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CircHdgfrp3 Targets miR-3089-3p/miR-760-5p to Inhibit
Adipocyte Differentiation
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Abstract  The aim of this study was to determine the effect of circHdgfrp3 on adipogenic differentiation of
adipocytes and its mechanism. Firstly, the results of RNA-Seq sequencing were analyzed. And circHdgfl3, a circu-
lar RNA molecule whose expression levels in intramuscular fat was significantly higher than that of subcutaneous
fat in Large White pigs, was screened out, and the sequence similarity between pigs and mice reaches 93.87% at the
genomic level. Using mouse preadipocyte line 3T3-L1 as material, circHdgfrp3 was identified, localized and ex-
pressed by RNase R digestion, karyotoplasmic localization and gPCR. The results showed that circHdgfrp3 existed
in the cytoplasm with stable ring structure. During 3T3-L1 cell differentiation, its expression level increased first
and then decreased. Transfection of si-circHdgfrp3 or pcDNA3.1-circHdgfrp3 changed its expression level during
3T3-L1 cell differentiation. It was found that circHdgfrp3 could significantly inhibit intracellular lipid droplet accu-
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mulation (P<0.05) and the expression levels of lipid formation marker genes PPARy, C/EBPo. and LPL (P<0.05) by

oil red O staining and Western blot. Finally, using luciferase reporting analysis and other techniques, it was deter-

mined that circHdgfrp3 had a targeted binding relationship with miR-3089-3p and miR-760-5p, and could signifi-

cantly reduce AKT phosphorylation. In summary, circHdgfrp3 may down-regulate AKT-mTOR activity by targeting

miR-3089-3p and miR-760-5p, thereby inhibiting adipogenic differentiation of adipocytes.
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#*=1

dgfrp3/N T4 RNA(si-circHdgfrp3) 4 H 35 i £
FRA %] ; pcDNA3.1-NCHl pcDNA3.1-circHdgfrp3 4
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Lipofectamine 3000, TRIzolik 733 B Invitrogen
AF ;B AL LS B KPR R O AR
ANFE] H-HEERNYL. PR E S R PTARIE
H Biosharp/A 7] ; DMEM = b 1% 7 36 1 B Wiy L 1 i
MR AR A ; RNase RGTIE M 2 28k}
F A A R AT %55 &0 H ThermoFisher
Scientific/A 7] ; TaKaRa SYBR Premix EX Taq(Perfect
Real time)l [ TaKaRa 2\ &5 XU 2 B o il i 7] 4
I H Promega /A ) ; BCATE 7€ & 157 &)W B3 b 5 ff
M ZAEYRHAT IR A F ; GAPDH. i A AL B A1
FEYI S 52 VK p(peroxisome proliferator-activated re-
ceptor gamma, PPARY). JEITRRES & & H4(fatty acid
binding protein 4, FABP4). Jii £ 1 5 i B (lipoprotein
lipase, LPL)FI ATGLEUA 34 H AbcamA 7] ; p-AKT
MAKTHUATEHCSTA A
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3T3-LI4HARRAR G JE 2290%H, 37 °CAf FI kA 650 s
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Table 1 Primer sequences

ElEV Ry

Primer name

RS —37)

Upstream primer (5'—3")

NS5 —3")

Downstream primer (5'—3")

ACG CTG GCAATGACACGAG
CTG TGAAGC CTC CAG CAAAC

Divergent primers

Convergent primers

miR-3089-3p GCGAGCATC TGC TGATCC TG
miR-682 CGC GCT GCAGTCACAGTGA
miR-760-5p CCC CTCAGG CCACCAGA
miR-3102-3p.2-3p GCG CTC TAC TCC CTG CCC

miR-670-3p GCG TTT CCT CAT ATC CATTCA G

CTT GTT TGC TGG AGG CTT CAC
CGT GTT TCT CGT GTC ATT GC
AGT GCA GGG TCC GAG GTATT
AGT GCA GGG TCC GAG GTATT
AGT GCA GGG TCC GAG GTATT
AGT GCA GGG TCC GAG GTATT
AGT GCA GGG TCC GAG GTATT
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V3. BE, fERMEE NI mEIL . R
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FEDR A G FIA K FL,
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N\ SDS_EREZEM, i 10 min, T—80 °CIA7E.
#SDS-PAGE 73 B X S 4 . F 20 pgd R,
100 VEELYK2 he 4 °C. 200 mA#F 1.5 h, ¥ H bRk
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4 CCRIBFFHE . TBSTHEUR3IK, —Hi(1:20 000)HikE,
iR 2 h, TBSTZE MR 3U0UE I KGR
RO, MR JE 1 S IE IS Image 4R AF 43 A 2K EEAE
LIGAPDHYE AN ZHEH, HinEEWKEE/NS
(1) 2K FE A P 43 45 S B i i A 1 B b B 3R 1A K
o

1.2.7 MR AFERE AR £ StarBase#X 14
Tt circHdgfrp3 1] GE 4 [7) 45 & miR-3089-3p. miR-
682, miR-760-5p. T 96FLHR 4 F HEK293 T4l
(3x10*4/4L), ¥97% 24 h, 0L S TE N 70%, 1l H]
Lipofectamine 3000377 AT L% 4. 7 ALY
H : psi-CHECK-2-circHdgfrp3 I NC mimicsZ ; psi-
CHECK-2-circHdgfrp3 A1 miR-682 mimics4 ; psi-
CHECK-2-circHdgfrp3 f1miR-3089-3p mimicsZH; psi-
CHECK-2-circHdgfrp3 1 miR-760-5p mimicsZl. #%
GeJo, k2RI 48 ho JEAEBUIOG 2R B or il A7) &
ERAE UL, #4759 RIS ML B AL 7, 1k i
BRCREE NN SR, @ v E R K RO R
Pty 5 1 " 2 Y 2 I PR AR R R R PR SR VT Aty 4 L 1) 2%
R B PEN

1.2.8 #3#E547  FIF GraphPad Prism 8% {4 #E47
HE AL S LR, SCi e RE R N B1E
HHR#EDR (meantSEM) S X . Fiith B & il i Stu-
dent’s A 38K 5E , £ P<0.01, MTA R 22 Sl 2. 3%
4 P<0.05, WA 257 5 o

2 H#R
2.1 circHdgfrp33EiE RIMLREE

AN LR O A ¥ L AR E L E AN
JIE T 2 B U1, FRAI T RNA-SeqXf EL i Tk %%
IMJIE 7 44 i A SCHE 17 40 B ¥ circ RN AR IE 3, i
e T AR IMIE D7 48 i o i RIS I ECIR RNA G 7
circHdgf13(El1A). J#41 5087 & I circHdgfrp3 Hi Hdg-
Srp3REEE 2. 30 AFD ST T HHEMEII R, 4
K519 bp, EFE A ER A ) [RIJE 1 =14 93.87%(E] 1B).
8 SR circHdgfrp3 &K 741, AT 1 Wesh 5]
VIRV ELSI Y. B 4s B oR, US| YI7EcDNAFI
gDNA A RE 4 38 HH I (1 B — 2% 5 TR ERS 1)
IXAECDNAFY 1 H 50— 241 (1), X R Bs 14
BT T Sangerill 7 KA, 45 R 5 Gene-
Bank %4 2 7 41— £ (K 1D) . FJ I 3T3-L140 111
S RNAHEAT RNase RYHALEELS, R INLVE Hdgfrp3 &
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I T I, circHdgfrp3 )& & 0] AL (B 1E).
DA &5 3R B circHdgfrp37F 3T3-L 1Rl i i 40 g
A BB S A B ) IR G5 o K 3T3-L 140 i it
TR R4y B, Kl circHdgfrp3 R 55 00, 45 3 BoR
circHdgfrp3 7E4H R H BT 5 L9 92.8% (1 1F), 1t
45 BN circHdgfrp3 B A7 /£ T~ 3T3-L 111 g 197 4 i
(20 P o
2.2 circHdgfrp37E/\FR
iR RRIEER
F| H qPCRAG M circHdgfrp37E /N F 5 4 2R I
3T3-L 15 A A [F] i) S0 e ) 20k B R B, circH-
dgfrp37E/N R IR RIEF E s, HIRZM.
BRI Oy B FARNT . B A (E2A), circHdg-
frp3 )R IE AL 3T3-L140HE 5 S otk b 231
FeFtmfa NERES, 152 R R E R
= (E2B).

YALA A R 3T3-L1AKAE &

(A) (B)
circHdgf13
circGPATCHS8 Hegfrp3 —
circNRAS
circBNC2 1000
circYTHDF3
circUNKL 500

circSMAP2
circRBM33
circTTC27
circSPECCIL

Exon 1 Exon 2 Exon 3 Exon 4 Exon 5 Exon 6

¢
ko
ou’
é <O
o
\L R

’
r%

2.3
ik

N T circHdgfrp3 X 3T3-L1 B g 44K R 52
MR circHdgfrp34% 117 51| % 1 3%F siRNA, #4448 h
J& , R siIRNAM TR, 45 REK W, si-circHdg-
frp3-1. si-circHdgfrp3-2. si-circHdgfrp3-3(1TF# 4L
B HINT5% 35%- 1%, Horfsi-circHdgfrp3-1T
PR R (BEIB3A) . F o 85256 H 3 FH HEsiRNA, {E
RS .

13 Jesi-circHdgfrp3 75 T /0468 K i, it il
ZL OGL At I G SR ARG 0L, JF i sc B &L RNAKS:
MRS UR R R RIEEE . SRER, 50
FHEL, si-circHdgfrp34H G W ik 1S 22 (P<0.05, E13B).
i fI% circHdgfrp3 7l Wi 38 1 PPARy. CCAAT/YG 5% 1
4k 4 # H a(CCAAT/enhancer-binding protein o,
C/EBPa). FABP4FIATGL mRNA [ 157K F-(P<0.05,

circHdgfrp3#1 I3 T3- L1575 By 20 B8 B9 A% B

©)
M DX

Marker cDNA

gDNA

circCCDC18 Backsplice
] circHdgfrp3
DBSF DBIM
(D) (E) ()
circHdgfrp3 1.5- 2.0-
= L R (= = 2.
80 90 100 110 2 M RNase R (-) -% 3 Cytoplasm
TTGCAGAAAGCCGGT G AAGGGAT T GAT GAACT CCCAGAGG g s B RNase R (+) gl.S- B Nucleus
Backsplice %1.0- %
< <
| Z Z 1.0
( ~ ~
£ 0.54 =] H
2 £0.57
& 0 & 04
> » o 5
&;\& b“’;@ QQ‘Q‘ \S@;\a
R ¢ &
& é\&

Az K EFE VLA NG AR R i 195 A cireRNAs %2 53 3 18 43 #T; B: circHdgfrp3 (19 K U5 73 4T; C: circHdgfrp3 & 55| 90 A S5 9 7E3T3-L 140 i 11
cDNAFIgDNAH 133X ; D: circHdgfrp34% 1 /5 41| () Sangerill F¥* 45 3L E: qPCRAGIM 2 RNase R 1L f53T3-L141AE H circHdgfrp3 A1 Hdgfip3 mRNA
ZRIE K F: qPCREE M circHdgfrp3IRE4H M 2 7« n=3, ***P<0.001, 5NCZALH L .

A: an investigation was conducted to analyze the variations in the expression levels of circRNAs between intramuscular fat and subcutaneous fat tissues

in Large White pigs; B: analysis of the origin of circHdgfrp3; C: expression of divergent primers and convergent primers of circHdgfrp3 in the cDNA

and gDNA of 3T3-L1 cells; D: Sanger sequencing results of the junction sequence of circHdgfrp3; E: detection of the expression levels of circHdgfrp3
and Hdgfip3 mRNA in 3T3-L1 cells after digestion with RNase R by qPCR; F: detection of the subcellular localization of circHdgfrp3 by qPCR. n=3,

*#%P<(0.001 compared with the NC group.

E1 circHdgfrp33iE R IFMLEELEE

Fig.1 Verification of circHdgfrp3 and identification of its circularization efficiency
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A: qPCRE M circHdgfrp3 76 /I B & AL 43 b (1) 22 75 7KF; B: qPCRAG M circHdg frp37E3T3-L 141 i 23 A6 A [ Bt 4 11 2235 7K F o
A: the expression levels of circHdgfrp3 across diverse mouse tissues were quantified using qPCR; B: the expression levels of circHdgfrp3 during differ-

ent stages of differentiation in 3T3-L1 cells were quantified using qPCR.
E2 circHdgfrp37E/NRARILALEFITI-L1 U AR R P HIRIEE
Fig.2 The expression of circHdgfrp3 was examined across diverse mouse tissues and during different stages
of 3T3-L1 cell differentiation
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= = 0.8
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0 0
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& = ¥ &

A: qPCRAG M circHdgfrp3 T2k 2; B i £LO YL (oK I 4% Ytsi-circHdgfrp3 J5 3T3-L 115 540 L8 K I i BB A% 10; C: qPCRAGI % Yesi-circHdgfip3
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A: qPCR was used to assess the knockdown efficiency of circHdgfrp3; B: oil red O staining was employed to examine the lipid droplet accumulation
in 3T3-L1 cells after 8 days of differentiation following transfection with si-circHdgfrp3; C: qPCR was performed to determine the effects of si-circH-
dgfrp3 transfection on the mRNA expression levels of adipogenic marker genes PPARy, C/EBPa, FABP4, ATGL and LPL; D: Western blot analysis was
conducted to evaluate the effects of si-circHdgfrp3 transfection on the protein expression levels of adipogenic marker genes PPARy, FABP4, LPL, and
ATGL. n=3, *P<0.05, **P<0.01, ***P<0.001.
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Fig.3 Interference of circHdgfrp3 promoted the adipogenic differentiation of 3T3-L1
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A: the efficiency of overexpression for pcDNA3.1-circHdgfrp3 was evaluated using qPCR; B: oil red O staining was employed to examine the lipid
droplet accumulation in 3T3-L1 cells after 8 days of differentiation following transfection with pcDNA3.1-circHdgfrp3; C: the impact on the mRNA
expression levels of adipogenic marker genes, including PPARy, C/EBPa, FABP4, ATGL and LPL, were quantified using qPCR; D: Western blot was

utilized to assess the changes in protein expression of adipogenic markers PPARy, FABP4, LPL and ATGL following transfection with pcDNA3.1-
circHdgfrp3. n=3, *P<0.05, **P<0.01, ***P<0.001.
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Fig.4 Overexpression of circHdgfrp3 inhibited the adipogenic differentiation of 3T3-L1
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1256 5L
(A) (B)
Mem3 a
Stk17b 2451 -2 mm si-NC
2
iR-670-3 2 = si-circHdgfrp3
Zpss1 m P Fepta E gfrp
’ Gyf3ed Vestl. [ Seqfl / Belafi <
Rnf152 Z
\1\niR-682 vl 5
miR-3102-3p.2-3p g
L - o
Roid 2di) Stim2 =
<
Phx1 Vepipl Faml68 Nfasc o)
/ Nel =2
R X miR-760-5;
U m/1R30893\p Kifla — .
Shisad &
e Cul3 Adoral A\
© (D)

circHdgfrp3 5’ GAAGGUGGAAAUACUGCAGAUGCA 3

miR-3089-3p 3’ UGUCGAGUCCUAGUCGUCUACGA 5’

circHdgfrp3 5’ ACACGAGAAACACGACUGCAG 3’

miR-682 3’ GUCUGAAGUGACACUGACGUC 5

AGAACAAAAGCAGCUCUGAGGGGC 3

[T

GGCCCGAGACCACCGGAcCUCCCC 5’

circHdgfrp3 5’

miR-760-5p 3’

Relative luciferase activity

1.59 > 1.54
E z
1.0 “é 1.0+ ; 1.0
= <
= 3
0.5+ B 0.54 5 0.54
g E
© =
o~ ]
~
0- 0- 0-
O R < 3 < Q
4%:% & .gﬁ A‘y@ o (\@b
< 43;’ & SRy
& &

A: StarbasefT £k 35 Tl circHdgfrp3#E 1] miRNA; B: qPCRAZ I T circHdgfrp3 )& X #E [ miRNA {1 I8 7K 54 ; C: circHdgfrp3 5 miR-
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A: the Starbase online website was used to predict the miRNAs targeted by circHdgfrp3; B: qPCR analysis was utilized to assess the alterations in the

expression profiles of targeted miRNAs after interference with circHdgfrp3; C: the nucleotide sequences of circHdgfrp3 that were complementary to
miR-3089-3p, miR-682 and miR-760-5p; D: dual-luciferase activity detection after co-transfecting HEK293T cells with miR-NC, miR-3089-3p, miR-
682, miR-760-5p and psi-CHECK-2-circHdgfrp3. n=3, *P<0.05, **P<0.01, ***P<0.001.
&5 circHdgfrp3%imiR-3089-3pFImiR-760-5p AYEE E1E4%
Fig.5 The targeted regulation of circHdgfrp3 on miR-3089-3p and miR-760-5p
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Fig.6 The regulation of circHdgfrp3 on the AKT-mTOR signaling pathway
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