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[BE] B w2 85T A E R Z IR F % i b 9(progestin and adipoQ receptor family member 9, PAQR9)
XA 0 i i 72 4R K ff A8 B 2K 1 1 (uncoupling protein 1, UCP1) K0 . Fik BB C57BL/6J /N B H €4 ik i
2l 21 (white adipose tissue, WAT) 45 4 g il 41 21 (brown adipose tissue, BAT ) K& ij £ 215 105 41 il & DE2-3 1 [1] 78 Jit
F40 M C3H10T 1/2 40 i R BEATHFSE o SEiF 96 2 it PCR A WA 7] 25 74 F PAQRY & UCP1 #J mRNA /K-,
T [ 8 B A I UCP 1 A 28 1 R KSF o SER 26 2 it PCR F A R 21 O S (0355 46 0015 17 40 i A9 B i 40 1k 1
. ER  C57BL/6J/NEBAT 1 PAQRY i) mRNA K V- i 2 5 T WAT. R Hl#iFES T, BAT fE RE KT
WAT ' PAQRY i) mRNA 7K 8 2 F i . DE2-3 4l fil 175 5 7316 BUA BRI 5 6 KA, PAQRO i) mRNA 7K 7 1 3 5 %
ik, 76 DE2-3 4fi s it 3235 PAQRY, UCP1 i mRNA 7K - 5 35 [, 48 Jif A 40 o 35 18, 177 DE2-3 28 Jifd Ji g 43
PRI RETC W PE 25 5 . 75 DE2-3 40 g+ 3l PAQRY, UCP1 A mRNA /KF 3 F . 75 C3H10T1/2 41 i 4 4~6
K HE i 40 0 43 A BUARS , PAQRO B9 mRNA ZKF 2 1, 76 #UIR PAQRY 5 UCP1 & [ Bk - i, 1 C3H10T1/
2 G A LTI RETC W EEE2E R . S PAQRO RRUSAR B4R (418 17 48 it - 4R 45 B N UCPL i 3R 34
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Effects of PAQRY on brown fat thermogenesis and UCP1 expression
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Shanghai 200032, China)

[ Abstract] Objective To preliminarily explore the effects of progestin and adipoQ receptor family
member 9 (PAQR9) on brown fat thermogenesis and the expression of uncoupling protein 1 (UCP1).
Methods The white adipose tissue (WAT) and brown adipose tissue (BAT) of C57B1L/6J mice, pre-
brown fat cell line DE2-3 and C3H10T1/2 mesenchymal stem cells were used for studies.Quantitative real-
time PCR was used to detect the mRNA levels of PAQR9 and UCP1 under different conditions, and
Western blot was used to detect the protein level of UCP1. Quantitative real-time PCR and oil-red O
staining were used to detect the adipogenesis of adipocytes. Results The mRNA level of PAQRY in
BAT of C57BL/6J mice was significantly higher than that in WAT.Under cold exposure, the mRNA level
of PAQRY9 in BAT and inguinal WAT increased significantly. When DE2-3 cells were induced to
differentiate on day 6, the mRNA level of PAQRY was significantly induced. PAQRY was overexpressed in
DE2-3 cells, the mRNA level of UCP1 was up-regulated, and cell oxygen consumption increased
significantly, but there was no significant difference in the adipogenesis function of DE2-3 cells. The mRNA

level of UCP1 was significantly down-regulated after knocking down PAQR9 in DE2-3 cells. When
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C3H10T1/2 cells were induced to differentiate and mature on the 4"-6" day, the mRNA level of PAQR9
was up-regulated significantly, and the protein level of UCP1 was down-regulated after PAQRY9 was

knocked down, but there was no significant difference in the adipogenesis function of C3H10T1/2 cells.

Conclusion

regulated the expression of thermogenic gene UCP1.
UCP1;

[Key words] brown fat; thermogenesis;

PAQRY played an important role in activating thermogenesis of brown adipocyte, and

PAQRY

* This work was supported by the National Natural Science Foundation of China (31571471).

Ji W7 20 2% — b B 22 00 e = A AR R, LK
AR K TIHAERE &, Z R MRS & 23 DUH Il =R
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JIES PR 2 BUHHE PR AE RS M AR D5 I 55 00, X 28 Ak
et e 3 1R o AR 3 R IR U5 2 4L, 4303
& H @I I 41 21 (white adipose tissue, WAT) , #2 {4
g i 20 21 (brown adipose tissue, BAT) 1 K {8 ig i
4 41 (beige adipose tissue)™ . WAT 1] DL 2 4 1)
fiE B LAH il =R 9 B U647 T BAT & A 2 2k
B 8 o 1 B & 1 (uncoupling protein 1,
UCP1) ¥ % 2 ki K P9 B 09 i 7 #4468 5 ATP i {8
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ZURE BE I8 B2 WAT B2 5 40 i oh PAQRO 1)
FEIRE O, 0 5 S 410 PP 25 R AT B0 AE . F R
K €0 g I 40 e 22 DE2-3 Filfa)] 78 5 T 41 i C3H10T1/
2 W A5 R T J AF 5%, 3 7E A0 b o 3% 3k R e A
PAQROY A, 51 1% 5 PR A% €4 I 1 7= #4 & UCP1
IR M

BB A 5 1

WERig & ALK IR T 3 [ Thermo
Fisher 24 ] ; PCR Y W F 7 [# Eppendorf 2% & ; & H
JOT B3I L Uk Al 45 I T 3€ [E Bio-Rad 24 A 5 {22 kO
T 55 W GE 24 A 5 ¥ R B o0 Bl T
Eppendorf AG 23 # ; Milli-q #8 4 7k & 48 W T 7 =
Millipore 23 7 o

FEXF DMEM B35, iR 4R 13 14 3¢ [
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Gibeco 24 w5 UCP1 $1 & Wy T 3% B Abcam 24 #] 5
HSP90 #T 7K 1 F 32 [# Santa Cruz Biotechnology 2y
Fl;SYBR Green reagent I F 3¢ E ABI/ZA A] ;8 % 5%
W7 & W T H A TaKaRa A 7] s ECL R G T |
WXREMAR AR =AW RHE.75% &
Bt JCK & B34 W T [ 24 4 Ak 2 R Bl R
A 3 BCA & &t i f| & . opti-MEM #5 % & (&E H
Marker W F 3£ [E Thermo Fisher 2% #] ; Trizol 1
lipofectamine RNAIMAX i /] i T 3£ [ Invitrogen
2w s PBS RN T DA %1 BIA E] 5 3-5 T H-1-H
B IRy (IBMX) | M ZE oK fy . = il FOIR AR 2 2
(T3) MW 3¢ B FIld £ O g T 36 [ Sigma-
Alderich 28 w) 5 B & 2% L85 g A0 &0 50 08 T B L
Roche 24 # o

WY Mk C57BL/6J /N R T at K%
B s, /N EUE T SPF R 8 B, 1E (22 +
2) C, X BE 55 % + 5% MIPREE hin) 5% . 4E4F 12/
12 hot/ a3 . Py s 3 ¥ a2 B R 9: 5 5))
Yite 3 Zs Dy 23 AH G AE o

AbFEEXAF R Sh W R 5 1 S AR AE L B S
H et C57BL/61 /I U BAT B 52 9 IE WAT K i
B B F WAT, R T AP

AR EAER A R DE2-3E X RIFSEHU L
22 A FRAT T K A Ak A m AR G T AR R (36
FE] bR 48 KA B 2 B K BT M 5 HOR 2% L gl B2
S BE W AR T AR ) R BN AR bR oE L AT i
G3Ak h AR €516 DT A0 B . A P R A E IR 37 °C
TAHSNCO,. FEFTH 0% MF MG 1% HEHERKM
HERE 2 WP DMEM 85 72 5L b JE R 40 i, 15 2 K 45
AR 1 RO AASHEFN T 3.5 e R L. B W
F G BE A1 it %% B 5 ILEF 70 %6 HE R R 2 K (day -2),
R R A =R IR R R S R IR AR 4
2 45 Y 5 2 K J 40 M R A B 10026, 38 N A 0 R
(day 0), 7 DMEM H il A 0.5 mmol/L 3-% T 3&-1-
3 8 I 0.5 pmol/L M ZE K # , 0.125 mmol/L
M5l K 1 pg/mL BB 2R BE A M s A5 2 K (day
2)FEE 4 K (day 4) , B AR S -2 K (day -2) , #b i =
AL FFODR AR 2 R AN R 5 LIRS S A A MR e v, R
L5 1) 248 6 79 B 32 4G 22 5 55 6 K (day 6) , T LA
ZE B BT T AT B T L U5 40 A Al IR US4 A AR
AT RS S5

C3BHOTI2 A RIEZRIFESHHE HRET

4iff C3H10T1/2 M F 3£ E ATCC 4 i o % 40 i
R R T 1973 4F 1 14~17 H & C3H /N RR i
WO R AN M R B AL AF AE AR E A . Tang
SR 5T e BZ AN AR R T L 1) o Ak o AR
B 0 A0 M, A B SR AR R IR 37 CL & A 5%0C0,0
FESA 0% MRA- g 1% 5 % 2 FEE R 2 BT
DMEM ¥: 77 B 55 FR i i, 4 2 R4 1 O % UG
PR T 3.5 eon BRI, 40 422 Ak 410 1) 2 K5 T 4R 1%
T4k, 18 M5 0 K (day 0) , 7E DMEM K5 7= 567 im A
1 pg/mL B 5 1 pmol/L Hi ZEK#A L 0.5 mmol/L
3-S5 T -1-H LB RE RS AT 1 pmol/L % A% 41 35 S
48 ho 5 2 K (day 2) B 8548 1% 75 3 R i 1 pmol/L
L& SN B pg/mL R R ARSI R AL 48 ho 7E
554 K (day 4) 45 40 M 504 & A 1096 i 2R 1% 1
DMEM Fi 32, A M54y . 255 6 X (day 6) g
75 240 i 53 A LA

MERRIEBRRS I A M YALS 5]
Yy, PCR A% 21 1 dii 1l A Wi VI A7 40 0 JE R i 170 [T g
1550 B 0 R B AR B DR 7= 4 A0 i 4 R
R M LSS E T8 s LR EA K Pac 1 Y]
W 1) 77 Wy 5 e 2 HEK 293A T H 40 i op 4025 9
o IR AN LacZ %5 (3 FRZH) fl PAQRY
GRS (L] ) 60 pL JE& Y DE2-3 41 e, 24 h )5 B
J A 10% B4R LT 9 DMEM 5 38 0, 4k 25 55 37
&5 I U 40 A

INFH RNA - 100 pL opti-MEM F il A 6 pl.
3.5 cm 40 i B 3% ML & 89 7 T 3 RNA (small
interfering RNA,siRNA) , #4fg il & Bl 5% B4, 5%
BIWRATIRA IE A 1. FHES —EP& A 100 pl
opti-MEM } 6 plL #4485 lipofectamine RNAIMAX
(3.5 cm 20 M 55 % WL &F ) , AR 40 e 75 FH B G 5 4
BBRWATIRS) C W 2,8 1 8 2§ % 3 min, 48 2
BWEZHMBE 10, REWIT 5K RS G #H
20 min. H 40 M b 5 85 55 SEE #5082 mL opti-
MEM. %8 1 siRNA 2% 28 fin 2 40 g , 54> 3.5 cm
B3R A 200 pl. siRNA . 24 h J5 i 2] 5% 42 55 3%
W, W A 10% B 4R 1L 19 DMEM 85 37 W, 78 5%
Yo 48 h g #EAT JF S L o #2 E o sINC g X B4,
SiPAQRY 1-3 A6 4] . siRNA FFI U T :NC | JiF
15 %1 5°-UUCUCCGAACGUGUCACG-UTT-
3" ,NC Fi# 5% 5% ACGUGACACGUUCGGA-
GAATT-3" ;siPAQRY-1 L 519 /¥ 51 5" -GCUG-
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CCGCUGUGGUGCUAUTT-3", siPAQR9-1 T %
19 5 %5 5° -AUAGCACCACAGCGGCAGCTT-
37 ;siPAQR9-2 5| Y7 %1 57 -GCCUUCUUCU-
ACCUGGACUTT-3",siPAQR9-2 F 5| Y1551 5 -
AGUCCAGGUAGAAGAAGGCTT-3 ;siPAQRY-
3 SIS 5’ -GCACCUUCGUCUUCGUCA-
UTT-3",siPAQR9-3 FiiE 514741 5 -AUGACG-
AAGACGAAGGUGCTT-3",

BEEBEREVAMEKERE HKREVPH
2 L (YST model 5300A) , KCLA Wk /E H B fif
W, 5 AR B TR . A R AR R O T TR
F2 I 2 B 40 T 700wl BRI W Ak, 7 A 700 pL
ZE R A R WAL . 500X g B0 2 min, 3 WL
700 pL 22 pPR EE B . I APLES WS AE
2R 0SB . % P REC B % PBS R A
25 mmol/L %% % , 1 mmol/L PR ER 4 F1 2% BSA.
A~ 3.5 e AR S FE ML A 700 pl 22 vh ik .

RNA H &L K KXEE PCREN FlH
Trizol ¥ $& B0 M M2 20 21 b ) RNA, I E RNA ¥
JE 5, M 30 S R & Ul W L o Ty
cDNA. SI¥FEH T 18SIRNA 5| ¥ 51 5 -
CGCCGCTAGAGGTGAAATTCT-3 , 18SrRNA
Tl ¥ 5 5" -CATTCTTGGCAAATGCTT-
TCG-3" ;PAQRY L ilE51 ¥ 751 5° -GGACTACG-
CTTCCATCAGCTA-3" , PAQRY F i 51 ¥ ¥ %1
5'-CAGTCGGTGCGGCTCTTAC-3 ;UCP1 ¥
5197 %) 5" -AGGCTTCCAGTACCATTAGGT-
3", UCP1 N5 ¥ )7 51 5° -CTGAGTGAGGCA-
AAGCTGATTT-3"; Adipoq L5 #1751 5°-TG-
TTCCTCTTAATCCTGCCCA-3", Adipoq F#l#5]
Y IF %) 5 -CCAACCTGCACAAGTTCCCTT-3";
Fabp4 L5519 F% 41 .5 -CCTTTGTGGGAACC-
TGGAA-3" ,Fabp4 T i394 5 -CTGTCGT-
CTGCGGTGATT-3";PPARy L5 #1515 -G-
TGCCAGTTTCGATCCGTAGA-3" ,PPARY T ii#
SIS 5 -GGCCAGCATCGTGTAG-TGA-3",

EORBZENT RGN A0 2 A e 0
AT 1, BCA VLI & 8 (I Bk B . # 2 RE
i A R AL E AT SR TN I Ik e 56 B K, PR
PVDF I3 545 2 56 8 5% i fg 4= W EF 1A, 75 4 °CIK
PR LR RN S R, WES5Z
PR B0, R 2E 1 he BRI 5 A ECL RO

819
WML ORE  FiAE0.5 ML OBIA T 100

mL 5 PR, B2 R ok 4 A0 5 4 IV 4L O
W AFI 5 25K e )l 3: 2 1RG50 5 01 000 X g,
B30 5 min, 35 XA I ULTE , 1840 U8 3 K, i 45 Bl
1O TAEW o AR i 4t i 5 o0 Ak S | B 4 il 57
2 DMEM 85 3£, F PBS # ¥ 2~3 1%, 3.7 % H %
fi6] 22 20 BfL 20 min 5 HZK IS %8, B4 3.5 em B5 = LM
A2mLyler O TAEW, Y2 h DL b JagifiG
FH K el 21, A4~ 55 3% Lo A /D i 2848 0K, B
TSR R AR

GitZ B A s GraphPad Prism
7.0 50 B Ak B KR 23 BT 3 Sk 1 2 45 R 2 R A LA
KRBT K50 . BAES R ts £Rm. P<
0.05 W 2ZEFA G5 .

45 ZS

/INER BAT 1 WAT 72 %l i# /& PAQRY A mRNA
KEZA HCC57BL/6 MEPE /N ELUE IR X BAT .
J B 18 B2 T 1 € R D 20 2 (inguinal WAT ,iWAT)
AR 52 9 BE E I8 5 41 20 (epididymal WAT,
eWAT) T I IE (B 1A) . KL BRI &
JE 15 #H 41 % PAQRY i mRNA /K, & L BAT
PAQRY ) mRNA /K F & % & T WAT (P<<0.001,
K 1B) , X 78 PAQRY Al fE7E BAT " & 4% & 2L 1)
fe . [AEF, S it 7 3 FhE A, R AE 4 °C
% #& 5% (cold) V= I (RT) A1 30 C# P (warm ) 31
BRI A, 5 EIRAMEMHLL BAT fHIWAT £
%l A S T PAQRY 9 mRNA K & 3% LA
(BAT: P<<0.001, iWAT. P<{0.01, 1C) , 1M
eWAT 764 H#0AE S T PAQRY i mRNA /K428 1k
A (E1C), M TFERAME, ERRMAST
B IWAT v 4 B 59 Bl 2488 107 48 i b PAQRO 1Y
mRNA K5 % EJH(P<<0.001, K 1D), L k4%
$E7R , PAQRO 16 1% I B 5 M8 7 40 2177 iy oo 72
rh AT RE 7 T A

DE2-3 £f ffl o 3T 5% 3% PAQR9 3 A B 43 1L & 7=
HMERE UCPIWI RN R A fr 6517 40 & DE2-3
3 3ok 7 1 5 T A3 Ak A B € T D A B 43 )
BUES-2.0.2.4.6 RBYAIHL, £ 0 PAQRY i mRNA
K, BB 6 KIF PAQRY ) mRNA /K F i % |
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A': Adipose tissues from different locations: interscapular brown adipose tissue (BAT) , inguinal subcutaneous white adipose tissue (inguinal
WAT,iWAT) and epididymal visceral white adipose tissue (epididymal WAT,eWAT) of C57BL/6 male mice; B: The mRNA level of PAQR9
in BAT and WAT of C57BL/6 male mice; C: The mRNA level of PAQR9 in BAT,iWAT and eWAT after cold stimulation. ?P<20.01, ¥ P<<
0.001 (n=5/group) ;D: The mRNA level of PAQRY in adipocytes from iWAT after cold stimulation.”P<20.001, " P<C0.01 (2=5/group).

1 /NER BAT 1 WAT K % I # /5 PAQRY #) mRNA 7k F 25 4k
Fig1 The mRNA level of PAQRY from BAT and iWAT from C57BL/6 mice after cold stimulation

8 (P<<0.001, B 2A) , 4 I PAQRO 75 47 €03 iy 4
BRE 43 Ak i B b R e R ¥ D) BE o A O 3R Gk
PAQRY Y i 5 7 B G DE2-3 41 jg , a% oy 1 3% ik
PAQRY (P<<0.001, |8 2B) . i 3 ik PAQRY J5 |
DE2-3 4fi g tfr = #4 ZE P UCP1 i mRNA 7K F & 3
FE(P<<0.01, 181 2C) o 38 3 W 25 40 B T 4R S
IS #E i, R Bt %38 PAQRO J5 AR i B (P<<
0.01, [ 2D) , B i ik PAQRO AJ LA fin 480 31
FE , e 2E A BRI RE . RIS, PR 5Y PAQRO 2 75 X
Y N R C AT B A P 90 a7 A R (A
7 KUWCHUA M FE 3 235 PAQRORFE M LI 41 5
i F Ik LacZ 9% 85 1) 6T BEZH AR LE , BUIR 4310 A OG5 5f
PR - 3k 48 Ak 0 Tl A 15 5 0 803 A2 AR y (peroxisome
proliferator-activated receptor vy, PPARY) . g Bk &
(adiponectin/Adipoq) 1 ig i B2 45 & & F1 4 (fatty
acid binding protein, FABP4) ) mRNA 7K F % 47 i
HE2E S (K 2E) o XA BEATIMZL O Yt A HR WL
R T WLEE CEE R 50 wm) JF4A B8, &% 28 90 40 40

JiL B Tl 2T e 8 R A 2 (B 2F L 2G) o i B 3t KGR
PAQRY A5 DE2-3 41 s (1) B Ag 4 AL D6 , vl LA
A L A SIH AR T R UCPT ) mRNA JKF
ThiE o

DE2-3 8 ff1 th B 1k PAQRO # | 7= # K & UCP1
B mRNA 7K R A A5 615 105 40 M & DE2-3 38 i
RS T oAb AR B Re T A A . it T 34k
SIRNA #1752 5, i U)K PAQRO 78 DE2-3 41 g
AR (P<<0.001, B 3A) o A5 & B DE2-3 4i i £¢ i
it PAQRY Z 7 UCP1 mRNA 7K F i % T i (P<<
0.001, 3B),

C3H10T1/2 48 A1 o B 1K PAQRY X1 B fig & L &
FEHEEUCPIMF I T4 C3H10T1/2
RE A% 761 3 7 R 40 Ak R n 28 0 40 . 7E
C3H10T1/2 4l ff 8% 37 2 F2 v  HUER 0,24 .6 KA 4
M, KW & BRAE S 4~6 KR T 4 i 4y b s 2 et
PAQRY9 B mRNA 7K F i 2 [ H (P<<0.001, &
4A) o HAT T 2 4 sIRNA, K & B siPAQR9-2 F¢
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A': The mRNA level of PAQRY in DE2-3 cells from differentiation day-2 to day 6;B: The mRNA level of PAQRY after overexpression in DE2-3

cells; C: The mRNA level of uncoupling protein 1 after overexpression of PAQRY in DE2-3 cells; D: Relative oxygen consumption after

overexpression of PAQRY in DE2-3 cells; E: The mRNA levels of transcription factors related to adipocyte differentiation after overexpression of

PAQRY; F: Oil-red O staining was performed after overexpression of PAQRY observed by eyes; G: Oil-red O staining was performed after
overexpression of PAQRY. " P<C0.001, 2 P<0.01 (n=4/group). Scale bar=50 pm.
2 DE2-3 4Rl s id 3% PAQRY Xt B A 43 (L R = #A B F UCP1 2T
Fig 2 The effect on adipogenesis and thermogenesis gene UCP1 after the overexpression of PAQRY in DE2-3 cells
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A': The mRNA level of PAQRY after knocking down PAQRY in DE2-3 cells; B: The mRNA level of uncoupling protein 1 after knocking down

PAQRY in DE2-3 cells.""P<C0.001 (n=3/group).

3 DE2-3 4R &K PAQRY ] i 7= # B & UCP1 #) mRNA 7K F
Fig3 The mRNA level of thermogenesis gene UCP1 after knocking down PAQRY in DE2-3 cells

FEPR RG22 5 A Gt 2 L(P<<0.05, B 4B) . K
W A& B C3H10T1/2 4 M 75 #i Ik PAQRY Z Ji5 UCP1
B KIS TP (R 4C) . LA g5 R0, f
ik PAQRY 2 40 il A i 40 ffe 7= #4 3% [ UCP1 1
mRNA FIE FFKF . XA O g, A
AR 8 2 01 A BE, 2 B0 1 40 400 A A0 il 41 e £ SR 2
(F 4D) , Ui B A PAQRYO A0 C3H10T 1/2 40 iy

9 1A 53 Sy BE
i
R CRARRTIY O Y SN Al B e & i i 2

T3 T AR B S0, AT B A M A A BE o ey T
THFER, S BOT BB AP, o — 25 L B 5
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A: The mRNA level of PAQRY from differentiation day 0 to day 6 of C3H10T1/2 cells.”P<C0.001 (n=3/group) ; B: The mRNA level of
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Fig4 The effect on adipogenesis and thermogenesis gene UCP1 after knocking down PAQRY9 in C3H10T1/2 cells
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