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S5 R F 1 (Signal transducers and activators of transcription 1, STAT1) , B iR 1k {5 5 1% 5 I ¥ F 3 0% A T 1 ( phosphorylation
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Anti-tumor Effect of Astragaloside by Inducing M1 Macrophage Polarization

WANG Li-xin, WU Wen-bin, XU Zi-hang, JIAO Xiao-ning, SU Lin, ZHU Yang-zhuang-zhuang,
CHEN Xiao, ZOU Chun-pu, ZHU Shi-guo "
( Shanghai University of Traditional Chinese Medicine, Shanghai 201203, China)

[ Abstract]  Objective: To investigate the effect of astragaloside on the macrophage polarization and the
possible anti-tumor immunity mechanism of astragaloside. Method: The cytotoxic effect of different concentrations
of astragaloside at different time points on macrophage was measured by methylthiazolyldiphenyl-tetrazolium bromide
(MTT), in order to choose the suitable concentration of astragaloside, macrophages were co-cultured with tumor

cells at the ratio 1:1, and the effect of astragaloside on macrophage-mediated lysis of tumor cells was performed by
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biophotonic cytotoxicity assay after the mixed cells were effected with 0.1 mg -+ L™" astragaloside for 24 h.
Macrophages were dealt with 0.1 mg L' astragaloside for 24h, the expressions of CD16/32 and CD206 in
macrophages were performed by flow cytometry, the mRNA expressions of macrophage inducible nitric oxide
synthase (INOS), Arginine-1 (Arg-1), interleukin-18 (IL-18) , tumor necrosis factor-o (TNF-a) , interleukin-12
(IL-12), interleukin-10 (IL-10) and transforming growth factor-8 (TGF-8) were measured by Real-time PCR,
the protein expressions of macrophage signal transducers and activators of transcription 1 ( STATI ) and
phosphorylation signal transducers and activators of transcription 1 ( p-STAT1) were determined by Western blot.
Result; Astragaloside had no effect on the viability of macrophages with 0.1 mg-L~'. Compared with control
group, astragaloside obviously enhanced the macrophage-mediated lysis of tumor cells according to the biophotonic
cytotoxicity assay, induced the M1 macrophage marker CD16/32 expression according to flow cytometry, increased
the mRNA expressions of iNOS, IL-18, TNF-a and IL-12 according to the Real-time PCR, and promoted the
phosphorylation of STATI in macrophages on the basis of Western blot. Conclusion: Astragaloside could induce

M1 macrophage polarization by increasing the phosphorylation of STATI, and initiate macrophage-related anti-tumor

immunity response.
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H A S 90 4 1 OF R A7, I A A i 3 B 10% Ji 4 1
5 (FBS) i) DMEM 15 SR 5%
L2 295l mE (Bl A A
M A B W) i 5 83207-58-3) ; MEME 5 ( MTT, 24
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PrimeScript ™" RT Master Mix, SYBR Premix Ex Tag( H
A Takara 2% &, #it 5 43 %] 4 RRO36A, RR420A ) ;
APC anti-mouse CD16/32, APC anti-mouse CD206,
transcription factor buffer set ( 3£ [H
Biolegend 2\ #], #t 5 4> ¥ & 101325, 141707,
424401) ;{5545 T B e ;BTG A 1 1 (STATL) |, %
MR A 51 T S e s R 1 (p-STAT1) , - 5)
H A (B-actin) — i, IEIREH (1g) 6 ZHt (KL H
Cell Signaling Technology 2\ &), 4t 5 43 5l v 14994 ,
9167,4970,7074 ) ; 54 il i =X 5 v (PCR) 51491 A=
TAEY AR (L) By A FRA w5 .

1.3 {X5% Synergy HI %043 A AL BRI X (3
[# Bio-Tek /% ) ; QuantStudio 3 B 52 i 2% ¢ & 1
PCR (Real-time PCR){,ND-ONE-W %! NanoDrop 1%
(& [E Thermo Fisher Scientific /A ] ) ; C6 4y #r Bl i
4l {2 ( 25 E BD Biosciences 4\ ] ) ; PowerPac™
Basic B2 [ AL Uk AY 55 i 4Y , ChemiDoc XRS + A 4
FI AR B I AL 7 RO R & 48 (56 [ Bio-Rad 2>
Al

2 Ak

2.1 MTT Mok Rl g i o # MR /b B
WA B RAW264. 7, 184 41l % J% 4 5 x 10° 4~/mL,,
B 96 fLAL, TR AL A RAW264. 7 4 i I 2 i
100 L, 15 40 I BE =, in A 3 B P Ak 2 3% 5 24,
48 h, BB W & T Wk JE S 100, 10, 1,
0.1, 0 mg-L~" 5537 24,48 h, 23] F 45 4L 41 g 13 Jin
A5 g:L™" MTT 20 pL,37 CHEH 4 h, 3 Big, T4
FLA i DMSO 7 fif HIEURE 150 Lo JF T
4= D1 RE SACFLASAG I A _F 32 M 4% L 40 75 490 nm
KAb W 6 B AL LUK DU AN [A] ok B2 B S O R
RAW264. 7 41 Jid (9 240 i 5 1F H . 40 M A7 35 R =
(A /Ay ) X 100%

2.2 Luciferin Z 47 5256 K I 40 f Dy e HLIE 57
/INEE WE A RAW264. 7 Mo/ Bl Lewis Fifi 5 40 iy
LLC-Luciferin, 73 5] ¥ 40 My % B 4 % 4
2 x10° A~/mL,RAW264.7 J LLC-Luciferin #2181 : 1
Bl 96 fLA , 2 ZARF R F AL 100 pl, [F] A, 557
KA KO HH Mt/ NMEW RIS AH . A
EEHHF 100 pL, 2T EWE R 0.1 mg-L 7',
96 LA N Y 41 TR B e /IR A Jm ' T 37 C 5%
CO, Fi RN IE IR 24 b, AL In A & ot B 3
14 g-L~" D-Luciferin JIE# 2 pL, 2% 10 min, T4 3)
AE AL Al A 00 A 1 Az 0 4% L 240 ML B AR ) R DG (B
(590/35 nm) . 5 R 40 R R, R R =

™
true-nuclear

(1 - (A - NV RIS HH) /(R AEY
Rt HH - B/MEWRIEEHE) ] x100% |
2.3 GRS I Al B B Ak R AL FR /D LR
WELN i RAW264. 7 , i 4 41 0 % B Ky 4 x 10° 4~/mL,
Bl 24 FLA, T 40N BE FS I A B S TR il A5
BWENO0.1 mg- L™, HTF 37 C 5%CO, 1 4
NIESR 24 ho WCHE A0 I, 20 0 2E AT 40 R T T
CD16/32 J 40 fid P 3L L CD206 ( #4 F& true-nuclear™
transcription factor buffer set i, B 45 3 17 8% % [E 2 )
A 0, F IRUERH A5, ) 40 0 9 ACHE Bz 5]
MR PiE(CD16/32,1:100,CD206, 1:50) , 7547 IR
A1, T 4 CUKFEMEEIEE 30 min, DL PBS V¥
M2 R,5F . & 1% FBS i1 PBS 300 pl &
AN, SRR A RO, BT UK b TR AN AL
HEATREM o 25 R AE FH FlowJo 3K A4 HE4T 4347 o
2.4 Real-time PCR KU AHOC mRNA K3k # MUK
FE/NBUE Wi RAW264. 7, S A 2 fE R 2.5
10° A~/mL, #f 6 FLH, 15 40 6 W BE 5, fin A o B H
AR ER 0.1 mg-L™' . # T 37 C 5%
CO, HEFRAENIESR 24 ho WAEANNE , LA trizol 870
fifk 2B, LT VA TR A0 I S RNA L A4 & 4331
ICRNA 1 g JEAT WG S RO, WO 30 e 7 1
#4147 PCR Jz i, PCR JZ i &4 : 95 °C 30 5,95 C
55,60 C 30 s, 40 ™G ¥, f Thermo Fisher
Scientific QuantStudio 3 PCR {¥ B 7 &% {4 32 B 45 kE 5
CAHVEERA 27 Sk Fom, SIFHINE 1,
2.5 ZEHAPEEH P ( Western blot) # il STATI &
FIRE ey Je i 3R W 2.4 T, WA dn i,
ML v 5 U R 3 0F FH BCA 50 & I 7 &
W . B M, JE1T SDS-PAGE HLJk, HL VK45 R
J5 R AT R IR ] 5% IR Wik = IR T
M2 h G, MA—$(1:1000),4 CHEH LK.
TBST ¥ERR 3 W, ik FWEHE —4H1(1:2500)1 h,
TBST ¥E i 3 5, ECL B2 8%, fli i ChemiDoc
XRS + {2 LG R R E KA
2.6 ZEilErd: A EIRELL 2 £ kFKow, K
rh SR BRLIA 3R J7 22 00 i AT 22 20 ) LU A, SR TR
T K5 i A7 P 4 [B] Fe %8, W A GraphPad PrismS %%
PEHEAT ST o B Sl 1, P <0.05 222 A e it
=4
3 HR
3.1 BT RAW264. 7 40 i 1) 40 i 75 1
5 24,48 h % (4L B, RAW264.7 4R i 1E
0.1 mg-L™" & ¥ B /I F 77 36 R 0 W] @ ok 7%
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®1 31957 3.3 E WX M1 T A AR AR 5 52
Table 1 Primer sequence 33,1 JEE TR XY L M B A 6 0
314 JF 51 (5'3") K /bp M 5 s A R, B AT 24 RAW264. 7 41 i
iNOS ¥ CTGCAGCACTTGGATCAGGAACCTG 311 M1 % 5 40 j 36 1 b i CD16/32 ik (P <
T GGGAGTAGCCTGTGTGCACCTGGAA 0.05) ;M2 7 [ W6 40 Jfd b7 25 CD206 22 3k 6 B 5 745
Arg-1 i CAGAAGAATGGAAGAGTCAG 250 Mo W 4, 5254 b R, O H W4
i CAGATATGCAGGGAGTCACC RAW264. 7 41/l iNOS mRNA ik Hi38 (P <0.01) ;
IL-18 9 AGTTGACGGACCCCAAAAG 80 Arg-1 mRNA 535 B AL, %S,
F W TTTGAAGCTGGATGCTCTCAT
TNF-a I3 GCTCTTCTGTCTACTGAACTTCGG 107 4 ERFAENEBRMARBRUERENEME(2£s,n=3)
F i ATGATCTGAGTGTGAGGGTCTGG Table 4 Effect of astragaloside on markers of macrophage
N B %
M-12  Fi% AGTGACATGTGGAATGGCGT 133 polarization (i £5,n =3) g
T CAGTTCAATGGGCAGGGTCT A REWEE/mg- L CD16/32 CD206
IL-10 9 AAACAACTCCTTGGAAAACCTCG 182 25 - 85.57 +1.19 7.03=1.12
T TCCCCAATGGAAACAGCTTAAAC S ol 5037 s 1050  8.07 20.29
TGF-B8 L ATCTCGATTTTTACCCTGGTGGT 122 D EEALE P <0.05.
F i CTCCCAAGGAAAGGTAGGTGATAGT
B-actin i CCACCATGTACCCAGGCATT 253 x5 HEHRFEWNEMMA INOS, Arg-1 mRNA RiXHZM(x £,

T AGGGTGTAAAACGCAGCTCA

78 1,10,100 mg-L ™" # EH T EH FAAG R B E T
fe(P<0.01), W2,

F2 ERFPEX RAW264.7 BREFEFERHHIM (v xs,n=4)

Table 2  Effect of astragaloside on RAW264.7 cell viability rate

(xxs,n=4) %
HH REWE/mg-L 24 h 48 h
25 - 100.03 1. 14 100. 00 £2. 49
T 0.1 93.00 =3. 88 97. 86 = 6. 60
1 89.32 +3.01" 79.71 £3.81"
10 83.69 +5.70" 66.78 £4.25"
100 59.55 £5.73" 42,50 +3.93"

T SR 2 A4 "D P <0. 01,

3.2 BRGS0 MR s b R A 2 RE Y 5
M 5SRO, B T A A X e e
O A 5% 0 R S R (P <0.01) o W3R 3,

®3 HEKPENEMAMRGHENEE(x+s,n=6)

Table 3  Effect of astragaloside on macrophage killing function

(x+s,n=6)

45 o Mk i /mg - L EN i &L
= H - 32.98 +3.49
HOE 0.1 39.86 £2.62"
E S AR P<0.01(F5,7H),

.22

n=3)
Table 5 Effect of astragaloside on macrophage iNOS, Arg-1

mRNA expressions(x +s,n=3)

45 SR /mg- L iNOS Arg-1
EgE| - 1.00 1.00
P 0.1 2.81 0. 38" 1.35 +0. 81

3.3.2 EE pC N I A A A A DG A0 i I T 3R
RE W 5 A, B 4L IL-1B,
TNF-a,1L-12,TL-10 mRNA 33k ##5 (P <0.05,P <
0.01) ;TGF-B mRNA SRIATCHI A2 L. W3R 6,
3.4 HCECHIX EVEAN I STATT B R 16 19 52
A L, B R A STATT Rk KAk,
p-STAT1 3k B E M ¥ (P <0.01) o WWE1,% 7,
4 i

Jis 9 e — ol 4 D T, Je S S AR R A S
Uk, AR5 R A Sy AR AR IE T IR B IR AR
TEACREBE 8L o G PR b A IR T 5 1k AT
i RE RS HCAS T O AR DL MR O K ek
A Z AT N 5 S EONL B D Rg s B, il e =
IR A BT A 1 R R,
PRSI e R R TT fE B E A I RO B
R A FEAR A o S i o e 24 | R JRE Y OQ B T A o9
RN HLAR 4 D ke s (9 — A~ e iR B 2
st R A T I AR T, 6 5 I K I [ AR A A
TEAo AT 1 5 AL AR B R T 7, 3k F 4 ) 20/
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F6 BEREXNEBRMAMRKEXAEETF mRNA RIXWFME (x+5,n=3)
Table 6 Effect of astragaloside on macrophage polarization related cytokines mRNA expressions(x +s,n =3)
21 51 Mk B /mg - L IL-18 TNF-« IL-12 IL-10 TGF-B
2 H - 1.00 1. 00 1. 00 1.00 1.00
O A 0.1 3.65 + 1. 107 2.54 +0.84% 3.98 +1.13% 1.42 £0.09" 1.02 +0.38

HHEHA " P<0.05,2 P <0.01,

STAT1 W 9] KDa

P-STATI 91kDa

[-actin S a— 45kDa
A B
A AU B PR
E1 BEXREMNEWM STATI B4 & A RIXEK
Fig. 1
STAT1 phosphorylation

Electrophoresis of astragaloside on macrophage

KT EEFHEXNEEMA STATL, p-STATL RiEF M (v £,
n=3)
Table 7 Effect of astragaloside on expressions of macrophage

STATI, p-STATI (x s,n=3)

GBI FEE /mge L
% -

B 0.1

STAT1/B-actin p-STAT1/B-actin

0.963 £0.013 0.056 +0.004

0.997 +0.012 0.204 £0.001"
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VR BT LR Sl MTT Je @ e 0 vk 1y 7 %
I 20 i G 200 0 7 A 0 B B R (0. 1 mg- L), AT
o I S R A A,

I I 200 2 2L T R0 BRI, A
T RAE KRR R R B . B — B A
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A o e AR B M AR DR O I 4 — B LA
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5 S 2 I8 B A0 DA R e 46 5 T Sz A T AR T
I I 40 i 7 A [ ok PR 355 R R AR D T i A Sy 9 o SO
B ML R M2 A OM R AR, R
Sy 25 S A B4 W A, 2 S G R R I R
SpE v M2 B AR R 2 AR T AL

Fwedn i, 5 25 50 MUk B M Bt 25 A LA 9% N
ST R A M R AR O I 4 i ( TAM) 2 B
SRR AL T IR TSR N R M2 B AR A i RE 4
YU TAM (932308 , A B T Iibg 20 M 2 26 38 5 | il 4%
Wik RBEE RS HLA5 R R R TR T 2 4 )
FIE L TAM A5 AT RE B HT I R VA I B HT S AR
HETIAK B X5 TAM (94T M 50 58 36 7 R g K 30n]
PLAy Sk =R RO TAM [ g 4 21 55455 @
EHE A TAM; @ 20E TAM, fif Hoi % o0 2
AR AR R ML B E g e ARk e
ARFFE Rl RO M2 R AT, 5
] M1 Y =0 240 R AR Ak 0 B RT LA A%RE K far 98 /S B
MR LE AT ARSI E S B, 7 A i g
Y LR SRR R R, B B AT DU U O Ak
R0 AE 4R 30 W A T RE T LU S
ZH 1) M1 Y 0 20 i ok A WAl . 32 T S AR
I3 g 240 6 A% b 4 5% B9 400 g 4 & ( CD16/32,CD206) |
iNOS, Arg-1 2 2 fif PH 7~ 3R 3k /K, & 0 8 € H 4 32
S M1 AL F A0 K AR R CD16/32 3% 1k 1
T, A2 MR g 4 i R S P 5 ) INOS mRNA 2%
AR T R B G M1 B [ I 20 i R S 40 it D
+ IL-18,TNF-a,IL-12 mRNA FERE L b SIS 4
TR B R 0 S W AT DU {4 i i) M1 B B
24 0 Sz W A
STATIL (H)3GALA BY F 0 20 B ) M1 7Y 58 240
Mo R AEMAL , STATI — HiE Ak, & |- & A Bk, 7T
HE— 25 B ALY A IR U5 SR A, 4 T 5 3 HE A 40
BN e AR N B p-STATL — 54k, £ I %
15 iNOS, IL-18, TL-12 25 03 9 3 37 X 38k f) I = A
FTCAIE % A 46 4, BT i 50 1ok 6 40 5 IR 11 5 5, 1
G 200 ) ML I 0 B R A A A St
= R, I EH T, BN
STATI W2 Ak KV 35, $2 7 3 )& W A A] fig il o
fE it STATI W 12 Ak, 9F 1 42 28 M1 AU 50 41 Jfd /9
WAk .
g BRI, B AT LUE AR P 0 4 A
STATL % A B W2 1k , ¥ 17 75 5 5 W 40 i i) M1 %Y
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