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naling pathway on the proliferation, apoptosis and invasion of OC (ovarian cancer) cells. Human SKOV-3 (OC cells)
were treated with sufentanil at concentrations ranging from 2.5 to 160 ng/mL, and cell activity was detected by the
CCK-8 assay to screen for optimal drug concentration. SKOV-3 cells were divided into Control group, sufentanil
low, medium, and high concentration groups (SFTN-L group, SFTN-M group, SFTN-H group), and sufentanil high
concentration+PKA activator group (SFTN-H-+8-bromo-cAMP group); and the plate cloning assay was used to detect
cell proliferation; the apoptosis was detected by flow cytometry; the migration was detected by the scratch assay; the
invasion was detected by the Transwell assay. ELISA method was applied to detect cAMP level. Western blot method
was applied to detect Ki67 (nuclear proliferative antigen markers), cyclin D1, Caspase-3, Bax (B-cell lymphoma as-
sociated X-protein), MMP-2 (matrix metalloproteinase-2), MMP-9 (matrix metalloproteinase-9), PKA (protein kinase
B), p-PKA (phosphorylated protein kinase B), CREB, p-CREB (phosphorylated-CREB) protein expression. Nude
mice transplantation tumor assay to detect the effect of sufentanil on the growth of OC transplantation tumor. The ef-
fect of sufentanil on the growth of OC transplanted tumors was detected in nude mice transplantation tumor assay. The
concentrations of sufentanil were selected as 20 ng/mL, 40 ng/mL, and 80 ng/mL for subsequent experiments. Com-
pared with the Control group, the number of colony formation, cell scratch healing rate, number of cell invasion and
the expression levels of Ki67, Cyclin D1, MMP-2, MMP-9, cAMP, p-PKA/PKA, and p-CREB/CREB were decreased
in the SFTN-L, SFTN-M, and SFTN-H groups, and the apoptosis rate and the Caspase-3, Bax expression levels were
significantly increased in a concentration-dependent manner (P<0.05); compared with the SFTN-H group, the num-
ber of colony formation, the scratch healing rate, the number of cell invasion and the expression of Ki67, CyclinD1,
MMP-2, MMP-9, cAMP, p-PKA/PKA, p-CREB/CREB in the SFTN-H+8-bromo-cAMP group were elevated, and the
apoptosis rate and Caspase-3 and Bax expression levels were significantly reduced (P<0.05). The transplantation tu-
mor experiment showed that the transplantation tumors of mice in the SFTN group grew more slowly than those in the
Control group, the mass and volume of the transplantation tumors were reduced, and the expression levels of cAMP,
p-PKA/PKA, and p-CREB/CREB were decreased (P<0.05). Inhibition of cAMP/PKA/CREB signaling pathway by
sufentanil inhibited OC cell proliferation and invasion and promoted apoptosis.

Keywords ovarian cancer; sufentanil; cAMP (cyclic adenosine monophosphate)/PKA (protein kinase B)/CREB

(cAMP-response element binding protein) signaling pathway; proliferation; apoptosis; invasion
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Fig.1 Effects of different concentrations of sufentanil on the proliferation of SKOV-3 cells

R FHKRRIISKOV-3AMTEE RSN
Table 1 Effect of sufentanil on the survival rate of SKOV-3 cells

o5 MMLAT /%
Group Cell viability /%
Control 100.00+0.00
SFTN 2.5 ng/mL 97.92+9.86
SFTN 5 ng/mL 95.13£9.62
SFTN 10 ng/mL 93.3249.55
SFTN 20 ng/mL 83.76+8.37°
SFTN 40 ng/mL 70.88+7.24°
SFTN 80 ng/mL 56.65+5.81°
SFTN 160 ng/mL 48.36+4.95°

Xks; n=6; *P<0.05, 5 Control 4 L4
X+s; n=6; “P<0.05 compared with the Control group.
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SFTN-M group

SFTN-H group SFTN-H+8-bromo-cAMP group
E2 TEREEIFKEXISKOV-34HAEEIE IR0

Fig.2 The effect of different concentrations of sufentanil on the proliferation of SKOV-3 cells
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B-actin -----

A B C D E
A: Control4; B: SFTN-L4; C: SETN-M#1; D: SFTN-H4{; E: SFTN-H+8-{R-cAMP4 .
A: Control group; B: SFTN-L group; C: SFTN-M group; D: SFTN-H group; E: SFTN-H+8-bromo-cAMP group.
E3 BEHEXERREER

Fig.3 Expression of proliferation-related proteins
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Table 2 Effects of sufentanil on SKOV-3 cells proliferation and proliferation-related proteins

i T
GHrZIJJp %Jif;f‘ifﬂiolony formation Ki67 Cyclin D1
Control 152.73+14.28 1.42+0.26 1.25+0.23
SFTN-L 116.55+9.76 1.14+0.20° 0.86+0.08*
SFTN-M 88.62+7.18% 0.83+0.16™ 0.61+0.06™
SFTN-H 62.2444.37% 0.52+0.08" 0.38+0.04%
SFTN-H+8-bromo-cAMP group 109.56+8.05¢ 0.92+0.09¢ 0.72+0.07¢
F 78.078 23.151 45229

P <0.001 <0.001 <0.001

¥ts; n=6; *P<0.05, L ControlZH FLAL; °P<0.05, 55 SFTN-LZL ELAL; ©P<0.05, 5 SFTN-MALEL 4L P<0.05, 55 SFTN-HAL L4 .
X£s; n=6; *P<0.05 compared with Control group; "P<0.05 compared with SFTN-L group; °P<0.05 compared with SFTN-M group; ‘P<0.05 compared
with SFTN-H group.
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Fig.4 Apoptosis of SKOV-3 cells in each group
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A B C D E
A: Control4; B: SFTN-L41; C: SFTN-M#41; D: SFTN-HZH; E: SFTN-H+8--cAMPZ .
A: Control group; B: SFTN-L group; C: SFTN-M group; D: SFTN-H group; E: SETN-H+8-bromo-cAMP group.
E5 JATHEXERRIEER

Fig.5 Expression of apoptosis-related proteins

#R3 FFFXEXSKOV-3HAVEA T K ATHXEARIFN
Table 3 Effects of sufentanil on SKOV-3 cells apoptosis and apoptosis-related proteins

ikl T %

Group Apoptosis rate /% Caspase-3 Bax
Control 2.16+0.23 0.56+0.06 0.37+0.04
SFTN-L 17.37+1.81° 0.81+0.12* 0.56+0.05*
SFTN-M 26.52+2.74™ 1.05+0.16® 0.78+0.08*
SFTN-H 38.15+4.03% 1.3420.21" 1.15+£0.21%
SFTN-H+8-bromo-cAMP group 20.21+2.11¢ 0.87+0.09¢ 0.64+0.07¢
F 164.909 26.408 42.983

P <0.001 <0.001 <0.001

Xks; n=6; “P<0.05, 5 ControlZH ELAL; *P<0.05, 55 SFTN-LALELAL; ©P<0.05, 5 SFTN-MZLELEL; “P<0.05, 55 SFTN-HALLL 44 .
Xts; n=6; *P<0.05 compared with Control group; "P<0.05 compared with SFTN-L group; °P<0.05 compared with SFTN-M group; ‘P<0.05 compared
with SFTN-H group.
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SFTN-L group
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SFTN-H group
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Fig 6 Migration of SKOV-3 cells in each group
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SFTN-H group SFTN-H+8-bromo-cAMP group
El7 &ASKOV-34ARZEIER
Fig.7 Invasion of SKOV-3 cells in each group
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A B C D E
A: Control4fl; B: SFTN-L4; C: SFTN-M#1; D: SFTN-HZH; E: SFTN-H+8-7R-cAMP4..
A: Control group; B: SFTN-L group; C: SETN-M group; D: SFTN-H group; E: SFTN-H+8-bromo-cAMP group.
E8 MMP-2, MMP-9&EH[RIAER
Fig.8 MMP-2, MMP-9 protein expression
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Table 4 Effects of sufentanil on migration and invasion of SKOV-3 cells

45 G5 2 2% Y 2 4 I

Gﬂrfip iiftch ;ejling rate /% Nmufliy;:fii invasion MMP-2 MMP-9
Control 90.0249.13 154.22+16.08 1.26+0.25 0.90+0.09
SFTN-L 71.42+7.29* 137.94+14.36* 0.92+0.15* 0.68+0.06*
SFTN-M 55.56+5.67" 115.62+11.79* 0.64+0.07* 0.44+0.05"
SFTN-H 33.3643.44% 72.83+7.49% 0.36+0.04" 0.2120.03%°
SFTN-H+8-bromo-cAMP group 60.18+6.25¢ 120.17+13.15¢ 0.74+0.07¢ 0.60+0.07¢
F 59.401 32.472 34.817 100.620

P <0.001 <0.001 <0.001 <0.001

Xks; n=6; *P<0.05, 55 ControlZH ELAL; *P<0.05, 55 SFTN-LZLELAL; ©P<0.05, 15 SFTN-MZLELEL; “P<0.05, 5 SFTN-HALEL 44 .
Xts; n=6; *P<0.05 compared with Control group; "P<0.05 compared with SFTN-L group; °P<0.05 compared with SFTN-M group; “P<0.05 compared
with SFTN-H group.

pPKA —— e —

FeA D o — v —
p-CREB — —

CREB — s Gy e o,

A B C D E

A: Control4H; B: SFTN-L4H; C: SFTN-M4; D: SFTN-H#; E: SFTN-H+8-{%-cAMPZ.,
A: Control group; B: SFTN-L group; C: SFTN-M group; D: SFTN-H group; E: SFTN-H+8-bromo-cAMP group.
E9 p-PKA. PKA. p-CREB. CREBEHZIAIEN
Fig.9 Protein expression of p-PKA, PKA, p-CREB and CREB

18, BRI R AVARL R BN, cAMPRIAKT. 3 i
p-PKA/PKA . p-CREB/CREBZE [ ik f& K (P<0.05); OC2 i I a BB EM R . JLH4EK, 17
W10, B, 6. BT —ERIBITOCH EE )5k, RERZHES
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5 #FFKExtcAMP/PKA/CREBIE 5@ B & HRIA N
Table 5 Effects of sufentanil on protein expression of cAMP/PKA/CREB signaling pathway

ifﬂp cAMP /ng-mL"! p-PKA/PKA p-CREB/CREB
Control 8.89+0.91 0.9340.06 0.86+0.09
SFTN-L 7.21+0.71° 0.734+0.07° 0.65+0.07°
SFTN-M 6.04+0.65% 0.55+0.06® 0.42+0.05%
SFTN-H 4.72+0.53% 0.36+0.04* 0.21£0.03*
SFTN-H+8-bromo-cAMP group 6.63+0.69¢ 0.68+0.06" 0.55+0.05¢

F 28.120 77.948 94.397

P <0.001 <0.001 <0.001

X3 n=6; *P<0.05, 5 Control 4L LL%; ®P<0.05, 5 SFIN-LAL LA °P<0.05, 5 SFTN-MAL AL °P<0.05, 15 SFTN-HAL 4L
Xts; n=6; *P<0.05 compared with Control group; "P<0.05 compared with SFTN-L group; °P<0.05 compared with SFTN-M group; ‘P<0.05 compared
with SFTN-H group.

2000 4 —@— Control group
—- SFTN group

Transplanted tumor volume /mm?

7 14 21 28 35

Transplanting time /d

*P<(.05, 5 Control 21 L4
*P<0.05 compared with the Control group.
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Fig.10 Effect of sufentanil on the volume of transplanted tumor
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A: Control group; B: SFTN group.
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Fig.11 The expression of p-PKA, PKA, p-CREB and CREB protein in transplanted tumors of each group
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Table 6 Effect of sufentanil on the growth of transplanted tumor in nude mice
o ey Jreysy 3

f?rj)]ip ﬁf(f :r%ass /g ﬁﬁ:i/zxme /mm’® cAMP /ngmL" p-PRAPKA p-CREB/CREB
Control 0.83+0.08 852.09+86.75 8.92+0.93 0.81+0.08 0.73+0.07

SFTIN 0.32+0.03 453.67+49.94 5.42+0.58 0.34+0.03 0.25+0.02

t 14.621 9.750 7.822 13.474 16.150

P <0.001 <0.001 <0.001 <0.001 <0.001

X+s; n=6.

BT SAIT A IR, BB H AW YRR IT 5
HAE N P AT 2P 24 1 o B I U
FHHFIEITOCHI 25 R s

SRR R HI G ), &—Fhim g
REVERT B 252454, A, 3 i, 01225 KB )
10, MIRBN /1% F80E, AR EaTT g, BMEIK.
EP SRR e A DU o A7 F =i B e IR R AR 2, wI B 1k
KIALA 24T B, TANGZEUF LRI, 725K Jeil
T4 FH - NF-kB 1 Snail{ 518 2 m] $61] £ B 4 i )
WA, NTHIHI B 1 EMT. 4508, #7755
K JE Al 4] p38/ERK/INK/NF-kB-p65/COX 23 i
NEHIF-1o. TNF-o. IL-1BFIL-655 28 FE K F 7K, A
T/ o AP A 3545 1Y SR E TG, FP25 KR
TEAAR A 8 NF-kBI# ek 2% LR (breast cancer, BC)
e A AR PR T L 8 S S, (R HE A BRI 1, #7255 K
JERT T BCIHIT M. AWFFEH 2.5~160 ng/mLIF &7 55
K JEAbHE SKOV-341 1, & B SKOV-34H i f7 1% % [
i, ULRAET 25 A AT SKOV-3 41 fu A . AT 7T
e FAS A B R 7 25 K JE AL BESKOV-341 i, 45 R &
L Ki67. Cyclin D1. MMP-2. MMP-9%5 4 % ik /K
SRR, R SKOV-341 M davk TE it diffu i &%
AR 28 R PR A &7 25 K8 18 B s SKOV-34H
T %, i Caspase-3. Baxi HRIAKF, $En
SRR R AT OCLU Mg FE . T 51RZE, ikl
HPE T, ULRHET 2F AR fE OCH RAELIR/ER . 2
EF 25 KB TEOCH BT ML i AS B A

Z M cCAMPHI IS 5@ % 1 2 5 i 2 0
AR, HEEE. TR, cAMPYEYN L H
Iz R, BT E BT A SR AR AT el
2, BFEA A EERIA, dfEK. R
JH1T.. PKAJE cCAMPIH R, 2 cAMPIZK-F3
INEF, cAMP4: & PKARY R iR 1L . CREBJZ
PKAMKY), CREBEEFR 1A T 5 J7 s B R4 5% , 1
AN IR T, BRI, BRI G (dios-

genin, DSG) LI 5 A 8] 4 i 14 7 XA i) 225 B e
(colorectal cancer, CRC)4H A #1145 , 8L #Ii| CRC
Yl i 1 cAMP/PKA/CREBIE 175 S 4l i -, 40141
MMP-9iE AR 28 15, WANGS: VIR TR 18, 23
Z 38 4 BH W cAMP/PK A/CREB/S 5 38 i #1113
3 A S IEWTTE #E . ZHANGESE U 97 2 B 4 [
cAMP/PKA/CREB/ATF 1 4l v $1& # i =] T AR X6 41
fitlJ& (hepatocellular carcinoma, HCC)JRI7 &R . A
W RN, #7255 KJER Fifl cAMP. p-PKA/PKA.
p-CREB/CREB & H 3 i& , J5 Ml &7 75 X Jé 18 i # 1
cAMP/PKA/CREB{F i@ 5l OCHN UG 5E . 1T
5228, (RabmAm T AT IHTIE, ARFRAE
PR JEALEE OCHN B I B: i b AT 8-TR -cAMPAL2E,
IIRTR I, 8-1R -cAMP R ¥ 5% 65 250K Je Xt OC4H g 1
B I RABRRHNEHIER , UL )E T LhdE s
1| cAMP/PK A/CREB{3 = 18 % 11 il OCZH ffa 1) 34 5
THERZE. HEBARLEER, SFTNA OCK I
K 212 HARFR)N, 6 H cAMP. p-PKA/PKA.
p-CREB/CREBZ [ R iA /K 1 3 Pk idt— B
SET R SR8 vT BLIE ] cAMP/PKA/CREBAE 5
3 % T R O C g A

gi b, #7F K e i cAMP/PKA/CREBAE
S PR T HIH OCHN MU I G . A T AR 2%, (HEFSF
KJETE OCH! IAE FA AT 75 45 6 FH D% sh P S B0 i3k 4T 1R
N i
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