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Abstract

BACKGROUND

Colon cancer ranks 5th in both incidence and mortality
among malignant tumors in China. Chemotherapy is
the main treatment method. Studies have shown that
immunosuppressive agent FI'Y720 has a certain inhibitory
effect on cancer cell proliferation. Inhibitors combined
with chemotherapy drugs can improve the therapeutic
effect of cancer. In this study, immunosuppressive agent
FTY720 and gemcitabine were used together to treat
colon cancer cells, and the role of miR-494/ mammalian
Ste20-like kinase 1 (MST1) in the proliferation and
apoptosis of colon cancer cells was explored, with an aim
to provide a new treatment for colon cancer.

Alm

To investigate the effects of FTY720 and gemcitabine on
the survival and apoptosis of colon cancer cells and the
potential molecular mechanisms involved.

METHODS

Colon cancer SW1116 cells were treated with gemcitabine
at concentrations of 0.0001 pg/mL, 0.001 pg/mL,
0.01 pg/mL, 0.1 pg/mL, and 1 pg/mL and FTY720 at
concentrations of 2.5 umol/L, 5 pmol/L, 7.5 umol/
L, 10 ymol/L, and 12.5 pmol/L. CCKS assay and flow
cytometry were applied to detect the survival rate and
apoptosis rate of SW1116 cells. Quantitative real-time
polymerase chain reaction was used to measure the
levels of miR-494 and MST1 mRNA. Western blot was
carried out to detect the expression levels of MST1, p21,
and Caspase-3 proteins. Dual-luciferase reporter assay

2020-03-28 | Volume 28 | Issue 6 |
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was performed to verify the relationship between miR-
494 and MST1.

RESULTS

Gemcitabine and FTY720 reduced the survival rate
of colon carcinoma SW1116 cells in a concentration
dependent manner. According to the results, 0.1 pg/mL
gemcitabine and 10 pmol/L FTY720 with an inhibition rate
of about 50% were selected for subsequent experiments.
Gemcitabine and FTY720 both inhibited cell survival
and promoted cell apoptosis, and their combined use
was better than the single use. Overexpression of miR-
494 reversed the effects of FTY720 and gemcitabine on
survival and apoptosis in SW1116 cells. MiR-494 targeted
and regulated MST1. Inhibition of MST1 reversed the
effects of FTY720 and gemcitabine on the survival and
apoptosis in SW1116 cells.

CONCLUSION

FTY720 and gemcitabine inhibit SW1116 cell survival
and promote apoptosis through the miR-494/ MST1
pathway. The combination of FTY720 and gemcitabine
has more significantly inhibitory effects on the survival
and apoptosis of SW1116 cells.

© The Author(s) 2020. Published by Baishideng Publishing
Group Inc. All rights reserved.

Key Words: Colon cancer; FTY720; Gemcitabine; MiR-494;
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#9300 50 png/mLK 13 P A (100.11% £ 10.02%)
AHEE, 0.0001 pg/mL. 0.001 pg/mL. 0.01 pg/mL. 0.1
pwg/mL. 1 pg/mLI¥ 7 POl AL B 245 S W 1116
I W PR A7 35 2.(95.14% +9.26% - 86.84% +8.73%-
0.16%+7.14%. 54.18%+5.27% 37.68%+3.59%)
BB, BAE R, THEAICS50 = 0.1024 pg/
mL, Z5F¥HAF 5 L (P<0.05); 50 umol/Li
FTY720 (100.01%+10.01%)#HEt, 2.5 pmol/L. 5 pmol/
L. 7.5 umol/L. 10 umol/L. 12.5 pmol/LIJFTY7204b
PP 45 9 SW 162 il (1) 4775 28.(87.67% £ 8.37%
71.34%+7.25%. 64.30%+6.51%. 48.28%+4.56%-
39.97% £ 4.03%)IZ B K, BAFIERESE, 275 A
HG 55 X (P<0.05), THHEAFICS0 = 8.625 pug/mL (£ 1.
F2). MRAEEER, J5BASLI0 e FAAE 24N 50% 1) 75 Phift
TEIRE0.1 pg/mL, FTY 720942 10 pmol/L.

2.2 FTY7204= & ® 42 sf SW11164m 5% 5 8 T &
miR-494. MSTUEA #9%m SXF A L, 5 Phfhis
AIFTY 72041 S W 111641 g FFmiR-494 1) 75 &34 %
iK(P<0.05), MST1. p21HiCaspase-3FE A X LEY T}
L AT I R PR AR (P<0.05), i E TR At
(P<0.05); 75 PUABIE+FTY 720445 5 75 v f v 4 A
FTY 7204045 Bttt — 5, HACRTE BB, £3). 3
B 5 35 BBk 2 i P T 0] S W11 6400 PO A7 375 - 41 2 401 e
JH T2, HEC s A SO S A

2.3 i A EmiR-4944F 4 FTYT720. + MLt
mALSW 1116400 A& 58 =0 % 53 P54 E
+FTY720+miR-NCALAHLL, 75 PEAhiE+FTY720+miR-494
HASWI111640HE I miR-494 5 & F+ 5 (P<0.05), p21#1
Caspase-33K 1A & [F(K(P<0.05), A7 IE R Tt E
(P<0.05), JAT-H FFEP<0.05)(E2. 4. #£5). Wi
FikmiR-494 1 WHFTY 720, 75 FHABIEATSW111640H1
TR AN T R .

2.4 miR-494¥2 & #MST1 TargetscanTiill4s H E IR,
MSTI1#3’-UTRF I H & A HmiR-494 H ML S(E
3A). WFIC MRS R A4 RUROFT/R, HmiR-NCHH

Baishidenge  WCJD | https:/ /www.wjgnet.com

220

AHEE, miR-49441 57 4= BIW T-MST 1 8 K U e R A
X PR R B (P<0.05); T RAEFIMUT-MSTI ) K
UG R BEAR XV TC AR L. Western blot&h B & I,
i FIAmiR-4944 FIMSTIMRNAFIE AR A EEE N
[%(P<0.05); miR-4941HI 41 [IMST1 mRNAFIE (HFRIA
=R E FTHP<0.05)(E3B. #7).

2.5 I HMSTI1 T i# 45 FTY 72052 & & 4 3% AF JA 44 2m
FLSWI111684 ta i 75 7% F B A =8 %m 575 FifhiE
+FTY 7204 F1 35 POV +FTY 720+si-NCALAH b, 35
PEfiE+FTY720+si-MST141SW 1116418 MSTI1
mRNA & [E1K(P<0.05), p21MlCaspase-37¢1A i & FF1K
(P<0.05), 4HHAFIE R T 51(P<0.05), T FF#P<0.05)
(B4, 3£8). BLRAHNHIMST 1AW HF TY 72017 Pt
XFSWT 16 A A7 58 A T2 1 52

3 e

FTY 72052 i PRACAE ) 2 e PEAEARE G 9% 115 5751, @it
B S N~ |- R | 2 A Th R F5 A P K T4 L Rl 25 T3k
L4k, A0 7e R B LA R AT R T R A .
FTY 720 0] 34 58 = B1F1 B 52 78 257 N 539 28 25 SR IR I
SRR R AR AL A R PES FTY 720 77 i 3L S
P LR A P 398 55 5 R 200 A YR8 4 M o 5 B e
FIBURHE", G R RN, FTY 7205 45 B i 4 i th
AEMEAEM. HAEH RIS S, e, o
e PIH R GRS mR, HACR R, FTY7207E
PO A 45 g KR TT R S A EME R, H AT
ATEAIEIE.

AP S AN [RIR B (P TY 72080 35 Pl i 43 1
IRCA AL PR ZE B S W T164H I R I, FTY 7201 phfih
YR 15 T A0 ) 455 g o 20 D S W 116 P 7375 41 138 4 e 7
T2, A A 220 N 50% 0] 7 PEAREIR 0.1 pg/mL,
FTY 72095 410 umol/L, H. A F X SW111641
O U ) £ Y BE 5. 15 BT Y 72006} 75 PH A s i 4% e
TBIT HA R A, R ARHLS A 2.

AR, & i A E S EEMS T 555
R E DI AR S S WA i3k 45 e A (R ZE T T
AW T @ A P15 B 2E T R I, miR-4945MST1H]
3 UTRIXAFLE HAMNT 1, HEMMST1R] ¢ /2 miR-494 114
FER. R, AR ¥, FTY720 0] GEiE It miR-4944E 1)
MST I 3E 75 PEATIEE X SW 111640 it /6 .

MSTj& MR T, 208 TE 54 A4
ThEe R fig (0 G A o, i 220k mT 5] e 240 fi i) e 482
T2, FLBR R T 3 EU™ 5 S BRI, MST1LEMN S Lol
MR« FEIRI 2% B /N i) B iy o it e
e EEE R, Hippoi % 78 il Hh k4% FOh AR 1
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xR 1 SORENESEESWINAIEEERAVEIM(mean £ SD, 7 = 9)

SEOMERE (ug/mL) RIREER%)
0 100.11 + 10.02
0.0001 95.14 +9.26
0.001 86.84 +8.73*
0.01 70.16 +7.14°
0.1 54.18 +5.27°
1 37.68 + 3.59°*
Fig 92.142
PE <0.001

S04AH, “P<0.05; 50.000148LH, °P<0.05; 50.001£HEEHR, P<0.05; 50.0148HLHR, P<0.05; S0.148ELHR, ©P<0.05.

R 2 FIY7203SWIN6MBIB7EE REIE0M(mean + SD, 7 = 9)

FTY7205RE RIRTFER(%)
0 100.01 +10.01
2.5 87.67 +8.37°
5 71.34 £7.25%
7.5 64.30 +6.561°
10 48.28 + 4,56
12.5 39.97 + 4,03
Fig 93.224
PE <0.001

S04AER, °P<0.05; 52 54801 #K, °P<0.05; SEIR, P<0.05; 57.648HK, °P<0.05; 51048, °P<0.05.

R 3 FIY7208E1838 SR MAESWINCMBIRFERIAT RmiR-494, MSTIZRIAHVEA(mean £ SD, 77 = 9)

S48 mMiR-494 MSTIZEH p21 Caspase-3 IRTFER(%) TR (%)
Control 1.01+0.10 0.31+0.03 0.16 £0.01 0.11+0.01 100.00 + 10.01 8.81+0.92
STOHR 0.38+0.04° 0.68 +0.07° 0.52 +0.05° 0.44 +0.04° 54.16+527°  20.15+2.06°
FTY720 0.35+0.03" 0.75 +0.07° 0.59 + 0.06° 0.48 +0.05° 51.01+5.11°  22.37+2.48°
SOOHIE+FTY720 0.12+0.01% 1.61£0.12%° 1.13 £0.09°™ 0.96 +0.09™ 33.64+3.35"° 4567 +3.62"
FE 415.714 144.618 134.545 119.569 174.905 43.759
PE <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

SccontrolfBLHE, °P<0.05; SSTEHHNEALE, "P<0.05; SFTY7204H5, P<0.05.

& 4 TEiAMiR-494(mean +SD, n7 = 3)

bax el miR-494

miR-NC 1.00 +0.09
miR-494 2.71+0.12°
HE 34.200
PE 0.000

SmiR-NCZLLER, °P<0.05.
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R 5 WRIAMIR-4948E1EFEFTY720, SEOMEXMESWIN AR ERAEATAEIGmean +SD, 7 =9)
4R p21 Caspase-3 RIRTFER(%) TETER(%)
STOMRE+FTY720 0.90+0.09 0.85+0.08 33.10 £3.05 38.18+3.58
STOPE+FTY720+miR-NC 0.89+0.09 0.87+0.08 33.21+3.24 38.42 +3.67
SIOE+FTY720+miR-494 0.41 +0.04® 0.30+0.03* 69.18 +7.03* 15.96 + 1.62%
IZE] 377.663 481.139 415.192 434.467
PE <0.001 <0.001 <0.001 <0.001
SEFMIE+FTY720£8E05, °P<0.05; S FMIE+FTY720+miR-NCLELEER, °P<0.05.
| 6 XERNAEBERSSLL (mean £ SD, 7 = 9)
pax:] WT-MSTI1 MUT-MSTI1
miR-NC 1.00£0.10 0.96+0.10
miR-494 0.21+0.02° 0.99+0.10
Ha 23.240 0.636
PE <0.001 0.534
SmiR-NCALLH, °P<0.05.
A 10° - Control 10° - L 10° - FTY720 10° - T HE+FTY720
10° 4 10° 4 10° 4 10° 4
10° 3 10° 4 a4 10° - . 10° - sl
g & : g 2 SR ;
10 1 # 10 ] f 10 1 i 10 ] ?@
10° F e 10° d—rrrr—rrrh—r e 10° F e 10° F——rrrr—rrr e
10° 10" 10° 10° 10* 10° 10" 10> 10° 10° 10° 10" 10* 10° 10* 10° 10' 10> 10° 10*
Annexin V-FITC Annexin V-FITC Annexin V-FITC Annexin V-FITC
B -6~ Control C D
2.0 e S
el \ F a0 ﬁ“\y\@%
- HTEE+FTY 720 O N0 B 1.5
154 AR U c
2 MSTL o — — — 8
o] S 1.0
— _ x
%’ 10 P2l — — — — g
A 3
@ 0.5 Caspase-3 e em—— — — % 0.5
[
=
GAPDH e e e— — B
0.0 ‘ ‘ ‘ & 0.0 -
24 h 48 h 72h © - o T
00(\‘ &@@\9@’ ?V(\ »p@@;\\
é’ﬁ{\ 2
<
1 FTY720, STEMBEXNSWI6MIISIERT-RMSTI, p2l. Caspase-3BERIXBIZIG. A: FTY720. 5 PEfhiE s ZHIEasw1116ZmiE s

HISAN; B: FTY720, 25 PHAIERTHIES W1 11 6 JHiEISTARISAM0; C: MST1, p21, Caspase—345 [FANZEIA; D: miR —494(755A. PI: UL NIE.

FURHE S, MIMST1/&Hippoi i % O B/ (MST1/2.

LATS1/2. YAPFITAZ)Z —, FKItMST1i@ i Hippoif #%
2 5 %8 Iy () R 4 a2, HL dok T T 4 ) i TR 4 i
FERIAFIE". MSTI/E R 588 (PD A C)RIFE /N i fii
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T8 ASA9Z ML 114 0E T, e ik T B AR A L
FRAEREAAEAET:, MST1E RIE 5 LRLARIEIR D e 32 1t
2 il A QOS2 4 25 AR OG> MSTIHE 4 B
Je b A TR, Had SRIA R 5 S A I T 2
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& 7 miR—494@RMSTIEVZRIA(mean = SD, 7 = 9)

Pax:) MST1 mRNA MSTIZZE
miR—NC 1.01+0.10 0.30+0.03
miR-494 0.26 +0.03" 0.08+0.01°
anti-miR—NC 0.96+0.10 0.32+0.03
anti—-miR—494 2.67 +0.26° 0.71 £0.07°
FE 425.182 363.309
PE <0.001 <0.001

SmiR-NCBE K, °P<0.05; Santi-miR-NCZBLL#2, °P<0.05.

& 8 HIHEIMSTIT)EEEFTY720 ]S ot = EFRBISWIT 6V BIE 155 R R A T A2 (mean = SD, 77 = 9)

4R MSTT mRNA p21 Caspase-3 YRIRTSE (%) ATR%)
STOME+FTY720 1.17+0.12 0.91+0.09 0.86+0.08 33.41+3.28 38.40 +3.57
STOMIE+FTY720+si-NC 1.18£0.12 0.92 +0.09 0.84+0.08 33.37+£3.30 38.27 +3.56
SR +FTY720+si-MST1 0.5 £0.05° 0.56 + 0.05® 0.38+0.04™ 62.68 + 5.98% 18.14 +1.66%
FlE 374.377 359.406 423.333 411.490 434.858
PIE <0.001 <0.001 <0.001 <0.001 <0.001

SEFMR+FTY72048H, °P<0.05; SSTOME+FTY720+si-NCALLER, ©P<0.05.

A B i
X N\ @\\ X
SV AN
W
v (@]
N bl i+ T AT
10° AEPEE+FTY 720 10° FTY720+miR—NC 10° FTY720+miR—494 A o
10° 10° 4 10° < Y - D e
107 2 g 10 2 el 10° | T I
& E " & E g g E T O S —
- 3 4 A 4 ()
10" + o ' 3 R - S
| o 0o :
].0D 7 T T T T T T 1007 T T T T T T T T T 1007 LLALALLLL B LS B LA B L g _ - -
10° 10" 10° 10° 10° 10° 10" 10* 10° 10° 10° 10! 10* 10° 10' O
Annexin V-FITC Annexin V-FITC Annexin V-FITC

2 FRIEMIR-494BETEEFTY720, SEOMBENBIBSWIIGET-RMSTI, p21, Caspase-3BEIZRIEEVZ. A: 1L FikmiR —4945E705%
FTY720, 570 s w1 11 6ZHI@ T HO5E0; B: MST1, p21. Caspase—32E[IFIZIA. PI: L PRIE.

A B < o
& & @
«® RIS o\

WT-MST1 3'UTR 5  GUCAGACAUAAAGCCAUGUUUCC 3°  MSTL s s S— —

mMiR-494 3’ CUCCAAAGGGCACAUACAAAGU 5
GAPDH 4SS WHEES S_—  S—
MUT-MST13UTR 5  GUCAGACAUAAAGCCGACAAGAC 3’

3 miR-4948B[]. VEHEMSTI. A: MST1fJ3 UTR &4 miR — 4941 F 4 MNFF1; B: MST18E FIIFA.

MOIFE AT RS, AR A4S B A, FTY720F1 75 PhAthise (b4t #EIMST1 R £ FTY 72080 75 P4 fh s xif
PIATIEHEMST] mRNAFIE (0260, MEI404AE I SWILL6ANMAEE AE T 1E A, BiBIFTY 72058 i i i3k

Reishidenge ~ WCJD | https:/ /www.wjgnet.com 223 2020-03-28 | Volume 28 | Issue 6 |



BN, 5. FTY720i8 miR-494/MSTINHIS iz BiRH HE N St =g It D S

A
PO+
10° EFAMIE+FTY 720 10° FTY720+si-NC
10° 4 10° 4
10° - aisi 10° - X
. E - E
w0l M 10* ﬂ
10° e 10° v b e e
10° 100 10* 10° 10° 10° 10" 10° 10° 10°

Annexin V-FITC Annexin V-FITC

PI

B Sl 5
N\ N\
\@V »é@\\{q}\* %@\\;@i\xg‘
7l T e wa
1t FTY720+5-MST1 < & W
3 —
57 D — —
10° 5 @
| Q
3 2k ;]
10° 5 v D e— — —
] o
10" ,’ T
] 4 D m———
10° e O
10° 10' 10° 10*° 10*

Annexin V-FITC

4 HDEIMSTITIEREFTY720 ]S Tt RIEREVMBIRSWIN6AT-RMSTI, p21. Caspase-3B/ERIABIZZN. A: HIHIMST1a] kL ikt
FTY720., PR ANS W1 1 64HHEIAT - HI5E0E; B: MST1, p21., Caspase—3E FRIFIR. PL L ALE.

MST 1145 B fez.

miR-4947F 45 1968 5- 3R M5 E (5-fluorouracil, 5-Fu)
i 25400 2 R 3R 0E R, @ AT DPY DRIA IG5k 45
S AT S-Fulf UM, AR FEUESE T, FTY720H1%
PO AL AT A IS W 111641 HmiR-494 11381, i3k
miR-494 [ FTY 720, 5 Py SWI1116Z0 /7%
R T BVE . @i X KR RS Western
blot4h F & I, miR-4944 ] T2 MST1 ik, [B]4210E
SEH R R,

2R BERTIR, AT T, S EESWI1164
Mo, FTY 7200 P flseid i - I8 miR-49448 [m] {2 ik
MSTIFIZIE, B HIHISW 1116411735, {22t4H i id
T2, WA EETT 45 B 0 H ). FTY 720 B 155 45
e %ot 7 VA RRUBR R TRAE F.

ShgA e
Sty B 52

g I B E RIS R 2 9 e, A7 R H R BRYT
3. FTY72052 — Bl F AL RS (14 S 2 4 1 7), wT F
TREBME. ARG IR % E S % 1A
7. WEFER I, FTY 7208641097 250 70 Ja i b ke 31 Y
WeAE R, A7 R FHFTY 72056 & 75 P4 5 ab B 45 g
SR, SRR 1 X &6 e 2 B ) 40 o R RO ).

XLl
AT U A 2 (102 5 PU b, B2 B RTA YT 45 e
A R —; FTY 7205 &5 g At B — 52 1
BUEIER, P I 6 A mT Re o R I R — € 1
B 3

XAt
B vt 7 VU At V0T £ M e A P O SRR D, RS HLRT
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Jofee (R A AL .

Eoaliyy g

KR SCH TIEBI VR A TG Sen e &%
G U N . CCK8YEL i AAifiAR . Western blot
I S FR B A5 S 90 1 7 v, R 4T s Lo s it
RPN FEA AT I AT P 2L 1) b, BRI 2Ry 2T
% H A LU L.

M HU ] 29 850%(170.1 pg/mL 75 FEABIEAT10 1 mol/
LIFTY 720 AT 5256, 7 P AR AF T Y 72035 o) 4]
Y1 M A7 35 IR BN M T, FLIB A i EL s A
R E LT, R IEAmiR-494 T I HEFTY 720, 75 PHAihis
XFSW 11164 M A7 3% 2 A1 A T I /E FH; miR-494 % )
PFEMSTL; HHIMST 1AW A FTY 7200 2 76 {55
SW 111640 A A7 ZE A T2 1 52 ).

MR PG SR aG 45 R, 153 H & PUAh S ANF TY 720 7] G it 1 4%
miR-494/MST LB A5 25 i 40 B3 5, {34 240 P o
T, IE B4 45 e 4 H 1.

=
FHITEAFTY 720 86 &5 F 78 45 B e I R V6 9T
b B A B N AN

4  BEVE

1 REANRBANETAMTUETEREEREER,
EEF2MES S = PESEEIZ T IE (0174
fiR). FHAESMRLZEE 2018; 56: 241-258 [DOI: 10.3760/ cma.
jissn.0529-5815.2018.04.001]

2 Geng F, Wang Z, Yin H, Yu ], Cao B. Molecular Targeted
Drugs and Treatment of Colorectal Cancer: Recent Progress
and Future Perspectives. Cancer Biother Radiopharm 2017; 32:
149-160 [PMID: 28622036 DOI: 10.1089/ cbr.2017.2210]
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