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Abstract: The purpose of this research is to investigate the effects and mechanisms of paeonol (PL), a
phenolic compound found in many traditional Chinese formulations, on reversing drug resistance in the ovarian
cancer resistant SKOV3/DDP cells. The results showed that PL had significant drug-resistant reversal effect
on SKOV3/DDP cells. Flow cytometry showed that PL could inhibit P-glycoprotein (P-gp) function in a
concentration-dependent manner. Fluorescent quantitative PCR and cell immunofluorescence techniques were
used to detect mechanisms of action. Results revealed that both the inhibitory effect on MDR1/P-gp and
metadherin (MTDH) expression and the induction effect on phosphatase and tensin homolog (PTEN), by 15, 30,
and 60 pmol-L™ PL, were increased with increased concentrations of PL (P<0.01, P<0.05). The inhibitory
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effect on MTDH mRNA and the induction effect on PTEN mRNA, by PI3K inhibitor LY 294002, were stronger
or equivalent to that of the 60 umol-L™ PL treated group; however, the inhibition or induction effect on MTDH
or PTEN protein were only comparable to the 15 pmol-L ™ PL treated group. The present study shows that the
effect of PL on SKOV 3/DDP cells may be related to the inhibition of P-gp function and expression, the inhibition
of MDR1, MTDH expression, and the induction of PTEN expression, all which can provide a theoretical foundation
for PL as adrug resistance reversal agent on the treatment of ovarian cancer chemotherapy resistance.
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IR EE T, PTEN [RIA 5 835 1) Jo ik g A4 47 i A
AR HIARR A S 9958 1047 T 26 % D14
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37 C. 5% CO, 74, il iPad |1 RTCA S16
7 i SN M 0 A4 R A I L, DA AE I FE 2 (cell
index) F7~, THEEEANEIHKE (median inhibitory
concentration, 1Csg), SKOV3/DDP X JIfi4f1 1] 1Cso [ LA
SKOV 3 XJ I | Cso 753 2T 24 £ 50 (resistance fold) .

P-gp Thaesill  HOo#A KR SKOV3/DDP
YAM, 439 15, 30, 60 umol-L ' PRz 4H, A A
Xof IR B PE X6 R LY 294002 4. 48 h &, FkEardt,
PBS it 3 i, SR 4 % 20 & 0.5 mL, i
N JREWE N 0.5mg-L & I 123, 4k 4L4E 37 C
JE 60 min, B5.03F LG, UK PBS Wik 3 k)G, HE
=T 05 mL ¥k PBS 1, 37 RJR A I =40 it SO,
BD FACS Diva ¥ 73 it % FF ] 123 [~ 37 't it
(mean fluorescence intensity, MFI) .

KILEE PCR #M MDR1. PTEN. MTDH
MRNA Fix B A4 K SKOV3/DDP 41l fi,
R 12 LMk, 54 E b, 37 C. 5% CO, K 7%
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95 C il 4 5 min; 95 C4EM: 30 s, 60 CiEK 60 s,
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KH 27 R RS 2 b R0 PTEN. MTDH 1
MDR1 mRNA X} T- X 4 KA =R A4, Hf
AACt = (Ct 17— Ct pyzsm)wma—(Cl aiosn—Ct pasm)wma o

Y0 Bt Gy O A& P-gp. MTDH #1 PTEN &R
Fix BT EAE K AR SKOV3 Al SKOV3/DDP 4l i,
PR T OB AL H 20 mm BRI, AEME 1x10°
AN, 25 4E E. 37 C. 5% CO, 3% 7546 1
B 48h o, FERIEIE., PBSMYEIG, 4% % 08 W [E
5E 5 min, PBS ¥t 3 k. 0.5% Triton X-100/PBS i#i%
10 min, PBS ¥t 3 ¥k 5%FIfiE/PBS & i E ] 1 h,
T 8 UL B B HEEE EL B i N P-gp. MTDH. PTEN & A
—¥Hi, EiRME 1h, 0.01% Triton X 100/PBS ¥ 3 IX.

Tablel Primersfor MDR1, PTEN, MTDH and GAPDH

TN —Bixt N AF488 ok AF647 ¢ t:kric 3,
505 E 1h, 0.01% Triton X 100/PBS ¥ 3 /. DAPI
et 5 min, PBS ik fa i INE 4108 v K .
TEROCIE R AR B TSI, I %] Zen B
ST A RIE K ML,

FATES A EHE L X £sE£ R, A GraphPad
Prism 7 #A%FEH HEAT S B FOAE I, PRRE A I 2L
BORF A, ZAFEARI BB R IR R % 5
T, LLP<0.05 NEA G REEER.

ZFHR
1 FRE®%EEE SKOVI/DDP RAafitz5H91E

RTCA S16 F 4t i 40 A G 15 L o, 7 iy
YEF-T- SKOV3/DDP 1 SKOV3 4 fifd 24 h, - WL B &
Y, 1E 48 h, X SKOV3 il SKOV3/DDP 4 il
FIH #2340/ T 10% (B 1A B). LY 294002 {F F 28
48 h, % SKOV3 1 SKOV3/DDP 4 it ft] 1Cso 23 A
(13.50+0.45) F1 (19.50+ 0.31) pmol-L ™, LY 294002
St A 200 P R A0 R 3405 T PR I o 15 wmol L7
Ry AT 10 wmol-L ™ LY 294002 BE& %A 5, SKOV3/
DDP 4 i X B FA TR 24 35 %5070 ) B B 42 1.15 A 1.22
%, WiEk 2 f1E 1C. D fias.

Table 2 Cytotoxicity of cisplatin (DDP) aone and in combina
tion with paeonol (PL) or LY294002 in SKOV3 and SKOV3/
DDP cells. n=3, x+s. 'P<0.05 vs the indicated group in

SKOV3 cells; “P<0.05 vs SKOV3/DDP treated with DDP

. ICso0f DDP/ug'mL ™ Resistance
Drugs and concentration
skov3  skovzppp  fold
DDP 340+014 1553+0.11 457
DDP+15 pumol-L™* PL 290+023 390+011"" 115

DDP+10 ymol-L ™1 LY294002 254+031 417+034° 122

2 PR P-gp ThatH 220

i 3 AR W A I, PRy Al SKOV3/DDP
Y48 h)G, AN FHEA 123 /)5 6 ik FERE & 71 I
Ty P A 3 v T 3G 52, 3K BH P-gp DhAE 32 24 . PI3K
BRI LY 294002 ] P-gp DiREfEA SR T 15
umol L P} Bz 4H, 9T 30 1160 umol -L 74 2 iy 4 .

Gene Forward (5'-3") Reverse (5'-3') Predicted size/bp
MDR1 AAGCCACGTCAGCTCTGGAT CTGCATTCTGGATGGTGGAC 120
MTDH CCTGGCCTTGCTGAAGAATC GGCTGCTTTGCTGTTACACT 150
PTEN ATGTTCAGTGGCGGAACTTG CACACAGGTAACGGCTGAGG 137
GAPDH GAGTCAACGGATTTGGTCGT GACAAGCTTCCCGTTCTCAG 196




2424 244%  Acta Pharmaceutica Sinica 2018, 53 (9): 1511 -1517

- 1514 -

A 360

322 =15 pmol-L* PL

584 =30 pumol-L"' PL

) 60 pmol-L' PL

246 Control
5 208
b1
= 1.70
E 1.32

0.94

0.56

018 —

-0.20

(1] 9:36 1912 28:4% 3824 4800

C 250

222 + Control

p « 8.3 pg'mL' DDP +15 pmol-L"' PL

194 . 50 pug'mL'DDP +15 pmol-L" PL

1.66 = 2.5 uyg-mL'DDP +15 pmol-L"! J’]},,.r"
e 7,
5 138 >
E 10 /,-/
K] 4
& o082 P

0.54
0.26
002

-0.30

1} @36 19:12 28:48

Time / h

3824 48:00

D

370

331 15 pmol-L!

300 30 ;.lmol-l."_

60 pmol- L

2.53 Control

214

1.75

1.36

0.97 o
0.58 ol
o019
-0.20

0 936 1912 28:48 3824 4300

1.70

1.51 - Control

s « 16.7 pg-mL"' DDP +15 pmol-L"' PL

1.32 = 8.3 pg-mL'DDP +15 pmol-L"' PL
1.13 = 5.0 pyg-mL'DDP +15 pmol-L"' PL
0.94

0.75

0.56

0.37

018

0.01

-0.20

0 936 19:12 2848 3824 4800
Time/h

Figure 1 Cél viabilities were measured and monitored by xCEL Ligence RTCA SF16 after treatment with different concentrations of
PL alone or combined with different concentrations of DDP. A: SKOV3 cells treated with different concentrations of PL; B:
SKOV3/DDP cells treated with different concentrations of PL; C: SKOV 3 cells treated with 15 pmol-L ™ PL plus different concentrations
of DDP; D: SKOV3/DDP cells treated with 15 pmol-L ™ PL plus different concentrations of DDP
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Figure 2 P-gp function changes after SKOV3/DDP cells-treated with different concentrations of PL.
""P<0.01 vs contral group; *P<0.05 vs 30 pmol-L~* PL group

results; B: Statistical analysis results for the changes of MFI.
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Figure 3 The relative expression changes of PTEN, MTDH
and MDR1 mRNA in SKOV3/DDP cells after treatment with
different concentrations of PL. “P<0.01 vs 15 pmol-L™* PL
group; “P<0.05 vs 10 pmol-L~* LY 294002 group
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Figure4 The protein expression changes of PTEN, MTDH and
P-gp in SKOV3/DDP cells after treatment with different concen-
trations of PL (400 x magnification). A: Confocal laser scan-
ning microscopy analysis results; B: Statistical analysis results
for the changes of MFI. "P<0.05, “"P<0.01 vs control group
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% o A5 WF 70 R 0T, microRNA 214 21k 18 = mf 41161
PTEN #i&, #EMiLuie b (ke B, S300p
B R A 2 .

i b, PRy SKOV3/DDP 4 fi H. A7 1 4% firf
ZifER, HHUHIATRE S #H) P-gp A ThAEE & MDRY
P-gp f1 MTDH ik, 55 PTEN RIAH K. KH5
P E Ay MDR 3% 51 5 T 51§98 MDR 697
AL T B IER . SR, ST MDR 3 Al
TEP WL A FFER AT
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