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MicroRNA-155 Inhibits Macrophagic Foam Cell Formation through Downregulating
Expression of Scavenger Receptors
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Abstract: [Objective] To study the effect of microRNA-155 (miR-155) on macrophagic foam cell formation. [Methods] Real-
time RT-PCR was used to test the expression of microRNA-155. Western blot was used to determine the expression of scavenger
receptors SR-A and CD36 in THP-1 macrophages. Receptor-specific binding and uptake of Dil-labeled ox-LDL (Dil-oxLDL) were
examined by laser scanning confocal microscope. [Results] In THP-1 cells, 80 pg/mL oxidized low density lipoprotein (ox-LDL)
induced up-regulation of miR-155 in a time-dependent manner. Ad-miR-155 transfection decreased the expression of SR-A and D36,
and the uptake and binding of THP-1 cell with Dil-oxLDL. In contrast, miR-155 inhibitor increased the expression of SR-A and
CD36, and the uptake and binding of THP-1 cell with Dil-oxL.DL. [Conclusion] MicroRNA-155 inhibits macrophagic foam cell
formation through decreasing the expression of SR-A and CD36.
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SRIEDCHERAYY 1 WGt 40 Y A Wit i S5 3 250 ok 40
JES | B 3 18 32 1A (scavenger receptors, SRs)5E i, .
Hirr A 275 1 RAZ K (scavenger receptor A ,SR-A) Fll
B By R ZAK CD36 (cluster of differentiation36,
CD36) 1 . W 20 F5 A R e Wi B AR 2% B MR 2
(low density lipoprotein, LDL) i 2 H & ¥4 T 8 24
FHM L AR SEMTZE R M, S/ RNA (microRNA)
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MicroRNA-155 (miR-155) J&— /> L1 1) £ Ty g
microRNA, C A BERHRH], miR-155 75 S
RAE R K A S R AR T AR R, B
I A SE B miR-155 7 FL G20 6 PR Ak ) 2 v
FeiR BB HO6F E v 20 B 6 K Ak R Bl Jok ok A
REARTE I FH AN T2 AT SE R T miR-155
Xf THP-1 [ Wi 20 B oK A A ) s e K ] BEAIL
i, PLTAL miR-155 J& 15 AR b B 2l bk o+ Al
TERYHTHE

1 #H#H57*

1.1 RAF5NE

NZEFAZ YRR THP-1 4 (H Rl B it
AL 2EF BT ) s RPMI1640 4G I3 . R
13 B /AE ST (GIBCOBRL 23 F] ) s il 1 (PMA) |
THZT O Hoechst33258  F5 BN HI5] cocktail (Sigma
/~¥]);SR-A 1 CD36 Hitfk (R&D 2AH]) ; HRP Fnid
B 9 T i 2E 1gG (Santa Cruz 2 #H) );l,10-
dioctadecyl-3,3,3’ , 3’ -tetramethyl-indocarbocyanine
perchlorate ( Dil ) %% Y FR £l (Probe 23wl ) 3 HAY A 7
B4 g e 10 5 O3 B Al i

CO, Y5 246 (35 [H Precision 23 1) ) ; SW-CJ-IF
i TAES (LRI R IR 2 RS SEARA
FRAHE]) ;s pH 3 (Fii =t Mettler Toledo 23 7] ) 5 {5 i i
TUBE (B PG AXAS ) ) 5 WO Al I 5 A B sl e
( HZAS Olympus 23 7)) 3 #3250 (3 [F Beckman
O] ; WM S BE A (5E [ MJ RESEARCH 24 Al ) ;
/INBU T PR VKRN L A 2 B O B PCR YL (36
Bio-Rad A7),
1.2 Ad-miR-155 #1 Ad-anti-miR-155 B% §% & £
kg

5 2 28 A4 1) g A 2 IR OSCHR A 0 1 T 1
Ad-miR-155 (5'-TCGAGCCCCTATCACGATTAGCA

TTAATTCAAGAGATTAATGCTAATCGTGATAGGG

GA-3") Fl Ad-anti-miR-155 (5’ -CTAGTCCCCTATC
ACGATTAGCATTAATCTCTTGAATTAATGCTAATC
GTGATAGGGGC-3") il &+4% 1 AdMax(Microbix)
F1 pSilencer™ adeno 1.0-CMV (Ambion) systems 1
BB AT, FRREEZ HEK293A 4 EF 402 4 4
J& ,CsCl 44k, & 100 mL/L H il A 20 mmol/L Tris
GERBGBE T, =70 CORAF, M BT 52 00 5 e 1]
Adeno-X Rapid Titer kit (BD Biosciences Clontech,
Palo Alto, CA, USA) il &M k4T, SLgarh
DL Ad-LacZ 55 YL ZHAE R0 B

1.3 Ox-LDL #n Dil-oxLDL &Y%l &

Ox-LDL 1 i % ¥ SR 8 19 5 1) Sk
PR B AT, TRTIR AN - fg BRI R 0 17 v 1l K2
B i 55— = e ML VBRY , SR P %880 B0 B o P T
% LDL, ¥ LDL T 4°Ci&MNr 24 h, /a4 3
W, 1E 37TCT LR 5 wmol /L ) CuSO, ik
24 h, £ 0% 200 wmol/L EDTA FIA &
EDTA % PBS 4 CF 43l i&E AT 24 h Fl 48 h, H
Bradford VAEE B, TEICRAR FRH 045 pm
VERRE T UEBR TR, 4 CREGLRAT, — NS,

Dil-oxLDL(1, 1'-dioctadecyl-3,3,3'3 -tetra-methy-
lindocyanide percholorate (Dil)-labeled oxLDL) [ il
IR U0 SR 9 B B RO T A
LDL, H—& &t i JChE & M M 7Y LDL W =
1 mg/mL, &2 F+ LDL A 5 wL ¥ B 30 mg/
mlL %) Dil 7,37 CHEEIEE 18 h, i LDL %%
A58 Dil-LDL, £8%5 B2 46 B 25082 B Dil-LDL, PBS
BHT 48 h WEH 3 UK AL E R 5 pumol /L
i) CuS0,,37 C4E 1k 24 h, #RJ5 7 9 FH & 200
wmol /L EDTA AR EDTA 1Y PBS 4351 % A1 24
48 h, RH 0.45 pm JEREITIEBR T, 4 CHROGIRAE
— AN e,
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THP-1 20 Mk B v R B L it 40 A 2 ) 7
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MR . FEMEEIT 2635 miR-155 X 5 240 Jid A 52 i)
Bf43 6 4. 25 A IR4]  Ad-LacZ 4H ox-LDL+
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KR
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5’ -AACGCTTCACGAATTTGCGT-3", PCR JZ I f&
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Y. RORH MyiQ FRaSCES PCR Al 3R 42 (Bio-
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min, WHL FI5W, I BCA BT E AR EH, -
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Fik. DL 60 pg B RUKIE LR, £ 8% SDS-
PAGE HLIK/r 2§, HFEFSHE 1 %2 PVDF iE,5% it
fEAWEREM 1 h 5, —$T (SR-A,1:4 000;
CD36,1:1 000) ,4 CHEE 111K ; TBST Vel 3 K, 1
K5 min, —PFT (HRP Frid 99 PLILE 1gG 1:4 000;
1:2000), %08 1h, TBST ¥k 3 ¥k, 8K 10 min,
ECL fb2# & GIE R & 1€ ik, LL B-actin N
Z HEE AR WA AR,
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Bifi 5 25 2 23 5 m A2 B R 10 we/mL 1Y Dil-
oxLDL, T 4 CNIEE AL 2 h (S e W3 20 ff 285 5
Dil-oxLDL B8 71) 3k 37 CF & 41 4 h( S e I
4 a4 B Dil-oxLDL fig 1) , £ 40 o/L 22 5 H it [i5]
E 10 min Ji, JIAZUEEE 5 me/L [ Hoechst33258
WEYEYL S 5 min, PBS PR 3 UG, BOLILRMAER
e T (600x ) WA . 25 ZHBEHLIEE 5 8T,
iz Jf] confocal H 77 Fluorescence View A4 5 #4
B P T A A4 ) 40 Y PN -2 56 Y 5 8 ST 1
1H.
1.8 #ES Gt

JITAT S S S B AR 2 (R +5 ) TR, R
FH SPSS 13.0 #4780 11244047 , Z 4 Rk LR
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2 % 3R
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Ja—HEH] 72 h, miR-155 FBAAERFAE R B £ B K
(B 1),

w
I

2}

[ S]
—
—
—
—
——
—

miR-155/U(% control)

=
I

1 Ox-LDL 57T THP-1 fiffish miR-155 fKi%
Fig.1 Ox-LDL induced miR-155 expression in THP-1
cells

Ox-LDL:80 pg/mlL, kx5, n=4~10; 1)P<0.05, 2)P<0.01 vs.O h
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Bl 2 MiR-155 # % THP-1 4AB4E & 713 EX Dil-oxLDL
Fig.2 MiR-155 inhibited uptake and binding of Dil-oxLDL in THP-1 cells
Cells were induced with 100 ng/mL PMA for 48 h, then incubated with Ad-lacZ or Ad-miR-155 (25-100 MOI) for 24 h and ox-LDL (80 g/
mL) for another 48 h. Macrophages were then subjected to Dil-oxLDL for 4 h at 37 °C or 2 h at 4 °C to detect uptake and binding. (¥ +s,n=6)1)P <
0.05 vs. control 2)P < 0.05, 3)P < 0.01 vs. ox-LDL only group A uptake of Dil-oxLDL, x 600; B: Binding of Dil-oxLLDL, x 600
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B3 &X-miR-155 {23 THP-1 4AfE%E & A3 Dil-oxLDL
Fig.3 Ad-anti-miR-155 promoted uptake and binding of Dil-oxLDL in THP-1 cells
Cells were induced with 100 ng/mL PMA for 48 h, then incubated with Ad-lacZ or Ad-anti-miR-155 (50 MOI) for 24 h and ox-LDL (80 wg/
mlL) for another 48 h. Macrophages were then subjected to Dil-oxLLDL for 4 h at 37 °C or 2 h at 4 °C to detect uptake and binding. *+s,n=5. 1)P <
0.05 vs. control, 2)P < 0.05 vs. ox-LDL +Ad-lacZ. A uptake of Dil-oxLLDL, x600; B Binding of Dil-oxLLDL, x600
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Fig.4 MiR-155 inhibited the expression of SR-A and CD36 in THP-1 cells
Cells were induced with 100 ng/mL PMA for 48 h, then incubated with Ad-lacZ or Ad-miR-155 (25-100 MOI) for 24 h and ox-LDL (80 pg/mL)

for another 48 h. Western blot was used to analyze the expressions of SR-A and CD36, B-actin as control. ¥ +5,n=6. 1)P < 0.05 vs. control, 2)P <

0.05,3)P < 0.01 vs. ox-LDL only group.

fig, FATWEL T B 22 5% 44 miR-155(Ad-miR-155)
Je %t LG L2545 AN A HL Dil-oxLDL (520 , 45
HoR, SXF IR, ox-LDL AbFR4H L 48 h )5,
M0 241 g £ ML Dil-oxLDL A9 BE 1 BH 38 i, Ox-LDL
b3 TS AR PN AT X SO X B Y 262+
25 BN 433 £ 29(n=6, P < 0.05), Ad-miR-155
B gL ] B S A B W 4R AR B Dil-oxLDL Y fig
Ad-miR-155 7~ )7 & (25 MOI, 50 MOI, 100 MOI)
FEULIS AP E 39 G5 B A IR 28 353 + 22(n=
6,P<0.05),285 + 11(n=5, P<0.01)F1 247 + 12(n=
6,P<0.01), 1M Ad-LacZ ¥ IVER (K] 2A) .

[E) I FR AT, ox-LDL AL FEAH il 48 h )5,
i %5 41 Bt 45 & Dil-oxLDL 1Y BE 7 208 B & 384 in
Ox-LDL &b 3 J= 200 J PN 19 - X5 52 D't oi B DX HEL2H
1 84 + 6 HENNZE 221 + 12(n=6, P < 0.05), Ad-
miR-155 %% J& (50 MOT) nJ B i 4100 1 [ s 41 Jfd 5
Dil-oxLDL 454, Ad-miR-155 %% & (i 21 fif 79 7Y
W45 R A ZE 146 + 16(n=6, P < 0.01) (&
2B),

2.3 #H miR-155 {2 i B I 4 R 25 & | # BY Dil-
oxLDL

itk —L B miR-155 X LWk 20 o 454
B Dil-oxLDL 520, FRATHFFE T Bdos 25 4% L Je
X -miR-155 (Ad-anti-miR-155) B9/ FH . & 3A &
7~ , Ad-anti-miR-155 ¥ 4% (50 MOI) J& , S AR A A
ox-LDL JJUS () B 240 Hg 45 4L Dil-oxLDL Y g
B s . Ad-anti-miR-155 YEFJE, JEAIDIR A
T, 4AE N B0 EEEE  Ad-LacZ 5 Y4l 1
292 + 26 M h0 ZE B B HE N 402 + 34 (n=5,P <
0.05), Ox-LDL ZbBRJ5 , 4 i P F-35 2 i B 500t
PEZH I8 11 (481 + 33 vs. 292 + 26, n=5,P < 0.05),
Ad-anti-miR-155 %% e 0] #f — 25 3458 oxLDL (1) fE
FH 20 B 9 -2 50 BE RS TN 28 559 £ 34(n=5,
P<0.05), 55—, B REL 45 4 Dil-LDL i
Ji Bl N, AR SEAR A TN R ox-LDL H34
J& , Ad-anti-miR155 % 4443 5 {8 520 Jf ) 0 °F- 1
DEGIREE M 142 £ 7T AN ZE 190 + 10 (n=5,P<
0.05) LA KM\ 289 + 13 #4j1 & 372424 (n=5,P<
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0.05) (&l 3B).,
2.4 3 FiE miR-155 K T SR-A #1 CD36 I
Fix

F T 1 3% A4 5 SO ot = 3 o B I )3 1
RZARTERL, P, FRATTHE— 2550 Br 1 s 5 e e
miR-155 (Ad-miR-155) J& % E K40 B SR-A F01
CD36 AR, 4550 A, B Ad-miR-155 §5 L
T (B4, SR-A Fll CD36 HY 3K B WTREA . MiR-
155 AL FLAf IR 25 T SR-A Fil CD36 fI#£ ik,
1M L% %% ox-LDL 5 549 SR-A F1 CD36 & [1# ik

ox—LDL
Ad- Ad-anti  Ad- Ad-anti
LacZ -miR155 LacZ -miR155

SR-A = eew -—uum D
B —actin --_-

44
3 4
2 4
1.
0.

A9 R 4A K1 4B)
2.5 % miR-155 Eif SR-A #1 CD36 KyFRi%
HE— A TSR T 36 miR-155 X F 4R HEYS
TERZARFEIRMIFEM . Western Blot 255 B~ |, 5%
MEZHAH HE , 75 4 Ad-anti-miR155 (50 MOI) 7] I} 2 444
INFERPRES N B W2 SR-A Fl CD36 Bk, 25
FHAGFE XL (n=6,P<0.05) (K 5A), LA ox-
LDL #il3#4 F W40 5, SR-A A1 CD36 (1% i,
i Sei s Ad-anti-miR155 (50 MOI), 7] 3 — 2514
SR-A F1 CD36 )35k L (n=6,P < 0.05) (& 5B),

ox-LDL
Ad- Ad-anti Ad- Ad-anti
LacZ  —miR155 LacZ -miR155

s -

B 01N ——————————————

all

Lo = VS R -S|
A

B 5 KX-miR-155 {23 T SR-A 1 CD36 KJRi%X
Fig.5 Ad-anti-miR-155 promoted the expression of SR-A and CD36 in THP-1 cells
Cells were induced with 100 ng/mL PMA for 48 h, then incubated with Ad-lacZ or Ad-anti-miR-155 (50 MOI) for 24 h and ox-LDL (80 wg/

mL) for another 48 h. Western blot was used to analyze the expressions of of SR-A and CD36, B-actin as control. ¥ +s,n=6. 1)P < 0.05 vs. control,

2)P < 0.05 vs. ox-LDL+LacZ

3 i #

MicroRNA J&—Z2KK 2 18~24 M R 1 IE
ifs/ N RNA i3 55 SRR L ] mRNA 1Y
3'-UTR X454, 100l JH o6 13 b EL o2 i, A 177 908
P H L 335 . MicroRNA 7E4AMI 45 T
arfk, WRBG R B R e N A SF B R
MIVERT, SAILIR Z g 0 R0 il A 1Y) &
AR RIS e O IS 2 R S
FIKH) miR-1 .miR-133 A1 miR-208 45, HFEkF
BRI R HOONE R E G,

Sk AR A & — PSPk RAE B, HA&
R RE T, AR EAZE] T microRNA IHE,
BRI AR SR AR RS MiR-155 37 T-3E Zw bt
£ Bie W PRI AN = 3R35 . A DR Y]

miR-155 2514 T WRELA00E B Ik 40 AR 28
Jkéﬁiﬁ’@éﬁ/ M, AT SE AL () S T RE 76 FRA%

WEZNM, — 2842 5 U0 TNFo, LPS %5 AJ 3 i
NF-kB {5518 # 15 miR-155 (935, #2785 miR-
155 Al e SR THURR RAE RO ot 72 CAERT
JERM, 1F ox-LDL HIFL ) E REL L, miR-125a-
5p .miR-146 F1 miR-155 SRR M {H miR-
1552 A5 52 1) L I o0 A 4 B AR 8, 1 AN {%5

Bi]& Huang 2041 T ox-1.DLL 1755 miR-155
FRATRES S T E IR AN I B, ] miR-
155 235 T a2 e P Rig ot A SR 4R B S
LOX-1,CD36 Fl CD68 )3k L4 5¢, {H miR-
155 X 240 AL 775 18 5% 32 AR 9 Dy i LA KXo Ltk
AT B W0 BOs B s, WA T, Tt
— 5 ) B miR-155 78 F5 W5 70 VA 41 it 8 B b 9 1
HL AW A AT FRIKFNT 8 miR-155 3Rk
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PRI, %97 T miR-155 X EERDIRS T
A1 ox-LDL Ab BE 5 B 5 0 200 Jif 245 - 45 IR o )
fiE 7 DL B AN MR 3 T R Az AR R s, FRAT)
K ox-LDL 1] LLi% S E 40 i miR-155 23k I
I EE I R ER )i DRSS N [<p il A A Uk e ) P s
SOk FERE AL TR B SRR IR Y, PRI TR AT T3 i
v miR-155 FIJZ ¥ miR-155 %575, FiHEmk 5
WEZRAE b miR-155 ARIK, XX 41 i 2 5 Al
I Dil-oxLDL g J1 52, 455 & B, Joi & 3k
bR L IR ox-LDL A HS | 1 235 miR-155 ¥J7]
BH S P AR AT Dil-ox LDL B 45 & LI ; 11
Pl miR-155 D42 32 5 I 200 Bt &5 A R % B Dil-
oxLDL, X245 A miR-155 2k A8 3 T 4]
I TR AN A TR i, L 600 e 0 i ) g I %) &%
B AR 32 B 0E e B b () 3 I R 32 K SR-A Al
CD36 S5y, FrAFRATHE—2 4317 T miR-155
X} SR-A Fl1 CD36 & 1A A, FRATHEE R
Rt RIR miR-155 , AU HIERTRAT SR-A il
CD36 [k, M Hif%E T ox-LDL 55 SR-A Al
CD36 13RIk L, Wi miR-155 W AF & |- 9%
SR-A Fl1 CD36 ik, XLELERE Y] miR-155 i@
i FUE SR-A Fil CD36 31K , 52 M L 03 4 i X A
JT )45 G R, DT ] I I 4 7 U Ak i A
{H miR-155 §40i SR-A F1 CD36 35 1Y EAARHLH
MANTERE , TRATHPERME R ox-LDL fEH T E W40
WL, — 7 T3 S O AN R G A B
B WG IR AN LI G, (RIS I ] 3 40 i e IR
I BRI (a0 E 38 miR-155 F35%5) . ox-LDL
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