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HiZF KB X FLEE MDA-MB-231 4Hfu 458 . 1= & Wnat/B-catenin &2 KR
sk gt XSO, EMORG, B okt

ORI B EEbe * REERE, 2 ARSI SrhifiEgs &R, fsg 0710000
WE BE FiEERedfLRE MDA-MB-231 41 futlss. W1 & Wnt/p-#EHEH
(B-catenin) BN . HiE HAFRIKEHRZFK)E (0. 05, 2.5, 5.0, 10.0. 20.0. 40.0
po/mL) AL IE 5 AL MCF-10A 4 A7 9 MDA-MB-231 2 Jf i 126 B 55 X e (1) 5L 5
%o ¥ MDA-MB-231 4iiffd 7 xR . Fi 25 KBk (5.0 pg/mL) « # (10.0 pg/mbL) &
(20.0 pg/mbL) WRFFAL . FZFARE+SKL2001 (Wnt/p-catenin 3B E071D 4l MTT SZI6GAN
BETR T B S TR AS W 240 O G B RE 05 I X L ARG 00 20 e 0 T S A B A 3148 £k ;- Weestern blot
K IAH M58 T2 F0 Wnt/B-catenin {5 S5 IEER ARG EE RIS 5% 5.0, 10.0. 20.0 pg/mL
Hii 25 K Jé AT B Ik MDA-MB-231 4liffli5 77, FFX% MCF-10A 4o i B8tk . SxTiaZamHLL,
SR RJRAR. T VR A I S G A . SEVE TR . S WL, c-Myc. 4
HiJE % D1 (Cyclin D1) . B #E4IHE 2 (Bel-2)  FMAKXAREA 3 Ark
(pro-caspase-3) . B-catenin & FH/KFRFHE (P<0.05) , Go/Gi {4 Ltfl. 4T3,
FIAR T2, Bel-2 196 X 858 (Bax) A0S B IR 4 282 85 1R 3 (Cleaved caspase-3) .
PEIR A BB 38 (GSK-3B) R /K FIEn (P<<0.05) ; SKL2001 wJ Hil 553 55 K Je Xt
MDA-MB-231 i US4 FEAH T 520 . 859 B KJE vl MDA-MB-231 i iUk bE, i
LR R TR R A, L AT A8 S5 4] Wnt/B-catenin {5 S Il BRI A ¢
RERE ENSFNJE: LM HMFA: T MR WnvB-catenin {5 il Pk
FESES R737.9
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Abstract Objective To investigate the impacts of remifentanil on the proliferation, apoptosis
and Wnt/pB-catenin pathway of breast cancer MDA-MB-231 cells. Methods Different
concentrations of remifentanil (0, 0.5, 2.5, 5.0, 10.0, 20.0, 40.0 pg/mL) were used to treat human
normal breast MCF-10A cells and breast cancer MDA-MB-231 cells to screen for experimental
concentrations of remifentanil. MDA-MB-231 cells were divided into control group, remifentanil
low (5.0 pg/mL), medium (10.0 pg/mL), and high (20.0 pg/mL) concentration groups, and
remifentanil+SKL.2001 (Wnt/B-catenin pathway agonist) group. MTT assay and colony formation
assay were applied to detect cell proliferation ability. Flow cytometry was applied to detect cell
apoptosis and cell cycle changes. Western blot was applied to detect protein expression related to
cell proliferation, apoptosis, and the Wnt/B-catenin signaling pathway. Results Remifentanil at
concentrations of 5.0, 10.0, and 20.0 g/mL could reduce the viability of MDA-MB-231 cells and
had no prominent toxicity to MCF-10A cells. Compared with the control group, the optical density
value of cell proliferation, colony formation number, proportion of S-phase cells, and the protein
levels of c-Myc, Cyclin D1, B lymphoblastoma 2 (Bcl-2), precursor of cysteine aspartate
protease-3 (pro-caspase-3) and B-catenin were lower in the low, medium, and high concentration
remifentanil groups (P<0.05), while the proportion of Go/G: phase cells, apoptosis rate, early
apoptosis rate, the protein levels of Bcl-2 associated X protein (Bax) and cleaved cysteine
aspartate protease-3 (Cleaved caspase-3), and glycogen synthase kinase-3p (GSK-3p) were higher
(P<0.05). SKL2001 could weaken the effects of remifentanil on the proliferation and apoptosis of
MDA-MB-231 cells. Conclusion Remifentanil inhibits the proliferation of MDA-MB-231 cells,
induces apoptosis and cell cycle arrest, and its mechanism may be related to the inhibition of
Wnt/B-catenin signaling pathway activation.
Key words remifentanil; breast cancer; proliferation; apoptosis; cell cycle; Wnt/B-catenin
signaling pathway
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WERIRTT . BLRRTT R ia T, ARRE TS AR A B AR 5 RS (iR it
JEVED) « BRI AR 25 1 R KA LE I PR i R, BRI, R ARAIRAS . AREE (8T
TIZGWR G TT B TR PRI S AE AT o Hii 55 A JE & — P R R Al B ) 2R 2 AR ah 7, 72
AMETF AR, KA SFRAAER, AT REREWER. R R, HWFK
JE TGP Ht - E N RIS A R I . IER . ARG S5 Kt L e 4 L e s
FIAR AT Wnt/B-EI R (B-catenin) {5 5 B TEAE IR B I AR U5 i v i 5 7
FAER, IR R, A BT 3B (glycogen synthase kinase-3p, GSK-3B) 14
T, 2330 Wnv/B-catenin {5 5 B i BSOS, (b AR 00 I A AR 28 B8 0. HER 2SR
JEBILH I GSK-3B KA H P R TR 4N T, A, AT B EIR R 2SR e XL
i g A B CRI B R A R B L 20 WL, LIS LR vy 7 SR B 1 L%

1 M5

1.1 WHRRIESREHR ANE®EIM MCF-10A 41/ (5. CL-0525) . 3L AR¥E 40
MDA-MB-231 (#%'5: CL-0150) . MCF-10A 4iffi & FRs 5% 3E (185 CM-0525) I H =X
YRR PR A ] . MCF-10A 4172 3% I8 R e th E AT 15 5% . MDA-MB-231 41l
TEF 10% 6245 L35 A 1% 7 -4 55 2 1 Leibovitz's L-15 B5 k3%,

1.2 EEEN SN WF KR (EZ#ET H20123423) W E 25424 Tl A BR 2 Al s

SKL2001 (Wnt/p-catenin JEEH 7], 4lifF: 99.68%, 55 : HY-101085) W HEE MCE
Ad; MTT 776 (525 M1020) T8 65T Solarbio A ) ; EEEEE H V (Annexin V) -FITC/
itk 7mE Cpropidium iodide, P 4HMa A TR MG (F2%5: E-CK-A211) . 41U fH Hits
MR (Be5: E-CK-A351) M B Gk Rr E R B A A IR A 7] c-Mye (175

ab32072) . 4 #AZ D1 (CyclinD1) ($i%5: abl34175) | P RA AR E AN 3 ik
(precursor of cysteine aspartate protease-3, pro-caspase-3) (5. ab32150) . kA ik
KA G IRE A 3 (cleaved cysteine aspartate protease-3, Cleaved caspase-3) (%75 : ab2302) .
B #kEL4MfLR 2 (B-cell lymphoma-2, Bcl-2) (#7%5: ab182858) . Bcl-2 #15¢ X & [ (bcl-2
related X protein, Bax) (575 : ab32503) . GSK-3B (f%%5: ab32391) . B-catenin (f1'5:
ab32572) . B-actin ($75: ab8227) W H Abcam A F]; BCA Ri& (£55: KTD3001) ¥
AR AR AR AT PR A 7 - BEFRX (BU5: Elx 800, 35 Bio-Tek A F]) ; a4l (F
“5: BD FACSCanto II, 3[E Bio-Rad A7)

1.3 BIFARKLIRERIE K MCF-10A 412 F1 MDA-MB-231 41 i1 LA 5103 N4 /4L
(% BEFEFITE 96 FUAR P, FRAHPRERRFLIRIG, A RREIREE, H&ZIREES 515 04 0.5,



2.5. 5.0, 10.0. 20.0. 40.0 po/mL Fiis5 KJE I IR R4k S 7. W H 24 h 5, #4000 20 pL
MTT V&, 37 °CW¥H 4 ho RAJEkRZEIRIE, A 150 L DMSO 548 &, HEMR
IRTE AR . KT BEFR O 5E S ALK 25 % (optical density, OD) fii, KN 570 nm. ¥
ANE ARG TR EAE s BN A . A ) DA R AR ) AR R . 4R D)= (2
YA OD-= HXT IR OD) 1 (Zi#ibHid] OD-7 X2 OD) ><100%.
14 MRS ASHE K MDA-MB-231 Ziifu /3 Jyxt B4H . Bisi KMl . mkBEd . Hi
55K JE+SKL2001 41 . FiisF AR JeAR. wh ik FE AL 73 0] FH £ £ 4 5.0 10.0+ 20.0 pg/mL
Hi 25 KSR G TR AL BE 24 h; B 2F AR JE+SKL2001 L4 1% 20.0 pg/mL 525 K2 A 1 pmol/L
SKL2001BVb #E4H A 24 h, WFHRZALIEH REFR, AT 2P0 HE
1.5 MTT SR AN FETE 71 K MDA-MB-231 LA 5x10% M A/AL 1% 1% B T 96 FLiR
H, 1% LA TUTDIRACER S, SRH) MTT VAR U 240 H 8 585 /)
1.6 EELRLHMIMPTEERL S K 1.4 00K %41 MDA-MB-231 il e 1 6 FLA

(5x10° MHff/FL) I B TEFRAA Tt — DRI, 14 d )5, BEEH 4%2 5 H R € I H
1% S gt B HEAT BUR R AR L
1.7 WG RAR IS H A T R AR R iR AT - K MDA-MB-231 4 fifa 4
)6 Ltk b, WEERG, %8 1.4 TUR AP0 24 h, B f5, USRI, A T4 H) 70%
OBEAE 4 °C R E R . EF0 QR FERR 242 v (phosphate buffer solution, PBS)
Vedkanp 2 o, A Pl TARMERESCHFE 30 min. (e FRESE, A
ModFit LT 3.2 34247 2047 o

Y TR K MDA-MB-231 Zifiasedh T 6 fLtk b, W EEAE, %I 1.4 TR 5

ACERANAD 24 ho AR5, UKERZNARIE YA PBS ¥k 2 . B, K4l EET 100 uL 1 1
L5 AR, 5 5 ul annexin V Al 5 uL PLIEWRAE IR F#OEHEE 15 min. 4R
Tor A A T 0 2R
1.8 Western blot ¥y llZH g5 . FT-F Wnt/p-catenin 5 S BHEAHXELORE Uk 14
TR AL FS % A4, Gl RIPA RS IAN I S s H, BCA VRN E EEWRE. A5
FH A e i R R D s B P TR Pk Ay B R T, R R R B R R I .
5% lEFALE AR L h f5, HPT c-Myc (1:1000) . Cyclin D1 (1:10000) . Bax (1:1000) .
Bcl-2 (1:1 000) . pro-caspase-3 (1:1 000) . Cleaved caspase-3 (1:1 000) . GSK-3p (1:5000) .
B-catenin (1:5000) AI#L B-actin (1:5000) —FHifE 4 °C I HFK. WG, EAMEMS
EHU R BRI IR IC AT 19G —HT (1:6 000) 7 37 °C FIFHE 2 h. FJo, FHLYRK



SRR G ENE 5 o ] Imaged #4452 & H 18R (A X RA &

1.9 Giih2Eab3  SRA SPSS 22.0 BT et bt BT 45 RBI LA B R 2 (X £5)
Fone KM BRI ERTTZ TR Tukey 2 B LB IR ITFAL 2 AR 2 57 . P<0.05 AZERA
Giit e X

2 4%

2.1 RRAWERISAEXT MCF-10A 1 MDA-MB-231 ZMiiE IR MTT 45 R 8oR,
0.5. 2.5, 5.0, 10.0. 20.0. 40.0 py/mL %iiZ5 KJEXT MCF-10A 43 /1 I w3500 () P>
0.05) , 40.0 po/mL Hi 45 A JE AT PEAK MCF-10A 40835 /7 (Prukey<<0.05) ; 5.0, 10.0. 20.0.
40.0 pg/mL 25 A JE AT FAAE MDA-MB-231 4135 71 (Prukey<<0.05) ; WLE 1. H1F 40.0
po/mL i %5 K JEXT MCF-10A 4ifefA B3 a8, PRk, %4 5.0, 10.0. 20.0 po/mL %i %5 K Je

kb¥ MDA-MB-231 41 i,

B 1 RREREHZF KB MCF-10A Fl MDA-MB-231 41 i 77 820
Fig.1 Effects of remifentanil at different concentrations on MCF-10A and MDA-MB-231
cell viability

“P<0.05 vs 0 pg/mL remifentanil.

2.2 FiZFARJBXT MDA-MB-231 ZHffIss8pIfema  MTT FIERVETESEIRSE SRR, 5 40
ffl OD fH. #RI&ETE R ZE A it 5% X (F=26.744. 57.678, P<<0.05) ; B s AJE
IR RING S, A0 SE A OD B, SV T AR (PIPT LY Pruey<<0.05) : SHiZ5 K
Je R AL, Fndy KJE+SKL2001 HANMIMGTENT OD i EVa B AT & (3 Prukey<
0.05) ; UL 2. Z5RERH, HiZF KJenl LI MDA-MB-231 45, 1 SKL2001 AJ3g



X R AR o

&l 2 %4 MDA-MB-231 4 U FEE JIRIE T T B L4
Fig. 2 Comparison of proliferation activity and colony formation number of MDA-MB-231
cells in each group

A: Comparison of OD values of cell proliferation in each group; B: Comparison of cell colony
formation number in each group (crystal violet staining); “P<0.05 vs Control group; *P<0.05 vs
remifentanil low concentration group; %P<0.05 vs remifentanil medium concentration group;
£P<0.05 vs remifentanil high concentration group.
2.3 H3FARBX MDA-MB-231 4 & BRI M mAAEARG R ER, 5 4H Go/GL Ml S
AL LA 22 5 384 G L (F=29.510. 62.332, P<<0.05) , ifi Go/M 4 jia b 31l 2 5
TGt EE L (F=1.004, P>0.05) ; SxfHEAIMLL, By K. &, @ik Go/Gr
AHRRLLBIIE N, S BAZN A L7 PR (35 Prukey<0.05) 5 S%iisr K e mikEEAAHLL, FiZk KJe
+SKL2001 4 Go/Gy AL LB FEAS, S HILHMILLIE N (3 Pruey<<0.05) : WK 3. 4%
R, HiZFRJE T MDA-MB-231 405 45, 1 SKL2001 Al i X Fh gy .



A 3 %4 MDA-MB-231 40 AR A 15 i
Fig.3 Cell cycle distribution of MDA-MB-231 in each group

A: Cell cycle distribution was detected by flow cytometry; B: The proportion of cells at different
stages in each group; “P<0.05 vs Control group; *P<0.05 vs remifentanil low concentration group;
&p<0.05 vs remifentanil medium concentration group; ©P<0.05 vs remifentanil high concentration
group.

2.4 Hi35 AKXt MDA-MB-231 40 & 1= FIRZ TGN AR L & annexin V/PI L4 H
IR, 5 AN TR R TR R R A Gt R L (F=148.982, 98.432, P<<0.05) ;
L AAREL, B2 RJEAR. . ik AR AR AR T3 TS (Prukey<0.05)
EEiZ5 K Je ik AL, HiZF AR JE+SKL2001 41 T R A AT TR FEK (Prukey <
0.05) : WKl 4, Z5RKW, HiZF KBTS MDA-MB-231 40/l T, i SKL2001 7] i¥i%%

LA



B 4 %4 MDA-MB-231 T B 5
Fig.4 Apoptosis of MDA-MB-231 cells in each group

A: Apoptosis was detected by flow cytometry; B: Comparison of apoptosis rate and early
apoptosis rate in each group of cells; "P<0.05 vs Control group; *P<0.05 vs remifentanil low
concentration group; %P<0.05 vs remifentanil medium concentration group; “P<0.05 vs
remifentanil high concentration group.

2.5 HiZFAJBX MDA-MB-231 40 M3 A 145 & B BRI B R Western blot £ 5
R, 540400 c-Myc. Cyclin D1. Bcl-2. Bax. pro-caspase-3. cleaved caspase-3 & iA 7% 7
YWHS 2R X (F=40.722. 40.435. 31.761. 59.073. 35.613. 78.995, P<<0.05) ; X
HAHEL, FZFARBAR. B, B4 c-Myc. Cyclin D1. Bcl-2. pro-caspase-3 & [ 7K F- B,
Bax fll Cleaved caspase-3 & [7K Tt (3 Pruey<0.05) ; SEiZr KJe mik AL, B2y
A JE+SKL2001 41 c-Myc. Cyclin D1. Bcl-2. pro-caspase-3 &5 [H7/KF-7+ &, Bax 1 Cleaved
caspase-3 £ F7K-FFEAIK (3 Prukey<<0.05) ; WK 5. 45 W, Fii 55 K JE /I 77 MDA-MB-231

RGN AR E R A FRIE, 1 SKL2001 7] i AL IX FhARLL, .



B 5 %4 MDA-MB-231 #H i+ ERMFA T IR S HAREK
Fig.5 The expression of markers of proliferation and apoptosis in MDA-MB-231 cells in
each group

a: Remifentanil+SKL2001 (20.0 pg/mL+1 pmol/L); "P<0.05 vs Control group; *P<0.05 vs

remifentanil low concentration group; %P<0.05 vs remifentanil medium concentration group;

£P<0.05 vs remifentanil high concentration group.

2.6 HIFARBX MDA-MB-231 4iffisF Wnt/B-catenin {5 5 BB XEAREKE MW
Western blot 45 5 7, 5 4140 GSK-3p. B-catenin ik % 744 Giit 24w X (F=39.578.
34.539, P<<0.05) ; SXHEZHAHEL, Hizr KJEfK. H. kL4 B-catenin & HKFFRAK,
GSK-3B £ /K F-TH (5 Prukey<0.05) 5 HHisE K Je mik M EL, B2 A B +SKL2001
4 B-catenin &5 7KV Tt 5, GSK-3B & HK PR (35 Pruey<<0.05) ; UWLIE 6. Z55R %K,
Hii 55 R JE W HE Wnt/B-catenin {5 5@ BEAH G BE B 3%, 1 SKL2001 A iX fh 321k, .

K 6 %4 MDA-MB-231 i GSK-3p. B-catenin & HRIA

Fig. 6 The expression of GSK-3p and p-catenin in MDA-MB-231 cells of each group



a: Remifentanil+SKL2001 (20.0 pg/mL+1 pmol/L); "P<0.05 vs Control group; *P<0.05 vs
remifentanil low concentration group; %P<0.05 vs remifentanil medium concentration group;
AP<0.05 vs remifentanil high concentration group.
3 Wik

B] Py RBFUR 24 2 T IR R BRI o B33l , KGR 22 (AR 8 2 A ] S 2450 ] LA A0 1] Fie R
6 NI 17 (1 PO 23 o = 11 B WS R N R T I - N o4 1 R 2 S R B 7= B et i
i s E2 N s i B A IR (S| W & €2 | T B N R Y R O = I i 7
AR 2200 HEG 55K Je rIi S 2 R TR A T2 SR, D% T-5i 25 K Je xoh L s 1k e 5
W IS D o BRI, AR FEER DT 1 i S5 A JE R AL A M K S, 45 SRR, AN R
SFKJEHIFEAK T MDA-MB-231 40l 3G 5E IS 70, AT 7 4RI T, IR AR
e, X WIER ST R e AT REAE L T R TR AEH .

58 200 P B A TR R A S AT 0 SR R i A R T S AR A g A AR AR
Je B E R K —, A0 ST . c-Myc &40 TE 1) T R T, AR
Z At b Rk, BRI Cyclin D1 7E40 1 1 Gy #1 A 240 i 34t 7 Hh ke 5 =5 B2 1)
TR, VB — PR, Hm R nl g 4n il N Go/Gy 17 S ik e, 78 3L g Al A
N rh B M BORE M. Bel-2 FR S H 2 4000 Tt SR R 7, PrE T
F Bel-2 wRLidE s H A -2 F A EAR A0 A2 0 T A F ok B 4 R 1, TR M LB Bax
TR B 2R AR A B R ¢ SRAEIEIX —id 2. Cleaved-caspase-3 /& Caspase-3 HIiELIE
2, AN IR T A S (ST, AT 72 R B, 7 H 25 KB AL ) MDA-MB-231 4l 1, c-Myc
A1 Cyclin D1, Bcl-2 J% pro-caspase-3 £ [ [ 335 &2 % [£1K, Bax Al Cleaved caspase-3 & F
KFEE TG, JFH Go/Gy A EL B 3G, S BAZN A EU B A, X LeEE SRR, Hidy KJe
] 4] MDA-MB-231 233958, 755200 ML 00 T A0 4 ) 334

Wnt/B-catenin 18 ¥ /& 15 FL AR K AR R R I L EL@ i 2 — 11418, B-catenin /& Wt @
PR R B 1 R 1, 1 I ER A 1R AR P AN R . GSK-3P & — M 2 Dl e 22 IR 75 2 B Ve
T B-catenin [FfRE A IRKI B4y . 24 Wit (BB, GSK-3B M B-catenin [ fi#
SHEWFRE, T2 B-catenin FEANHEF AW R Z AL R AMMA%, B-catenin HEA AU
SN F T 4B R bk B 58 K7 (T cell factor/Lymphoid enhancer factor, TCF/LEF) 4%
&, MIMEZN T c-Myc. Cyclin D1 SF4ERE A 4L s, XA B T4 Go 3IHEN S 3, {2
R ARG FEOS, BRI RN, HH] Wnt/B-catenin 8 % T 15 5 L AR 40 R A0 A H 45 i AN

#

A M gAY ERSSORJE AT B GSK-3 iR IA T S I BUR A R T A S E



Western blot #8351 Hfi 25 A Je X FL AR 41 fg. Wnt/B-catenin S8 B 520, & BUEHG 35 K JE Ab#
) MDA-MB-231 #fiffirh GSK-3p & ik T, p-catenin B W3 N, RUIHGSF KJEn]
fief# Wnt/p-catenin {5 5B 235 . #4k, SKL2001 (Wnt/B-catenin 3B Bz AT Hi 555
F5 R JEXT MDA-MB-231 2 Jifa 34 5 AR T (1) 520, 317 /=7 B-catenin & FH ()R IAFIFE K GSK-3B
HAMRIE, PR JE TTREdE L #H] Wnt/B-catenin {5 538 % 1 30E K FEPUILIRRE1E FH .
R ERTIR, HnZ5OKJe I MDA-MB-231 41 ARG 5E, 755 2 M T RN 20 ] B4

FOHLH| AT e 5 0] Wnt/B-catenin {5 5B ER FOS A K . AT 7S5 FAUEY] 1 B 25 K JE i

AR S AT RERIVE HIMLAD, 2R B B 55 K JE 7T Be R Va7 LI A 5 ARSRNG o ARSRIR ALK

AT N SRS, B — UG UE H S5 K R R 4 P AL
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