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[ E] B®:RREWYIIEEIEJZ1K 1 (macrophage scavenger receptor 1, MSR1) X848\ 78 5t T 41 il (bone marrow mes-
enchymal stem cell, BMSC) B Ak iRV E AL . F7 3% FER P K-, % MSR1 B A 7Y (wild type,WT)&%ﬁ%(knOCk out,
KO)/N RGN AR i BB TY , I T ARG 5 10 KX B AL BEA T/ N3l CT 4 = et e 80 . TEMRSMSEm T,
MSR1 WT &Ko ZIN BRI 114 S W 40 ) 2% (5 SR 018 BMSC, I CCK-8 \Transwell | i 5 £L L (0 BRPEREIR G S (3 11
S I 300 SR R T SN A5 S S A I MSR 1 %) BMSC (385 1L 78 R 73 AL BE ) Y AE I . ) L iliid Western blot
FIELISA SEBHRT MSR1 X BMSC 8 H 40 & HE 42 AE P i BARBL] . 85 3R AR /KT, MSR 1 BRG] 20 BUE LG g
J1 R EVES . AERSIKOE, MSRL (4 RS T 5 2552 i BMSC 1% B0 H 7L RE T (A SE a1 58 SR RS e 01 . AENLHRIR R 7 i
MSR1 ]33 JAK/STAT3 {5518 L 88 2 24 & 4 2 2 (bone morphogenetic protein 2, BMP2) 544334 , i 7 & #4 H X BMSC A
BERRAEMER] . 8518 : MSR1 2 B WA A & 515 BMSC & 23V E I G 72—, 3% S 4 S5 #E In] MSR 1A & A&
PR T RS IR LA,

[REEIA] MG B RS2 A 15 BB S8 50T 20 5 R 704k s JAK/STAT3 {5 5 5d %
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Macrophage scavenger receptor 1 regulates BMSC osteogenic differentiation through

JAK/STATS signaling pathway
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[Abstract] Objective: To explore the effect and mechanism of macrophage scavenger receptor 1 (MSR1) on osteogenic
differentiation of bone marrow mesenchymal stem cells (BMSCs). Methods: In vivo, MSR1 wild type (WT) and knock out (KO) mice
were used to perform tibial monocortical defect model. Further,the three-dimensional reconstruction and parameter analysis after micro-
CT scan were carried out on day 10 post-injury. In vitro, BMSCs were first stimulated by conditioned medium from MSR1 WT or KO
primary macrophages. Then, CCK-8, Transwell, alizarin red staining, alkaline phosphatase staining and real-time quantitative reverse
transcription polymerase chain reaction were performed to explore the effect of MSR1 on proliferation, migration and osteogenic
differentiation of BMSCs. Western blot and ELISA were used to investigate the specific mechanism of MSR1 on osteogenic
differentiation of BMSCs. Results: The loss of MSR1 significantly reduced the ability of bone regeneration in wvivo. In addition,
knockout of MSR1 in macrophages significantly affected the osteogenic differentiation ability of BMSCs , but not the proliferation and
migration ability in vitro. We also identified MSR1 could increase the secretion of bone morphogenetic protein 2(BMP2)through JAK/
STAT3 signaling pathway , thus exerting its regulatory effect on BMSCs osteogenic differentiation. Conclusion: MSR1 is one of the key

molecules that macrophages play a role in regulating osteogenic differentiation of BMSCs , which provides a solid theoretical basis for
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targeting macrophages MSR1 to promote bone healing in the future.

[Key words | macrophage scavenger receptor 1;bone marrow mesenchymal stem cell ; osteogenic differentiation ; JAK/STAT3 signal-

ing pathway

HYTHER AT BN S B T R Y T
BAE, P17 10% o EAE S A — AT K B
& S Iz Ml SR R R i T AN AL R R
FILFRAIT A Rt S LR AIMAEZM . Eir
AL G R — B A A P B A, AR P
A JEEN R FIERCE R VST 4
(marrow mesenchymal stem cell , MSC ) LA N R
B AN T B R S OT B W E AT B i i A R
SRR TERRCE A R AR T, MSC T G
I3 BE AN B S BCE A RS 2 IR U
T, TEHRE A B R B IR B 1 A A, MSC
HOR R IR RO B AR E AT
RAEERET, ARk, BokEZ PR RETHE
Wt 248 L7 1 7 A o AR v BT e Y AR . BT
AR, R B W A0 B 1] S BT 4
(bone marrow mesenchymal stem cell , BMSC.) [] i ‘&
0 Y o3 A A2 30 2 2 AR L R Bh B R i A |
A RE IS ARSI — 2 B, LA
LA 38 4ok 3 1 22 2 L PR 515 BMSC 3 58 LT
R BUE /A Be 7 o {H W 4 A 9 4% BMSC B
FHAE RE T B S8 5 RN LR DL M AT A

W5 441 ifd 3 38 R 32 1K 1 (macrophage scavenger
receptor 1, MSR1) J& — i 32 B3R IA7E B W 40 Jfa JIEE |
A, A 2 MR AR BT EE , 2 5 B
(G B L P A R ML PR o WA S D RE S HANE A
WFFTHGE , MSR1TEME S Dk okAF i1 B i FEE
PTG AP )P A B e rp R 2 o E A4
FHS S SRTHS T8 FAE AR T VR AN AE

‘BB K& 42 5 H 2 (bone morphogenetic protein
2, BMPZ)%%{{E’EK%B(transforming growth fac-
tor B, TGF B Z IR — R o VEA—Fh I3 bR
1, BMP2 A i 55 240 g 3R T (9 A B 32 AR 4545, T
RAEAEHE MSC ) B0 2 A A 3 S0 20 B 1k 45
YER . BRAEAGE BIR , Janus 85 LS (Janus kinase,
JAK)ME 5 % T Rt 53 3400 R F- 3 (signal transduc-
ers and activators of transcription 3, STAT3){= 518 &
A A A L AR AR A f R L ) M2 A AE
B2 A 72 i 11 v R s 11 O 2 Y 7 e R w4 £
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iR 3E , JAK/STAT3 {5538 [ (%) 5005 AT 2 3 BMP2 119
FRTHE . MSR1 & A3 i JAK/STAT3 {5538 %
Ja4 BMP2 (1) 70 WA AN A

R, ASBIF5E B 7R MSR1JE PR R /N, 35
FMSR1 X} BMSC 8 oA i s i BAILH , o84 fe i
PrAR G BT IR A (T 97 40 5 s A 2
AU

1 #EFTTE

L1 ##

BRI 8~12 Ji i (19 MSR 1 5 [ 5% B (knock out,
KO) , Bf A R (wild type, WT)/INEUAE b Xt HE (HAT AR
R PR 1) | JE 4 B9 CSTBL/6 /NER ) , 7E/INER 4 J8] i B 4
WOSACE WRANAE . 13 /N B4 H Rt B AR R A 51
B sh Wy b SR TR SR R SRR E Y A S
BOR, B th p st BERR s W IR 0l At

F W 4 i £ 7% 3] 3% ) ¥ (macrophage colony
stimulating factor, MCSF) (R&D A w], FE[H ) , 5 4R 1L
B I (HHERTEER) (Gibeo A 1], 3EE) , /)
Bl BMSC 35 756 /) Bl i 4 5] 72 5 40 L il B 5
Frhk PE R L YR} e P % R i (alkaline phospha-
tase, ALP) Ju B (MM A= DR ) | R L ALP £
A & ( FiE =K ), BMP2 ELISA 3877 & (50%
1EFE AW ), Transwell /NE (Corning NELER),
RNAiso plus (D9108A ) TRIzol . cDNA 1 %% 5% 7 £
(RZEFHWY) ), Power SYBR Green PCR Master Mix
(Invitrogen Nl ER)  ECL &G (Thermo A F) , 36
), RPMI1640 153735 | IxPBS (b3 %35 ) , CCK-8
BAE (R AT], HAS),0.19%45 gyt (s g4k
IRAEPIEHL ) , Ruxolitinib(Selleck 23 7], 3€[F ) , B-actin
(KHE AR , MSR 1 BMP2(Abcam /A 7], 38
[H),STAT3 .p-STAT3(CST/A R, EH),

1.2 Fik
1.2.1 SRR R RR S AREEA B ) 3h 4 CT 4246

i MSR1 WT A1 KO /)N (n=3) FE 70 BRI, ]
PR U Aol e T T, A PR K R 21 vk
il EAR S 0.8 mm PR 0.3~0.4 mm HfiE
BB . AR ER AR IREK R 1 B RS
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AU B IR 5 EATA RS , B VIO /INR A
Fe 4 BAE L Fi SR TR I R S A TR . R
[ 20 /N BR324 7 /N8 CT (LCT-200, Hitachi 2
Al HA)E# I 08T B XS E a1 B AR/ 4140
& F (bone volume/tissue volume , BV/TV) ‘B /NZEEL
= (trabecular number, TbN) B /N2 E FEF (trabecular
thickness, ThTh) F1H5 /N 424355 i (trabecular separa-
tion, ThSp) o #7347 R 1 LaTheta 35, =2 55 4
UG R 3D EUZR 43 i1 / (TRI/3D-BONE ) o

1.22 D REMRR B oS 4 B e 3 IR F oK

TSR ES 4 RIS MSR1 WT FIKO /N A B 5
Je i OSBRI 28041 20) T PBS Hh , IF 8 Tk
Fo B ARESREMEFRINEEBSEN, 4
PHPAS RIS BT S A Y TS PBS UG SR
ML 5 B BY 2 e s 8 10 Wt , FH 7 25 35 1)
TSR PRI 5 AP 4t 200 H g Wi 8 e i
TELLE N 51000 g 5.0 10 min Ji , 75 3, IIALL
41 i S O R FT IR 2T, 1 000 g B0 5 min; JITA
PBS F 2 DL RBRFIRLIZEE , PR 1 000 g B5.03 5 min;
5% J5 P& 4 20 ng/mL MCSF f) RPMI1640 58 4> 15 %
FEE R RS T R AT R . B 2~3 IR 1K,
BT d, EWRAR A AT R
1.2.3 BMSC #9423

PEWOCL B[R] 1.2.2, e Je O/ B BMSC 85 57 5
AT R, B3 A 11K,

124 CCK-8 %%

FiSETE 96 FLAR B AL H 42 3 000 4~ F# U BMSC
(100 wL/AL) , 43 MSR1 WT 1 KO /)N s L W5 41 iy
FARE SRR (n=3) . BFFLHIA 10 pL CCK-8
BAE  ABEARARZL RS 55 1 h, BEAR I 2 450 nm
AL EBEEAE R 0 45 AR ] — B[R] s T A
MRS RE (E, LA 96 h, 22l A K Hh 2k
1.2.5 Transwell 523

¥ BMSC 8 1k T ES |, R B 40 i % & 2%
10°4~/mL, 200100 wL 41 AR, F 201 700 wl
MSR1 WT 5 KO /] B 05 240 i oA 5 1) 2% 14 15 97 3
(n=3), BAETENR)G, 8 TR 24 hG W3
AR, HIPBSIRUE/INE R 2 Uk, AR 4828
INE N ARG | 8 49% 22 58 B[] 22 30 min.
172 SE W, FH PBS R VESMIE 1~2 1K, FH 0.19%%5 i 5%
HATY A 15 min, B S, WFESS A 55, T PBS BRI
J A B A T SRR
1.2.6 MmEFFHL

T SEHT BB S SR SR B IO A, R P i

it FH B4 855 35 MR T A 7 B RS 8, DA BT 1k 75 il
At B BMSC A A TETE . # RS B C 35 80%~
90% ) BMSC V1t i H 405 | LA 2X10° A4~ em® 1) %%
HEATFRR , M AN HE K 2 60% 5 , W 575G 15 57 3%,
AT A Z 37 CHY /) B R) 70 50 48 i i 75 5
B35 MSR1 WT 41 F1 KO 41 /) B I 200 Jifd 4%
g (n=3) , ¥ 1: IR A5 R BMSC., %3 d il
1R, 7S 14 d,
127 #HEaké

W 35 S5 15 97 355 FH PBS B2 2R 1 vk 1~2 1K ;
1t 4% 22 B WS [ 52 30 min J5 LA G R 20 YLk}, e
4,15~20 min; BlJ5 , WP RLL, T PBS PRI 5 i i
ETAT R mw Ve 2 IE(EE P11 N LN e AN ST 14
WE AL PR S, AT 58 T A R BE T, KN 562 nm Ak A T
HCEEE AT T
1.2.8 ALP # & Z &

W F5 S5 15 97 35 5 FH PBS R 2 1 vk 3 Wk 5 i o
4% 2 B¢ F I [ 22 30 min J5 , A ALP Y Bl 4 £
30 min;; BT, WGk, T PBS PR 2 3 Ji5 38 i
BRI TS AASE . AN I A SR , 465
GBI TRME, T405 nm KA E WO GRE
1.2.9 SEBy T 218 2 R & B4k R (quantitative
real-time polymerase chain reaction, qRT-PCR)

iz WU A 5, 4 FH TRIzol 328 7 $12 B 40 g 9
RNA, Fifi 5 38 32 306 f SRl ) 6, 3907 50 < DNA J
AT qRT-PCREZIM . AHR A5 75 R - 1 B i
(collagen type I ,Col I ): F{i#5'-CTGGCGGTTCAG-
GTCCAAT- 3", Fil#5'-TTCCAGGCAATCCACGAGC-
3'; ALP: F5'-CCAACTCTTTTGTGCCAGAGA-3',
T 5'-GGCTACATTGGTGTTGAGCTTTT-3" ; 45
2 (osteocalcin, Ocn) : | JE 5" - ATGAGCCCTCAG -
ACTCCTC-3", Fi#5'-CGGCCGTAGAGCGCCGATA- -
3" ; Runt A 3¢ 8 5% K] ¥ 2 (Runt-related transcription
factor 2, Runx2) : [ 37 5'-AGAGTCAGATTACAGAT-
CCCAGG-3', F il 5'-TGGCTCTTCTTACTGAGAGA-
GG-3',

1.2.10 ELISA %%

e MSRT WT A1 KO 2 /N BB W 40 it 138 5
(n=3) , BEFLIINA 100 pL AR S S RRIAE 5, 42 B
FI 2 ULEHAS K 450 nm AL GRS
1.2.11 Western blot £ %

il FH TP 4 AL B AN B B B S, W —38 43
HEAT BCA 2 1€ & o Fifi 5 F 25 A ol 64T SDS-
PAGE HLIK FERRIS , FH 5% AR W3R 5K 5% BSA
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TEREIR A5 PA 2 he BHPALE SRS B B TBST
PR3 7E4 °C &M EE AN P, . IRH,
FHPBST ¥t 336 , 2 % & — Pt 1 hy TBST ¥ 3 38, i
ARG, EHLET T RS
13 %itErE

% H SPSS19.0 Gi it ¥4 2 GraphPad Prism 7.0
A5y Hr AL AR o S8 T T A A R AR R
FHYEC « A2 (3 = 5) Fon , B[R] LR FH A TC
SRR ¢ K56, P < 0.05 A F A G HFE X,

2 # R

2.1 MSRI &R S A A R B fE ) 2
IR

F R MSR1 X8 B A (520, 15 45 X MSR1
WTFKO /NRHFAT IR BB B B d A, I TR S

%55 F 2T B2

MSR1 KO B

A MSR1 WT

5510 KR 38 5/ sh) CT ik T =4 S5 S
B M. A0 1A Bf7R , 5 MSR1 WT /) BRUAH b,
MSR1 KO /]NEURBE N R RE ) s . #E—20n
BRI R, 5 MSR1 WT/NEARE, MSR1 KO
/B BV/TV  ThN FI ThTh ¥ i 38 R [ 5 177 ThSp i35
T (B B) o Bk g5 178 , MSR1 KO /MR
MSR1 WT/INURH BERE PN By e I S misiss
2.2 MSRI *f BMSC 4k 9138 78 | iE 45 Fo o% B 78 71 89
EAL]

M F MSR1 3= ZL4E F W4 i i 2 ik, AT 148
A HMdfi B MSR1 WT 1 KO /)N Bk 8 1l J5 A L s 4
g 25 R 15 TR LT BMSC 47 il 3, WL BMSC 13
b R KO RE IR L, CCK-8 LIRS R ER,
MSR1 WT F1 KO /N B U5 4 JFA R W 200 b 25 1 45 77
FEXF BMSC 345 e 1A= A g i (] 2A) o LA,

—* 147 347 —— 0227 %

0.20

E12 sg32 : 018

210 =30 Z0.16

Z 2 Z 014

= = =

8 ’—I—‘ 28 ol

AL 6L 261 0.10
WT KO WT KO WT KO WT KO

A:MSR1 WT J% KO /NRRBH Bz 55 55 10 KB Buiihh (CT =4 F 8, x2) ; B: MSR1 WT & KO 41/ Bl B 3 250853, W4 1

5,"P<0.05,"P<0.01(n=3),

E1 MSRI1EBR RN BRI

Figure 1 Effect of MSR1 knockout on intramembrane osteogenesis

Transwell 45 B2 75 , MSR1 WT F1 KO /) B I8 1Y
JEAR I W 4T it 2 1E 5 3R 6% BMSC iR RS fE S thoA ™
AJEEAERI (K 2B) o SR, P R Z0F ALP Y68 S
HOMT4E S R, 5 MSRT WT 4145, MSR1 KO /)s
FRUELAC I I 4 L 2% (4 B 5 56 X BMSC BB T i A
FH 2 2E 055 (K1 2C.D) . qRT-PCRE5RFIRERIH, 5
MSR1 WT ZHAH L, MSR1 KO /]y BUE A L W 40 it 4%
P85 FE JE 3 BMSC 5, B 43 AL AR SE LA, n
Col T ALP.Ocn Fl Runx2 [ % 1A &= 1 i Z A (E
2E) . IiREGEHRAER , MSR1 X BMSC B B 431k fig
TEAPHER.
2.3 MSRI i# it JAK/STAT3 45 5 i@ % Lif 8 %
BMP2 # 5-iik

Syt — A W R MSR 1 JE 5 BMSC B L I HL
il 38 2 JAK 5977030 il 71 Ruxolitinib , #83°)
MSR1 J2& 75 7] 18 i3 JAK/STAT3 {5 53 #1417 BMP2
Y43 , E 1T R 4% BMSC 1Y 5 i A E ST . Western

blot SLEG 45 S R , 5 MSR1 WT Z4HAH L, MSR1 14 ik
o AT @ /b BMP2 1 7 A2 [A]IF STAT3 A2 1k
IR FEAR (P 3A) o ] Ruxolitinib J& , MSR1 £
FIRARZ R, {H BMP2 Y 2 35 7K - A1 STAT3 114
12 ALK SEAE MSR1 WT H1 KO 20 Hh 2 W 8 FAR, 3R
MSR1 7] i i JAK/STAT3 5 5 1% 18 75 BMP2 1) 5%
iko A, ELISA SEER 28 Rt ik — AR T MSR1 X,
BMP2 A 151 EFH (K13B)

303 i

HITAE G BUE R @A AU P FE R
A A I TR 3 O, B Sl T AR S 4 R
o IR A R P A O 41 AL L
AT EENE L Ak, BN AR G
P 240 M MSC i PR 4R A FH 5 R MR AT &
Mo WFFE B, B0 S B Ja mT S SO0 ™
FAZFNIH A, LUHE ) A0 i -MSC AR BLAR
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1.07 -
+WT = 15
~0.8 KO = —~ ok
Eoe \ z -
Zo. S 10
Z04 =
So2 305
El
0 24 48 72 96 1 0.0
EEIC) WT KO WT KO
E
I b h b
415 5157 = :@1. » s
skkok skoksk sk
— ® — K i - K e
1.0 Z10 Z1.0 =2
= z =z z"
=z =< - =
Z05 Z05 Z05 Z0s
£ |;_| g El g
Zootl Ll Zooll DL 500 %00
WT KO S WT KO WT KO WT KO 2 WT KO

A: CCK-8 #:0l) MSR1 % BMSC #4758 B J7 B2 5 B : Transwell 5255 WAL (x200) K& 1437 MSR1 X BMSC iERS RE I (5200 ; C D - P BT e
,(x2) ALP Y e (x2) B s M 5% MSR 1% BMSC Ut 43 fE g 1 (5200 5 E: qRT-PCR SRR i - bR B . Mgl tbdg, P < 0.05,
"P<0.01,"P<0.001(n=3),

E2 MSR1E X BMSC 1#85E GER R KBS EE RIS

Figure 2 Effects of macrophage MSR1 on proliferation, migration and osteogenic differentiation of BMSC

A wT + - + — B , « I
KO - + - + *
Ruxolitinib - - + + 600 1 *
MSRI | s— — 80 kDa —

STATS [ G ) 2 4001
E
p-STAT3 86 kDa N

= 200
/m

B2 [ — - 44kDa

WT
KO
Ruxolitinib +

A:Western blot il MSR1 WT 1 KO £ /' MSR1 . p-STAT3/STAT3 Fll BMP2 3 ik /K B9 254k ; B: ELASA #:9] JAK/STAT3 #141 %1 Ruxolitinib
X} MSR1 WT F1KO 21 H BMP2 43 WA 52, PHZH LLEL, P < 0.001(n=3) ,
B3 MSRI1i#iT JAK/STAT3 & BT BMP2 )4 ids
Figure 3 MSRI1 regulated the secretion of BMP2 through JAK / STAT3 pathway
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I+ 4

I+
+ 4+ 1

FAAR DR A B R S & B AR ) R e R e MSC s e Ao 3 I A
JEELH RAFR RSO AR ENEANAE E ARG AT MSR1 Y BMP2 (14503 , 142 #E BMSC [
AKX~ B R EER MR, AR E  BE M. (EAERE RS, AR AR
P MSR1 Al 58 3 JAK/STAT3 {5538 i 1 BMP2 1) 53R 5L SO R AR 35 AT 7 A — S LR 25
Feik, R EYEPEE BMSC [8] i B 40k o HAN, A E g Xt MSC HA P& /EH , MSC

REAEARSE & BL, B W20 ] A Ab I -k ok 5 e 4 e A B R R ), MSC Al 3 3 4 b
LR F2(CCL2) EE A AT AE I+ 1(SDF-1) F1 — S 4k [K 0 4 Jifd X -4 CCL2 . CCL4 AT IL-10
A2 8 (Rl fL A+ 8, CXCLY) S 2 #E BMSC 1) &%, Z 5 E W 4 i i) e B8 A ALRAS o AR SE50
T ILAL, A TT 43U 40 BMP2 ,OSM AT PGE2 S8 HEAUF5E T MSR1 X BMSC BS54 H, 1Ml BMSC 43
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A P 0 DR 1 S e M A S L ) MSR T X
FL W20 A D RE = A= 5 (AR — 205

JAK/STAT3 {55 P2 40 N 28 L H -3 i 22
14)30 [ , JAK W IR AL J5 T 41 55 STAT3 i H &
WAL P R AR, R R TE X A STAT3 7]
PEA AN | 5 XI5 PR (R SR s VR . 8K
T, 7E JAK (38005 B BEA STAT3 HEA A0 i A% 251 7
IEAEVF 2 V8P 2R, T STAT3 1Y Bl IR JR 81 (72
FAb WIS RN 2Tk Ab 55 ) ] X LA SR 3 2 1 9
TAEH e Ah , JAK/STAT3 {35 53l B% 7] 52 31 4
JL A 1A 5 B S 3 ] 2R 1 (suppressors of cytokine
signaling, SOCS) . i& b STATs & H 4 il K 1 (pro-
tein inhibitors of activated stats, PIAS) . 2§ [ [f& & 1%
1% 2 ¥ (protein tyrosine phosphatases , PTP) %5 ) 7
PR A, MSR1 J& 75 X JAK/STAT3 £7- 7
oAl gy A Fr it — oY

AW FE WA AE— LA, MSR 2 75 3148 X HoAth
JE 5 BMSC 8 oA B A0 R 7 7= A RS VT g A
WA BEAh, BT A0 {55 B A 2%, MSR
B A R HAAF = 3 A7 AR I VR AT e 2k — 2P
WIHf . FEARN SRR T, S it — 20 B MSR 14 7
AERE DI VREEVE R, A T 5 1 MSR1RE 5 M ril B
/N

25 b AHFSY & P MSR 1 % BMSC Bk BAT
PER], OF Bk — 2D 4878 MSR1 a] a4 s JAK/
STAT3 {5 53 % L I BMP2 B9 33k , 1 1 A5 3 ik
BMSC i B 404k, 4 JE ] MSR1, fi i 5 -4
PRI T RS A BRI IR
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