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(1. HriEw F 5SRESERAET N ESLRSE AN FRAERRAEEIE, HE AT 832002;
2. FriE4EE R B X PR BERTT P O ERGS R, HriE TR 834000)

(# ZE] H®: SOHEHRETIRIHS AR E B (Furim) JE R 5 S8 HLE ST 5 105 K5
FIRE 2 /0 W I E2 I . ¥k K 24 H C57BL/6J e /N BUBE AL 43 0 1E 8 4 R kE (NCD) 26 i g il )
(HFD) 4, S4l12 1, LI 12 Ak @ RO R . SR A SEH 28k 2 8 PCR (RT-qPCR) %
Kl 2 40/NRUE TGRS, (WAT) (sWAT) FIREEWAT (eWAT) 1 Furin, JREF4EEM 1 (FBNI)
B e i s A R 1 1 (SP1) mRNA RikK V. BT HBE IS 30 FUcE 5 Bk & o H
(JASPAR) B4 2 0 % Furin FeRJR 80 F X 55 sk I F o 7E 293 T M P % e ff M 1 (SPL)
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Effect of Furin expression regulated by specific protein 1 on

asprosin secretion in adipocytes and its mechanism

DONG Zhenya', ZHANG Xinge", DENG Yaya“, ZHU Jingling', JIAN Huiling’, ZHANG Yunhua'
(1. Key Laboratory of Xinjiang Endemic &. Ethnic Diseases, Ministry of Education, Department of
Biochemistry, School of Medical Sciences, Shihezi University, Shihezi 832002, China;2. Department of
Laboratory, Central Hospital, Karamay City, Xinjiang Uygur Autonomous Region, Karamay 834000, China)

ABSTRACT Obijective: To investigate the transcriptional regulation mechanism of the Furin gene in
adipose tissue under obesity conditions and its effect on the secretion of the adipokine asprosin.
Methods: Twenty-four C57BL/6J mice were randomly divided into normal control diet (NCD) group and
high-fat diet (HFD) group, with 12 mice in each group. The mice were fed for 12 consecutive weeks to
establish the diet-induced obesity models. Real-time fluorescence quantitative PCR (RT-qPCR) method
was used to detect the expression levels of Furin, fibrillin 1 (FBN1), and the candidate transcription factor
specificity protein 1 (SP1) mRNA in subcutaneous white adipose tissue (WAT) (sWAT) and epididymal
WAT (eWAT) of the mice in two groups. Candidate transcription factors for the Furin gene promoter
region were screened based on the JASPAR database. In the 293T cells, the SP1 over-expression plasmid
(pcDNA-SP1 group) and its control plasmid containing green fluorescence protein (GFP) (pcDNA-GFP
group) were transfected. Simultaneously, a dual-luciferase reporter vector containing the Furin promoter
region was co-transfected with the aforementioned plasmids to verify the regulatory interaction between SP1
and the Furin promoter. The stromal vascular fraction (SVF) cells from sWAT were isolated and induced
to differentiate into mature adipocytes. SP1 (Ad-SP1 group) or GFP control (Ad-GFP group) was
overexpressed via adenoviral transduction. Western blotting method and enzyme-linked immunosorbent
assay (ELISA) were used to detect the expression levels of SP1 and Furin proteins in cells in various
groups and the levels of asprosin in the cell supernatant in Ad-GFP and Ad-SP1 groups, respectively.
Results: Compared with NCD group, the body weight, sWAT weight, and eWAT weight of the mice in
HFD group were significantly increased (P<C0.001). Compared with NCD group, the expression levels of
Furin and SP1 mRNA in sWAT and eWAT of the mice in HFD group were significantly increased (P<C
0.001). JASPAR database prediction suggested that SP1 was a core candidate factor regulating Furin
transcription. In the dual-luciferase experiment, compared with pcDNA-GFP group, the luciferase activity
in 293T cells in pcDNA-SP1 group was significantly increased (P<C0.001). Compared with Ad-GFP
group, the expression levels of SP1 and Furin proteins in SVF-derived mature adipocytes in Ad-SP1 group
were significantly increased (P<C0.001), and the level of asprosin in the cell supernatant was significantly
increased (P<C0.001). Conclusion: The expression of SP1 mRNA in WAT and adipocytes of obese mice
was up-regulated. SP1 can enhance the transcriptional activity of Furin by directly binding to its promoter
region. SP1 overexpression may upregulate the expression level of Furin protein in adipocytes, promoting
the secretion of asprosin.

KEYWORDS Obesity; Furin; Specificity protein 1; Asprosin; Transcriptional regulation

RE e S 51 % AR SR A A o 3R R9 Y 1 (fibrillin 1, FBN1) A& (A (Furin) 55
AP, HOREE R SR AN W EEE WSRO Y. R T AP Y ES Furin
AL DIAROE o ARk, BRI FABRRME A —Fr  FEIFRERIBR S A 2 SRS R5S MK, AR
BRI A2 OCTE, HAEIEERF M FERR A AU rh i SRR TR AL S IR R S M
MACEII BT . IR R AN R AR T R AN
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IO Mm% 4 4> (stromal vascular fraction,
SVE) s MG 7 25 23 v 3l o 1 i 5085 LA 20 185 2R 45
SN = S i DRSSO % < M S =g =317 K e
T4 At . A A A0 B RN R £T A 4 A 2 Bl A i, G
v, R D VR R T 4 R AT AE AR SR A5 T A AR L IR
M, AEBETERR I A . A A I R AL R Y
A R R M 1 1 (specificity protein 1,
SPL) 1Bk B AR 0 G Bl 4 X 7 7, 5 AR
VORI 9 E RN B DA OC Y, (LR A S SRR
T Furin (5% s s 42 08 R AT J0 o AR SEAR D) Furin
TN 105 2 R 1 e s AL, #87R SPLAY 19 53
TR M 2 5 IR R 40 W Y IR BN, LU S I JHE
ARG ZE AL A AL 58 S B 00 A

1 MR57FE

1.1 BHH. @e. . TZ2XNFPNE LRER
JEAR B 9 C57TBL/6T MEPE/NR (6 Jal i, 14 i &
18~20 g) W AL s B AR A W HE ARG R A v . 3h
Y P ATIESRS : SCXK (51) 2024-0001, 2h4
VAN IES 5 . SYXK (H7) 2024-0010. /L
mFREFEE (22+£1) C, 12hEREHEHRAEE, AH
POKBEE . RELRIT REA W FRF=LE Yo
Z oyt E (R EAHEIE S . A2024-044) 0 AR
ML 293T W B R DO FEAEmRHEA R A A, 6
Rl A E Wi NE L A SR 7 S S 7 S s e Sl /A
DMEM ¥: 5% Bl [ 35 E Gibco 24 A, = JE ) B
(high fat diet, HFD) (b5 : D12492) HIiE# X
Tt (normal control diet, NCD) (#t5 : D12450])
Y [ 3% F Research Diets 24 7, RNA B H] &
W 8 F R A R R A BR 2 W, RNA G %
s R A & RS2 mE %€ Ot E B PCR o (real-time
fluorescence quantitative PCR, RT-qPCR) 5| &
Yo B e mt i ME R A R A IR R, AR R B
% W B iR 38 (enzyme linked immunosorbent
assay, ELISA) X7 & W A 3L I 3 Rf & 25 B 44
(B ARAF, maodailiamadin R
HFERH A BRA R, B R DR A 3 7
&0 A % E Promega 2y dl, | AU EEE . RS E .
-5 T A -1-H F 8 5% (isobutylmethylxanthine,
IBMX ) Fl Hb 2€ K ¥4 ¥ 0 A 3¢ [ Sigma 24 7,
Furin, SP1H#IBAL3I&EH (beta-actin, B-actin) T
¥ B R = AR A RA A, L5 A5
¥ . pcDNA-SP1 fl pGL3-Furin promoter % Jii 7 F
e B A YR A PR AL, b3R5k SP1 RN EE

IR 4 LA YR PR R AL o L DK AN A 4
¥ [ £ E Bio-Rad A A, RT-qPCRAUIE [ /M 14
H B B A B W) 5 Ak & 6 AL B 2 [
Promega 24 v, 8] ¥ 500 BB A H AR A
H), Odyssey 2GR R4 H L 1H LI-COR A H .
L2 DREBREEF S G EREB AR (white
adipose tissue, WAT) 9 & 2 & 8 24 H/NRIE
Pt SR LA JS, BEHL b 241, &4 12 2. NCD4
/N BRUAA] IR D12450T A5 fE 45k, HED 41/ B4 IR
D12492 = g el kE, LM 1208 . il 24
ANEUR T A R RIS ARE, DA T
1% B Ze (50 mg kg ') WRIEE, KT
WAT (subcutaneous WAT, sWAT) MK K =&
WAT (epididymal WAT, eWAT). 4140k 5 H
¥ B9 B R £ 2% vh W (phosphate buffered saline,
PBS) ik 3k, HIUBAUN TRE K> RIWZE
JUG3 500 i 2 21/ B sWAT FileW AT K JEE A5 JiE
X AN, R 20 R PR i WAT i fE o HGR
SHHAVE T RNARFFW, T —80 CIhfF, T
22 mRNA £ K55 Hr .
1.3 RT-qPCR 4R 24 ) LR B LR P Furin,
FBN1#=2SP1 mRNA & EAKFE W 24 /N EAF
HAREA, A sWAT, eWAT., F M. #ils
igl 4! (brown adipose tissue, BAT) ., H . & .
JEFREE R R, R FH 23 B K OFFR R % 240 mg, %
MR RNA R B & 5 15 8, 98 BB RNA $2
W SR A B I RNA YR K46, R
it 390 5 SR B U R RNA 33 5% 5% cDNA J5 i
T RT-qPCR & Vi o 2 N & &R B AR FLR 10,0 pl,
£, % 5.0 pL. 2XSYBR qPCR Master Mix, iF. &
g4 (10 pmol-L™") 45 0.4 pl, 2.0 pL ¢cDNA
ML 2.2 pL BB RREE K . R : 95°C
FARYE 20 s5 B AT YRS /OB, ILA0NEEN, B
G AL $5 95 ‘CAEPE 10 s Fi1 60 °CaR Kk ZEAH 30 s;
Prrsid)E, #%95°C. 15s, 60°C. 60s, 95°C,
15 s P RAER MM . VL p-actin hINSH K,
K 2 kA B K mRNA RLKE. 519
FPol L 1.
1.4 HBEEFZEFurin BT RO BEREZAT
B it SwitchGear Genomics £ #& 2 (https: //
switchgeargenomics. com/products/promoter-reporter-
collection) K & & K Furin W )7 3 ¥ J¥ %1 (ID:
s703372), WU Zh TP HIME R o I EAZ R K
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£ 1 RT-qPCRE|#FEF
Tab.1 Primer sequences of RT-gPCR

Gene Sequences (5'—3")

FBNI1 F: GAGTTGGGGCAGAGACTGT
R: TCCCTGCCTGTCTGGACTA

Furin F: ATTCGTATGGCTACGGGCTG
R: TTTGCCGATGTCCTTGGGTT

SP1 F: GCCACCATGAGCGACCAAGA
R: GAGTCTGAGAAAAGGCGGCA

NCBI refsequence
NM 007993.2

NM _001081454.2

NM _013672.2

B-actin F: GGCTGTATTCCCCTCCATCG
R: CCAGTTGGTAACAATGCCATGT

NM _007393.5

g F U5 4 HrBk G 5 H  (Joint annotation and
specificity prediction for array-ready, JASPAR) *{
5 % (http: //jaspar. genereg. net/analysis) X %
Jia BN 7 A AT A Sk IR - 25 G A s O 1 R T
Kﬁ‘ﬂi’*ﬁﬁ?ﬁ%ﬂﬁﬁﬁ>0 95, 1 H VAR A 5 o
TH AN, IE XA R W Furin Ja 8+ 7 51 iF
ﬁ)ﬁ@ﬁl‘éﬁ%ﬂ%%#%ﬂ%—%\o
1.5 RRAEZEBRERE ELER Furin B 3 F
HEXEWE NEUE Furin & N5 87 0 5% 5% 05 1 X
HZ SPLIAEMAEN , ¥ Furin At )5 8+ 7 B
B 2 pGL3-Basic ¢ 0 H MR 5 2, M pGL3-
Furin-promoter 2l #ft ¥ FikL . DA R KLk (450 &
F1 (green fluorescence protein, GFP) i kL Ky Xf
W 5T KL o 7E 293T 40 i b 2F 47 DL R 3 20 A%
pcDNA-SP14], IHE Y peDNA-SP1 it 3 ik 5k Fl
pGL3-Furin-promoter i 45 i %7 ; pcDNA-GFP 41 ,
3t # ¢ pcDNA-GFP Xf W& Ft K. Al pGL3-Furin-
promoter i & BT RL . BT A e Y 34 T AR 5T 44 vk
7o ¥ 9% 24 h)F 2L AN ML, R 0 WD R B 44
E 2 Rl ZZEZEIE@EP%%%%MF‘@ DI
MFEN SR pRL-TK (RiKEEIOCRE) 4t
MY NS iE PR B (FRIK 7 K O ) i
frvntEdl, TR FOCREEE M, R Furin 3 3 1
FA) B s i M o 901 2R Tl I P = i K R SO 3R il
1B/ 183 5 5O 3 Wl V(R
1.6 JDRASWAT®SVF@e4E BUNLsWAT,
S B B 45 AF 42, PBS 2 ph VR U 2 S A
0.1% 1 BURE 5 EEIE A, JF 68 H 0. 6 mm &y i o
&, WCHRUEW . VTR Z 1000 g B0 5 min, F I
W, B ETIRE . A M e AT 10%
JIf 28 108 B R 2R DURE ek RO A R 3 3R L /DU F-12
BRIEAGWIRAERFHI (Dulbecco’s modified eagle

medium/Ham’s F-12 nutrient mixture, DMEM/F12),
BF37°C. 5% COMEFMP IR . MM A )5,
FH AR R HAEF 48 h (£ 0.5 mmol-L™ "' IBMX,
1 pmol-L "HEZERM AT 10 mg- L 'R E) ., MFE
A% 10 mg- L JBE B 3R 110 R 2 4R B o Ak 4k 2
Bige, M2dEir LRIERE, BRokiEgS s
Ko SHACTERUE . R L O Y 65 UF A5 5 4i i
i
1.7 & O0OFEKRESVFRE @MY RIEHET
o BUSIR /A5 8 RINR 40/, 2 PBS & nf
WIEVEIE ., A 4% 2 R H & = il F 2 30 min,
PBS & wp i IR VE 3G, A 0. 5% Ll O YAk,
37 CHEGIEH 15 min, FEEJW, MA60% =N
BEAr (015 s, PBS 22 Ml vh vk R BRAE B Ykt A
TR R E P A MIA% 1 min, PBSZE MR . T8
BB T RIS, éléﬂa/r%iﬁéﬂhﬁkij]ﬂ@
i I 44 e
1.8 MM aafet) SP1 4% M5 Atk
FaoPamsEAKERE B ALBIE WA N
24, BDE:S ot 3k SP1 4 R % % (19 Ad-SP1 4
i 35 GFP X MRS 22 10 Ad-GFP 4. ¥ &
72h)E, WA, R, WA 2 4 40 KT 3R
VEW, TS IR ELISA R F & Ui B ERE, K
I 2 20 20 i b3 W IR K OF .
1.9 Western blotting 3 #& ® 293T %8 & ¥ SP1 %
& & ik KT B B MR 49 Be T SP1 A= Furin & &
AR ARE LR Y OB S Y 293T 4 i A i S
i 9 7 04 8N T A0 B, 3 i A AR A
FRI) R R D A R VR B 0 ) RIPA 4. &8 1
W FE I 2 J5 . B A0 pg B P EAT T o ik i TR 4 -
BN M BE B BE B H UK (sodium dodecyl sulfate-
polyacrylamide gel electrophoresis, SDS-PAGE) .
B S M 5% WERR R Wi H R A 1 he A KRR
PE—H0 (110008, 4 CHEHWE. HHE2
3K PBS ZZ i3k, A IRDyedric —Ht (1:5000
Mk, FEWBEE 1 he VERS ARG, il a¢
TR R GRS . R Image 4444y
Wi A KB, L) B-actin HINZ, HHE HME
FIRAKF. HEAREKEF=HHEAFKE
TR AR / B-actin 2 [ 447 K (Y .
1.10 %#t %94 {1 H GraphPad Prism 9. 0 8 {4
PEATE RG24 . 2 40/ RR B i T WALT Jii
H, A8 Furin, FBN1 1 SPI mRNA 3 ik 7K
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-, pcDNA-SP1 4 Ml peDNA-GFP 20 41 it 7 5t 2 i
WP, Ad-SP1ZHM Ad-GFP 440 Fig Wb g &
JK S LA % 4% 26 410 i SP1 R Furin 85 (1 36 3k K F 4
A IERB, VlotsFom, 2410 BEA 5
KPS AEA K56 . LA P<<0. 05 W ZER A G2

2 &5 R

2.1 28D EAKRREFWATRE MHEHRDHI12MH
Ji, H5NCD#E, HFD 4/ BRI K, A
W1 JH 5 (P<<0.001); HEDZH/NELeWAT FIsWAT
SR, Bri Bl Tt E (P<<0.001), WA 1.

NCD HFD
e ey RIS
P o A » 60 mENCD
= HFD
| 3 =2
£ pf
)
2
Z 20F
Q
@ 10k
0
A B
NCD
2.5 HENCD
e HFD *
s 49348 ?
—~ 20F
% 24 $ c . 1
LT R mnm S 5F
’Mmqraa-nuuuunﬂnnaa Elj T
JE——— )
3 1.0F
» 3 A ) 3 =
A A A B | . ) 2
H < . b
< SERIRF 4 1}‘ X 0.5
© y > 4 > P i i
W] vnpm‘rrmlhim:mITIIIWWMT!IWWQWTF'EWnmmm&?;’ﬂ:ﬂm‘{! 0 SWAT eWAT
C D

"P<C0.001 compared with NCD group.

E1 24/MRAEBEAMERR(AB) R WATHALSMRAER(C.D)
Fig. 1 Sizes and weights of mice(A, B) and WAT tissues(C,D) of mice in two groups

2.2 240 & WAT % Furinf= FBNI mRNA % ik
KF 5 NCD 4 ki, HFD 4 /N B sWAT
eWAT W Furin mRNA ik KF 8 87t & (P<
0.001), 2#/NRF M. BAT., 8. =l . JFIE
FUE AR o Furin mRNA R KF LR 2Z 5B L5
e X (P>0.05), NCD 41 #1 HFD 4/ f§ ik
41 FBNT mRNA £ KK T8 22 S+ B R 4E it
#EX (P>0.05), WHE 2,

2.3 REEFRES Furin A B B3 T X %oy 4
FEF BT Furin 3 F 76 RS RIS I 41204 =5 3%
W5 PR LS, A O 5T 3E G JASPAR B4 A X
Furin 3£ 5 8 F X 047 7% 5% 9 7 45 G 0 55 10,
I I Ty 0 e 4 9 A B e S R, LR BESE A A
384 (zinc finger protein 384, ZNF384) . J& i % [F]

Z % 1 (atonal homolog 1, Atohl) . 7% fil /K £
B 3% W T 5 (Kruppel-like factor 5, KLF5) . %% 3%
[A-F 12 (transcription factor 12, Tcfl2) H1SP1%.
WIE 3, Ho, SP1454 075 AE JASPARE 2 R 48
hEARELS G EEE (X EH TN 0.968),
PRI LGB AR Sy A% O 0k R 1 R A7 IR 25

2.4 240 & WAT ¥ SPI mRNA k& K F 5
NCD 4 tb %, HFD 4 /N sWAT fl eWAT rft
SPI mRNA Rk K 8 F+m (P<<0.001); 241
/N EUH AL 4 41 SPT mRNA 3k K H 825 50
Giit#EE X (P>0.05), WK 4.

2.5 2#1293T @M ¥ SP1EGRAKFF%LE

BEiE M NIUE SP1 Xt Furin 3N EEEH, 78
293T 4 i v % gL SP1 it %2 3K ik pcDNA-SP1 41 &
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"P<C0. 001 compared with NCD group.
K2 24/PNREHALEF Furin(A)F FBN1(B) mRNA FikKF

Fig. 2 Expression levels of Furin(A) and FBN1(B) mRNA in various tissues of mice in two groups

3 JASPAR2018 —
# Home ©) MA1125.1  ZNF384
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Q Search ©
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& Browse Collections <
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& RESTful API ©) MA0599.1 KLF5
& Download Data © macoro.3 Bl
©) MA0461.1  Atohl
&® Matrix Clusters
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15.5406 0.979643232861 furin 367 378 s
15.4851 0.978792621722 furin 335 346 +
15.4228 0.977839557736 furin 334 345 +
15.3785 0.877161667002 furin 175 186 +
13.7583 0.972962827746 furin 591 601 +
14.9807 0.9712262769 furin 173 184 +
12.0646 0.970092819415 furin 259 266 +
13.0281 0.9682988763227 furin 882 891 4
14.8692 0.968211913033 furin 875 885 o
11772 0.965647272169 furin 430 437 +
14.206 0.860593747132 furin 183 194 +
11.3646 0.858457247113 furin 762 769 +
14.1236 0.857955487827 furin 184 195 +
14.0659 0.857071041996 furin 338 349 +
11.9702 0.855530184434 furin 875 884 +
13.4407 0.854982549196 furin 351 361 +
13.0186 0.954816875039 furin 333 344 +
15.0582 0.954604846732 furin 590 602

12.4577 0.950847720622 furin 112 121

12.8083 0.950474126367 furin 112 122

JASPARBUIE S A Furin ER B3 FXR BN HEFEF

Fig. 3 Transcription factors binding with Furin promoter screened with JASPAR database

HX B Bk, pcDNA-GFP 41, Western blotting 7 45
WK 5 peDNA-GFP 4 Ib# , pcDNA-SP1 4
293T 4 g vh SP1 & H R B KW B 7 s (P<
0.001), WK 5. 5 peDNA-GFP4 (1.00-+0.11)
e #5, pcDNA-SP1#H 293T 41 i v %€ ¢ K il 75
(4.86+0.52) BT FmE (P<<0.001),

2.6 SVFkBRmAey R ie#& o4 AN 40

i 5t B M Y S SRR, M PN T L s HLAR R K
FIRRIE 4548 o TMEL O e 0 J5 , R ol B 4s 5 e oy
AN I o S NG R =4 0 N G

2.7 A BIER m M P SP1 A Furin & § & & K
EmpbtEdryalBEKRTE 5 Ad-GFPA LI,
Ad-SP1 41 LG 5 41 il SP1 AT Furin 2 13835 7K
SR TE (P<<0.001), WA 7. 5 Ad-GFP4
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2 uf 1 4 45 vh BT SR AR . LRSS 0 R W1 : Purin
235 S ek U 1 S A 4 A G £
5 e, ELLAE /N BUFFIE 1 5 3 3 3 AT g ) 26 41E
Yoo ABFSAR L BIEKE S W HDF 410

"P<C0.001 compared with NCD group.
B4 28/DREHLF SPI mRNAFZKF
Fig. 4 Expression levels of SP1 mRNA in various

tissues of mice in two groups

(216.6 ng-L '+63.5ng L") 4, Ad-SP14040
i b W oh A IR K O (515.0 ng L+
216.8ng-L ") BB Ttm (P<<0.001),

1 2 3 5

4 5) 6
o : % " - Y v a N
S LT
SPL [ N - .
p-actin P EEPYPEIPNDYN 3000
e

A

BE/N B sWAT 1 eWAT 1 Furin mRNA & 3K 7K
YIWI s s . SR, 2 A A BT G B 4> FBNL 7
HDF 28 /N B 2 Fi Big 7 20 23 v 38 5K kA W 0 3Rk el
AR PR I PR S A0 A R A O 3 DR Y 4 2
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