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&, R EBRE LB 27, miR-224-5p BER 4 AL 37 PCSKO-WT 3'UTR ¢ & B &M | i x5+ PCSK9-Mut 3'UTR
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gl i O F & T I miR-224-5p A 34 20 HepG2 4a it 11 49 15 3% B B0, ¥, miR-224-5p 47 4] 7] 41 HepG2 4m A
PRSI B3 % . miR-224-5p & &% /5 9 B4R 3 HepG2 @ it LDLC #948IK, 4518 miR-224-5p $e1 454 PC-
SK9 mRNA 3'UTR, 474 PCSK9 % ik i /o A& HepG2 20 6L W 5 i 4-F , 3% im HepG2 4m o3 A5 R 69 485,
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[ ABSTRACT] Aim To investigate the effect of miR-224-5p on the expression of proprotein convertase subtilisin/
kexin type 9 (PCSK9) and the lipid uptake of HepG2 cells. Methods The position, conservativeness and seed se-
quence of miR-224-5p gene were analyzed by bioinformatics method.  The binding sites and binding free energies of miR-
224-5p to PCSK9 were analyzed in databases such as Targetscan, miRanda, miRDB and RNAhybrid.  Direct targeted
binding of miR-224-5p to PCSK9 mRNA 3'UTR was verified by double luciferase reporter gene. ~ Western blot was used to
detect the effects of miR-224-5p mimic and miR-224-5p inhibitor on PCSK9 and low density lipoprotein receptor ( LDLR)
proteins.  LDLR on the cell membrane was directly observed with cellular immunofluorescence.  Oil red O staining and
Dil-LDL were respectively used to observe the effects of miR-224-5p on lipid droplet content and lipid uptake in HepG2
cells. Results Bioinformatics analysis revealed that the human miR-224-5p gene was located in Xq28 and highly con-
served among different species. MiR-224-5p and PCSK9 mRNA 3"UTR had the basis of targeted binding, and the binding

free energy was low.  The double luciferase reporter gene assay showed that miR-224-5p mimic could inhibit the luciferase
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activity of PCSK9-WT 3'UTR, but not PCSK9-Mut 3'UTR, suggesting that the PCSK9 mRNA 3'UTR was the target of
miR-224-5p.

protein and increase the content of LDLR protein.

Further experiments showed that the miR-224-5p mimic could significantly inhibit the expression of PCSK9
The expression of PCSK9 increased and the level of LDLR decreased
after the down-regulation of miR-224-5p.  In addition, oil red O staining showed that lipid droplets in HepG2 cells de-
creased significantly in the miR-224-5p mimic group, while lipid droplets in HepG2 cells increased significantly in the miR-
224-5p inhibitor group.

clusion miR-224-5p targeting PCSK9 mRNA 3'UTR inhibits the expression of PCSK9, thereby reducing the content of

High expression of miR-224-5p significantly promoted LDLC uptake by HepG2 cells. Con-
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lipid droplets in HepG2 cells and increasing the uptake of lipid by HepG2 cells.
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2.1 EYEREWMNER

2.1.1 miR-224 734 F 5 &k miRBase
BAEPEXT miR-224 WY EEAAF BHEAT 00, KBS
AR EN T Xq28, TE miRBase U4 7 b ] #8459 £
AT miR-224 , 35 539 DR LGB A 1) AN W) AT
434 miR-224-5p Fl miR-224-3p , {H38 43 Yy FpEr it B
RIT —Fh, H A4 miR-224, 5@ i % A [F 4
T a] 5 BT 51, 4307 & PR miR-224-5p 7£ A [f] 4 Fil
() e B AR <7, Ho A7 )7 51 R “ AAGUCAC™ , 1 miR-
224-3p TEYIFPRIFEALESE (£ 1), #2278 miR-224-5p
FEY AR AL R bR 35 DR 2 Pl S B

% 1. miR-224-5p £ E 470 18 B R =7

Table 1. miR-224-5p is highly conserved across species

Yy fep miR-224 S

A hsa-miR-224-5p CAAGUCACUAGUGGUUCCGUU
R mml-miR-224-5p CAAGUCACUAGUGGUUCCGUUUA
/MR mmu-miR-224-5p UAAGUCACUAGUGGUUCCGUU
KL mo-miR224-5p  CAAGUCACUAGUGGUUCCGUUU
I chi-miR-224-5p  CAAGUCACUAGUGGUUCCGUUU
KIEIE ggo-miR224 CAAGUCACUAGUGGUUCCGUUUA
AR ptr-miR-224 CAAGUCACUAGUGGUUCCGUUUA
KM mne-miR-224  CAAGUCACUAGUGGUUCCGUUUA
KR cfa-miR-224 CAAGUCACUAGUGGUUCCGUUU
% ssc-miR-224 CAAGUCACUAGUGGUUCCGUUUA
4 bta-miR-224 CAAGUCACUAGUGGUUCCGUUUA

2.1.2 miR-224-5p 5 PCSK9 mRNA 3'UTR %& &1+
B TR TE Targetscan ,miRanda %5 2~ W i I
TR A4 22 AP F miR-224-5p 5 PCSK9 mRNA 3’
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UTR HYHE M 25518 O, 25 335 2 B miR-224-5p B
M 254 PCSK9 A2 el HA s A —1,
A miR-224-5p 5 PCSK9 mRNA 3'UTR 454 o7 /5 if

T PCSK9 mRNA 3'UTR 19 1230-1236, Tl i) 45 &
i S EH .5, .. AUUUUUAUUAAUAUGGUGACU-
UU... (K1.%2),

Position 1230-1236 of PCSK9 3’ UTR 5’ ...AUUUUUAUUAAUAUGGUGACUUU...

NERRRY
hsa-miR-224 3’ UUGCCUUGGUGAUCACUGAAC
& 1. miR-224-5p 5 PCSK9 3'UTR M4 &

Figure 1. Combination of miR-224-5p and PCSK9 3'UTR

R 2. AE4FE miR-224-5p 5 PCSK9 3'UTR £ &1&5R

Table 2. Binding of miR-224-5p to PCSK9 3'UTR between different species
Wb (3=

A 1230-1236 of PCSK9 3'UTR  5'...

£

AUUUUUAUUAAUAUGGUGACUULU. . .

miR-224 AT

hsa-miR-224-5p 3'UUGCCUUGGUGAUCACUGAAC

/MR 920-926 of PCSK9 3'UTR 5'... AGUUUUUAUUAUGUAGUGACUUU. .. mmu-miR-224-5p 3'UUGCCUUGGUGAUCACUGAAU

fEW A 1207-1213 of PCSK9 3'UTR  5'... AUUUUUAUUAAUAUAGUGACUUU. .. mml-miR-224-5p 3’AUUUGCCUUGGUGAUCACUGAAC

KEL  947-953 of PCSK9 3'UTR 5'... AGUUUUUAUUAUGUAGUGACUUU. .. mo-miR-224-5p 3'UUUGCCUUGGUGAUCACUGAAC

AP 1227-1233 of PCSK9 3'UTR ~ 5'... AUUUUUAUUAAUAUGGUGACUULU. . . 3’"AUUUGCCUUGGUGAUCACUGAAC

4 1175-1181 of PCSK9 3'UTR  5'...

CAGUUUUAUUAUAUGGUGACUULU. . .

ptr-miR-224

bta-miR-224 3’"AUUUGCCUUGGUGAUCACUGAAC

2.1.3 miR-224-5p 5 PCSK9 mRNA 3'UTR %4 A
W AE AT T ORFEATRIFH RNAhybrid 4347 A
PCSK9 5 miR-224-5p %54 H g, 76 RNAhybrid
M3k F % AN PCSK9 mRNA 3’ UTR JF %) #l miR-
224-5p WLAT I, 45 R WK 456 H B BE N-18. 4
k(:al/mol,g?:f/ﬁ\ H ek, ¥t —2 /" A miR-
224-5p 5 PCSK9 mRNA 3'UTR 454 K& & .

PCSK9-WT 3’ UTR
PCSK9-Mut3’ UTR

2. miR-224-5p MFF I RETREE

22 WKAZEEWmBHFEERKRM miR-24-5p 5
PCSK9 mRNA 3'UTR B4 & &R

H TR AT B AR I A R AT T
PCSK9-WT 3" UTR fikr (B4 #4) Al PCSK9-Mut 3
UTR Fiki (58748 RY) | 58 248 B J& X} pGL-3-PCSK9-3’
UTR #h/& 3 19 miR-224-5p #0559 A+ )%
F L5 A S AT GUGACUU 3| AUCAAUG By A5 %8
(E2),

5’ ..AUUUUUAUUAAUAUGGUGACUUU...3’

5’ ..AUUUUUAUUAAUAUGAUCAAUGU...3’

Figure 2. Schematic diagram of miR-224-5p seed sequence mutation

PERAS B A9 HEK-293T 4 Jifg 42 7 5] 96 FLAR
H 40 MK F] 50% ~ 80% B P aE AT R . K
PCSK9-WT 3'UTR Jfi ki, PCSK9-Mut 3’ UTR Jii ki 5
miR-224-5p B LG Y B A i b, Ak S k% 5% 48
h 5, FHOBUE ' 25 il 41 15 25 DRI ARG I 38751 6 A6 ) 45 4
W e B, 45 B & B miR-224-5p #5 40 ¥ *t
PCSK9-WT 3'UTR ¢ )t 2 B 1% M A7 b & Tl /E H
2% PCSK9 11 3'UTR 78 f5 , miR-224-5p FALHI%F
SRARFRL A S (F 3) . Ui miR-224-5p 18 i
#2545 %) PCSK9 3"UTR I 7 A= 75 R A 22 3k

Bl PCSK9 /& miR-224-5p FUHEHEIA
2.3 miR-224-5p Xt HepG2 #H Bl PCSK9 & i% HY
A

FEYLT— KN HepG2 AN 2 6 FLAR I, 15
AN %5 B IR F 50% ~ 70% i, 1) 20 i P 55 4 miR-
224-5p B, W EE 43512 0,50 ,100 ,200 nmol/L,
48 h J5RIUE A BT, Western blot A8 2 i PN 25 (1 o
ARSI, 25 3R 571,200 nmol/L miR-224-5p 5
PP} HepG2 4N ) PCSKO 2 114 BH 4 i
FH(E4),
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mimic NC+PCSK9-Mut 3’ UTR

miR-224-5p mimic+PCSK9-Mut 3’ UTR

mimic NC+PCSK9-WT 3’ UTR

miR-224-5p mimic+PCSK9-WT 3’ UTR

Con

B 3. WRARBREERSN(n=3)

Figure 3. Dual luciferase reporter gene analysis (n=3)

AT B U W8 miR-224-5p | i RN R 3 %t
PCSK9 520, A1 7] HepG2 4H i1 v 43 5 % 4 T
miR-224-5p BIH)  miR-224-5p 17,48 h )5 42
B . Western blot K I & B, 5 1F % X I8
(normal control, NC) ZH #H [t , miR-224-5p |- J5 A]
D) 25 AR HepG2 4 i PCSK9 #5 117K -, 41451 571
N8 miR-224-5p J& , PCSK9 5 FH &AW B £ (K
5) . %M miR-224-5p REAZIN ] PCSK9 £k,

PCSK9 -— e == @
B -actin — —— — —
10r 0 50 100 200 (nmol/L)

PCSKO9 protein relative density

0.0

0 50 100 200
miR-224-5p mimic (nmol/L)

& 4. miR-224-5p ¥t HepG2 £H i PCSK9 % H 7k T I 221
(n=3) a i P<0.05,5 0 nmol/L #HAHLL,

Figure 4. Effect of miR-224-5p on PCSK9 protein level in
HepG2 cells (n=3)

2.4 miR-224-5p XF HepG2 4HAE LDLR HIVEE
PCSK9 figf% 5 LDLR MR L AKEF A 924

FBE 45 G, fff LDLR iF A W Bl 1A I i, 5% il 1l 3%

LDLC /K3F, #i& F miR-224-5p ¥ [ 1 ] PCSK9

50 100 150

Relative luciferase activity(%)

a A P<0.05,%5 mimic NC+PCSK9-WT ZHAH Ll .

Fikh &g LDLR i, i@t i
B0 & B LDLR 3" UTR 3% A miR-224-5p 4 #0
Ao Bk, FoATIA] HepG2 20 PN %5 Y miR-224-5p
B, e 439124 0,50 100,200 nmol/L,48 h JF
FEHUEE H BT, Western blot 2 40N LDLR & H i
HA AR B, & B 200 nmol/L 44 LDLR 7 14 W &
W2 P miR-224-5p MY RENE IS N LDLR & A
KE(E6),
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B -actin N ——
NC mimic inhibitor
>
= 151
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© 05
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& 5. miR-224-5p EiAF TiEX PCSK9 &Rk FHMmaitt
B(n=3)  a}P<0.05,5 NCHMIL,

Figure 5. Comparison of the effects of up-regulation and
down-regulation of miR-224-5p on PCSK9 protein levels (n
=3)

MY #E— 3 M %E miR-224-5p %F LDLR & {4 7K
Frszme, FATTIM HepG2 20 A b 43 5 5% 44 T miR-
224-5p LY . miR-224-5p 7], 48 h 5 $RHE
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B-actin | S—_————— Bl 22 6B Bl T NC 41, M 4% miR-224-
0 50 100 200 (nmoliL) Sp P 5, LDLR 2 s B2t NC 4155 (& 8) .
2.0r O "
z FH] miR-224-5p fEd 40 MK B %) LDLR &5 (17
g st 2 . 454 miR-224-5p X PCSKO ik FI%f LDLR %
2 EL R S 0, TT LB miR-224-5p - 4% PCSK9
kS N
e 1.0 [R5k, JE I8N LDLR & [ K,
C
‘@
S 05f
g LDLR — —
- 00 0 50 100 200 .
miR-224-5p mimic (nmol/L) P -actin
NC mimic inhibitor

& 6. miR-224-5p %t HepG2 ZHf LDLR E B /KERIZME (n
=3) a }§ P<0.05,5 0 nmol/L ZHAHLL

Figure 6. Effect of miR-224-5p on LDLR protein levels in
HepG2 cells (n=3)

F, Western blot £ ll LDLR & F 2t AF . SZ56 & #R,
5 NC 4140 miR-224-5p B2 4 e LDLR 2R
FKF B S 480 1 miR-224-5p 410 451 37 45 48 it A
LDLR HEHACFW] R AR (& 7) o 0] miR-224-5p
AT PAAE N LDLR & K,

BEAN SR A0 AR G e 5 T 1 W HepG2 41
| LDLR & 1B . #F HepG2 413 Fh 3] 24 1L
MR/, 7E40 M 25 R 3] 30% ~ 50% i, 43 51 1] 400 i
INHE YL miR-224-5p A4 . miR-224-5p #5148 h

LDLR DAPI
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inhibitor

& 8. miR-224-5p Xf HepG2 #AAEfE + LDLR B2 (n=3)
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a

-
o

LDLR protein relative density
o
o

o
o

NC mimic inhibitor

E 7. miR-224-5p FiFA T} LDLR & H/KFE&ZmAIEL
B(n=3)  akyP<0.05,5 NC 4L,

Figure 7. Comparison of the effects of up-regulation and
down-regulation of miR-224-5p on LDLR protein levels (n

=3)

Merge

N w S o
[=] (= [=] o

Average fluorescent intensity
>

inhibitor

NC mimic

ak P<0.05,5 NC 4i#itt,

Figure 8. Effect of miR-224-5p on LDLR in HepG2 cell membrane (n=3)

2.5 miR-224-5p Xt HepG2 4B A A i & 2RI

H HepG2 MM 30 5] 24 FLHIN , 40 0 55 B 34

#30% ~50% J& , 1) 40 P 430l 5% 4 miR-224-5p #5
) .miR-224-5p 45, 554 24 h J5 HAN TG
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7,5 NC 41 3, miR-224-5p BE48L4) 41 410 if N 19 i
o5 B 820, miR-224-5p 410 ) 25 0 36 B M g

inhibitor

eI Z (K9), KW miR-224-5p HEfH% AR
JiE PN B R ol A TR IR 2

[02]
o
1

B (]
o o

(average size pm?)
N
o

& 9. miR-224 3t HepG2 AR MBS HHI 22 (n=3)
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Figure 9. Effect of miR-224 on lipid droplets in HepG2 cells (n=3)
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