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MiR-494-3p regulates mitochondrial biogenesis and
thermogenesis through PGCl-a signaling in beige
adipocytes.
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MiR-494-3p regulates mitochondrial biogenesis and thermogenesis
(i 8RR through PGC1-a signaling in beige adipocytes
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Background:

The primary role of white adipose tissue is storage or release of energy depending on the
energy state. Brown adipose tissues are known to serve as heat production especially
during cold environment. Recently beige adipocytes derived from white adipose tissue is
receiving a lot of attention because of its promise as a new therapeutic target in the
treatment of obesity and other metabolic disorders. Mitochondria is a key organelle
through uncoupling protein-1 (Ucp-1) for heat generation in brown and beige adipocytes.
Mitochondrial biogenesis in adipose tissue is activated by various situation such as cold
exposure and catecholamine. PPAR-gamma coactivator 1-alpha (PGC-1a) is known as the
master regulator of mitochondrial biogenesis. Previously, we have reported that
microRNA-494 (miR-494) regulates mitochondrial biogenesis in the skeletal muscle. The
regulatory mechanisms underlying cold-induced beige adipogenesis by microRNAs
remains unknown. Because adipocytes and skeletal muscle cells share the same origin, we
hypothesized that miR-494-3p may play a role in adaptive thermogenesis in beige cells
through mitochondrial biogenesis. Therefore, here we examined this hypothesis using
several beige adipogenesis models.

Purpose:
We aim to investigate the role of miR-494-3p on mitochondrial biogenesis during beige
adipogenesis.

Methods:

We used three different models to justify our hypothesis. First, for the in vivo beige
adipogenesis study, male C57BL/6J mice (8-week-old, n =5 each group) were subjected to
cold exposure at 12°C for acute group (6 h), chronic group (6 h per day for 2 weeks) and
control group maintained at 24°C. Second, for the in vitro model, we differentiated 3T3-
L1 cells to matured white adipocytes and matured beige adipocytes. Third, we set up
primary beige adipocytes by isolating primary stromal vascular cells from inguinal fat pad:
of male C57BL/6J mice (8-week-old). We collected data using different experimental
approaches such as animal handling (proper anesthetizing of mice with sevoflurane),
Tissue was harvested for histology (immunohistochemistry staining, immunofluorescence
staining, hematoxylin and eosin staining), cell biology (cell culture, cell transfection and
electroporation, immunocytochemistry, Oil O Red staining and cell live mitotracker
staining), microscopy (bright field, fluorescence and confocal), rate of oxygen consumption,
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molecular biology (nucleic acid isolation, real-time qPCR analysis, mtDNA content
quantification by PCR, miRNA quantification by TagMan miRNA assays, luciferase

reporter assay and vector cloning), biochemistry (western blotting), data analysis software
(image j, SPSS and Excel).

Results:

Adipose tissues of C57BL/6J mice subjected to intermittent mild cold exposure induced
PGCl-a and mitochondrial transcription factor A (TFAM), pyruvate dehydrogenase
(PDH), adenine nucleotide translocator (ANT1/2), and Ucpl proteins expression in
inguinal white adipose tissue (WAT). Ucpl mRNA expression was significantly increased
both in the acute (»p < 0.001) and chronic cold (p < 0.05) exposure groups. miR-494-3p levels
were significantly downregulated in iWAT upon cold exposure (p < 0.05). Oil Red O
staining of 3T3-L1 beige adipocytes revealed a lower degree of lipid droplet accumulation
compared with 3T3-L1 white adipocytes Ucpl mRNA expression was approximately 17-
fold higher in 3T3-L1 beige adipocytes compared with white adipocytes. In the in vitro
model of both 3T3-L1 and primary beige adipocytes, B3 adrenergic activation with 10 pM
isoproterenol potently down regulated miR-494-3p expression. miR-494-3p overexpression
substantially reduced PGC1-a protein expression and its downstream targets TFAM, PDH
and MTCO1 in 3T3-L1 white and beige adipocytes (» < 0.05). miR-494-3p inhibition in
3T3-L1 white adipocytes resulted in increased PDH (p < 0.05). PGC1-a, TFAM and Ucpl
mRNA levels were robustly downregulated by miR-494-3p overexpression in 3T3-L1 beige
adipocytes. PGC1-a and Ucpl proteins were downregulated by miR-494-3p in primary
beige cells (p< 0.05), along with strongly decreased rate of oxygen consumption. Luciferase
assays confirmed PGC1-a as a direct gene target of miR-494-3p. Our findings demonstrate
that decreased miR-494-3p expression during browning regulates mitochondrial
biogenesis and thermogenesis through PGC1-a. )

Discussion:

This study has revealed three important findings. First, the expression of miR-494-3p was
reduced in iWAT by cold exposure in vivo and was also reduced in response to beige
induction, with a corresponding increase of mitochondrial proteins. Second, the expression
of miR-494-3p was decreased by B3-AR stimulation in beige adipocytes. Third,
overexpression of miR-494-3p reduced PGC1-a mRNA and protein levels in adipocytes and
attenuated mitochondrial biogenesis and oxygen consumption. These findings
demonstrate that miR-494-3p directly inhibits the expression of PGC1-a and subsequently
increase in mitochondrial biogenesis during beige adipogenesis. The decreased miR-494-
3p expression during beige adipocyte differentiation removes its inhibitory effect, leading
to stimulation of Ucp1l expression and mitochondrial biogenesis.

Conclusion:

Our findings demonstrated that decreased miR-494-3p levels during beige
differentiation stimulated Ucpl and mitochondrial biogenesis through reducing the
inhibitory activity of miR-494-3p on PGC1-a gene expression.




kR 8 (FREEE L - fSUFELILA)

FAERCBEREDOEREDOES

BEE S 833 K 4 Mengistu Lemecha

ML EAER

(FARIBEORBROER) XHAFE 1L 1 RA 2 b, 60 0FUNTIERDOZ &

WLEOIEMIEIZIE., ZhETI<{Moh TV 38R IUEGEHMIRIZMZ., TFE
N— 2 [ DO FENRRE SN0, FOFKBRIZIITHL SRS AEINL TN,
AR TiE, REARERE R LI X > THERIND MiR-494-3p DX 7 L F¥Falb—a v
2, BRIEHHIES OR—2 2 EMBE~OERICEELREEL AT DL LV IRBELT

THRIEL T iR, UTFORERA LM LE,

1) ELRRIBEICRE L~ AEHHEBRIZB VT, MiR-494-3p DREBRMET 55 & & biZ
I ha v RUTHENTLEL, Ucpl RPCCl-a /2 EFOBR EADPRD LN,

2) TORRBIB3IT FLF Y U ZREEKFHETCH- T,

3) BEEMRE AV EBR T, 3T3-L1 M) b _X—Y 2 MR~ DOS{EFEIZB T,

FEERENER I,
4) PGCl- X, MiR-494-3p OEHOEMELFTHAZ LB ohoT,

AL, MiR-494-3p DX T L Fal— a3, PGCl-a DB EAEZNLT, 2 b=
YRV THEL ANV 2 BHMROSEFEEZHBE L TWAZ LI OWTHERMRAEZ S
RTbDTHY, -, BEERE L THRXNEICEEL-RBEER L& 2561 L H
EEINDT, ik (BEF) OFEUHBIIMETLILDOLEBD N,

(Frk3 1% 1 A2 8H)




	‎\\172.29.1.70\図書館業務用\滋賀医大雑誌(電子ジャーナル版)\学位授与記録\H30後期\作業用\全体\sumi\h826_Lemecha表紙.pdf‎
	‎\\172.29.1.70\図書館業務用\滋賀医大雑誌(電子ジャーナル版)\学位授与記録\H30後期\作業用\全体\sumi\h826要旨Lemecha.pdf‎

