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SR P AR R I 5 SAE MBI I T (5, 52 50 %

(FE] H K592 8 (angelica polysaccharide, APS) Xf M2 1Y 5 g 41 fitd 734k | £ RE Y 52 1
FBHATH . Jik BS/DEE B IR E 4 M (bone marrow derived macrophage, BMDM) FiI M2
TAEWEAN I, A APS 4k B (0,80, 160,320 pe/mL) 5 3 & /N UK [ B W 40 1L, Jm A APS Ak B
(0,160 pg/mL) . FARAMMA (flow cytometry, FCM) # il M2 #Y [ I 20 s F1 IS s L ek 40 B H 88 4% 32 14
(mannose receptor, MR) .CD11b F4/80 ,CD163  ARG-1 A 7KF T E L LL B EWERE f1 o MR UG BEALER
FIENEINEG R 2 4,80 APS HESE A (n=5) XS BRAL (n=5) , FCM A & Ji) 1fin A G AE P 5 I 20 i MR
TR K- PO MBI EE BMDM 43 fb i) M2 B 5 g 41 ffd )P 2% ; RT-qPCR kil M2 5Y 5 05 41 Jifg MR |
ARG-1 1) mRNA FRiK7K-; Soze o SR M2 1 g 40 i 7 A DI RE B 3 F- Pl . &5 5 0 wg/mL
APS ZHAH I, 75— W BE (80 ~320 wg/mL APS) JE [N, BiE APS MR THm , M2 BYE WR 20 i MR 5%
IR (P<0.01) 5160 pg/mL APS ZH I i B WE AN i MR 325K KL BRI (P<0. 01) o 5% BRZHAH
Lt , APS 8 15 41 /N BRA M I AL A B g4 A MR A9 RR 7K 2 R (P<0.05) . 5 0 pg/mL APS
AL ,80~320 pg/mlL APS 41 E W4 i CD11b F4/80 .CD163 ik /K F-Ft 15 (P<0.01) ; B AN IEIE A
KRG, R 2 BRIE HA Dh AR R 2 2K RS SR BB 20 A O 2 5 APS /] 75 M2 BUE
WEANMIJHT-(P<0.05) o 5 0 pg/mL APS 4I#f L, 160 we/mL APS 2 M2 7[5 I 20 fifd 75 W 5 Y6 1R 1) B
J1FH (P<0.01) {H ARG-1 [ 3RIE KRR (P<0.01) ;M2 RIE BE4f A MR F1 ARG-1 1) mRNA KA
fli(P<0.05) ;160 wg/mL APS 41 M2 # 5 w3 40 ffd % i B2 AL 1) 15 5 % 5 7 A% S 34005 7 6 (phosphate
acidified-signal transducers and activators of transcription 6, p-STAT6) fHH:AE 5 14157 658 B B A2 I A%
(P<0.05), &5i& APS X M2 R Wg 4 il it 43 Ak A e 1 BA B EAE AT, X AT R 5 APS A R iffE
S R I SR T 6(signal transducers and activators of transcription 6, STAT6) {& 53 JEAH %
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Effects of Angelica polysaccharide on differentiation and function in M2 macrophages
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[ Abstract ]| Objective  To investigate the effect of Angelica polysaccharide ( APS) on the
differentiation and function of M2 macrophages and underlying molecular mechanism. Methods Mouse bone
marrow derived macrophages ( BMDM) and M2 macrophages were induced and treated with APS (0, 80,
160, 320 pg/mL); Mouse peritoneal macrophages were isolated and treated with APS (0, 160 wg/mL).
Flow cytometry (FCM) was used to detect mannose receptor( MR), CD11b, F4/80, CD163, and ARG-1
expression levels, apoptosis, and phagocytic ability of M2 macrophages and peritoneal macrophages. Mice

were randomly divided into APS gavage group and control group, APS was intragastrically administered to
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mice, and macrophage MR expression level in blood and spleen were detected by FCM. Fluorescence
microscopy was used to observe the morphology of BMDM-differentiated M2 macrophages. RT-qPCR was
employed to detect the mRNA expression levels of MR and ARG-1 in M2 macrophages. Immunofluorescence
assay was performed to detect the expression of the proteins related to molecular mechanism of differentiation
and function of M2 macrophages. Results Compared with the O wg/mL APS group, the MR expression level
in the M2 macrophages was decreased with the increase of APS concentration within a certain concentration
range (80~320 pg/mL), and the MR expression level in peritoneal macrophages was also decreased in the
160 pg/mlL APS treatment group (P<0.01). The expression level of macrophage MR was also significantly
decreased in peripheral blood and spleen in the APS gavage mice than the control group (P <0.05).
Compared with the 0 pwg/mL APS group, the expression levels of CD11b, F4/80, and CD163 in the
macrophages were increased in the 80 ~ 320 wg/mL APS treatment groups (P<0.01). The morphology of
macrophage had changed, from mostly spindle-shaped and pseudopodia to mostly round or irregular, and even
a few cells with pseudopodia. APS induced apoptosis in M2 macrophages ( P<0.05). Compared with the
0 pg/mL APS group, M2 macrophages treated with 160 wg/mL APS had an increased ability to phagocytose
fluorescent microspheres ( P<0. 01), but the expression level of ARG-1 was decreased ( P<0. 01). The
mRNA expression of MR and ARG-1 in M2 macrophages was decreased ( P<0.05). The mean fluorescence
intensity of phosphate acidified-signal transducers and activators of transcription 6 ( p-STAT6 ) -positive signals
in M2 macrophages was significantly reduced in the 160 pg/ml APS-treated group (P<0.05). Conclusion APS
has bidirectional regulation on the differentiation and function of M2 macrophages, which may be associated
with its downregulation of signal transducers and activators of transcription 6( STAT6) signaling pathway.
[ Key words | Angelica polysaccharide; mannose receptor; M2 macrophages; signal transducers and

activators of transcription 6
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249 2 ¥# (angelica polysaccharide , APS) & MAE H)
U PRI — PP AR YE Y o B A A 2 L
B BURE AR | S OB A 2 LB T TR S 2 L) 2 b
APS BA SCHEE I LR UM Bk R R 2
Tt . WFFEEM, APS S5 i 15 40 e 2 1w Y 52 1k
2k 0 DT 803 22 Tl S 88 200 M 2% 3 S 088 4 4 T
APS BEAZ AL bk U 20 3% B, 195 5 bk C0 200 L P e g
WM. Al F, W1 LABOE B 28 2% 05 40 i ( natural killer
cell, NK) I | 2R X461 T 40 Mg ( natural killer T cell,
NKT) 11 A% S e I 24 VR o APS AT LA I 1
LRGBS WA I A S B T e

LI 200 i = S R U5 T T 40 L e 0 PR 1) FRLA 4
i, BAT R AT FER ORI T
E VR AR R, 20 A BRI T
AR M1 B B g i A AR AR T 1k 1 M2 B g4
H o M2 T 2y R A e DL S 3L
P ML BIE R A, 2Rk FEH LA LAY
Il ( major histocompatibility complex, MHC-1I ) , CD68 |
CD86 “FhRak Wy, REE 73 W IR R FE I o L A A0 LAY
2R 6 A5 — AL R G B A0 Y 7, AT K 45

bR T R R E M R . S — v, i
MF 4 M 2 13 0] DL S M2 B 20 i 9
FEAE, FER K CD163 | H @B 7 {& (mannose receptor,
MR/CD206) , CD200 %14 ( CD200 receptor, CD200R )
S5 W AN LA 2R 10 RS & BRI 1 (arginase 1,
ARG-1) FIFALA A B B RAW I SAE RN, RAEHTR
PR

H &8 3Z {4 (mannose receptor, MR ) J&—FfifR 1R
N, EEFRIRTE B W20 A 3 T, AR B — ol 5
B, H—DE SRR S5 24 C BIBESE
RS A . 55 RIE RN, e
TS bR DA B L B N- & I B e R
S CIARLE &, T &A% S e W15 Ve BFgE
B, APS 1] L5 Kupffer () MR 254 7= A # 1a] JiF
HE AP, o v R 5 A R S FRATRI S
e R BL, APS BE % {2 i 6 A ok U8 1Y 1 ) 1k 40 i
(myeloid-derived suppressor cells, MDSCs) 3858 . 731k
FIGEEM B S RE, I 5 MR B3R KE R IEA &,
XSRS IR APS fE98 55 MR AH B AF T 52 i 20 g
IIGHH LTI RE . SRTM, APS & X MR 143k B
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A VEPEAE I M2 75 20 A 43P0 R ) A
RERC R RAEVE T Bl ANE R . R, AR 0F 58 R 4
N ARSI, K6 T APS X M2 U A i 25 ik MR
Fs2I , DL APS X M2 RS Wi g i 1= 4k M T RE
AISENA , IERSE T a3 FHLl

1 HESH®

L1 E£5%3hih

70 2 6~8 J& SPF ¢ C57BL/6 Mtk /MR, 1A i &
20~22 g, T IR ZER R ELR S EFT O,
FIT A SR R A AR R R RS sh e P2
2 H % (2022SDL229) 4545 e B K
1.2 SEat#t

APS W H Hr E AR R YR 20 |, S /R
IL-4 M-CSF Ity B 22 [E PeproTech 2\ ], 5 Y Bk W B
2 [# Polysciences 4\ #l, $1L f, CD16/32 i 44 | Bt
CD11b-FITC Hi A . Pt il CD206 ( MR ) -percp5. 5 Prifk .
HLE CD163-PE-CY7 #i{A& .Cell Activation Cocktail 7|
W 3 35 [E Biolegend 23w, ikl F4/80-PE Hitfk . Hi fil
CD206 ( MR ) -AF647 $ii &1 H 3¢ & BD 24w, T
ARG-1-APC $if& | 1L T R P4 18 B 3£ [F Invitrogen
A H]L P p-STAT6 Hi K B 56 [ CST 24 ], Alexa
Fluor ® 647 76 Anti-F4/80 Fii& ) H YL E Abcam 2%
AL PUIOCHEKE il B E R e A R, L 1
EW B bR P2 4 F A ], FITC Annexin V- Apoptosis
Detection Kit with 7-AAD I § 3¢ [E Biolegend /A ] , i
F 2 B E i Sigma-Aldrich /3 @], DMEM £%
Fe3M g 3£ E Gibeo 22 H], RPMI Medium 1640 3% 35 £t
% B 3£ E Gibco 23], Fixation Buffer . Perm Wash Buffer
(10x) Ity B 2 [# Biolegend /3],
1.3 Fik
L3 1 Sl vkm M2 AL E 1520 i B
BEVR E B W 40 g ( bone marrow derived macrophage,
BMDM) : CO, W A¥EALSE CSTBL/6 /N, Fifi i 73 75
JBCE A, T PBS R B 20 i o vk 2 15 95 e, OF
FHAL A0 M 24 7 2% vp i 24 fR 20 40 M. P& 10% Jig 4= 1
T () DMEM B 3% 304 241 e 11k 52 318 Oy 3x10° -4
M1/ mL, 7612 fLAR B BFLIA T mL (9 20 i B, I
HARFLAN FEAHEE Dy 20 ng/mL HYFEZH /N B, M-CSF, 1
CO, FFRAAPREFR 6 d, 1R 2 KPR

755 BMDM 434> M2 BRI R4 : LA BRSNS
) BUDM , 7E55 6 APy, iIn ALK B2y 20 ng/ml
IL-4 LA75 S o340 M2 B 5 A0 L, I [m] s i AR
[A] ¥ BE Y APS(0.,80,160.320 pwg/mL) 5% 16 h,
1.3.2 RBUINRUAY R i 1 05k 200 i 25 /N U Tl T

12 mL Fi R, 3 d 5 R CO, W AGELLFE/N
SR, FE /N U 9 B — /N 11 3T B bk, 22 85/ B
IR o ISR ST 3 mL Bl % PBS, [alif FH 48
AT 42 52 FE B 2 ~ 3 min, [IBCHEE VR . BS00)5
R EWER. HE 10% 864 1% ) RPMI Medium
1640 552 A LRI AE 12 FLAR 2 h 555 2 hE 5%
¥, PBS YRR EE R 40, A 2 Ik, 15 5 E R
EWEA M. AR H B APS (0,160 pg/mL) |, 5
& 16 h,

1.3.3  EWE40H1 MR {6 APS 4b ¥ ¥ BMDM
VoA ny M2 7Y 5 £ it A0 5 00 4 4 S B
T E T, AP CD16/32 Hifkdsf 4] 15 min,
Ja MABTER CD11b-FITC ${& 1 [ F4/80-PE {4k it
FrRmEbRiC Yt , B J5 [ # J : Jin A Fixation Buffer,
RN 250 WL, IRAT 5 fE I T ROE#E 20 min, %
i 350xg, .0 5 min 3k FiE . B 4i7KE Perm
Wash Buffer( 10x) #BEZE 1x, &4 A 500 pL B )5
) Perm Wash Buffer (1x), & & 350xg, &[> 10 min,
i RIS, R 2 e AP CD16/32 4 A dst 4]
15 min 5, IMAFLE. CD206 ( MR ) -AF647 Hiik ,4 °C it
JEEE 30 min, Y 240 ML AL (€ BD 24 w]) A D
CD11b F4/80 ,CD206 ( MR) #5:ic 4 fg 3 1%, il Flowlo
7.6 AT 43T o

1.3.4 KeIE MY CD163 Ry APS AbFER
BMDM i S0k ) M2 7 [ 3 441 i ] s i AAS [ e
f) APS(0.80.160 320 wg/mL)Zb3H, 5535 16 h, Wtk
AR, i AP EL CD16/32 HLik 14, 12
JEICEAE 4 °C UK%4, 15 min J5 I A$L B CD11b-FITC
Prik Hi R F4/80-PE $HL{& . $t il CD163-PE-CY7 ik
Y, 4 C LM E 30 min, F 3 40 5 Ak DU
CD11b F4/80 .CD163 #5ic #3215, A Flowlo 7. 6 #%
AT T

1.3.5 W% APS XTE REANARIE AR s2m APS 4b
B BMDM 15 544k ) M2 78 AT i Jin A 7] i
[ APS(0,160.320 pg/mL) % 16 h, FFkkEzRit,
BRELINA T mL (1) PBS, & T35 55 WA N a4
MBS 5. BALE B FREVLIER S 4
L

1.3.6 Wzl 4i iR (flow cytometry, FCM) £l APS
X M2 7 0 241 B A O 1 APS bR BMDM
VAR M2 R B 20 i A [R] v BE 9 APS (0
160,320 wg/mL) ,JF 5 16 h, WS40 M T 5 =58 s
BHAWAEMA 1 mL PBS, B0 352 HIEW, ER
2%, A 100 wL AnnexinV %56 2% ihif dE 20l , B
JEIA S wL AnnexinV 15 wL 7-AAD, BRIEA), EiR
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TFHREEHCE 15 min, F U 40 MR AnnexinV F
7-AAD Bric¥rEEis, F Flowlo 7. 6 B4 4704 o
1.3.7 M2 R W3 40 i D ge 1) I APS 4bF 7
BMDM 75 520 Ak 1) M2 54 |5 10 20 i Jin A AS ) ¥k B
APS(0.,160 pg/mL),iFF 16 h, WAL 40 T i X 48
o, InAPLEL CD11b-FITC $iiA 47T i F4/80-PE Hpiakift
TR FRIC YL (A, a0 b 1. 3. 3 [& 2 5% B, m AP R
CD16/32 FilkEH ] 15 min, B 5 A B L ARG-1-APC
ik, 4 CHESEMEE 30 min, i 2040 MUK CD11b
F4/80 ARG-1 Fric ¥ 13235, H Flowlo 7. 6 #4347
53T

APS 4bFR ) BMDM 15543 A0 19 M2 74 505 240 e fin
AR EE ) APS (0,160 wg/mL) i H 12 h, Kif5
FALIMA FITC AR 2GR, & T 37 CHOLIEF
2 h, WSEANM T A, 75 PBS B 3 Ik, ik
SHMLASCRE I FITC A 12 /9 28 6 I Bk 19 92 Ot o B2,
FlowJo 7. 6 BA:EAT 434 o
1.3.8 &g s PCR A M2 7 5 w40 flg MR L ARG-1
mRNA [J3&ik  APS 4b#[) BMDM 55704k 1 M2
Y B WA M AN [R) ¥R BE () APS (0,160 pg/mL) , fi
A 16 h, ffi ] TRIzol JLFEHUANMEL RNA , F4¢ BE 5 % sk
PG T R 5% % RNA U SR eDNA SR 5 i 4T
PCR ¢ 3 [ ), #& H] GAPDH fE - N Z 3L 14, iR 4%
27N kAT, GAPDH.: (¥ 51 #) 5'-TGTC-
TCCTGCGACTTCAACA-3', ( F i 814) 5'-GGTGGTC-
CAGGGTTTCTTACT-3'; MR ( [ ¥#5|%)) 5'-CTCTGT-
TCAGCTATTGGACGC-3", ( FU3514)) 5'-CGGAATTT-
CTGGGATTCAGCTTC-3' ; ARG-1: (_3%#514)5'-TGTC-
CCTAATGACAGCTCCTT-3", ( FiE5]4) 5’ -GCATCCA-
CCCAAATGACACAT-3',
1.3.9 g ehnic Al M2 7 5 g4 il p-STAT6
BRI HICEICH T 12 LA TR RIS,
FALUMA/NR B BEAN M B T4 bk 1.3, 1 7k, 15
S M2 BB AN L1 RIS ACAS [R) e B2 9 APS (0,
160 pg/mL) ZbHE, 35 5% 16 h, [ 12 fLARHINAZE
FH [ 3 15 min, PBS 22wk 3 1K, BK 5 min; Il A
T -20 CHFE 10 min, PBS 22 Wy %k 5 min; A
ZER =B 1 b In AT p-STAT6 HifAk 4 Cid ik,
552 REH AR 30 min, PBS ZZnpii Pk 3 UK, K 5 min;
A AFA8S B I A9 1L 4T S BT AR, F4/80-AF647
FOLHUAR, EIRMEE 1 h, PBS Sl vk 3 Ik, &Ik
5 min K€ F HUH 576 N T % DAPT By 509 Y68 K
B NOE=%: 9l o R X5 6 A D =S L £ GR TR
Image J BAFHAT53HT o

1.3.10 /PERBEFAR BRI G,

BT K Ay g APS 41 X PRA, 4 S H.
APS /N T 250 wl APS(200 mg/kg) #EH , XT BR
WL THERNEE TR BRIk Fr2E8 A
1311 (R EWENAE MR 23k ki /N2
2524 8 JiJg , CO, 5 FRALAE/ NG, SR AR/ RO I
SN, A S AR A U b 232 /0N BUAY IUE
HA B YRR , T 40 wm A 20 3 308 P BF s ok
07 < e e e 1 P ST A R ) g a1 )
BT PN LT ANN , PR AN R BE S 1x10° 4~/ mL,
I B A U A 100 L 40 B iR, $% B B A
1.3.3 fy ik ge o, i X 40 i {3 A 1) CD11b F4/80
CD206( MR) #ic ¥y i) ik, H] Flowlo 7. 6 B {17
I3
1.4 St b

A B {di ] GraphPad Prism 8. 0. 2 {F #4758
A A AR R 2, 455 20 A0 Bl 2 dREAR )
VPR S LR O ¢ K36, B0 DA x+s 3R, NPT
A IER 41 R i Kruskal-Wallis f65; , P<0. 05 /R &
SEAGIE L

2 #R

2.1 4RI APS dph) E v am it MR 69 £k

R EIN, 5 0 pg/mL APS ZHAH L, 160 wg/mL
APS 21 A BRI R 40 g 6 T MR (1 638 7K1 (P<
0.01,[# 1A B) , KW APS a] LI B W20 g MR (1)
ik,

MR 2 M2 AU WA = bR R, DR e d T ok
KT APS X% BMDM 53434k i) M2 7 I 20 s MR
FIEMFEM . i 1C.D fron, 7E A BT /N TL-4
755 BMDM 434k o M2 Y S w3 48 i () 1o 2 b, Bl
APS Wk FE T (80~ 320 pg/ml) , M2 #Y = g4 fifd ¢
T MR &3k 2 AR PERRIR(P<0.01) . [FAAEHL, 5
0 pg/mL APS 401,160 we/mL APS ZH ) BMDM 43
iy M2 RUE A AfED MR mRNA 258K T [ (P<
0.05,[& 1E) . 3RAH APS ] #ijifil M2 2Y B B2 i MR
IOE PN
2.2 APS ¥l s SR W E v 40 ie MR 49 &4

R T A R TR AR AP S v R B APS X B
Wi MR ZR35 52 M A 45 S , Bl 5 SR T APS FE {4
WXT/NEE BRI MR KB M52, il 2 s, 5
X HREHAH LE , APS Kb B2 1Y) /)N BRU A1 ] ot 40 B v B s
Al MR RIE B W] T FE(P<0.05) . KI5 44
SER—F, APS TE /N B P A AR 8 B I 40 g MR
2k
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A 10’ 10° 10° 10°
104_ 4
)
x 3
< 107 o
2
= 2
= 10" 4
o)
Ol '] 10'4 10'4 10'4
I IR R o 12 10° 10" 10 ISl O T T W 0 i a0 C
MR 4
100 2.5
B
© % 2.0
i te 1.5+
2 z
5 £ 101
QE: gj\ l)
~ 054
=
O_
0 80 160 320 0 160
APS/(pg/mlL.) D APS/(pg/ml.) E
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2.3 APS 43 M2 B Ev#4m it CD163 45 & ik

1 APS xfEREZHR MR §I8200

X ERRAI LSRN . B2 T T BMDM HJE,

WK 3A.C ff7n, FSC-A il FSC-H 2 bk 40 s 2 %
A&, CD11bF4/80 # ] 3% % BMDM, BMDM |7 N
CD163 5 M2 BRIE AN . 5 0 pg/mL APS 14
[t,80.160 320 pg/mL APS 41 CD11bF4/80 [ W 24 Jfd
M A5 B2 (P<0.01) , [a]iF, 4n & 3B D fir
7R ,APS 4 CD11bF4/80 |5 W40 it () CD163 33k /K F
50 pg/mL APS ZHAH Fbth B 2 Tt (P<0.01) . 3B
APS A FE M2 B WEZ0 g CD163 [k,
2.4 APS KT EEMATS

BRI BT B, APS X 41 il A ) 27 T e 1) 52 i ]
FE -5 HT 2 BT 25 152 i AH G, BRI AE 155 BMDM 43
Aok M2 78 20 i 2 AR v, R SR T APS

WK 4A Feos, A0S e AR AR Z R, M2 BIE
Wi A M R O A M R R EOR, AR R . BT
MEZ 0 pg/mL APS AR Z BRIE, IF HEA KK
AP 2, B BB TG 7 5 160 we/mL APS 20 41 il K %
2R BT S AR, /DA i H A O A2, 355 0 40 ik
ARG 5320 pg/mL APS 4140 A TE 35 K 22 B0AS B0 ) 3
HIRAE 1 H AT DLW S 3 4 M g Wl b Jf:
HXE T RIEAM i 411, 5 0 ng/mL APS 24
FHEL#R,160 320 we/mL APS 419 rf 452 JE 40 L BT
SV A ] AR (P <0. 05, K1 4B) . H] APS 7]
DASE e B W20 e ) T8 2 i M2 Y 10 4 A 1 L 451



2510

i 25 % R R 524, 2024, 46 (22)

http : //aammt. tmmu. edu. cn

A RSN A f P Evsgmfie, MR s B AR A 69 X A ;B MR 4m e 5 ) o B i 4m 6L 64 yb 4] 5 C /s IR A W B v 4w i MR o4 g
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