5543 555 10 BN R N === FGERAS B 2
20234£10 H Journal of Nanjing Medical University (Natural Sciences ) +1333-

- KRB EFR -
Al EFERSEESTREF M2 B E AR mMERH AL

—_

FEHREE

KRR, Fa&MTH A8 R K 3t R eL
VL3R L AL ) U T S S, R A SR IR B B B B R V05 AT 211166

[ E] B850 A58 R Z K (macrophage scavenger receptor 1, MSR1) ZEAIGIE 75 5 (@ RE D5 ™= #haE 72 vh 97
K HHMUH 735 : IE B K (common diet, CD) [ AE /N BLIMSR 1) FTMSR 1 545 2557 BLMSR 1) 43 3 45 AR IR A% 1 d
NE 14d)5, et qRT-PCR , Western blot F1 12 2] AUk 2 gy kG I 2 R 1 6415 15 2H 41 (subcutaneous white adipose tissue,
seWAT) FER @RI 2H 21 (brown adipose tissue , BAT) H1 i i 7 #4HE J1 5 29 (UCPL , Cidea Fl Cox8b) 3835 . qRT-PCR FHi
20 0 ARAG I TE AT A MSR 1R MSR17/INR 45 TARTEHEL 14 dJ5 , /NEL seWAT B 40 o b AL A5 0 . #S7 T BE AR (high
fat diet, HFD )i 5 A8 /N BUIEFERR SR Wi CD ATHFD 12 J& #9 MSR17FIMSR 17/ BUATE AR 4k , I8 AR 8 Wi /1N BRE E ak F
7R AL qRT-PCR A e 2H Uk 2= S AR T HEFD 12 JA /N BRES T ARIRIINEL 7 d )5, /NBR se WAT I BAT rh = JAJE R 3R 36 .
PRSI 50 1o FH W 200 L 25 {35 7 S0 IS BRI D7 B Ak, 58 o AR 8 S 7 F qRT-PCRASHI ™~ AZE R 5k . 4558 8 ML
TR, 5 MSR1U/NEUH EE , MSR17/INERIB I 2H 247 $0 I R kI R A o E—25 , MSR 1T /INEL se WAT H M2 78 52 10 441 if
BB B s . HED MEFE 12 )85 , MSRI1™ /)N BUAR S 34 0 58 Sk B 2, 5 HLFE S0 A= 4 B BRI . IR R, 5 MSR1™
HED /NEUR G, MSR 17~ HED /NSRS 7 S0GAE ) W S AR . ARSI 58 & B0, 5 MSR1/N BRI I W AN 4 1F G R 3514
{14 G2 IR 07 A0 R b, VISR 70 B s 15 M 240 25 1 5 3 3078 5 1) I M I 40 = A PR ek ) B BRI . 85948 « I TR 38
T, MSR 3 i 34 i M2 B AR A AR AR 1k /N BRI 21 2 A

[RER]  AVZIEERZA AR B =3 E 4 i M2 U £k

[FEHES] R329.2 [srok#RRRD] A [EHS] 1007-4368(2023)10-1333-09
doi: 10.7655/NYDXBNS20231001

MSR1 increases the thermogenic capacity of adipose tissue by promoting the polarization

of M2 macrophages
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[Abstract] Objective: This study aims to investigate the role and mechanism of macrophage scavenger receptor 1 (MSR1) in the
process of white adipose thermogenesis induced by cold exposure. Methods: The expression of MSR1 and markers of the thermogenic
capacity of adipose (UCP1, Cidea, Cox8b) in subcutaneous white adipose tissue (scWAT) and brown adipose tissue (BAT) of wild type
mice (MSR1 ™) and MSR1 knockout mice (MSR17") fed with common diet (CD) were detected by qRT-PCR, Western blot and
immunohistochemistry after 1 or 14 days of cold exposure. The polarization of macrophages in scWAT of MSR1"* and MSR1™" mice fed
with CD after 30 days of cold exposure were detected by qRT-PCR and flow cytometry. Obese mouse model was established by high fat
diet(HFD) , the weight changes were monitored in MSR1"* and MSR1™ mice fed with CD or HFD for 12 weeks, and the metabolic cage
method was used to monitor the changes of O, consumption and heat production. The expression of thermogenic genes in scWAT and
BAT of mice fed with HFD for 12 weeks were detected by qRT-PCR and immunohistochemistry after 7 days of cold exposure. In vitro,

macrophage conditioned medium was used to stimulate the differentiation of mouse preadipocytes, and the expression of thermogenic
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genes of mature adipocytes were detected by qRT-PCR. Results: Compared with MSR1"* mice, the expression of thermogenic genes in
adipose tissue of MSR1™ mice was significantly decreased. Further, the number of M2 macrophages in scWAT of MSR1” mice
decreased significantly. After fed with HFD for 12 weeks, MSR1™" mice had significantly higher weight, lower O, consumption and heat
production. The thermogenic capacity of adipose tissue in MSR1™ HFD mice was significantly reduced compared with MSR1"* HFD
mice after cold exposure. In vitro cell studies, compared with the mature adipocytes induced by peritoneal macrophage conditioned
medium in MSR1" mice, the expression of thermogenic genes in mature adipocytes induced by peritoneal macrophage conditioned

medium in MSR1™" mice was significantly reduced. Conclusion: After cold exposure, MSR1 increases the thermogenic capacity of

adipose tissue by promoting the polarization of M2 macrophages.
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HA3E 10

2023410 A FEHAEE

IRR K, 27 M, 55, A 1SS 8 RS2 A i (e 2k M2 280 5 g 20 Bt e A 384 fin g s 4 4
[J]. P BB R4 ( A SR FF2= M) , 2023,43(10) : 1333-1341

<1335

HH MSR17°4 154 bp; MSR17°4 202 bp,
123 DR EE AR R

25 B A= RN SRR Ik A SRR R £ g A
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() CLA , LA 27 A e JE PR R A X 23k K7, 519
FRHILEE 1,

%1 qRT-PCR3|¥FF|
Table 1 Primer sequences used in qRT-PCR

FEA S (5—3") TUHFEIYI(5—3")
UCP1 AGGCTTCCAGTACCATTAGGT CTGAGTGAGGCAAAGCTGATTT
Cidea TGCTCTTCTGTATCGCCCAGT GCCGTGTTAAGGAATCTGCTG
Cox8b GAACCATGAAGCCAACGACT GCGAAGTTCACAGTGGTTCC
Cd68 CTTCCCACAGGCAGCACAG AATGATGAGAGGCAGCAAGAGG
Tnfa ACGGCATGGATCTCAAAGAC AGATAGCAAATCGGCTGACG
1L6 GTTCTCTGGGAAATCGTGGA GGAAATTGGGGTAGGAAGGA
Mgl1 TGAGAAAGGCTTTAAGAACTGGG GACCACCTGTAGTGATGTGGG
188 CATTCGAACGTCTGCCCTATC CCTGCTGCCTTCCTTGGA
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BN B seWAT BT 1% FBS , JE4E: T, 78
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2T A0 S, 50, PBS UE 33k . LA 200 WL PBS
B AR PUAR , 2 R EIF 60 min, B0,
PBSYE3 3, JIIA 250 WL PBS # & Jf ALK,
1.2.11 R RAR G &R gk aafe sy & 5tk 510

INERALIESE 5% BRI, WOBUINER s WAT &

FHRHPBS o T ATUE Fibz . Al K oE 4
e SR Li W7o a i L
1212 DRBRBRE Evksmfon & 5325k
INRALFE IS 75% LB, e S et & A
100 pg/mL JFFZ 1Y PBS 13 A /N BRUE i b 647 bk
W PR AR N A LE T, BL AR
A R W R AR 37 CCHE R AE h b
e
1.3 %itFuE
fifi FH GraphPad Prism 8 #4F 1 7458 70 Hr . %k
PEX I B PR TR (R + 50) TR o RS HT AT
s 0 o0 A A TR A B0 5, X 2 1 A Ay 22
FEPE B R AR AR 0 ST o A B B B R R T 2553
BT, KPAN T i TE A 5y 22 55 1 AR 8580 >R FH Kruskeal -
Wallis HAGH: . P <0.05 W2ERAGITE L.
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Clodronate liposomes 25 °C

A PBS liposomes 25 °C
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B~D : qRT-PCR 6 I 3% & MSR1** /)N BRI 14 200 Jf 341G 3L 3038 14 d 5 L /B seWAT o1 UCP1 (B) | Cidea (C) Fl Cox8b (D) FE ik ik . WiH LL#¢,
P <0.05,”"P <0.001(n:6~8) ;E: qRT-PCR AL FIBETAE B /INEL 14 d )5 L /N il se WAT 1 MSR 1 5 it (n=6)

E1

TERREF A B/ NR B IR F{RIRRIE 14 d JF/NER seWAT BIF=#EE 11 IR ARE R 14 d /5/NER seWAT H MSR1 B3R %

Figure 1 The thermogenic capacity of scWAT of WT mice after macrophages clearance and 14 days of cold exposure, and

MSR1 expression in adipose tissue of mice after 14 days of cold exposure
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Figure 2 The thermogenic capacity of adipose tissue of MSR1"* and MSR1™ mice after 1 day of cold exposure
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A~C: qRT-PCR K /N LG T RT3 14 dJ5 , seWAT H1 UCP1(A) . Cidea(B) 1 Cox8b(C)ZEik i ; D~F : qRT-PCR Al /N B 45 TG IR 4
14 dJ5 ,BAT 1 UCP1(D) . Cidea(E) Fl Cox8b (F) Fik i, PIZHIEL, P < 0.05,”P <0.01,”"P < 0.001(n=6) ; G .H: Western blot A& Jli/INFLZ5 T
TR 14 A5, seWAT HrUCP1 kK F-(G) MSETTHE (H) . 4L, 'P < 0.05,"P < 0.01(n=3),
B3 {KiR#I# MSRI"H MSR1"/R 14 d J5/NR IS AT 4R LR RO F= B
Figure 3 The thermogenic capacity of adipose tissue of MSR1"* and MSR1™ mice after 14 days of cold exposure
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Figure 4 The numbers of M2 macrophage in scWAT of MSR1** and MSR1™" mice after 14 days of cold exposure
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BAT B RNA, %55 875, HFD 12 85, 5 84 8% U= ERIEY (UCP1 | Cidea Fl Cox8b) 75 1 B i
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