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[ ABSTRACT ] Aim To investigate the effect and mechanism of miR-19b on ATP binding cassette transporter Al
(ABCA1) mediated intracellular cholesterol efflux. Methods  After transfected miR-19b mimic and inhibitor into
THP-1 derived macrophage, cholesterol efflux was detected with liquid scintillator, and intracellular lipid droplet was
stained with oil red O.  The binding of miR-19b with ABCA1 3'UTR was analyzed with bioinformatics websites. ~ MiR-
19b binding to ABCA1 3'UTR was confirmed with luciferase reporter assay. ~ABCA1 expression was measured by Western
bolt. Results MiR-19b dramatically suppressed macrophage cholesterol efflux, resulting in excessive lipid accumula-
tion and foam cells formation.  The exactly opposite results were observed by anti-miR-19b in THP-1 macrophage. MiR-
19b bound to the 3110-3116 sites within ABCA1 3'UTR, and their binding free energy was very low. MiR-19b potently
inhibited the luciferase activity and macrophage ABCA1 expression. Conclusions MiR-19b targets ABCA1 and inhib-

its intracellular cholesterol efflux, causing excessive lipid accumulation in macrophage.
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microRNA £—JE N K20 22 AR AY
HAEEIESRAY RNA, B 425 4 A% mRNA [ 3'UTR,
T2 mRNA RSB0, DA 5 SR 5 KF A
Ji 0 5 A f) 6 3k o WFFERAH — 28 microRNA i
IR AR RE ] ABCAL (3635 R 1 L W 40 Bt )i
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JEIAEAES miR-19b Fik BV FATH A THP-1
3 I 24 R 7 VA 240 B A 7Y & B miR-19b 7] LA
SAEHE THP-1 40 A N (% JE [ B2 5 R, AWM B 2
M8 miR-19b A # e 454 ABCA1 (1) 3’ UTR,
PEIE, FATHEM miR-19b 7] A 13 48 17) JTER ABCA1L
O P e S O VA AN BT B AN R A 3R
L, RIES As 1R,

JHAIESE miR-19b 3 2 #E [T #R ABCAL SEAE i
3 200 e P i I AR, AP 38 EE T miR-19b X
WEAN ML ABCAL Y35 HF L E [ B i 1)
S20R DT BB miR-19b i F 5 s 40 it A (7 s 5 A
K As BEJRAYATFHLEL, A As BIBTIA (3T B

1 R E

1.1 A SAbE

THP-1 48 5 293T 40 i 2 5 Al 4 10% fi 4 o
7 B9 RPMI 1640 2 DMEM & 4% £ 78 W 8 75 ,37°C
5%CO, Riafn S EWERB v ER K, LR
THP-1 %7 i, % Fl 160 nmol/L # 7% B & & 24 h, {#
Fraoftk Edain, LB A ARERE 2
o/ L4 % @ & @ 8 RPMI 1640 35 3% 7, B B Am A
50 mg/L ox-LDL # 1 mCi/L [*H] #4710 2 & & 3
HH .
1.2 IR R S50 #6240 A 9 RE [ B2 57 H

THP-1 40 4 Fl 24 FUAEE 3%, L 06 K B % & o 1L
B 5, Al PBS R %t & 4B L, An 1 mCi/L
[PH) #7288 B B2 0% & 4710 24 h, | PBS Wt % 40 J
A2 o/L 4 fuiE & & & RPMI 1640 3 3% 5 5=
24 h, EECEAER NS 4. FaxtBA, FEx
A A AT E A Ay B PR MR AL, B SRR P e
A 10 pmol/L FF X % 1K # 3 7| T0901317 5 I £ xt P&

Y B FR P A N 100 nmol/L ABCA1 siRNA ; miR-
19b mimic 4, ¥ F & P i A\ 40 nmol/L miR-19b
mimic ;miR-19b inhibitor 41, ¥ 7= & 7 Az A\ 80 nmol/
L miR-19b inhibitor, 4 ¥ 24 h & , & A PBS & it %
40 i, 7E oM vE A 10 me/L ApoA 1 ¥ il b 3 %
20 i 12 h, R TR T Bk 20 Al A I B 2R A 41 L BN
[H]ARIT B8 [ B, 8 [ B2 0% 3% 57 R & 4 #0303
(counts per minute, CPM) & DL % CPM (% 5= /& CPM
+ 20 i, CPM) , & L 100% K & 7
1.3 il 0 £EBNEMBHAAEE

BEH 6 ILER, EILHABNEEFEZHRT,E
3L 4m THP-1 48 j £ 7 2 mL, 4+ 51 Fl 6 9% B #1 ox-LDL
%7 % THP-1 E v 40 0 U7 M8 ok 40 fe, 1 2 40
3 ML E X B, R SRR R A
i ; miR-19b mimic 4, & F W F A N 40 nmol/L
miR-19b mimic ; miR-19b inhibitor 41, BRI F N
80 nmol/L miR-19b inhibitor, 4t % 24 h &, 7 T fu
74 10 mg/L ApoA I #3EFWF B M 12 h, A
PBS A BB AMM2 K, 4% 4 RFBE T
40 86,5 min, DL PBS ¥ & 76 1 min J& , v OB 4T Y
ML O TAE 60°C )% 48 44, 15 ~20 min, M & & F
AKEHR2~3 K, FKX1~2min,50% = HEHET 4
Bl AHARELES~Tmin EEBETFAKERS
min, | 0.5% #h B 78 # B i 2 6 3 DL KR R,
EEMETHNE NRE LW IETRE A
iR
1.4 WHEBRESERZHEHERIGLUE

% B Geneback W 5k 8§ ABCAL 57|, &K 5 W
NM-005502 , F| # 5| # 447 % 4 Primer Premier 5.0
4t %f ABCA1 3'UTR # it 3| 475 L THP-1 47 s & A
41 DNA N #AAT PCR ¥ 4, I 4 2 pk 2 4 A psi-
CHECK™-2-ABCAI-WT 3’ UTR # &, [ & Xt psi-
CHECK™-2-ABCA1-3"UTR # &k I # # # miR-19b
28 J7 7| ¥ 1) seed sequence ¥ 1T UUUGCAC %| UU-
GAAGC i R &, M7 K& A psiCHECK™-2-AB-
CA1-Mut 3'UTR % ik # R, % L5 o 41 9017 % %,
48 h Ja 40 ML, AR 9B R O 3 B A O GR & R AR Y
77 %4 hRlue & hLuc + 8 5 L 58 B — & 09 I {8
K B miR-19b 5 ABCA1 3'UTR 45 & 1 ..,
1.5 Western blot #:ill ABCAl1 & H

THP-1 40 6 Fl B % BR % S 0o U E vk 40 il )5,
JH 50 ¢/L ox-LDL % F T ik W ik 28 JiE,, 0 41 17 1.2,
43 24 h Jm B H PBS %R & 4 M, m O\ RIPA 2 f#
vk £ 2 A2 30 min,4°C H % 10 min, F £ I0E, W
4:1/m 5 x SDS % F% Am A % o 7, 100°C e # 10
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min, 10% SDS % 7 ¥ Bt e B IR #EAT ik 2 8,12 V
R T4 45 min 5, WAL LA S min LR
JER R, 5% BLAG 2 A 2 h, 3% 1: 1000 A8\ 3L
A ABCAl —37,4°C## # 1 7, TBST %t 3 2 ,1: 1000
MNFR LA AT AN B E I, R
# 2 h, TBST % 3 %, | Tanon 5500 % 7% 7¢ Yo A0 I %
%3 & 7 F, Tanon MP 3 4% B A 1% , Tanon CAL
R TR IA S B ok A
1.6 HitFEHE

Pra s ER 3Kk, LW AFHIERAx +s
o, 4L 1A LR A J7 # A, T AR R A LSD-t
i, P<0.05 F=RAHITFEXL,

2 # R

2.1 miR-19b I & &40 A BB [ &7 H

miR-19b mimic 20 THP-1 = W5 4 it fIE [ B 3 i
e F0F REZH B b BRI, 8 PH M X B 2 A I T R fd
=TS HPEXT IR L3 TG 22 5. miR-19b inhibitor
2H 4 i IE [ B 5 2SR BE A bR A B B
XA miR-19b AT 0 200 Ji JEL 361 P 3t 11 (1]
1),
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1. #: miR-19b mimic 1 miR-19b inhibitor 24 h FE
WELRREAB BB B 1 s o RAL 2 O XS AL, 3
MR R 41,4 S miR-19b mimic 41,5 S miR-19b inhibitor 41, a
P <0.05, 5% FIXTBAL LA b Ol P <0.05, 5 FHEXT B2 b4 5 ¢
P <0.05, 5PN 4L LA,

Figure 1. Cholesterol efflux in macrophage after transfec-

tion with miR-19b mimic and inhibitor for 24 hours

2.2 miR-19b RFERMBAAERER

miR-19b mimic 20 F& W 40 i P9 i o &5 AR B S 44
AL O Jefa o Ml N IR R 2 RBUR AR
LR I i, miR-19b inhibitor ZH E W 40 M A5
JE R A R IR AT B s/ I P R T AR D AR
FRA /N, X BE4E LR miR-19b AT {iE g 1 20 it 1Y
JEREMR (K 2),

A KA {XTHRAL, B S~ miR-19b mimic 41, C

Figure 2. Macrophage lipid droplet after transfection with miR-19b mimic and inhibitor for 24 hours

2.3 HEWEBEFEWIN miR-19b @4 4 ABCAL
3'UTR

ZA> microRNA #UAR T 9 25 B 7R miR-19b 5
ABCAL 3'UTR #m 454 (K 3), $#&/8 miR-19b 5
ABCAL W] REAEAE A= B ¥ VE . i FH RNAhybrid
TELR M358 A/ B miR-19b 5 ABCA1 3'UTR 454
A AEE O, 4558 578 miR-19b 5 ABCA1 3'UTR %%

AHMABERM(—-KIANABHERKT - 10
keal/mol) , ¢H microRNA EL A 5 30 (1 14 P 45 & 40
HHMRETI (B 4),
2.4 miR-19b #E[@LE ABCA1 3'UTR 1R

F7 ABCAL 3"UTR A9 A= 78 R 58 AR 71 5 5l
RS L N R IR TR 5 miR-19b 5% YL 5] 293T
Y, & I miR-19b 1 3 # l psiCHECK™-2-AB-
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CAI-WT 3’ UTR BY# ik, X} psiCHECK™-2-ABCA1- i}y ABCA1 mRNA Ay 3'UTR, 14l il ABCA1 &
Mut 3’ UTR FikTC M, 728 miR-19b 7] # ) 45 & H&IE (K S)

Conserved in:Human,Mouse,Rat
3’ AGUCAAAACGUACCU----—-- - AAACGUGU 5’Human miRNA:hsa-miR-19b
11 1] | |11 Score:143,Energy:-12.9 kCal/mol
3092:5" UCUGUAAUG. --- GGAUCUAUUUUUGCACU 3’ Human transcript: ENSG00000165029(ABCA1)

3012:5' UCUGUAAUG-GAUCUAUUUUUGCACU 3’ Rat transcript:ENSRNOG00000018126(ABCA1)
I e [ 1111 Score:150,Energy:—13,4 kCal/mol
3’ A GUCAAAAC-GUACCU---AAACGUGU 5’ Rat miRNA:rno-miR-19b

3. AT miR-19b 5 ABCA1 3I'UTR &/ 1FH  L#HA miR-19b, FHHNH miR-19b,
Figure 3. Predicted annealing of human and murine miR-19b to the ABCA1 3'UTR

4. A/ miR-19b 5 ABCA1 3'UTR &4 B HEEER F2BE A miR-19h , 547 4k 3110-3116 £i7 3 471 Bl miR-19b, 454 {1
149 29512957 17,
Figure 4. Schematic alignment of the free energy scores for miR-19b-ABCA1 hybrids

HRIE 52 AXT IR LI i I, X% B miR-
19b AT E 4 ABCAT B HAMIZEA(E 6) .,

miR-19b+ABCA1-Mut 3'UTR
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2.0
Con A
L]
' S 157
0 50 100 150 @ " T ac
Relative luciferase activity(%) < N T
ko L
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5. A miR-19b 5 ABCA1 3'UTR % REIR & B E ik 5107 -
()
HEL203T WEFHIEIRARE  alP<0.05, 50 = —
;b R P <0.05,5 ABCAL-WT 3'UTR 41 4L, 2 057 i,a:i
Figure 5. Luciferase activity assay of 293T cells cotransfect- |q:|
ed with a luciferase reporter plasmid containing the ABCA1 00 1' 2' é A é

3’ UTR (including wide type and mutation) and miR-19b .
& 6. #£: miR-19b mimic 1 miR-19b inhibitor 24 h F E

I ZHAE ABCA1 EAMKRZE 1 K25 0 R, 2 Sy BH X R

. N . 28,3 AFHPERTIRZE 4 & miR-19 mimic £0,5 & miR-19b inhibitor £ ,
2.5 miR-19b THEERAMA ABCAl RARA a A P<0.05, 5= FIX A LLE ;b R P <0.05, 5FHEX B 1L

miR-19b mimic 4 ABCA1 & H £ A 55 H XA Bic H P <0.05, SHIMER BRLL LA
ZH I i RAIR B BH X B2 RREAR oy o 2 , M5 B Figure 6. Expression of ABCA1 protein in macrophage after
STRRZH L e 22 % . miR-19b inhibitor 2H ABCA1 & transfection with miR-19b mimic and inhibitor for 24 hours

mimic for 24 h
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3 3 i

AWFSE I 1 WEE miR-19b %F ABCA1 3'UTR B
25 A VE T, A B 20D ABCAL 2R 113534 0 [F s
i B P g 5 LAY B2 GIE S miR-19b i
A TR ABCAT Y R0 il LA 5 0% JEL [ i oy
AR 2 5 20 L P Rl Jo 5 R R VR 20 BRI i

miR-19b H 4454 ABCAL 3'UTR , M40 k)
e ABCAL ML, 245 B AL M oA
ZW] miR-19b 5 A ABCA1 3'UTR f£1E 3 4541
A, 5 Bl ABCAL 3'UTR f27E 2 NS S, TEN
ABCA1 3'UTR 1 3 NE5E1 s, DL 3110-3116 A ff
SFEE AL S5 A At R AR L M 25 A PR
AT BGZA 5 BRSO S #E TS LU
SRR B A AR 98 AR RSO R Wl SR R S
miR-19b 45 YL 203 T 41 g, 45 5 & P miR-19b B & #)
il $FAE A ABCAL 3'UTR 2R R, #8 ILHEN miR-
19b AT DAFEA: Bl BEAS1F T XHE R0 L ABCAL 119
FIR BV, FATTAE THP-1 WM B Wi 20 i
5t miR-19b mimic & H: inhibitor K1 ABCA1 & 14
1 ZR725k , K miR-19b mimic i35 ABCA1 &
FIf923%, T miR-19b inhibitor W) A ) AT E
— IR T X — I, [FIE FRAT ARSI TP AB-
CA1 mRNA 754k, &3 miR-19b X mRNA 7K F-ICH0
(BAEARIN) o HEREAAL T ABCAL R HRIAM T
JAJEZ T miR-19b 001 455 H mRNA 3'UTR 1l & £
B SRR AOE IR AR R TS

miR-19b # ] T Bk ABCAT , 410 i HiAv -5 i JIE 3]
Pt i, DTG S2F 15 0 200 i i ot 5 B AR T U A i I
B, ABCA1 [ FEE T HE S A 5 20 i P JIH 5] e i i
JRUH A E AR TSRSk JCHR 1) ApoA T, ik
M s % B AR 2R T 2 5 5 4289 RCT s 2,
X X T A/ o A RE i T R R R 4 Y
IR TR S, AR ST AR B A0 i g
miR-19b mimic & ¥ miR-19b 7] YT 2k ABCA1 ()%
ik, ABCA1 Rk (9 170 BR 06 K BH A% 5 03 41 ik P9 g I
T, Ak | A A B R DL T, B K
FERCHUTIAR AN . BOARBF IR FE G miR-19b mimic fY)
35 200 L [ 38 1 A2 90, L 9 i i S 0 2 P
BRI B R3S 2 M 4% miR-19b (Y FE
200 6 UL R e+ BRRRL S A8 45 8 . A, Bidzhekov 45
TP As EHE microRNA F 52 B & L miR-
19b 23k F R X2 miR-19b A BETE As BB R
JRE R B FE R X ABCAL 028 38 Fr 4 & 5 1 R 9%

YERT, DT S 0 W 48 Jf Py 3 7 AR 3T 35 FH. Boon
%[gjﬁm%mbﬁiﬁw@j}ﬁLm%ﬁf microRNA 15
SEMAPRE miR-19b #1255 R4 As 2815 microRNA
AW G HE— 2 BE T I — W,

miR-19b ULER ABCA1 933K, fi tF W5 240 Jifd
JIE B FURIEL IR 20 BT A, DT 380 As PRSI 19 &
A, Tl miR-19b 7K | 4 32F 0 40 i P9 AB-
CA1 Rk, DA 0 200 it Ay JIRL ] e gt e AR 000
As Bt AT IR AL miR-19b X As 314
TR 0L R D 114 i o 35 RS As AR s ), I adE
— RS U AE R A R miR-19b 897775, A
M A7 B Lk B JBT A I 1 35 R DL SR YT As PRk 4
HEBT R
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