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Abstract
BACKGROUND
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Patients with advanced gastric cancer (GC) usually
undergo chemotherapy as the primary treatment.
However, the effectiveness of chemotherapy is often
limited by the development of drug resistance in GC
cells. This study aimed to investigate the expression
pattern, biological role, and potential mechanism of
microRNA-221 (miR-221) in cisplatin (DDP)-resistant GC
cells, in order to provide a reference for clinical treatment
of this malignancy.

AlM

To investigate the effect of down-regulation of miR-221
on cell proliferation and DDP sensitivity in DDP-resistant
GC cells and to explore the underlying mechanism.

METHODS

AGS and MGC-803 cells were screened for DDP-resistant
cells (AGS/DDP and MGC-803/DDP). The expression
levels of miR-221 in GC tissues, matched tumor adjacent
tissues, DDP-sensitive tissues, DDP-resistant tissues, GC
cells, and DDP-resistant GC cells were detected by RT-
PCR. After AGS/DDP and MGC-803/DDP cells were
transfected with LV-miR-221-shRNA, cell proliferation
and DDP sensitivity in those cells were measured by
MTT assay, cell apoptosis was detected by Annexin
V-FITC/PI staining, and the mRNA and protein
expression of CCND1 was detected by RT-qPCR and
Western blot, respectively. The potential target genes of
miR-221 were predicted by bioinformatics analysis.

RESULTS

The expression of miR-221 was up-regulated in GC
tissues and gastric cells, especially in DDP-resistant
tissues and DDP-resistant GC cells. Down-regulation of
miR-221 inhibited the proliferation of AGS/DDP and
MGC-803/DDP cells, but increased their apoptosis and
chemosensitivity to DDP. CCND1 was found to be a

2019-07-28 | Volume 27 | Issue 14 |
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direct target gene of miR-221. Transfection with LV-miR-
221-shRNA inhibited the mRNA and protein expression
of CCND1.

CONCLUSION

Down-regulation of miR-221 can inhibit cell proliferation
and promote chemosensitivity to DDP in DDP-resistant
GC cells, which may be achieved by inhibiting the
expression of its target gene CCND1.

© The Author(s) 2019. Published by Baishideng Publishing
Group Inc. All rights reserved.

Key Words: Gastric cancer; Proliferation; Cisplatin; Chemo-
sensitivity
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F B8 k. R, AT 0 RO % B GCam it 25
A PR, ABF ST 5 4R T microRNA-221(miR-221)
FE)R 44 (cisplatin, DDP)&Y 25 GCa i, v 44 & 4 52 AF A
Fadk AR, VA A 6 IR 08 TF AR

V=/:04
R T AMIR-22133FGC DDP# 24 2m i34 74 % DDP4AX
R 8 7 v BB AU

Tri%k

K A AGS#=MGC-803 4m fitL 4 3% 31 DDP# 25 AGS/DDP
#2MGC-803/DDP4a it. RT-qPCR#& M GC R & 5 28
2%, DDPALT AR 2L, DDPALFaf2540 4%, GC
48 i #72GC DDP#T 25 4m i 69miR-221 & ik K -F; A LV-
miR-221-shRNAZ %445 % AGS/DDPF*MGC-803/
DDP#aft s, MTTAm) 4 fiL3g 78 VA R AT DDP# L5
AR, Annexin V-FITC/P1S & 46| 4m i 8 ©; 34T
A MAE B F A FERmMIR- 2219 B At B, &
FIRT-qPCRF=Western blotting#i| 2@ it F CCND149
mRNAF=& & KA.

ZR

FEGCALAFGCLalsn PmiR-22180 % _Lif, ADDP
w22 AeDDPHT 25 e P miR-221 22 £ 5. F
PAmiR-22147%] T AGS/DDPAMGC-803/DDP 2m At
¥ouh ARHE T AR T e am XD DP A AL AR
CCNDI12ZmiR-22149 A #¥2 L I, 4 £ LV-miR-221-
ShRNA#74#]CCND1 mRNAF= & & £ ik K-F.
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AL O 2 P, A7 R M IIGC i WL BR YT
J7. SR, BT () 3 RS 2 22 24T 24 (multi-drug
resistance, MDR), 1X & T 4% it B — A7 2590 5 X6k 22
A I7 25N BT 241 1 A JR ). Rk 22 (RAIEHiE 26 B, 4
JaA FHIMDR 5|V 2284k, A5 253 ORI
DNAGRAMES . ARG AIE T, DL H At 48 i 1)
REM R H T2 RIMDR A R FIHLHIEAT 17T 2 1
BT, 1EATS 7 BT il e IRMDR [ R S R
KFmicroRNA(mMiRNA) I 7 A B T3 w3 A
XTI 24 T RO EE 7. miRN A — R85 AEmiD 5
BERNAZ T, AT LR B E A . 2% fmiRNA
FiE CAEBFEGCLE N 1YL B A7 S 1L 0 N 28 4
J T RE, Kk, #EmiRNAW G IEITGC
AT 25 VE T IR T SN . FEARHE T, AT T
microRNA-221(miR-221)7E M4 I(cisplatin, DDP)ii 24
TR, DU GCH by T U FE 25

1 #RRSE

1.1 A4

1.1.1 GCR 5 Al SR - W BE 6 M R FE2016/20184F4
B BLIE A 200 GC A g 55 121, 2001197 UK 415
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2004k TN 22021, TR E AR N RS R 1, HAHT
FeiE G M EEE T RO BN e R R =
Al . HHSRING C B 55 L 3, 3 ORI, A&
BT B SRIT; RIS T U S T i 24540
LR, BNBHEBHMTDDPIRIT I R EE, Ky
LN FRRHS I A AT BURH 2 S AT TN 25 221,

1.1.2 4@ o3 Fo it 25 4k 09 0 ik (1)4H IR 555 7%
GCZHMil &, HIEAGSFIMGC-803, 3k H HF E Rl 2B A4
2 SU A A T (i, D). NE R4
AGES-1IHHEFEATCC. Frfi X i RIBTEAN A
10%fi2F L% (FBS), 100 U/mLT 2521100 mg/ml% 5
FIMDMEME; 753t h 4= K (Gibeo, 3£ ). B 4 &7
A 5%CO, ML IR A 137 CHREFR. (2)FiLDPP
i 25k K s O I ETE IIDDP(Sigma, 92 [E)ik
FE R B ) 7 v, A B BE 5 K %280%, DDPIR A
0.1 pg/mL DDPHIII48 h, KAIfEAR, fFraffulsEa 2
80%, F10.2 pg/mL DDP#I #4148 h, &k 24k E DDPK &
IEEN pg/mUASE R e A K RN A T 5 S50,
12 7%

1.2.1 meds g BilgHBA RIS miR-2211]
shRNAF%1/(miR-221-shRNA: 5-GGCATGAACCTGGC
ATACAAT-3")FIELAG )%} B8 7 51 (NC-shRNA: 5'-TTCTC
CGAACGTGTCACGT-3), H il 8 da ik L. 44
J& 1 2 TR (1 AGS/DDPAIMGC-803/DDPIlis 245 ¥k 5 77
FERAERK ZE2950%-60%F15 5, 7354 4430 MOIFILV-
miR-221-shRNABZLV-NC-shRNA, F{- 4 5:1% 7= 41 748 h.
1.2.2 RT-qPCR % % M40 13 s i B, 4 I TR1zol”
Plus RNAZfi{L X7 £x(Invitrogen, € [E) WAL ZUFEA 54T
Mo 4> B MRNA. N TR ImiR-2215K3E, f# FH TagMan
MicroRNAI #3875 & (Applied Biosystems, 35 [F)i#
TSR L& i EANDNA(cDNA). A T 43 HimiR-221
MCCND1 mRNAZIXL, 4058 FHPrimeScript RTif
i (Takara Bio, HA)MISYBR Premix Ex Taq TMiRf &
(Takara Bio, F4%)i#4T7RT-qPCR. U6MIGAPDH %} 7| F1E
miR-221HICCND1 mRN AN xR, Fedfimid2 >~
iR

1.2.3 MTT#m 2 2 i3 7 AR BL Y (40, I DLBEAL
3X 10N fr 2 BE e Fh 296 FLAR . dlifRE 7724, 48
5072 hJE, ARG R U B B TMTTIE, #4620 pL
MTTEW(5 mg/mL, Sigma, 3&E)INASEAFESLFLF, I
Ha G, BRI N 150 pLEIDMSOFH iR E10 min.
G, M B3 Z L6 TH(Bio-Rad Laboratories,
FEE) 7490 nmfF K PG, FA e —X =
FLiEAT, HEE =R

1.2.4 MTTixM AR IME S A0 M WG G2 1 240
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Y20 i AAEFL3 X 10° ANt 2% 5 P 296 FLAR Hh. 4l
MUEE S, FOL 20, 40, 60F180 umol/LIIDDP(Sigma,
EEHAHYNIE. FEDDPJE 48 hig, FHMTTRN & it
ITRSME AU, FHZem - Bt 2k, AN SEge —
HESLEHT, FFEE =R
1.2.5 AR gm Ko7 A IA b F TPl 4 i
PET. KeAn H LAEEFL8 X 107N Al 1) 2% B 4 P AE 6 FLAR
. #4448 hf, IR 60 pmol/LEDDPALHEAI A, 7
37 C, #5%CO, 1857748 hf, MR B b S AL 4N i
FEFHIPBS Y. HR 4 H13E& ra i1 B9 15, F Annexin V-FITC
20 AR TSR S (Invitrogen, 38 [F)I 2 40 T2,
SRIG, KA E B T300 L&, RIGHE=E
RN AE BB P 5 uL Annexin VATS pL PIZL(515 min. {#
R4 { (Beckman Coulter, 32 )& &4l 40
T2 AT A =K
1.2.6 R A FBARE 2 K AmiR-22 1K T 25
A AR (WT) CCNDI 3'-UTR A1/ bmiR-2214%
EFA AR R(MUT)CCNDI 3'-UTR A4 ki fd
Lipofectamine™2000%# Bh% Y 2 211, SR J5 73 5% G-LV-
miR-221-shRNABZLV-NC-shRNA. 7£4: 448 h/, 1 T XL
eI B IE 73BT 2 4t(Promega Corporation, 55 [ )il
PCERMHE . Renillaz R EMEHEN S %,
1.2.7 Western Blottingp#7: i BB TR (E =K
AW A, LT WA R SRR B A A B e
RAVECE = REW AT, LI [ A E
J&, #id10%SDS-PAGES B AH A & & E i, 52
FIPVDFEMillipore, 3 [E) L. & AR 200 TrisZk
MR(TBST)H115% BifEFLE 11 hfg, ¥ MEfE4 CF
H5HCCNDIH—Hi(1:1000#%%; Santa Cruz, FE[E)FI
B-actin(1:5000% %, 2 RN A A, ILI5) I E L. H
TBSTH =G, Bl 11 2E P/ RBUR ok Ak 1 s
BRI —H1(1:5000%F; 22 RAEV AR, ILIHEEIR
TFE2 h. HECLALY K tiZ(Pierce Biotechnology,
S [ il & A 46 FT 4k, QuantityOne” 4.625 % (Bio-
Rad, & ) FH T4 Hr iy 5

it &R RHEE R Flmean = SDE
AR, SKHISPSS 20.0 4TG0 1H /0. WZH ELBCR
ST REARAG I, 22 AR LR F B R 32 07 2 W e
LSDE5; 4P<0.05K Ay 78 S5 HAA Guit 22 X

2 BR

2.1 GCA L Aetm i sm PmiR-221 &% S5 A5 MH,
miR-2217/EGCAHL F =KL (E 1A, P<0.01). 5DDPGC
I BURLHL A L, miR-22174EDDPGCALI T il 25 2H 23 v
FIiL(E1B, P<0.01). 5GES-140/MufH L, GCAMfI(AGS
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MGC-803/DDP4iffl, 1 FIRT-qPCRITAL YRR, 4551
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YL AGS/DDPAIMGC-803/DD P4 il HrmiR-221 {1 %
K52 T P<0.01)(E2AF12B). B, K FIMTTH %
Y24, 48, 72 hfE AR E L. 1 E2CFI2DRTR,
HLV-NC-shRNA#: YA EL, miR-221 FIATER Ye24.
48, 72 hj5 ¥ 5 E K T AGS/DDPHIMGC-803/DDP4H
Ji F1 38758 (P<0.05, P<0.05, P<0.01).

2.3 miR-221# F A% #eGCDDPt 25 2m i3 DDP#4 44 &%
M HYLV-miR-221-shRNAJ5, K FAIMTTH Il GCDDPIif
54 ST DDPRIAL A BB AR, 45 R R, HYLLv-
miR-221-shRNAJAGS/DDPHIMGC-803/DDP4H i %}
DDPZE I H! B8 U (P<0.01)(BI3AFIB). NHRZR T i
miR-22 D0 GCAH B A7 BURAE 2 ML, A FEdEAT
T RAANDDP T I GCDDPIi 25 40 i I8 1)
EL. W E3CAIBDATR, miR-221/) N i 7 DDPF
511 AGS/DDPFIMGC-803/DDPHH I i T (P<0.01).

2.4 CCNDIAGC e+ miR-221¢) H4x¥ L B XH
A AE B M DL R miR-221 RO TE AR AR IR R ]
AEF BmiR-2217EG CHH M A AE I IpLa. 25 5 2 I
CCNDI1(E4A) T g miR-221 T AL 87, AHE— 51
i\, N FHRT-qPCRAIWesternE[I2E 70 ks 4% 4emiR-221
FA Y EimiR-NCHJAGS/DDPAIMGC-803/DDP4H fifl
HFCCNDIImRNARIE HFRIA. 4R ER, FYLV-
miR-221-shRNA & T AGS/DDPFIMGC-803/DDP4H
Jii - CCNDI1#ImRNAKF-(P<0.01) (K4B)AIE /K1
(P<0.01)(K4C).

317E

KEHAEH, miRNASE Z RS )7
FR AR P T 24 P, TRk, AT T AR AL T TR 24 A o
miRNATEGCH I RIE A )24 E T REA Bh T
RHTHIETT S DL R GCIIT 2%,

EATHEYFE T, miR-22172 —FhEUE microRNA!M,
el LU M C D117, kAN M R R AE . (eI
I T, miR-22 1175 g i 8 26 p . 4R, miR-2217F
GCHHIFRIAIA . AV RE A AV EHLHITIATE
R BRIV FEH, A TIESEmiR-2215IA{EGCH LI
GCHffu B35 i, JLH R 25 4 ZIFIDDPIi 2 GCAH
Ji. BRI, T miR-221 5414 AGS/DDPAI
MGC-803/D D P Hfd (1) 54 58 338 hn e A1 TX DD PRI A 2%
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BBURPE. T mi RN AE It ARSI it 5y 205 FLHE I IR 1)
3-AERIBE X (3-UTR) ELEAH BAEH S 5 R %, Aifi
T EmRN AT H R S R, Mk, BATET
AP B AT miR-22 VR R 34T 1 T, R BLCCNDI
NGCHHMIHmiR-221 1) B4R, A7 T iRk 11q13 1
CCNDIZTE R AR LA R it 45 2 Fl i
JEANR L FIE RN, 7EGCH, COCNDIEIE 5
GCoHLsRgIHISE"™, H A IR 7T R BHCCNDI/E £ Fh
iR v A A e B M AT SRR (¥ 1 2 A 5T
RILF HmiR-221 5 [ #01#|CCND 1 RIAEGCA A K
AL A b R FE R A Y, X B PR EmiR-2217]
REME AR N —FhyA T 88 5 HEATIIE 7, DA BEL s b o
e 5 F g 2B KA T 24

2, miR-2217EGC DDPi} 254141 /1GC DDPIiif 2}
YA B RIE. N AmiR-221 R IA GO 245 41
WP T DD P A U, I AT 7T K,
CCNDIAGCHmMiR-221 f) EL4Z#EFE A, FifimiR-2217]
REEL H0H| CCND 1 & #£ 1% ¥ GC DDPIii 24 i H. A<Hit
7t 9PiGC DDPALIT TN 25 I FLiR it T 5%

NERR

shpAdE =
=

 Jii (gastric cancer, GC)/& # LI AL R GUEME M. L
SRR B0 YT 7%, A HA AUEAAE 32 3G CHH i
2R R P BRI

feativt /A

AWEF B R microRNA-221(miR-221)EGCH 1%
IERE, AR A AELENLE], CAAIG R IATT SR 44
B2

Eoa g =l

WFFE ) H AR R R FIHMIiR-221 % GCIi4i(cisplatin,
DDP)ifit 25 41 B 384 5 J2 DD PARSUBPE s, HR R
FRIAH SR ATL .

Eoal g

K AGSHIMGC-80341 i #4 i HDDPIif 2/ AGS/DDP
FIMGC-803/DDPAHIffL. f#FHRT-qPCR. 187 845 4%
MTT. Annexin V-FITC/PIHta2 )57k, Kl T GC A )
FHL ST BUBRA LS, T I 2204, GC AN
GC DDPIli 24 48 i (I miR-221 2235 7K 4630 20 43 5 LA
J 5 DDPIIALAE U, R BRI T A0 B2 o
HrLAF-HRmiR-221 (178 AE B LA
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