥2:
I E bR DR 2 X R
1.13 %itsam

PL_E BT SRt 3 7 B4 3 Yk, SR SPSS 22.0
B A1 GraphPad Prism 8.0 #4 3E 47 B 4 # I 2
Bl R K-S TE A4 30 v k0 Wl 5 48 2 75 I M IE 7S 73
A, A S0 AT SEIR B 25 45 & 15 A 0 A, S 80
Mx + s R, WA LECRH i % . PLP <0.05 8%
P<0.01 ®RERBEAGSE L.

2 & R

2.1 miR-141-3p 4= Wnt5a £ PCa @t 2 & % ik
qPCR % CE 1A) F1 WB 2 (I 1B) K6 45 3 5.
7~ > 5 RWPE-1 41 fg #f Lt , PCa 41 g ' miR-141-3p 1
Wht5a 35 & 35 m %k (B P < 0.001) , H i L DU145
YT g 3 3K KT B e 5 1 LNCaP 40 i (1) 3 32 7K 7 A X
B FE TR 25 5 K A B ke L 6 5 DU14S 4l i
(I R AN RO A LNCaP 40 i il R BUBO #3175

A sk k sk B kkk
B 0.004 o BoLS k|
g 0.003 ko g —
R PC3  LNCaP  DUI45 RWPE-l 10
& 0.002 I
~ WntSa = s e o o o g @D B o s
= 0001 =
& GAPDH =~ e s s s s s s . s e s §
g 0 0

RN R R
TR T

A:qPCR 7401 miR-141-3p 7E RWPE-1 21 i A1 PCa 21 g H (1) A 5 35 7K1 s B: WB VA8 Wnt5a £ 14 75 RWPE-1 2l L fil PCa 411 i
H AR R IE KT TP <0.001,
1 miR-141-3p 1 Wnt5a % (5 7£ RWPE-1 £BBfIF1 PCa fABf s B RIA

2.2 I KR & & WntSa 49 PCa 4@ it tk
% F siRNA 7 % DU145 21l s Wnt5a 235 , 3
Mg it Rk ok BRI, BL qPCR A WB VZ PEAl
FLRi AR B0 Rk K, 25 BLEIR , si-WntSa E %
F P PCa 41l ffirf Wnt5a mRNA M H K %A (P < 0.05
B P<0.01 8 P<0.001,K2A.B), Wnt5a-OFE Jii }i g
3% Fi PCa 20 il Wnt5a mRNA F14E A KR IA (1
P <0.001, & 2C.D), % B )14 & WntSa w2 i

FISA P, v] LT 5 8L DR e
2.3 Wnt5a#2miR-141-3p 42 3 PCa @i, VM 69 75 m&,
=R IR A5 R (B 3A) TR, Rl % WntSa 5%,
I miR-141-3p Fik 35 ] 2 25 P& A% PCa 41 f 55 i 45
R RE 1 (B P < 0.001) . qPCR A WB LG I 25
FE4A B IR, i ik WntSa 80401 #1 miR-141-3p 3
AR 2 N VM kg & KT VE-cadherin & [8] i br &4
vimentin [] mRNA F1 5 [ 7K F-(P < 0.058 P < 0.01),

are
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EF FiE R bR Y E-cadherin [ 3% (P < 0.05 B8
P<0.01). 455 %W, Wnt5a 5 miR-141-3p t [F L 1

PCa 41 Ji{s VM JE i - BX &) EMT i#E 2

A
T o B By e
‘EJ — \ n % sk
® A . \]\]&\"Sw . \]\](\"SW H 1.0
o 1.0 K e R ﬁ
Z
2 o5 Wntsa S - 05
3 GAPDH  ane e e e e cn e v e £
§ 0 < A = 0 < AN
NO e e L. g
N é\'\ﬂ * é\'\ﬂ ® = é\ﬂw é\’\“ ®
C 1.00 D 1.00
" A 2
& 075 et WS 3 075
2 o050 witsa feps s NN © o5
4
£ o2s GAPDH (R '
= a
S =
= Vector Wnt5a-OF Vector Wnt5a-OF

A.C:qPCRIZERI Wnt5a ££ DU145 240 i 71 (AR X 3% K . B D : WB VA6 I Wnt5a 25 (A 7E DU 145 4 i A (1A 5 145 7K.
'P<0.05,"P<0.01,""P<0.001.
2 AR AT FRIE WatSa BOR L E

2.4  Wnt5a A2 miR-141-3p 2 i PCa %m I 38 74 | iL 4%
54z & 5t H) 2 AR

CCK-8 7% . %I JR 5256 . Transwell =2 56 fa; I 45
(B 3B~E) &7 , ik Wnt5a B4 ] miR-141-3p % ik
¥ e 2 2 PRI PCa 41 Mo (1) 386 58 3L 78 K AR 28 6e 7
(P <0.058 P <0015 P<0.001), [[K & %HEH
PCa 4H %) bR & i B BUBE (P < 0.05 8 P < 0.01 5L
P<0.001), 455K, WntSa fl miR-141-3p 5 HE
) 425 PCa 20 0 (1) 38 5 XL 75 IR 22 68 7 5 [R]85 401
PCa i HfL X0} L~ 8 i (1) SRR
2.5 T Wnt5aA=miR-141-3p % 1k 4| PCa tm L 64 -F
o JleL 4

qPCR 7% WB ¥Z: 5o B T% 1 S 56 AL =04 A A
M a4 8w, % WntSa 55 F i miR-141-3p £
1535 fe w3 ) PCa 40 il CSC b & Kl CD133.
Nanog. Sox2 1 Oct4 ] £ ik (P < 0.05 B{ P < 0.01 5
P<0.001, & 4A.B) . SLFE ¥ Hife /1 (35 P < 0.001, &
4C), PL S CD133 4H g b A5l (P < 0.01 B{ P < 0.001 , 4]
4D) ; Ib4h, CD133 41 i ' miR-141-3p F1 WntSa [ 3%
kK F 4 B E T CD133 4i (3 P < 0.01, B 4E.
F). Z53R%0, Wnt5a fll miR-141-3p 7E4E 5 PCa T4
JORE I R R EE AR T AR D B ) PCa 48 i 1) 7
TEVRTTHE R
2.6 Wnt5a il iT % & INK/c-Jun 13 5 38 # ¥e. %) 8 4%
miR-141-3p &9 & X

qPCR V2 1R ' 2 Pl Al A2 DR i 56 A 0 45 SR
(JH 5A~D) & 7%, K i WntSa (1) % 15 B8 0% 5 3 10 )
miR-141-3p IFRIE S5 (P < 0.05 8L P < 0.01),

i ik Wnt5a U AT i miR-141-3p [ %k K 54 3%
PE(P <0.01 3P <0.001), Wnt5a Xt miR-141-3p & i&
J B 5 VR R R A F BR 68 B TNK 38 B 410 | )
(SP600125) ##1 (P > 0.05) . c-Jun F& INK i #% ) 5%
BT WS AN FTIE IS JASPAR 4 e TR &
I c-Jun A7 17E 5 miR-141-3p J& 8 T #I 45 & X 35k (&
5E) 5 33 qPCR ¥ AU G 2R I 4 1 2 R <2 3 A )
R (B 5F.G) o, T c-Jun [k AES i 25 0 4
WntS5a X} miR-141-3p 3R ik J ¥ 5636 £ (1 bR 7B
(P<0.055P<0.015P<0.001); it i@t ChIP
SR BUHE ' 2R AR 2 R S g A I 25 SR (J¥] SH. D
7R, c-Jun A5 miR-141-3p [0 )5 5 7 #8 [1) 45 & I F i
TGRS, B2 r I T H-348 2295 1 | B
ZE(P<0.01). LiRgh R, WntSa 8 i #E
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