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B LB EFE BT . PVDF 0 5 2 [E Millipore 4= 4]
/N 3 Lipofectamine 2000 14 H 3% B Thermo Fisher
Scientific =¥ /NF) . B Fi4r 84 A -3 ( matrix met-
alloproteinase-3 , MMP-3) JL5i 4 /@& -9 (matrix
metalloproteinase-9 , MMP-9 ) 4 i 7 7= 7495 X T~ ( B-
cell lymphoma-2 associated X protein,Bax) B J# [ ZH
15 -2 ( B-cell lymphoma-2,Bcl-2) ,caspase-3 ,ATP 2%
A& 28 H Gl (ATP-binding cassette G1 ,ABCG1)
FIH T S -3 -1 192 i S 18 ( glyceraldehyde-3-phosphate
dehydrogenase , GAPDH ) It H & [E Abcam A=) /\ H]
QPCR 1Y 1ty B 2£ E 1A % 2 ] ( CFX Connect ) ; Bio-
shine ChemiQ fb2% & GCEER AR R G H 22 B SR
/) ( ChemiDoc) o

1.2 7%

1.2.1 @i TR A7 S H 10% R4 i
1% EHE - 55 R0 RPMI 1640 5557 5 85
I, BT 37 C 5% CO, FiFRfaMN o O A KIBTHY
YA, INAAFIREE (1.2 .4 wnol/L) (1) IM,24 h J5
WA B T IS 25 5

1.2.2 #REmmEEARAM T KT TargetScan
AEE R, M T & A pmirGLO B 42 B (wide type,
WT) A pmirGLO-Z€ 4544 ( mutant, MUT) f) ABCG1
BRI 3'UTR F B Ff A PERE 2 1 i 200 it ( K562
4fs) 5 miR-141-5p #3814 + ABCGl WT/MUT 1
F e 48 h, PBS YR 2 K. fJa, i WU R i
A5 R R 2R e B R T Pk

1.2.3 qRT-PCR  TRIzol {4 HL4H ML & RNA , {fi ]
W SRR B30 55 B cDNA fd ] SYBR' Premix
Ex Taq Il #£77 qRT-PCR. Jir A B4 4% 4 B 3 57
GV HT. RT-qPCR 3 K510k 1 Fios.

%1 qRT-qPCR {57
Tab. 1 The sequence primers for qRT-qPCR

Gene Forward (5'-3") Reverse (5'-3")

miR-141-5p GTCGTATCCAGTGCAGGG ~ CGACGTAACACTGTCTGG

U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
ABCG1 CAGGGACCTTTCCTATTCGG GGCCACCAACTCACCACTAT
GAPDH TCCGTGGTCCACGAGAACT  GAAGCATTTGCGGTGGACGAT

1.2.4 mjestd  BOPEUE R K562 1 K562/
GO1 4, A 1 x 107 A/ml 1) 20 i 5% J& 43 il 42 o =2
6 FLARMEEE IR, F] A Lipofectamine 2000 % 4z 7]
4155 Y miR-141-5p mimics, miR-141-5p inhibitor,
ABCGI g Rk ks S HOE B IM IR T 24 h J5 A
X AR R, F ARG A R T IR AR 2

1.2.5 CCK-8 #mlm & e BOW KA K
K562 F1 K562/G01 ZHft4 7 3 96 fLA . 17 51>
fLH A CCK-8(10 pl) %Wk ,37 C 5% CO, k3%
FARIFE 4 h; FEARIX 450 nm B I H [] — B i) A5
WG (absorbance , A) {H, FHINAS 19 A {5 3E17 41 i
BB R (4 53T o

1.2.6 I EZH AR BN mIITH  1F24
LA AR BNE LRGSR R AR 3 . 4% £
REBERN0. 1% 45 i 55 Y% 2 [ 72 41 L 15 min A1 20
min, FEHLEEEE 10 NG AT A IR RG34y
Bro

1.2.7 AXma R mie A= 5 YL 48 h
J& , B ORI, A 200 wl 454 2% shig il 5 pl
Annexin V-FITC i{IHE &, HIREVEZIRTH
% PR EE 15 min JSIIA S R IRE A BUAL PR E , 987
F 15 min J5 AL HTEE R

1.2.8 Western blot 2% 408 & T RIPA Uit
GEopi T/ 24, T 4 °C 12 000 r/min K i #E
AN 250 5 min 75 F) 408 B & . i BCA
R ) S AT AR VR B R R R B 10
min J5 , 7E SDS-PAGE %I /72, 5852 PVDF &
L ERBEA 0hE R 1 b In AP, 4 C At
5 PVDF & &%, K H, A Z4$15 PVDF
EAEZEIR TWE 1 h,ECL B3, —$HL MMP-3 (1 :
1 000), MMP-9 (1 :1000), Bax (1:1000), Bel-
2 (1:1000), caspase-3 (1:1000), ABCGI (1 :
1 000) F1 GAPDH (1 : 10 000), 12404 (1 :
4 000) FLFEHTEL (1 = 4 000) 1FE R =i,

1.2.9 i@ sr# 4 <% miR-141-5p agomir
SO0 IR agomir BE YL I 1B EE 11 B 1k K562/GO01 4
J - B A B . WS K A B (1 x 107
A/ FUNR) B R EEFPE] BALB/ e R ERUZEMIK T . 4
Pl 3 d g B R R BB AL R P2 (R4 6
F) BRI IM s # R K (100 me/kg) | ic st 4
JEI g K/ NFIARRR . iR s S e e LR R R R A
I 5 S HERET T (20190657 ) o

1.2.10  Fzsaris XA 4iv) R 17K
A, TS 56 Ki6T TAERRTE 4°C T
BA®. YHERFERTHAEYRRiCH —diak B
30 min Z J5, DAB Yefa, ffa W) H it ik i
B BB A A

1.2.11 TUNEL Jf] 4% %58 W1 [ 2 40 i 30 ~ 60
min, PBS $E%& 2 W, IIA & 0. 1% Triton X-100 1
PBS, yK EWFE 2 min, HHLYOCE K E ik F s
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1.3 Git 2438 SotBdRLl v £ FoR 0 K
T AR R 32 30E TAFRAE (receiver
operating characteristic, ROC) {fi £k ¥ fi miR-141-5p
Rl % CML 32 Wr i) F50 {8, (55 1] Kaplan-Meier i
LRAAT A M. BRI AR 3 R, P <
0.05 NZESRAGI = Lo

2 #R

2.1 IM fit25 % CML th miR-141-5p f§ & %A 8
T8 gRT-PCR 45 R Bon7E IM fiif 25 20 J 74 1) miR-
141-5p LRI T M BURZH (& 1A) o Ak, miR-
141-5p 11 IM i 25 VE 40 il bk KS62/GO01 21 Jifd v 1% &
IR T IEH K562 4ifig (&l 1B) . i ROC
£ 53 BT iFAl miR-141-5p xF CML /912 Wik Jg, il
2 N1 f2 (area under the curve, AUC) 4 0. 839 ( P <
0. 001;95% CI:0.728 ~0.949) , X F B miR-141-5p
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FETIN CML Jy 1 2 A SR E R S (B 1C) o AR
P& Kaplan-Meier 73 7, miR-141-5p IR R L S5 &
B EfFRA R (E D)

2.2 miR-141-5p 53 & A 1E38 K562/ G01 XS 7
DERHSRENE CCK8 4R B/, 7 IMiFSW
WEET K562 il 3R B0 bk KS562/G01 4 g B AR iy
FEIE R, HBEA IM W B A3 m, JCHUEAE 4 pumol/LL
) IM VR BER  XAEa SATE InB (& 2A) . A TF
5% miR-141-5p 3 ik 5 CML Fl IM U8 2 6] (1)
K2, ] miR-141-5p mimics K Hox} B e K562 F
K562/G01 4 Jifl, q-PCR &5 2R ik W e 4 il o)y (&
2B) ., ZJ5, e ar i B miR-141-5p mimics 45
IKT K562 F1 K562/GO1 21 i ()3 3 -4 il 1 358,
B IM {5 K562 40 i, % K562/GO1 41 i %A 5
M, miR-141-5p mimics 5 IM L [E/E H 5 X K562
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Fig.1 The expression of miR-141-5p was significantly downregulated in the serum of IM resistant CML

A The expression levels of miR-141-5p in IM-sensitive and IM-resistance CML patients; B: MiR-141-5p expression in K562 and K562/G01 cells;

C: ROC of MiR-141-5p in CML patients; D: Survival analysis based on IM-resistance CML with high-level or low-level miR-141-5p; ** P <0.01 wvs

imatinib-sensitive ; # P < 0. 01 vs K562 cell; ¥*P <0. 01 vs Low miR-141-5p.
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Fig.2 The expression of miR-141-5p

A Cell survival rate under different concertation IM measured using CCK-8 assay; B: The transfection efficiency detected using PCR assay; * " P <

0.01 vs K562,"P <0.01 »s NC.

3A.B) , TEiE % MR 28 40 5C 8 (1 MMP-3 FI MMP-9
(LI OISR B AL 25 5 (] 3C) o AR M T
miR-141-5p mimics B IM BA 50 4E B B A 2 08 T2 4
FH, miR-141-5p mimics 1 IM B4 {f I 1F— 242 1k
T K562 4 g T, (E%F K562/G01 4 1= 2R
LA 25 (E 3D) . W miR-141-5p 1] LI
K562/G01 pyA KR HH T,

2.3 miR-141-5p 7£ & ) F& (K K562/G01 48 B %3
IM g 20t £ ok, il i AR RS A B
B HE— 2L B ik miR-141-5p [ CML 41 A= K .
B AE A miR-141-5p agomir i 4b 3 [y K562/
GOl 40ffLF BALB/c /NG, TG4l IM b H4H F
ZEEXTREA . [RIXS AL AR EE , miR-141-5p agomir 4]
(4 el A A W S /0 T IV IR Y7 LA 22 AR /N, R
W] miR-141-5p agomir 5 IM J[E)4F 1] f5 %t e A= 4
(AR HAE AN F B ) miR-141-5 agomir( [&] 4A |
B). R¥E IHC fil TUNEL il 5, miR-141-5p {1t %
IR E AN T AE AR OCHE 1 Ki-67 YA L i 0
JELPR T, T IM AE B8 5 5 T A R A S A B
miR-141-5p agomir Fll IM {40 & EHA 5 miR-141-5p
agomir FHIRCR (B 4C D), X EELERHE—
H]7 miR-141-5p FEAR N FEAR T KS62/GO1 4t il 11
IM i 245 1%

2.4 ABCGI1 £ miR-141-5p (I EHEMIF 7ELH
P ZE B ABCGL g #itll >k miR-141-5p bR 2 —
(BI5A) i %¢ ) 2 Mg 4 3% PR 22 4l miR-
141-5p F1 ABCG1 £ K562 #fi it v 22 [8] (R AH 564, #
7 miR-141-5p mimies i &K T B3 ABCG1 WT K

Dt E B M, 1 X ABCG1 MUT 3K 3 1) 5¢
JERBHEPER A W% (K 5B) . tbAh, 76 miR-
141-5p mimics 4171, K562 F1 K562/G01 4 fifi 1} AB-
CG1 & [ F mRNA JKSF-BEAIR, T 76 41 il 700 4 b 7 s
(E5C.D), % F£ ] miR-141-5p 1 E ¥ ABCG1 %
ko [AIFE, 76 CML 825 IM i 25 R 3 L IM
B T = 1 ABCG1 33k, H miR-141-5p 7KF-Fil
ABCG1 /KP-2 A (K SEF) o

2.5 miR-141-5p &5 ¥ [5 ABCG1 #§¥ CML 48
BRY IM ButE i qRT-PCR FI1 Western blot #ff
FEREGLI A S (B 6) o 24 ABCGI i k), 7
IM b 3 4% 4 F W88 3 miR-141-5p mimics %} K562
1 K562/GO1 41375 o3 A0 7 i) 410 1 4 FF B9 350 4336
(K TA.B), 7E miR-141-5p mimics F{EF T ,IM
S K562 5% K562/G01 4ifii-h MMP-3 1 MMP-9
FIRMANEIPE ABCGL i ik wi %% (B 7C) o 1A,
T AR 5256 B, ABCGL 1 L i 4% T 48 IM
P51 K562 F1 K562/G01 2 g 1 miR-141-5p mim-
ics Z 51X AL T AR HEER (B 7D) o bik%k
JEFH] miR-141-5p 3+ #¢ 7] ABCG1 77 CML 41
JL i IM et

3 it

CML J— i A A 1 B 6 2R 0 0 1 3R AP 1k
T AEER . VRN S R TKT 22—, IM 28
WEWATE CML YT PeER AR o AR, MO 2 1
CML XS IM B DA 1 sl e it 25 1, X
23 5% W TS R A T R DA, PR AR MR 24
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Fig.3 Overexpression of miR-141-5p enhanced the sensitivity of imatinib in K562/G01 cells
A Cell viability characterized by CCK-8 method; B: Cell proliferation assessed by colony formation assay; C: The migration and invasion-related and
cell apoptosis-related proteins tested by western blot analysis; D: Cell apoptosis tested by flow cytometry assay; * * P <0.01 vs NC; *#P <0.01 vs IM +
NC.

hE4NM  https://www.cnki.net
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Fig.4 miR-141-5p reduces IM resistance in K562/G01 cells ir vivo

A: Images of tumors in different group; B: Tumor volumes of mice; C: The protein level of Ki67 measured by immunohistochemistry; D Cell apop-

tosis measured by TUNEL assay; * * P <0.01 vs IM + NC-agomir; *P <0.01 vs IM + miR-141-5p agomir.

AIBLTRITT S CML S5 4 DR 0, P B AR it 245 4 T i
R BCTE L, TEZHIA— M5, miR-141-5p
£ CML g3 F1 CML K562 4 ik 2235 | Mg A
W5, IM i 25 1) CML 35 (1) miR-141-5p FEikK
FHRART IM s 5, H Y ABCGL 3Rk 57 5]
AAHUME R miR-141-5p (951, TM i 2}
(1) CML & 45 552 3] IM {5200

WF5E" 20, miRNA BT AR N 32 I G2 T 4
AW, I R e DR i 12 W FR T B A i L A
Fe W] miRNA 748 P 20 1 s R 1
BAER, Qi BE 2R IR 1 miR-155 R[{EiF CML 24 Jift 4
=" miRNA-141 J& miR-200 F % — A a bt ,
TE TS RIS 255 Tl 00 40 35 DR A VR T L AR5
IhRE ISR R, TR IM i SRy PR, KS62 4 1Y
FEIE AR T K562/GO1 4iiJify, H Bl %5 IM e B (1) 38
I X SAT A R . miR-141-5p i 35 1 2% 2
7 IM X KS62 4 Jy S 5H TR R 2R T

FIRZ IR, 1 miR-141-5p-mimics [d) IM 2H & X K562/
GOl 4 i% g JG A4 B AR FIE TR S
% 3K miR-141-5p-mimics FH{Ll, 7 W1 1Z miRNA £y
P FIEREIR T K562/G01 4l rf iy IM USRI
VAN (XN RTERVIE 2% E-x3 (VE A A8

VW5 W], miRNA T8 33 45 & 5 6 A2 Wi A% iR
3UTR b A H AN 51 A BIR ] 3 35 A ) 4 3 I BHL 1 H:
FHE L DT 5 15 A TR 5 4, DT 7 Mo & 2
R SR 25y g R Y HER
[, miR-141-5p (ALHI7E R A IM it 259 1) CML
(53 F 7K P ERE R # 4B 7R . TargetScan £ 4 4 i
7~ ABCG1 J& miR-141-5p ) —E A &, H R
K5 miR-141-5p RIXEFAAK, 25 CML 41
MUEFTHR . FRSLEG R BT, miR-141-5p i i 42 )
ABCG1 ##75 CML 40 fig ity IM fadk .

B2 T 5 541 T miRNA F1 ABCGL X IM it
2P 2, R EAAE FALHIA TR — 2 0HE
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B 5 ABCG1 Z miR-141-5p B E #04R
Fig.5 ABCGI1 was one direct target of miR-141-5p
A : Bioinformatics software was used to predict the binding sites between miR-141-5p and ABCG1 ;B Luciferase reporter gene assay demonstrated the
interaction between miR-141-5p and ABCG1 ;C: mRNA levels of ABCGI1 in cells treated with miR-141-5p mimics and inhibitor; D: ABCGI protein levels
in cells treated with miR-141-5p mimics and inhibitor; E: mRNA levels of ABCGI in IM-sensitive and IM- resistant; F'; Pearson correlation analysis re-

vealed the relationship between miR-141-5p and ABCG1; * P <0.05, * * P <0.01 »s NC;* P <0. 01 vs imatinib-sensitive.

A 8 [JNC-OE
El ABCG1OE B NC-OE ABCGI1 OE NC-OE ABCGI1 OE

6 k%
<
Z ABCG1
22 ETS
g
O 4r
@)
& GAPDH
<<

2 -

K562 K562/G01
0
K562 K562/G01
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Fig.6 The expression of ABCG1
A. The mRNA levels of ABCG1 in K562 and K562/G01 cells that were induced by ABCG1 OE; B. The protein levels of ABCGI in K562 and
K562/G01 cells that were induced by ABCG1 OE; ** P <0.01 vs NC-OE.
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Annexin V

7 miR-141-5p i@ 5T ¥ [E ABCG1 i3 CML gy IM S a4
Fig.7 miR-141-5p modulates IM sensitivity of CML cells by targeting ABCG1
A Cell viability characterized by CCK-8 assay; B: Cell proliferation assessed by colony formation assay; C: The protein expression of ABCGI in
K562 and K562/GO01 cells censored by Western blot assay; D: Cell apoptosis tested by flow cytometry assay; * P <0.05,* * P <0.01 vs IM + NC; #P

<0.01 vs IM + mimics.
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MicroRNA-141-5p/ABCGI1 reverses imatinib

resistance in K562 chronic myeloid leukemia cells
Xu Han, Xu Tingting, Wang Wanjie, Bao Jing

( Dept of Hematology , Affiliated Hospital of Anhui Medical University, Hefei

230022)

To explore the mechanism of miR-141-5p and its effect on Imatinib (IM) resistance in

qRT-PCR was used to detect miR-141-5p mRNA levels in IM resistant and sensitive patients.

Western blot was used to detect the expression of proteins such as MMP-3, MMP-9, and Bcl-2 before and after

transfection in K562 and K562/G01 cells.
cytometry assay was used to detect the binding of miR-141-5p with ABCG1;

effect of miR-141-5p on tumors in vivo. Results

CCK-8 was used to detect of K562 and K562/G01 cell activity; Flow

Nude mice were used to validate the

The results showed that miR-141-5p was downregulated in IM-
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resistant CML patients and IM-resistant CML cells and overexpression of miR-141-5p could inhibit the growth of IM-
resistant CML cells and promote their apoptosis. Research on tumor bearing mice had shown that miR-141-5p in-
hibits tumor growth in vivo. Finally, it was found that miR-141-5p could directly target ABCGI1 in IM-resistant CML
miR-141-5p and ABCG1 form a competing endogenous RNA

(ceRNA) network to function in IM resistance, thus facilitating CML progression.

cells to regulate CML occurrence. Conclusion
Key words chronic myeloid leukemia; miR-141-5p; imatinib; ABCG1; drug resistance; K562
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