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The expression and role of miR-199a-5p in the liver
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[Abstract] Objective: To investigate the expression levels of miR-199a-5p in the liver under various nutritional conditions and its
effects on hepatic triacylglyceride (TAG) content, as well as the underlying mechanisms. Methods: RT-qPCR was used to detect the
expression levels of miR-199a-5p in liver tissues of high fat diet mice. Hepal-6 and AML12 cells were transfected with miR-199a-5p
mimics, inhibitors, negative controls and pcDH-CD36-flag plasmid, respectively. The changes in biomarker expression related to lipid
metabolism were detected by RT-qPCR and Western blot, and TAG content was detected by kit. The target gene of miR-199a-5p was
predicted by microRNA Target Prediction Database (miRDB) and verified by the dual luciferase reporting assay. Results: The
expression levels of miR - 199a - 5p in the liver of C57BL/6] mice were elevated under high - fat diet and fasting conditions.
Overexpression of miR-199a-5p reduced TAG levels in hepatocytes, while inhibition of miR-199a-5p increased intracellular TAG
content. miR-199a-5p decreased the protein expression of the fatty acid translocase CD36 by interacting with its 3" untranslated region
(3" UTR). Conclusion: The expression level of miR-199a-5p increases during hepatic lipid accumulation, and miR -199a-5p may
reduce TAG content in hepatocytes by targeting CD36.
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Pk (Cell Signaling Technology A, £ [E)
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1.2.1 miRNA R BB A8 3 2 & K -F-45 )
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B A 20 I LYK 5 250 mA - 120 min 3 5% &
PVDF i, 5% i A5 4= W = I8 3 1 1 h J5 0 A5 B
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RIERIX AT AR EE AN D, S HEHEDW
FHXT I & .

%1 RT-qPCR3I¥FF
Table1 RT-qPCR primer sequences

Gene Primers sequence(5'—3")
36B4-F(Mouse) CACTGGTCTAGGACCCGAGAAG
36B4-R(Mouse) GGTGCCTCTGGAGATTTTCG

CD36-F(Mouse)
CD36-R(Mouse)
ACC-F(Mouse)
ACC-R(Mouse)
FAS-F(Mouse)

TTAGATGTGGAACCCATAACTGGA
TTGACCAATATGTTGACCTGCAG
TGGACAGACTGATCGCAGAGAAAG
TGGAGAGCCCCACACACA
GCTGCGGAAACTTCAGGAAAT
FAS-R(Mouse) AGAGACGTGTCACTCCTGGACTT
SREBPIc-F(Mouse) GGAGCCATGGATTGCACATT
SREBPIc-R(Mouse) GGCCCGGGAAGTCACTGT
CPTA-a-F(Mouse) CACCAACGGGCTCATCTTCTA
CPTA-a-R(Mouse) CAAAATGACCTAGCCTTCTATCGAA
ATGL-F(Mouse) GAGAGAACGTCATCATATCCCACTT
ATGL-R(Mouse) CCACAGTACACCGGGATAAATGT
HSL-F(Mouse) GGAGCACTACAAACGCAACGA
HSL-R(Mouse) TCGGCCACCGGTAAAGAG

1.3 %its 7k

FiT A B4 7E Graphpad Prism 7.0 #4247 4o it
LT AE R, 5 R LI B bR R (2 £ ) RN
P TA) EL IR F IS SRS RE A e K 56, P < 0.05 922 5+
Aot em L.
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3385 B E AR 5 AR 5 AH 26 Y miRNA, )
ob/ob 7In B (I FF E miRNA 304 E GEO13840 347 4
M1 5 K3 miR-199a-5p 7E ob/ob /N BT I H 21k 7K °F
35 TEE HEOR miR-199a-5p 7] fE 78 T fig 54X 15
HOR R AR (1A

ERBE miR-199a-5p 78I o i SRk 7K =2 A
5N R RS A G, B eI m IR i
T NAFLD B/ BB AL, AR AT O Byt g R AEoR,
e R R 175 5 0 I 7 AT A B A s B 2 (P 1B« B
J&» RT-qPCR A 1 19 JAIRE /I BRUHIE 1 miR-199a-5p
RIEIKF. iR ER, 5IEEREHNRAMHE,
R B MRFE /N BRI miR-199a-5p ik KF
BEMMMEA 1O . A, TUHRE R, EFREH
/I BRI A 0 miR-199a-5p [ 2838 7K 78 2 2 19 0
(E1DD, $2 7= 78 FF i B AR 22 % o miR-199a-5p
FIKAKPTH =, 1T R 2 5 4 TR T AR .
2.2 miR-199a-5p 1A 55 A 4m i g i K -F

AR FE miR-199a-5p 78 FFAE 5 5 AR 6 (19 1
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I REMFFATIRAUE (EI2A.B) . iz
300 wmol/L OA 4 24 h Ji5 , miR-199a-5p it & 1& )

2.3 miR-199a-5p ¥215 CD36

NIRRT miR-199a-5p X AF4IHL A TAG 5 &
(52 M AL, @ i miRDB ¥ 35 50 T miR-199a-5p
[FI¥EEE A, &I CD36 mRNA 3" UTR X & 24

miR-199a-5p [IHE [ 47 55, IX 7] fig SR IE KR
B (B 3A) . NG AE miR-199a-5p & 75 42 [ CD36
mRNA [17 3" UTR X 35 5 5% e 3 & 3 o 80 %, 8

Hepal-6 2 g f1 AML12 20 g P TAG 5 235 I 2 %
(20 D), 1M1 f# ] miR-199a-5p #0577 4 FE 5 , 44
ML TAG & &34 0 2% 7 350 40 vk 2% 5 (B 2K,

F)o LS5 RAEIR miR-199a-5p Wl e @I T 40 CD36 mRNA ()3’ UTR b [ J5 i ik 5] J5 =5 40 1 77 7%
Ja b TAG & F k5 i g B AR A /N PGL3 JFURL (1) i (B 3B) o B Ji5 7F Hepal -6 4]
A GsEI3s40 B N HFD ¢ 8 D 3 .
8 000 * 1 A 28 2T o
— m] w oo 6 w o
& £ 6000 o &= &2
S 0 oz 4 o =
E 52000 0 0—— :
Fed Fast
WT ob/ob

A:The expression levels of miR-199a-5p in GEO database GSE13840(n=8 for the WT group and n=10 for the ob/ob group). B: Liver oil red CORD)
staining was observed in C57BL/6] mice after feeding normal diet(ND) and high-fat diet(HFD) for 15 weeks(x40). C: Expression levels of miR-199a-5p
in the liver tissues of the ND and HFD mice (n=3). D: Expression levels of miR-199a-5p in mice with ND under the state of feeding and starvation for 16 h,
'P<0.05and P <0.01(n=3).

Bl ARREIEFFIRAS T/ EATHEF miR-199a-5p BIRIAKF

Figure 1 Expression levels of miR-199a-5p in mice liver tissues under different nutritional status
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A, B: Overexpression efficiency of miR-199a-5p mimic transfected in Hepal-6 (A) and AML12 (B) cells. C, D: Hepal-6 (C) and AMLI12 (D)
cells overexpressed with miR-199a-5p were treated with serum-free medium supplemented with 300 pwmol/L OA for 24 h, and samples were collected for
detection of intracellular TAG content. E, F: After the expression of miR-199a-5p was inhibited in Hepal-6 (E) and AML12 (F) cells, serum free medi-
um supplemented with 300 umol/L OA was used for 24 h, and the samples were collected for detection of intracellular TAG content. 'P < 0.05, P < 0.01,
and P <0.001(n=3).

El2 miR-199a-5p i§75 Hepal-6 F1 AML12 4B # A5 Rk
Figure 2 miR-199a-5p regulated lipid levels in Hepal-6 and AML12 cells
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i v B 3% o kL b 20 i 9 O B IR R
(NC-mimic) P & miR-199a-5p-mimic, 24 h J& & &2
KGR LG B ROCEI . SR SR, T
35 miR-199a-5p A (1) K HU 6 FR /K1 2 35 PR AIC
(E3C). #2778, miR-199a-5p )it FiE &AL T CD36
mRNA K.

Rtk — B B AF miR-199a-5p J& 7538 i CD36 i

A

YA P AR 5 7 &, 7F Hepal -6 21 i o [R] i i R IA
miR-199a-5p A1 CD36, RT-qPCR 4&1iF miR-199a-5p Al
CD36 it Fik W HE (B 3D) ., 455 ER, CD36 Kt %
IEHEIE T miR-199a-5p ik Kk 51 4L N TAG &
HIFCCEIB3E) . PL &5 R U], miR-199a-5p 7] g
JE I ) A CD36 mRNA 883, 3E 1M 5 AT 4
JLA TAG & & .

#1 #2 CD36-3" UTR
—
#1 CD363' UTR  5'- GATGAGCCTACATATACACTGGC-3' \/
Location 22 m1R—l99d—5p 3,- CUUGUCCAUCAGACUUGUGACCC-S/ f 1 000' 2 000' 3 000'
#2 CD363" UTR ~ 5'- AAATTTTTGTTTTCCCTCACTGGA-3 [ Luciferase A4
Location 355 miR-199a-5p  3'- CUUGUCCAUCAGACUUGUGACCC-5'
D o E
I gl0000y 2 300
£ = = 80000 ~ .
s £ 2 v = —
o & — 60000 2 200
EE = £
= z. 3
£% Z 40000 3
T & E M 2 100
RN < 20000 &
— & <
8 O M T . 0 T T T T
miR-199a-5p - + miR-199a-5p -+ -+
CD36 _ + CD36 - - + +
o

A: The target of miR-199a-5p in the 3" UTR region of CD36 mRNA was predicted by the miRDB website. B: The 3" UTR region of CD36 mRNA

was cloned and inserted into the downstream of the PGL3 plasmid luciferase fragment. C: The expression levels of luciferase activity in Hepal-6 cells after

miR-199a-5p overexpression were detected(n=6). D: Overexpression efficiency of miR-199a-5p mimic and CD36 transfected in Hepal-6 cells. E: After co-

transfection with overexpression of miR-199a-5p and CD36 in Hepal-6 cells, the intracellular TAG content was detected. "P < 0.05 and “P < 0.01(n=3).
3 miR-199a-5p ¥E[5) CD36 mRNA A9 3’ UTR [XIEip& R H Rk 7k F
Figure 3 miR-199a-5p targeted the 3’ UTR region of CD36 mRNA to reduce its expression level

2.4 miR-199a-5p %1% CD36 & & & K -F

IR N B f# miR-199a-5p 78 T2 it fig J5 A i o
(VE T, HE— B4R 7 miR-199a-5p id ik 5] E (I AT
AN TAG & &3 e 13 5 M A QU AH JG T R 1) e ¢
KA 5%, BL A miR-199a-5p A& 75 H #2115 CD36 &
F17KF. 7E Hepal -6 4 i 11 %35 miR-199a-5p, £
I g J R A K~ A R R B 5 O R R 11 B SR K
o G5 IR, miR-199a-5p i 1k K X X g
BB R (W KPP A R (B 4A) . Bl S AR
W7 AEARUR A DG EE 1 1A /K7, I miR-199a-5p
1 1 2% 08 T 3R W R % 12 B 1 CD36 3R 1A /K F
BETHEE4B.C . PLELRIER, miR-199a-5p
(13 Ak PR T CD36 [ [ 7K, kb B 4 A %o
1 17 T P 5 X

3 4t it

NAFLD 72 $i B 18 K DA B FoAh 452 BT R & 4b, &

FS ) DU IR Joi a8 28 AR g 3 BEARRAIE (41 PR o B
ZEAE™, 2020 £ Jacob George 3% T 25 20 4F
AR SSHIF 7T, $2 T NAFLD 58 HE B (1 i 44 - AR AR
A% Mg W5 9% (metabolic associated fatty liver dis-
ease, MAFLD) ™', MAFLD %} NAFLD [ 52 X i 1
HE— 25 0B B, % I R 3% M [ £ B AL A A
JFELT2DM LA e AR 11 2 3 3 R E 2 — 1 B A
MAFLD™, [ifi 35 A2 3 7K “F [ 52 %, MAFLD 7E 42
BRYGHE N B R B ER &Y IFHBTHRZ
B VR IT 2590, BE X MAFLD & 2E L Kk & I 7t
1% 4 E B0

CD36 fE M i 5 e ¥ 12 85 A1, 75 BR A R Ak A2 1
Ja B LT AR b, ST AR T BR 2. B
T v 2% H BA R B, 7E NAFLD & & BT i CD36
(1) 2238 /K P 2 35 1, ELTE /) BT 4 i A o R
i #3E5 €D36 AT LA S 80y B WE 9 AR AR 2R
i, 1iF 52 CD36 75 7 ] NAFLD & s id #2 o % 4% &
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A ONC-mimic B NC-mimic miR-199a-5p-mimic c ONC-mimic
— 1.5 ImiR-199a-5p-mimic (D36 m—— 100 kD2 5 |5 OmiR-199-Sp-mimic
- =
5} . = *
= 10 180 kDa S0
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<
= =
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%@33\ MR P O W e

A:The expression levels of lipid metabolism-related genes in Hepal-6 cells after overexpression of miR-199a-5p were detected by RT-qPCR. B:

The protein levels of CD36, FAS and ATGL in Hepal-6 cells after overexpression of miR-199a-5p were detected by Western blot. C: Grayscale analysis

of protein immunoblotting. P < 0.05(n=3).

4 miR-199a-5p F&{K Hepal-6 4R CD36 BYE QR iE
Figure 4 miR-199a-5p decreased protein levels of CD36 in Hepal-6 cells

AR,

AT 58 KI5 E ob/ob /IS BT IE miRNA 4 2
GEO013840 7', miR-199a-5p 7E ob/ob /N i I A 1%
ACEHE N, $E781% miRNA 7] Ge 76 AT s AR ) H
FEHREREEH . A, 2SR E M YVHERES T, /)
B HF miR-199a-5p 1) 1k 7K1 25 58 0, &R
E I i o AR 2R PR A2 P miR-199a-5p 2k 7K1 3
e HE— W £, i %Ik miR-199a-5p AL &
IR 4H A TAG & &, M #0] miR-199a-5p 23 34
FF4IAE N TAG & &, $#£78 miR-199a-5p 7] it 2 55 1
2 T 20 9 6 32 7K T« miRDB (1) 75000 Al 5% ) 2
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