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The effect and mechanism of apigenin reverse drugs resistance on A549/DDP cells
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[Abstract] Objective:To study the effect of apigenin on A549/DDP cells,and to explore the effect and mechanism of apigenin re-
verse drugs resistance on A549/DDP cells. Methods:The cells were cultured with different concentrations apigenin. A549/DDP cells
proliferation and drug sensitivity was detected by MTT asssy. The drug extracellular transport was detected by Rhodamine-123 reten-
tion experiment, the P-gp and the LRP expression in the tumor cells was detected by Western blot, and the transcription of MDR1
mRNA and LRP mRNA in the tumor cells was detected by RT-PCR. Results: The apigenin can inhibit the A549/DDP cells prolifera-
tion. There were significant differences between the apigenin groups(20,40,80 pmol/L) and the DDP group (P<0.05). The DDP’s 1Cs,
with the apigenin was (5.76+0.36) pg/mL in A549/DDP cells. The DDP’s 1Cs, without the apigenin was (14.33+0.41)pg/mL in A549/
DDP cells, and the reversal index was 2.48. The apigenin can make high Rhodamine-123 accumulate in A549/DDP cells, down-regu-
late the P-gp expression in A549/DDP cells, and decrease the transcription of MDR1 mRNA in A549/DDP cells. Conclusion: The
apigenin may inhibit the A549/DDP cells proliferation and to reverse drug resistance in A549/DDP cells, and the mechanism was
ralated to decrease the MDR1 mRNA transcription and down-regulate the expression of P-gp that mediated drug extracellular trans-
port.
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1.1 ##

NIti%E AS49/DDP 4 A549 41 i (Rl B
A A RLAF ST BE ) , AP(CAS 5 ,520-36-5) VU H &
8 &Mk £h (MTT, CAS 5 ,298.93-1), % J}#i-123
(Rh-123,CAS 5,62669-70-9) \[ECL % % E[ 35 Ji§ 4 i
F££(CA201-1KT) RT-PCR {71 £:(11939823001) . Fl it
A P-HE& 1 (P-glycoprotein,P-gp ) Fi-4T (SAB2702025-
100UL), FBHT AN 258 H  (lung resistance-related
protein, LRP) #.47T (SAB1400154-50UG , Sigma A A ,
), 4 (DDP, I AR FF &l 25 AH R AR .

i g £ 24 i 24 FE 1 (multidrug resistance
genel ,MDR1) iy L {i# 5|4 .5 -CTCGCCATTCGTAG-
TCTGCACCACGA-3", N5 4 :5' - AGGGTGTCTAT-
TGCTTCTGCAT-3", filiiif 2 & {1 3 B i i 51 9k
5" -CATCATTGGCACTGCTGTCT-3", F i 51#¥ HJy 5'-
CAGCTCCTATAGTTCCTAGC-3", 1 % GAPDH [ I
51498 5'-ACCACAGTCCATGCCATCAC-3", T iiff
5144 5" - TCCACCACCCTGTTGCTGTA-3' . Lik5]
Pl A TAEY TRARA A G .

12 i
12,1 w3k

A549/DDP 41l i FI A549 41 g 7 37 °C 5% CO,
FMEF, & 10% B4 5 /9 RPMI-1640 1557 I
YRR 0.25% 8 2 B Ak, 2~3 d 1248 1 3K,
A549/DDP 2 AL ARIE TR A 1 wg/mL ) DDP 4t
R 250k, SCRHT B T DDP AR % 2 JA
JIT AT S5 55 35 BROGTH50 A K 300 4 AR 4 52 5 e B R 4%
il AP VREEZ 14 5.10.20.,40 .80 pmol/L,

1.2.2  A549/DDP m it 4 ¥ w1 2 89 ] 2

I AS549/DDP 41 A () B 40 At 2, RS AN Tk
JE R 5x10* 4N/L, &L 100 wL 280 A 96 LA, %541
W3NG AL, SIS W BE AP;DDP 4. 5 /L
DDP &b B, % BEZH AN AT 259, 4k 2215 575150 5]
T4 123456 K, MA MTT % 20 pl(5 ¢/L),
PE 495 nm P, DL EINEE SR A O BRI A
it 16 5 28 A 00 S 3000 % FL WG S B (L 22+ % 2 44

1.2.3  AS49/DDP %m Jie, 25 2 5 g b m) %

G AP H B B8P R T S AR s
FIHA S 25 R, vk AP ¥ 10 mol/L A R[]
M 24 h 1Y &A% 3E 4T AS49/DDP 40 i Ak I 24 W ik
PEMZE  A549/DDP 2 L 45 7 5, £5 FL N AS [a] v FE 1)
DDP (1.2.4.8.16 pg/mL), SLEZLHMI 10 pmol/L
AP} % 24 h J5 0 MTT k255 3% 4 h, 76 B G G 122
WEIASE DAL WO BE AR, 4% DR A R4
P 2 B (% )= (1= 52 30 FL G BE A /% AL T
6 BEAH ) x100% , B 25 Pk 8105 20 1, 11 5 2 B 1
W (ICs) . W05 48 B =X I 4l 1Cs/AP fEFHZH 1Y
ICSOo
1.2.4 AS49/DDP #m i, 25 4 91 He o5 a2

[T A549/DDP 2 Mu 2 | i AN [R) ¥ B2 (1) AP
5 DDP, 555% 48 h JG MK BE 5 we/mL (9 Rh-123 W,
i A R A 2 O B B (A O 488 nm, A SO
530 nm) . LLFIHE0HREE A RN 400 N Rh-123 ¥
FE TR E TR
1.2.5 A549 #= AS549/DDP 4§, A P-gp #= LRP % ik
)

B AS549 41 Jifg #1 AS49/DDP 41 g , 4 % 40 g ik
FER 1100 AN/L, 45 T A [l 52 56 R 2% Ak 3 ) 85 3%
24 ', i Ak 0 A0 B PR AN M S R AR
M 12% 1% SDS-PAGE #E % FL 7K 4 &5, % %] PVDF
B, B, I —Prad &2, i =Pt 1 h J5 A ECL fb 2%
KOG & AT R RO R LR AR IR
WA MR EEE RN AR EE, U GAPDH A&
JEC AHOT K JRE B =200 MO i 24 2 11 3% 58 98 B2 /GAPDH
TR IE
1.2.6 A549 #= A549/DDP % ft 1 MDR1 mRNA #=
LRP mRNA % F/K-F a0l 2

[ T AS549 20 A1 AS49/DDP 41 Jifd , 4% 41 ity
WL 1x10° /L, 45 T AN [A] 52 50 PR 32 A 3L )5 85 5%
24 h, B AL TEWSCAR A M, T 1 mIL TRIzol 24 fif 241 MY,
FEH RNA FEAS W SCG s SO, R GE kAT 4738 i
BN S TAEE94 °C 5 min; 28 M Bk ZEAif .
94 °C 30 5,55 °C 60 s,72°C 70 s,35 ME ; KK AE
fi1.72 °C 7 min, ¥ 34 5B PCR 7= 4 7 3585 B 6k e
UK, IR CBE Y K R I R UK AR g A R I
MRS, UL GAPDH fE 8 W= B, 1 H Image
Analysis Software #F47RIk 7301, #ic UL 24 X354
XfF kA, M A =41 PCR 77 ¥ 2% 35 0 B/
GAPDH FKik58
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FH SPSS16.0 B Ge1t, T B8k ¥ B br o
25 (v ), AR FE R T ¢ K 36y, 22 20 18] L 3k
T3 22000 s T BCR OB DL B3R R R Tk e, P<
0.05 WEFAGI=E L,

2 & R

2.1 AP xF A549/DDP #m it & % ¥ % v

W 5.10 wmol/L AP 2 ,A549/DDP 41 g 4=
B R N (05 DDP 41 Rt B 41 AH b 22 2 R Se 1T
25 X (P>0.05) 5 76 20,40 .80 wmol/L AP 41, 41l f
AR TR TR A L, 5 DDP 2 I IR 41 A H 25
HGTT4 58 X (P<0.05),#87~8 AP X A549/DDP 4 il
A KA RIVERT,  HL AW 2808 5 A v R AR G
(1),

129 —+ DDP41
11 —m X IR
e 0.84 —4&— 5 mol/L AP
- 0.6 #x o 10 mol/L AP
2 —%— 20 mol/L AP
< 4
S o 40 mol/L AP
0‘5' e 80 mol/L AP
01 2 3 4 5 6

i i (d)
55X L, "P<0.05 ;5 DDP 41 % “P<0.05 .

1 AFXEXME AS49/DDP 40 il & < 59 5 i
Figure1 Effects of apigenin on A5S49/DDP cells proliferation
2.2 AP 5 A549/DDP 57 25 My A8 % @

B % DDP ¥ Tt , DDP % A549/DDP 4 g 1)

MR It AL R 2 B, AP il DDP 417 41 A
IR = TP DDP 41, A L 2 A G2
X (P<0.05), AP it DDP 411 1C5, 4 (5.7620.36) pg/mlL.,
AKX T 51 DDP 4119 1Cs0(14.332041) pg/ml, 33054
BECh 248 15, A AH L 22 S A Se 127 1 L (P<0.05),
7R AP AT $2/ AS49/DDP 40 i X Ak T 245 4 i) Rk
Pk, HA W5 AS49DDP 4 AR 25 (4 E I (1),
X1 AEIRE DDP 3 A549/DDP 48 i g 30 1 2
Table 1 Inhibition rate of A549/DDP cells by different

concentrations DDP (%)

DDP ¥ J¥ (.g/ml) DDP 41 DDP +AP 4
1 9.23+0.12 18.59+0.21"
2 12.35+0.24 25.45+0.46"
4 20.75+0.16 38.65+0.53"
8 36.39+0.24 61.95+0.70"
16 60.15+0.21 84.68+0.45

5 DDP 41l % ,"P<0.05,
23 AP xF Rh-123 & A549/DDP & fie, 1 i#% 8 49 % )

1E AP B/EFHF ,Rh-123 7£ A549/DDP 4l id P )
WO I, R BEE AP Wk B3,
Rh-123 % 88 2838 fn , A HE 00> . 510,20 .40,
80 wmol/L. AP 41 ) A549/DDP 4l Jifl )y Rh-123 & 1
i 4> % N 26.93% 33.41% .50.68% .64.47% .
73.28% , K& 5 wmol/L #4141, oAb 4% 40 5 X} & 4 4
PO 22 5 ¥ G it 2 8 3L (P<0.05) , 478 AP H A 3
B A549/DDP #i i 9 Rh-123 B FAEH, 1EH 5 AP
WREAROC (K 2)

200 200 200 200 200 200
I & S S y £/ \\. 3 Y S /-n\‘_“' S /" .
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10° 10! 102103 10* 10°10" 102 10°10*  10° 10" 10% 10° 10* 10° 10" 107 10° 10 10° 10" 10210%10* 107 10" 107 10”10
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B 2 AXEXT A549/DDP 4 ia A Rh-123 53 ¢ 58 B M50
Fig.ure 2 Effect of apigenin on Rh-123 fluorescence intensity in A549/DDP cells

24 AP 3+ AS49/DDP 2a M P-gp A= LRP &k 69 %h

P-gp A1 LRP £ AS549 40 ffl py 35 Ik & ik |, 7E
A549/DDP 4 g 4 ¥ i 3k, I 45 R AT B £ 2 24
A549/DDP 41 M bk M (& 3), TE AP AEHIT
A549/DDP 4 Mg P4 J5 5 5 3R 35 1Y P-gp 3R 36 B
55, LRP ik JC B B A8 fk . 3R 3K K A b
/R, 5.10.20.40 .80 pmol/L. AP 41 A549/DDP 4
L N Pgp 23k K BEAE 4 5 A 96.1% .86.61%
68.56% .36.43% ,25.23% . &% 5 pmol/L 4141, HAlh
FA G A, 22 53 Gt 3 L (P<0.05) .,

% AP 4141 0 A9 LRP 3£ 3k K JE A 4 0 A
95.3% .93.2% .90.36% .89.38% .85.24% , 5 % MR £
HIH 2 5 0432478 L (P>0.05) . #75 AP AT LR
8 A549/DDP 4 i P P-gp YKk, X} LRP ()£ ik
S (18] 3)

2.5 AP # A549/DDP 1 f2 A 4 MDRI mRNA #=
LRP mRNA %5  # %

SEHG 45 % 9 MDR1 mRNA 1 LRP mRNA 7
AS549 20 LN AR K P 5% 5% 78 AS49/DDP 4 il N
KB5Sk FE AP YE R, A549/DDP 41 Jifl P
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Figure 3 The expression of P-gp and LRP in A549 cells and
A549/DDP

MDR1 mRNA % 5K F-BE AP ¥ B35 i s 30 F 9,
LRP mRNA % 5t /K V- IC B A8 Ak, E47 A% 3¢ 35
37,5 wmol/L AP 41 MDR1 mRNA #% 5% /K F 55 %}
HEZHAH LG 25 5 e gt 2 5 L (P>0.05),10.,20 .40 ,
80 wmol/L. AP A 5 XFIEZHAH L, 2Z R AT E
L (P<0.05) ;4% AP 211y LRP mRNA %% 5% /K - 5 %F
ML AH T 22 e ¥ e g it 7 L (P>0.05), #275 AP
Al LA AR AS49/DDP 4 Jifd ) MDR1 mRNA % 5% 7K
F % LRP mRNA 5t Toszm (K 4)

A AS549/DDP+AP
NN NN
&0 &O o &0

MDR1(339bp)

GAPDH(446hp)

A549/DDP+AP

AR AS49 4L A A549/DDP 4 i P9 MDR1 mRNA # 5151
B:fili i AS49 41 F A549/DDP 41t ) LRP mRNA % 5§,
& 4 BfifE AS49 0 AS49/DDP 4 MDR1 #1 LRP mRNA
HBRER
Figure 4 The transcription of MDR1 and LRP mRNA in
A549 cells and A549/DDP cells
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TEAE BT FE S H RPN L AP S A R 35843 i 723 41 o
ELAT 30 A 100 ARGT iR 2 2 it 24 0 B ) A 5
B g AS49/DDP 4 A 2k v =E ik 245 A g 20
2 AS49 ZARHMERSE 1 R 8237 S m AR, B X I
TR 245 A1 [) BE s 0 B i | B 25 2K 45 2 Ak T 2Y
Yt 25, AWF5E 5 AS49/DDP 40, #F 55 AP X ifi
2 2t 25 A M VE T, ST AP 3305 it 98 b 97 s
iR AT AETE . M AP XF AS49/DDP 4 i A= K 4 5 5%
Wi 2 B, A HEBE AP %F A549/DDP 40 e Ak K LW &
O VE 15 7 e BE (=20 mol/L) AP RI W  417
A549/DDP 4 i A= K 3G 58 . I HERR AP B9 41 i #E
RIS AR A 10 wmol/L AP #EAT )5 22 1Y 1A
Ah AS549/DDP 21 i 25 Py U E SE5 o 7 AP 10 wmol/LL,
fEF 24 h F ,DDP X} ifi 8 A549/DDP 4 il ) 1Cs, i
TR 5 B2 A L A AR 2.48, FER AP
Al LL3E n A549/DDP 2 A % Ak 7 25 1 i O, 2
A — 5E ) 300 5% il i AS49/DDP 4H i fif 98 i 24 1) T
e, XSRS ISR LA R EUWE AS549/
DDP 4l B A Z 25T 25 4 PE ML AR 2, FE R &
B i is B UL 3SR L P-gp A F1 LRP A
(AR . IR IE AP WG g L] A SCilk A7
T Rh-123 W BB 5e 4 . KBAE AP /ERI R Rh-123 7£
AS549/DDP 21 it Nk BE 8, S HED D BB E AP
P FH e BE B9 3400, AS49/DDP 44 fifd Y Rh-123 % B %
H . Rh-123 SMHE 28 b 40 i B L P-gp A5, Hodii
32 MDR1, A7 T A4 4K 7q21 . MDR1 %6t
A Pogp A& —> ATP AR PE 259 S HERE , Re A ]
ATP 7K fift T 0 %) e 2 , =8 3 ks 5 7K 2% AR Pk 25 ) %
15 AN A T B M P 25 i EE AR TR A R BE A
1T {5l 98 448 B XoF A7 25 900 7 AR T 24 . Rh-123 i B 55
B 25 A% AP 38 1 4 i A549/DDP 41 it N 25 ) 1)
(F#% 1394 )



3T EHE 11

1394 Mox OE B k% % oW 2017 4¢ 11 H
CD44 expression in pancreatic cancer cells[J]. Oncogene, [10] Christmann M, Diesler K, Majhen D, et al. Integrin aVB3
2017, 36(19): 2643-2654 silencing sensitizes malignant glioma cells to temozolo-

[6] Du WW, Fang L, Yang W, et al. Induction of tumor mide by suppression of homologous recombination repair
apoptosis through a circular RNA enhancing Foxo3 activ- [J]. Oncotarget, 2017, 8(17): 27754-27771
ity[J]. Cell Death Differ, 2017, 24(2): 357-370 [11] Van Nifterik KA, Van Den Berg J, Van Der Meide WF, et

[7] Cui QK, Liu WD, Zhu JX, et al. MicroRNA-184 promotes al. Absence of the MGMT protein as well as methylation
proliferation ability of glioma cells by regulating FOX03 of the MGMT promoter predict the sensitivity for temo-
[J]. Asian Pac J Trop Med, 2014, 7(10): 776-779 zolomide[ J]. Br J Cancer, 2010, 103(1): 29-35

[8] Brigliadori G, Foca F, Dall’Agata M, et al. Defining the [12] Qiu ZK, Shen D, Cheng YS, et al. Enhanced MGMT ex-

cutoff value of MGMT gene promoter methylation and its
predictive capacity in glioblastoma [J]. J Neurooncol,
2016,128(2): 333-339
[9] Luo H, Chen ZX, Wang S, et al. ¢-Myc-miR-29¢-REV3L
signalling pathway drives the acquisition of temozolomide
resistance in glioblastomalJ ]. Brain, 2015,138(12): 3654—

3672

pression contributes to temozolomide resistance in glioma
stem-like cells[J]. Chin J Cancer, 2014, 33(2): 115-122
Chahal M, Abdulkarim B, Xu Y, et al. O6-Methylgua-
nine-DNA methyltransferase is a novel negative effector
of invasion in glioblastoma multiforme [J]. Mol Cancer
Ther, 2012, 11(11): 2440-2450

[Wfm B H#I ] 2016-12-27

(k3% 1388 W)

E BB ERSEMIE MM ER . S T 20 T i
AP Xt A549/DDP 4fi fifg PN T 24 35 [K RN AH & 28 19 52
Wi, 38 3o 7 11 S8 AN RT-PCR $ A, 460 it 92 248 ity P9
P-gp Al LRP Fik {40 LA & MDR1 1 LRP mRNA )
SR OL . KIAE AP AEFHT L A549/DDP 4t it 4 Jit
Jern K5 S MDR1 mRNA H B8R 5 e &
iKY P-gp HBLF IR D, 1M LRP mRNA FUH ™)
HH LRP ¥ 284k . AP il id i /b A549/DDP
YL P P-gp U FRIE , AT LA /D s R AR A0 I K - P-gp
a AR 25 AME B A N AT 2 E R
W T AS49/DDP 4 LAY R 25

25 LTIk AP X i 22 24Tt 24 48l (A549/DDP)
BAMMEEEN, LA RS AP MR EA
— MO 5 [ AP HLAT 65 AS49/DDP 4 it 245
hee, WEEHLH S ML MDR1 mRNA #% 55K FF1F
¥4 P-gp S I W) SN iB DIRE A G .

(%% 30k ]

(1] 205K, 00, ok b, 55, S0 il 2L M s 4 g 1%
BEBCHAURITITEL) ], e s AR A, 2016, 33(1): 258
whomE, BT, DT, FORRRWKANR 6ES
B bR A A T SESR [T ). B At BE R A (A AR
2E0R), 2017,37 (4): 399-402,408

Seo HS, Choi HS, Kim SR, et al. Apigenin induces apop-

[2]

tosis via extrinsic pathway, inducing p53 and inhibiting

STAT3 and NFkappaB signaling in HER2-overexpressing
breast cancer cells[]J]. Mol Cell Biochem, 2012, 366(1-
2): 319-334

Didkowska J, Wojciechowska U, Manczuk M, et al. Lung
cancer epidemiology: contemporary and future challenges
worldwide[J]. Ann Transl Med, 2016, 4(8): 150

Zhang X, Wang G, Gurley EC, et al. Flavonoid apigenin
inhibits
sponse through multiple mechanisms in macrophages[J].
PLoS One, 2014, 9(9): 107072

ZGLLAME, BT, B B, S R SRR AT AR 2 W
F19 DR BRI F- 90 JUL 200 e 5 (). o A 0 A 2% R
2017, 45(4): 323-328

Cao HH, Chu JH, Kwan HY, et al. Inhibition of the
STAT3 signaling pathway contributes to apigenin-mediat-

(4]

(5]

lipopolysaccharide-induced inflammatory  re-

(6]

[7]

ed anti-metastatic effect in melanoma[J]. Sci Rep, 2016,
6: 21731
[8] Shukla S, Shqankar E, Fu P, et al. Suppression of
NF-kappaB and NF-kappaB-regulated gene expression by
apigenin through lkappaBalpha and IKK pathway in
TRAMP mice[]]. PLoS One, 2015, 10(9): e0138710
Shukla S, Kanwal R, Shankar E, et al. Apigenin blocks
IKKalpha activation and suppresses prostate cancer pro-
gression[ J]. Oncotarget, 2015, 6(31): 31216-31232
[10] Meng S, Zhu Y, Li JF, et al. Apigenin inhibits renal cell
carcinoma cell proliferation [J]. Oncotarget, 2017, 8(12):
19834-19842

(W7 B HI] 2017-06-07





