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W OE BE: BN T 258 FHS35 X 45 B 8 8 T 400 ( CRC-CSCs ) ATRTHT . 361228 i mi KLl
Fik e G A AR S B 7 DLD-1 4l 43 %6 CD133°CD44" ) CRC-CSCs, AFWEE (20,
30, 40 pmol/L ) FH535 /£ CRC-CSCs JF IR B 22 (1C5,) 5 J 1Cs, # EEAE A CRC-CSCs, LU
TCAL Y CRC-CSCs o Xf B2, SR 43 501 SR FH B3Rk 592 30 5 A7 R o 8 A TR ok A 00 4 1) 1) R S e g
Transwell IFF 12 25200 J S IF RS R 52 80 (RTCA ) # 41 fLiE# 222 RE /1, qRT-PCR K40
AR Wnt/ B -catenin {5538 B AH 70 F B N FSF 10 mRNA KR iR K284k
5 B FH535 X} CRC-CSCs [ 1Cso A 40 pmol/L. 5 X B 41 40 B L ¢, 40 umol/L FH535 /E Hl 5
) CRC-CSCs AT EK BE 1 10 B 38 55 (57.33 vs. 313.67, P<0.01) , CSCs Ho {9l B & F f& ( 11.60/100 vs.
75.50/100, P<0.05) , iT# (Transwell: 10.66 vs. 90.00; RTCA: 0.17 vs. 0.37 ) )22 ( Transwell:
8 vs. 20; RTCA: 0.14 vs. 0.37) fig 1352 2 B B 0 ( ¥ P<0.01) ; Wnt/B -catenin 15 5 38 I 7> ¥
LEF1. AXIN1 } Fii#/3 T c¢-myc. VEGF. cyclin D1, survivin B mRNA 5&E H £ A H 02 TR (35

P<0.01) o
2538 FHS535 AT g L 756 Wnt/ B -catenin 38 #5915 P H] 55 CRC-CSCs W H IR B . RZBTHAES -
x§iA SEE AR R TN 4AE F IR HT R s Wnt f5 5
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Inhibitory effect of FH535 on self-renewal, migration and invasion
of colorectal cancer stem cells and the mechanism
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Abstract Objective: To investigate the effects of FHS35 on the self-renewal, migration and invasion of colorectal cancer
stem cells (CRC-CSCs) and the mechanism.
Methods: CD133°CD44" CSCs were isolated by fluorescence-activated cell sorting (FACS) from the human DLD-
1 colorectal cancer cell line. CRC-CSCs were treated with different concentrations of FH535 (20, 30, 40 pmol/L) and
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Key words

the half maximal inhibitory concentration (IC50) value was calculated. CRC-CSCs were treated with concentration of
FHS3S, using untreated CRC-CSCs as control, and then, their self-renewal capacity was determined by limiting dilution
assay (LDA) and sphere-forming assay, the migration and invasion abilities were measured by Transwell assay and real-
time cell analysis (RTCA), and the mRNA and protein expressions of molecules involved in Wnt/p-catenin signaling
pathway as well as the downstream molecules were evaluated by qRT-PCR and flow cytometry, respectively.

Results: The IC50 of CRC-CSCs to FHS3S was determined to be 40 ymol/L. In CRC-CSCs treated with
40 pmol/L FHS535 compared with those in control group, the sphere forming capacity was significantly decreased
(57.33 vs. 313.67, P<0.01) and CRC-CSCs ratio was significantly reduced (11.60/100 vs. 75.50/100, P<0.05),
the migration (Transwell: 10.66 vs. 90.00; RTCA: 0.17 vs0.37) and invasion (Transwell: 8 vs. 20; RTCA: 0.14 vs.
0.37) were all significantly inhibited (all P<0.01), and the mRNA and protein expressions of LEF1 and AXIN1 in
Wnt/p-catenin signaling pathway and the downstream molecules c-myc, VEGF, cyclin D1 and survivin were all
significantly down-regulated (all P<0.01).

Conclusion: FHS3S can weaken the abilities of self-renewal, migration and invasion of CRC-CSCs, and the
mechanism may be probably associated with its inhibiting the activity of Wnt/-catenin signaling pathway.
Colorectal Neoplasms; Neoplastic Stem Cells; Cell Self Renewal; Neoplasm Invasiveness; Wnt Signaling Pathway

CLC number: R735.3

% EH I (colorectal cancer, CRC ) K¥FH
g SE AR A AR R P HE A B T TEREE
BRmEE =, BRGNS ", HE %
N HE K AL S IR CRC IR R WA % 7% 358
B, Z9H60%1 CRC & 7E ik Fe b BLEs B e T
% (colorectal liver metastases, CRLM ) , H
RISy T F AR UIBR, CRLMALZCRCEH i &
FHFET A KR PR ESE, B — /b
B 5 K H 3R T RE ) A0 2 1 o316 BE ) 1Y 40 i
T TR RS R e, X — R A MR AR O bR
AL ( cancer stem cells, CSCs) o Ht, MCSCs
A RAAR VT CRCEE B A5 5 1l i A AL & CRC M
HOaE a5 # i B EEWF S 7 1) o H ETRF 2 500 AR
JECD133, CD44, ALDHI1. Lgr5. SPEK 4415
#CRC-CSCs, HACDI33°CD44 P IN N ECRC-
CSCs T4 iy R briR"

KEWHFFEPPHES Wt/ B -catenin ) 5 % 1%
T TCRCMH A K, (HWnt/ B -cateninif J& X}
CRC-CSCs A IR B . RBH A HE 1 1052 mig KL il
KIWWFTE . /N5y F 25 W FHS53 5802 38 i 0 ] Wt/
B -catenin:il I 52 Wi 20 i (1) 22 Fh g B A B FR 10T
LS NER], FHS35RE08 5 S A2 B R 3k — 25
0 e 2 A S SR AR RE 1 s Chen%E ISR
FFHS53538 3 M #H Wnt/ B -catenini® BEIN I 45 H %
I A 1) S B M AR R RE ) o (HFHS351EA 45
L 9 5 7% 2 R AR R A0 I B CRC-CSCs i R T B
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BLH A WL 38 . SR RSB e £ CD1337°CD44”
BICRC-CSCs, ¥ Wnt/B -cateninii &1l 5
FH535/E /] T CSCs, BF5E I 5 7E A CRC-CSCs H
T A ZE T B R b VR BB

1 #MRERE

1.1 &

N EBEDLD- 1400 X EATCCA /5
RPMI-16408;3: 3 . DMEM/F1215 5% . 4
M. 7T-2AFE-MEHED (7-AAD) A EH
GibcoNH]; BRI R . REAEKK T (EGF) | &
HMFgEmm Al K HNF (FGF) . BSA, B274
H & EPeproTech/AHl; CD133-PE., CD44-FITC
@SN TAE RPN e e ] R R NSNS R A ESS N /N
H; FH5350 H £ Selleckchem/A @l ; LEFIL
AXINI., e¢-myec. VEGF . cyclin D1 Msurvivin—3$t
KM B0 [ 26 CSTA R s BrA 5149 h 36 [
Invitrogen/A F) & %

1.2 Hik

1.2 @ e 4155 3% 2 % PR AT S
w0 R AE A © 4 UE B 45 B DLD-1 41 i
FEJC I E 15 AR 16 LT BB 98 KA TE £ 1 CSCs, ik
A VR R 2o 3 24 R 43 2 AR A5 1 DLD-1 2 g
CD133'CD44" ) CRC-CSCs R FE T 5 mg/mL 5
. 0.4%BSA. 2%B27. 10 ng/mL FGF. 10 ng/mL
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EGF By I DMEM/F12 5538 Kb 55 3% 48 h J ik
e EY e

1.2.2 A XK KR 5k CDI33'CD44" & ik 89
CRC-CSCs  2x 10° 40 g A 1 mL & W ) (%
20% a4 17 M 0.4%BSA 4 PBS) 4 CHEM 2 h
S B0 WO A JF B PR T 50 pL B, A
5 uL CD133-PE. 5 pL CD44-FITC A H: [A] %I %f #8
Poik, 4 CHREEIEE 30 min, 250 W 40 F B
# T 1 mL ¥ PBS t, 43k BALEI AL E N
2 pg/mL 1) 7-AAD FE R G t4 10 min LLF] 53 2E T 22
BRAE40 L, ] BD FACSAria Fusion % 2020 it Y
JPEFRS CD133°CD44" FikHY CRC-CSCs.

1.2.3 AR EHEZ ML EALA R HkE
(0.5, 1. 1.5, 27400/ L) = T 96 LA
Rigg 2 R A sk AL b an p ek g i, B MR AL L
55 41 M A BE e B AR 1 IF E AT Ak E A b, TR
CSCs Fbfi ",

1.2.4 R FE I A Transwell £, 12 & £
TR RS HFEAN ", 3x10° 4T T
50 uL JCIML1E RPMI-1640 ¥4, B F 8 um fL
TUERLE Transwell /NZE B %, /NEH 100 uL &
10%FBS ) RPMI-1640 5 35 3, /N %5 Al 1% 58 1 I
(fRZ25:80 ) SRR AR (BB ) , 400
WA M E 15 h, TR 1R 2558 1 U8 B 1) 40 i bk
0.1% 45 R EZEIR T Y0 10 min, WS F A
g

1.2.5 S iEHEE %k SHREAHRY L E
FgE . R SR A M (RTCA) &, 4l
AR T )2 ™ R E S, R
G A MR AL, AR BN S A B ONE
15 min BP0 RAF S, LLSE ARG T 40 i 17
ZHETT .

1.2.6 qRT-PCR % ¥ SCIGJ5 k5 5% U8 411
WIREGE 7 R TRIzol ¥ 2 HU RNA Jf: 06 4% 5t
N ¢DNA, X JH SYBR Green ¥£ & I #H 3¢ 5 [N %
ik, 95 CHiiR 10 min, 95 CZEH 10 min K —7§
W, 40 NMEH, 60 CHEH 10 siBkJE, 72 C
YERT 10 s ZE {8 DL &G Il Wt/ B -catenin 15538 & ¢
3 Kl mRNA A Xf % ik &, GAPDHE AN Z,
AN RO AM X R E R SIWFES T
GAPDH: 5'-GGA GCG AGA TCC CTC CAA AAT-
3', 5'-GGC TGT TGT CAT ACT TCT CAT GG-3';
LEF1: 5'-CAA ATA AAG TGC CCG TGG TG-3',

© WA )T i [ & F I F 2P H

5'-GGA CAT GCC TTG TTT GGA GT-3'; AXINI:
5'-CAT GAC GGA CAG CAG TGT AGA TG-3', 5'-
GGG TTC TCG GGA AAT GAG GTA G-3'; c-mye:
5'-CCA CAG CAA ACC TCC TCA CA-3', 5'-CTG
ACA CTG TCC AAC TTG ACC C-3'; VEGF: 5'-
ATC CAA TCG AGA CCC TGG TG-3', 5'-ATC
TCT CCT ATG TGC TGG CC-3% cyelin D1: 5'-CGG
ACT ACA GGG GAG TTT TG-3', 5'-AGG AGG
TTG GCA TCG GGG T-3'; survivin: 5'-GAA ACT
GCG GAG AAA GTG CG-3', 5'-GAA TAA ACC
CTG GAA GTG GTG C-3',
1.2.7 CCK-8 sktemlsm i 3g s L6 k2 % i
Lag A aEsE ", 96 FLAR LR 1 x 107 4 i 7E
YR RE FRFE SR 72 h JF A CCK-8 {7 10 pL,
Filh A 15 min J5, RICEAFLLE 450 nm 40 1Y
B B B A SPSS #1411 5 FHS535 X CRC-CSCs
0 2 B e B (1Cs ) BB ] A Sy i 2 BF 53
FH B .
1.2.8 A X 08N Wnt/ B -catenin iR G TR

2 x 10° 4 fli ] BD SR 7E IR T [#5E 40 min, #&
JG'5 1/100 LB —HIAE 4 CHEETFHFEF 40 min;
¥ PBS YE¥J5 5 FITC F1 APC 7289 1:100 —HL7E
37 CFWHE 30 ming AWIN—PL, HES 1:100 =
BT U E MR RN IR . ¥ PBS PRI G 0B T
500 pL PBS ", EHLEGI, 2545 E04E 5 H Flowlo
10.0 34T 93 Hr . IS0 E i 5 E A R
K EIE G, PP A = AEACE 5O iR
J&E 7 X6 I () R A A 34 5
1.3 GritF4abE

K HISPSS 19.08K #4753 #r o IE& S0 Aii 14

VORI H « b2 (R xs) F£or, AR
FHBC R REAR R 36 . P<0.05 M 2Z S A BT X

2.1 CD133'CD44" CRC-CSCs $#FHILE

WA CD133 CD44 i (E1A) , 5
K FH I s 38 FH 8 1 BR 52 56 fe 45 JHE i g 1 A e o
fE, BEE R: CD133°CD44"5CD133°CD44 4 Jifl
Bk 7> ) 324,33 £9.29, 18.33 £3.06, 2
SHEGHE Y (t=54.19, P=0.00) , 5HALHF
FTAHLEEHFE" (E1B) . #/RCD133°CD44" 2
5T CRC-CSCs 1] 55 A 41 i A A
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CD133'CD44"

CD133°CD44”

E 1 CRC-CSCs WIiESLE  A: WN4IMIAM % CD133°CD44" (P3) K CD133°CD44™ (P4) 4ifitd; B: EBRELEEA M

A A B RE T
Figure 1  Sorting and identification of CRC-CSCs

A: Fluorescence-activated cell sorting for isolation of CD133°CD44" (P3) and CD133"

CD44" (P4) cells; B: Sphere-forming assay for determination of self-renewal ability

2.2 FH535 iR BRI E

1 x10° CRC-CSCs#ER Fo6 LA, A
[k EFHS351E /00, 24, 48, 72 h, XFHR4HAm
AW RHCCK-8HE Kl B AR X FE450 nmAb iy
BRI ASPSS 19. 0541+ B 8 E FHS35M1C 50 M
40 pmol/L, IFAER JG Lebt o8 i MR EE .
2.3 FH535 3f CRC-CSCs HI E#TAt HHI 220

SR FHRCER 52 50 KA BRVR B BRI K CRC -
CSCs H IR HAE I m A8 4k o 1l BR 52 50 B4 8w
SCHAH . X MR ZH A M ER A N 57.33 £5.03
313.67+13.05, 2R HG&EIT¥E X (t=
-31.74, P=0.00) ; A BR¥k BB LL R
SE A KR CRC-CSCs HER H 1 2 9 A
11.60/100 + 1.60/100, 75.50/100 + 3.98/100, 2
SA G X (1=-25.81, P=0.00) .
2.4 FH535 %f CRC-CSCs iT#. BZ&8t R

FHESE B Transwel liT 5 . 12 28 52 16 6
PR MR 1R 28R A8 M. SCBe Al . X R4l iE
A4 M 10.66 +2.08, 90.00 = 5.00 ( t=
-25.37, P=0.00) ; REMMBME 5 N8 £ 1,
20+ 5 (t=-4.08, P=0.015) (K2A) . T
CRC-CSCsHumi b, #— L RHRTCAFH L
AR 40 ML 7E 25 h e T RS AR SR R ) A8k . S

© MR IT F EHFFNHFEIH

B . X AL RS AH A8 F 2 o 0.17 £ 0.05.
0.37+0.09 (t=3.38, P=0.03) ; &AL +5
By H0.14+0.04, 0.37+0.07 (t=-5.05,
P=0.007) ([2B) ,
2.5 FH535 3f CRC-CSCs & Wnt/ B -catenin i#

B B 22

WJE X FHS3SM K CSCs AR E#H . T HR
ZE0e I ML AT BT, B 3t qRT-PCR B =X
M AR A3 SR T Wnt/ B -cateninil [ ¢ 5 3t
BILEF1 ., AXINI K P K c-mye. VEGF |
cyclin D1, survivinmRNA J& & H JT % ik 48
"7 qRT-PCREIE Bk . SCHR 4 . X HR4p
LEF1. AXIN1., ¢-myc. VEGF. cyclin D1,
survivin [ mRNAM X F IR E 450115+ 0.14
1.72+0.18. 1.3820.46, 1.72+0.06 .
1.12+0.12, 1.27+0.04}2.33+£0.22,
3.19+0.32, 2.22+£0.28, 3.95+0.09,
2.61+0.07, 1.98+0.03 (t=-7.871., -7.02,
-5.07. -20.39, -16.10, -24.60, ¥P<0.00) .
b= W 0 N U Sl S B T 1 T NP W 2NN O
MAPLEFL, AXINI, ¢-myc. VEGF. cyclin
D1, survivinfJ&E F X RIEE H0.48 +0.07 .,
0.82+0.05, 0.38+0.05, 1.38+0.06.

+
4
4
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0.67+0.08, 0.27+0.06/%1.27+0.07, 1.56+0.11, 0.90+0.02 (t=—13.79, -21.68.
1.70+£0.05, 0.93+£0.07, 2.30+0.31, -11.16, -4.94, -11.19, -1845, ¥P<0.01) (K3) .
Xif HE A

A

e
2 A
H .a"' ;
=°=§ o nn.“’
g [ . "oo.f’
= oK, 0
6., Skl
»',n“ ';,
B X HE A

| . + Aoy e A e

AL o R e e e

: g o g W

Transwell f

o R HRYL
sy

o X4

B2 4T, FEEARM  A: Transwell #5; B: RTCA

Figure 2 Measurement of migration and invasion abilities A: Transwell assay; B: RTCA

B 3 qgRT-PCR i\ ARK LM mRNA REBRFRIZ
Figure 3 Detection of the the mRNA and protein expressions by QRT-PCR and flow cytometry
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3 it i M, KM Western blot3g A K H H T 0 5E + 0 M

KR RESI Wt/ B -cateninill %1 5
WWMERSRSG EERE . FRAXCHEER,
F I Wnt/ B -cateninifl i C 248 W 45 B 71697
B O Bl A *%Bﬁj\wnt/B-cateninié%ﬁl]ﬂ?u%m
B AIOMP-18R5. OMP-54F28 . PRI-724% 4
HEA G5 B R TT M IR R S50 5 R A R
BL A TR , FHS 353 1 30 % 7% I F GRIP1
Hl B -cateninX¥fPPAR v FIPPAR & AYZEAE1EH,
BE— 25 iR B—catenin/TCF—%ﬁk", RASH Wt/
B -cateninill #%41 fi % #7 H ipoeg sgow 2

ST P HER], CSCsA S T Mg 1Y T 245
TRRENRERE K. BT A FHS359 3% 58
i 96 4 L R AT SR B IS, (HTE R R TS Y
CSCs IR WAHCHR I o BOAS BIF 5% 38 3 3 =X 40 il
AR4ri%EH CD133*CD44 I CRC-CSCs, #iTFHS535
XFCSCs I UGB . LR AR 22 A 52 M S WL . 40 il
Wt R E D AR TR IR
TACANM, DL4EFE T A0 A v ag s [ 3R AR 5 Ak
— > Il 96 A0 6 LA AR S PR A0 R ) A P BIR S
LIRS, AIEHEE S ZCSCs M # E
KRR o A A 38 G R S KA RR v R
BAESEFH5354F 5 CRC-CSCs [ 6 0 55 fig 11 %2 %)
iR

Ji 3 240 B R R e kA B R, A A ok &R
Gt . LW PR AR IR AR TE R B A o A T Ak 2L
B TY B #o ko 20 MY T B8 AR 28 B ) J2 P g CSCs
RE MR i BN R —, LA 0
FLFH535J2 B4 CRC-CSCsIT M 1R 28 RE 177 1k B 3%
MR . AR Transwel liE B8 47 78 520 Je 92 if i 7
B R, FHS35/EHCRC-CSCsJE, 40
MR 220 1 W WAkl 55 . fe)m . ARDFRARTT
FH535##CRC-CSCs A B . =B IREM 5T
Bl . qRT-PCRZEF BN, FHS351EHCRC-CSCs
Ji, 4P Wt/ B -cateninfs Sl g FE KN LEF1 |
AXINI K Fif#Hce-mye, VEGF, cyclin D1 &
survivin mRNAZRIKH B T i )5 8 o i =S 4
MR T FR B E TR B AL, SmRNA
TR — 3 LS 08 A BRI £ K ] Western
blotde AR, B AR FEAE JRE A X ] B, X 55 56 1%
TR, AT E2~3 d. Frigdiie KeEh
1~2 x 10°A 4/ FE A . TR A 41 F 58 $ 7R CRC-
CSCsArdi tb M /N (0.5% %44 ) , HETLEKR

© WA )T i [ & F I F 2P H

M T LR R A SR v 2 R Y X A R A
WA ARG . T A R R U AR 1 TR T R
MR RETmEAE ) ZIF R, HHEEA ERER
151G TN = o A N S ) R R 7 v 53
AT x 10° 4N/ 2FEATES hpy B AT 3k R
o R o, HOR RS i JF R IE F Western blot
?§*[25—26]c

gi b, AWMPRELLIMCRC-CSCs & M
FH535 0] G838 o #0 # Wnt/ B -cateninfs 5 8 1%
P, RAFHCSCsAREH . BB
HI 55 . 45 AT g Sy B ) 40 CS Cs A 5 14 i 98 7 7%
2R BE AL i S

S % ik
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