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[Abstract] Objective To investigate the effect of Saikosaponin A (SSA) on the differentiation,

apoptosis and function of mouse bone marrow derived macrophages (BMDM)-derived M1/M2 macrophages,
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and to explore its molecular mechanism. Methods BMDM was induced to differentiate into M1/M2
macrophages in vitro, and SSA was added at the same time: CCK-8 assay was used to detect the viability of BMDM
and M1/M2 macrophages. The morphology of M1/M2 macrophages was observed by inverted fluorescence
microscopy. Flow cytometry (FCM) and ELISA were used to detect the levels of surface markers and cytokines
in M1/M2 macrophages. Real-time fluorescent quantitative PCR (qPCR) was used to detect the mRNA levels
of IL-6, TNF-a and arginase-1 (Arg-1). FCM was used to detect the phagocytosis of peritoneal macrophages to
fluorescent microsphere particles. Immunofluorescence (IF) assay and Western blotting were used to detect
the molecular mechanism of SSA regulating M1/M2 macrophages. Results No significant effect on viability
of M1/M2 macrophages was observed at SSA concentration of 10. 0 mg/L., and obvious inhibition was seen at a
concentration of 15. 0 mg/L (P<0. 01). Treatment of 10. 0 mg/L. SSA induced obvious morphologic changes in
M1/M2 macrophages, with M1 macrophages in irregular shape, a few having pseudopods, and some showing
unclear boundaries; while some M2 macrophages presenting round or irregular (P<0.001) with unclear
boundaries. SSA treatment also resulted in significantly decreased proportion of M1/M2 macrophages after
BMDM differentiation (P<0. 05), with reduced contents of IL-6 and TNF-a secreted by M1 macrophages and
their mRNA levels (P<0. 05), but increased secretion of Arg-1 and mRNA levels by M2 macrophages (P<0. 05).
SSA treatment also inhibited the phagocytosis ability of peritoneal macrophages to fluorescent microsphere
particles (P<0. 01) in a concentration-dependent manner. SSA decreased the phosphorylation of NF-kappaB
(p-NF-kB) (P<0.01) and enhanced the phosphorylation of signal transducer and activator of transcription 6
(p-STAT6) in M2 macrophages (P<0.05). Conclusion SSA may affect the differentiation and function of
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M1/M2 macrophages by regulating NF-kB and STAT6 signaling pathways.
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EThE . HA IR IES: T SSA SRR/ BUE w4
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M2 75 I 240 ff 3 4 ik CD206..CD163 % CD206
B—FhH FEEZ K (mannose receptor, MR), A F£iA5T
M2 7Y g 20 i 3R T, 255 TR0 R IR 4% AH DG 1Y
o JEL A SR o 55 ML 2 I I 40 A 2, M2 AR
ANERENS ™ A BT R AN T, W IL-10 SR AR R 7B
15 2 A B-1 (arginase-1, Arg-1)5% , f8PT RIE [ W I8
AR

FI T SSA X M1/M2 B4 Wit 241 i 1) 73 fb 2 5 B A
PN IR WA , PHAS B 58 HIAR S b-B g Y L e
i (bone marrow derived macrophage, BMDM )75 54>
Ao M1/M2 B g A I e A P i SSA A BRI AG
I SSA XF M1/M2 Y [ 4 it oAk S HE D RE A 52, I
PRI FHLH . LAIRE S SSA I R I FH 4 Ak 52 56
WA AR IR P ) i

1 ##E53

1.1 SE5zhih

SPF 2% i 1 C57BL/6] /NFR (6~8 J] , 20~22 ) I
IR EE R R 2 S e gh Wy by 1R 37 T IVC B2 50 3
Wb (24 °C,30% W1, 12 W12 h CREEER ) o BT 52
B2l AR R R R A S e B B S it
(2023SDL268) .
1.2 SEM#

LPS,SSA /ML IL-6 ELISA 3% 5 & . CCK-8 & 7]
& VBB TER SRR PMAMW AL REFTRHL
A PR A $i Bl PE/Cyanine7-CD163 it & | $it fil
Brilliant Violet 421™-1-A/I-E LA | & %2 28 vh i M
Y038 35 R A 2 v (10x) BT ELFITC-CD11b HTiA 4t
K Brilliant Violet 421"™-TNF-a $ii{£ . 3t fl PE/Cyanine7
Rat IgG2a,  [A]ZX] R (isotype Control , ISO)HTIA PT iR,
Brilliant Violet 421™ Mouse IgG2a k ISO FiiA I H 35
Biolegend /A ] 5 R A6 4% % 5% [F -7 -k B (phosphorylation
of NF-kappaB, p-NF-kB)p65Hiid .STAT6(D3H4)HifAk
NF-kB p65 Hifhk | BT 5 7% T i sk G I+ 6
(phosphorylation of signal transducer and activator of
transcription 6, p-STAT6)GAPDH(14C10)4/if£& .p-STAT6
(y641) Rabbit mAb #TL 1A F 35 [ cell signaling 2\ A ;
i F Alexa Fluor 647 Rat-CD206 FT & | $T fil Brilliant
Violet 421™ Rat IgG1 « ISOFiiA . $i il PE Ra-F4/80 41
& Pt B PE Rat-CD86 $i 1K . $t Fl Alexa Fluor 647 Rat
IgG2a k FLIK AT Brilliant Violet 421™ Rat IgG1 k I1SO
Piik Pl Alexa Fluor 647 Rat IgG2a k 1SO HLiA Pt Kl
PE Rat Rat IgG2a k I1SO $itiA&I4 H 3¢ [El BD /4 F] ; DMEM
B3Rk RPMI 1640 5537 50 [ 35 [H Gibeo A H] .

1.3 Fik

1.3.1 HBEAMEIRE  CO.Z BARKE/INR,
B E BN, I A LR A 20 ng/mL M-CSF
Kidt, 3 RP &R, 5 6 K315 BMDM, 3R15 11
BMDM [R] B 73 FIIA 55 289 4 100 ng/mL i) LPS i
BMDM [1] M1 24 E 0 240 e 5346 71 20 ng/mL A9 HL 2H /)N B
1L-4 [m] M2 Y 5 g 40 J 40 4k, FF I A [3) ¥k BE (1) SSA
(0.2.5.5.0.10. 0 mg/L) 7 18 h.,

1.3.2 MEEEEEEER NEIEBEES 2 mLE
HORIHROHEFEEAN, 3 dJ5, CO= B AbIE/N
B, B I I AR T, B R AN R R 2 h R R R R A
JHO, AR ECHE s W 2B . I i ACAS [ 9 BE Y SSA (0
2.5.5.0.10. 0 mg/L) 7 18 h.

1.3.3  CCK-8 I 20 it 15 ¥ BMDM $% F 96 £L
M, B 4L 4x10%/ml, 4351 100 ng/mL (1) LPS 5 5 M1
I3 A B 20 ng/mL [ TL-4 [6] M2 434k, 8] B A ] ¢
Ji SSA(0.2.5.5.0.10.0.15. 0 mg/L) 7 18 h,PBS i
VeI CCK-8 %5 2 h,450 nm MG [A(450) 11 ],
T AT T .

1.3.4 5] 5¢ % I ol BE 0 4% 41 i B S iz 1R
L3, 1R I 23R BUN R BMDM . 55 6 K, BT 441
BUOL BB N MIE A . RS RS R
1. 3. 1R B 7 755 BMDM [ M 1/M2 %4 5 1 20 i 43
1k, 3 A SSA (10. 0 mg/mL) % & 18 h J WL 45 41 ity
1.3.5 aN4HHAR (flow cytometry, FCM) Kl SSA X
M1/M2 BYE BELR L AR 52y Fe B 1. 30 LR
771155 BMDM [i] M 1/M2 %1 w40 e 434k , 35 [ i2E hn
ASSA(0.2.5.5.0.10. 0 mg/L) W7 18 h i , W A& 2 g
TINABTR CD16/32 LA L A . M1 HY I 40 ffd v fim A
PR FITC-CD11b Lk i f PE-F4/80 HLiA . it fl PE-
CD86 Fi 1A K H: 180 . $t fll Bv421-MHC- 1T $i 14 K H
1SO; M2 5 w5 41 g v fin A Bt B FITC-CD11h Hufk (bt
. PE-F4/80 Hi0 14 . 470 Bl PE/Cyanine7-CD163 47 {4 &
1SO,4 ‘CREEIFH 30 min, M2 1 WA L34 34
PR YL 5E S I, I T 58 28 R, 2 TR RE IR 7 20 min.
JIA DXL PN 5% 62380 325 1 Uk 2 oAk, 400X g, 250> 10 min,
FE 2K, HIINABR CD16/32 ik & A )5, A
P AF647-CD206 Bk X H:1S0,4 CROGIFE 30 min,
FCM ZK B, FH FlowJo7. 6 4k {4 8E4 75341 o

1.3.6 ELISA #: IL-6 W £E M1/M2 RY I 41 i
FE3% 1,4 °C, 1 000Xg B0 10 min, #3850 SRR I
11-6,450 nm % 630 nm BUKE K3 1H

1.3.7 FCMAGIIGE s B4l e 1 #5601
W13 29 R UE E E A . A 18 h S IA
0.5 pL FITC-2 61K, M E 2 h J5 W 4E 40, FCM 4R
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1.3.8 2Z B % Jt & & PCR (real-time fluorescent
quantitative PCR, qPCR) Trizol Z& ik 42 HUAH 5
RNA, I 4% B 45 M AEAS 2 000 ng RNA By 306 5 5% o
cDNA, 330 5% S E ZH0R 65 °C, 5 min, (5 1EAREETINFE,
42 °C,60 min;70 °C,5 min W 2 1F o Bl JEEFTH 48
N, RN SR 2 R 20 wL; 2x TB Green Permix 10 pl.,
¢DNA 2 pL, EFiF5194%5 0.8 wL, LB F/K 6.4 ul.
W B AR R B AR A1 F5 B 8 3% 4 i A % X Light
Cycler 480 %8G5 /1 PCR [, #% Ui 4525 JR % B
NEFRIY o NS R - 95 "CHUAEPE 30 5595 “CAB
P 5 5560 “CiE & 30 s, 45 40 M, 40 °C, 6647, iF
T 358 BTN Z SR M 4 AR A . L T4
B 4 2 e AT IR AT G TR . RT-
qPCR SEB BTV B iy b R il s |7 51 36 1.

®1 BWERSIWF

Table 1 Primer sequences of target genes

Sequences(5'—3")
TGTCTCCTGCGACTTCAACA
GGTGGTCCAGGGTTTCTTACT

Primer Up/Down Stream

GAPDH

Upstream

Downstream

1L-6 Upstream CTTCTTGGGACTGATGCTGGT
Downstream CTCTGTGAAGTCTCCTCTCCG
TNF-o Upstream AGCCGATGGGTTGTACCTTG

ATAGCAAATCGGCTGACGGT
TGTCCCTAATGACAGCTCCTT
GCATCCACCCAAATGACACAT

GCTCTTGCACTACCAAAGCC

CTGCTGATCCTCATGCCAGT

Downstream
Arg-1 Upstream

Downstream
1L-10 Upstream

Downstream

1.3.9  Hpr 2 49 )G Y (4 (immunofluorescence , IF)
R K An A TE I A TE R IC A 1Y 24 FLAN 8% 77
Moo T SSAEHE 18 hJm , W H FLAR Hh Y 1% 3R 3%
BEALHOIMA 1 mL 4% (1) 2 5 B S, % 36 & 15 min.
FEELZ B, BALIIA 1 mL 1xPBS & THE K I i§ ik
3,5 min/ik . 325 PBS, B FLIMA 1 mL H i, -20°C
I E 10 min, SRJ5 77 AW, FH PBS B THEIK LI UE
5min, BT HIA 200 WL 3550 28 vhilk , = I3 R
60 min, —PUIFE - M1 8 E WEANIIE A IT F4/80 HTiA
FPL p-NF-kB p65 PLA ; M2 B 5 W40 it € A fin7t F4/80
PURFIPL p-STATO PR 4 CHEH LK. —PiHFF =
T RIE & 30 min, W —$T, A 1x PBS & FHEIK I
Ve 3K, S min/ik o IMA T i, EIREE KA E
Lhe W H =T, A DAPLZE IRFEE 10 min, i 30 K
& 5 240 T S FE T ) L S 10 min, FHAR F I
[ . ERNPOE B FHIHE, F Image J 4347

1.3.10  Western blot 437  RIPA Z4f# 3% M\ 40 it rp
PRBURE N, BCAE E B ERKEAS —Eh . 100 C
10 min i 5 (A . 7E SDS-PAGE BEiE 4% 1
O 30 g FEATINRE AT RIS EY RS TE R 80 V
Sy B AE 120 Vo (HRE i 2 BE IR . Bl S A E
SEHLIE 210 mA (75 min 5 F5 75 min, K 5 A 5%
Z PVDF [l I o 5%BSA % #FE IR 3 1.5 he EHiA
Je B R4 T AR N () — P9 & 5 GAPDH A, 4 “Cid
WIFE o VEJa U AR P IR E 2 ik R 1
b2 K AL EBEYG . FFH Image J 3PE XS R BEAT 43
Br, A B R E E AR Rk i
1.4 %itFoH

H GraphPad Prism 8. 0,FlowJo 7. 6. 1 4474811
AT BRI D s TR AF B IE A B0 2 LA ]
PPR5 5 LUBCR FH K56, NP4 IE S50 41 R Kruskal-
Wallis #5465, P<0. 05 #IA 22 R BA Ge 0 5,

2 H#R

2.1 SSA 7T #v BMDM . M1/M2 & E w4 &g L 7% b

9T HEBR SSA 25 ¥ B 1 AE I X BMDM LA K&
BMDM 755 4 M1/M2 #1020 Jfd (%) 52 1), AR5 1 5
fifi FH CCK-8 S 56 5 1 N [A) ¥k JE£ 1) SSA X BMDM LA
S M1/M2 B g 40 A & P s e . 25 R B, SR 4k
FREZIAH EE , SSA 7E 0~10. 0 mg/L I, % BMDM M 1/M2 %
F A T S iE PRV R I SSAMREE A 15. 0 mg/LA,
BMDM M 1I/M2 B4 5 g2t s 34 B i R R (T D, DA B
gk LR W] SSA 7E— TE W (0~10. 0 mg/L) R A £ 51
BMDM M 1/M2 %Y = I3 40 Jfd 3% 14 , {0 25k B3R 5] 15. 0
mg/L I}, 5t 43 %) BMDM M 1/M2 R [ 155 41 g 7= A 2 1
ER . BRI ARG I B2 SC 0% 4% T 10. 0 mg/LAE i
AV FE RN SSA XTI 240 B 40 AELE 2 240 L PRk
LR AT AL 520
2.2 SSA T #em MI/M2 A B v% 4m J0 5 &

WF5% &% K 20 ng/mL M-CSF 55 6 d ) BMDM f &
S22, PaA R, S —. INALPSIES
BMDM b1 M1 BB Wi is K 2 2K RE RS,
R TR . HANA 10. 0 mg/L SSA AL B M1 &Y
05 441 TR 285 & 2B AR Ak < A 4 A R 22 728 Sk 275 etk
SO, R R DA, BRI AT (B12A) 5
Horr, 52K 0 SSA A PR M1 7 I 20 it X B8 20 41 [
10. 0 mg/L SSA 21 M1 7 [ 155 200 At H AN RUL00) &40 it T 5
i %% FTF(P<0.001, K 2B) . LA IL-4 155 BMDM
AR M2 1 2 A K AT TR D R T B
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MRS (HAIA 10,0 mg/L SSA AR FEAT A M2 BRI SSAALHEZIAH 1L, 10. 0 mg/L SSA £H M2 75 [ I 241 At 4%
Wik 4 L 385 % AR AR Ak AR A A M AR S DR a3 R AHRRT o L 25 R B (P<0. 001, 812C) o DL 255
ASKEIUPIR , 0 53 A Ml i RIS (I 2A) o Horb, 50 SR SSA XS M1/M2 B B 4RI AT A5 — & 1520 .

w

150 = 150
BMDM 150 M1 M2

100~ eesee .I. . 100 seses TEE 4

X » 100 x = a
z a = = -
5 4 — 3 = .
g g g
8 50 8 50 3 5o
*
0~
0 25 50 10.0 150 . 50 100 15.0 0 2.5 50 100 150
SSA/(mg/L) A SSA/(mgIL) B SSA/(mg/L) C

a: P<0.01, b: P<0.001, compared with the 0 mg/L. SSA group. A: Effect of SSA on BMDM activity; B: Effect of SSA on M1
macrophage viability; C: Effect of SSA on M2 macrophage viability

1 SSA Xt BMDM . M1/M2 B E 1% 20 B i 1 B9 25000 (n=5, ivs)
Figure 1 Effects of SSA on the viability of BMDM and M1/M2 macrophages (n=5, x+s)

— M R M1+SSA (10.0 mg/L) v
= o Dy ]
SPL 0. R T >
LPS (100 ng/mL) S L 2
BMDM - B s
s T P\ e
3 @ 055 e 0%,
90 s ’@ & b @C‘@_ 2 B S
7 2 ~ : B e
< LS Soh TN Zggm’
M2 M2+SSA (10.0 mg/L)
y SN DVt s Sy
X RIS s Y a5 @
S SNy UL O 0 )
= ¢ 3 36y \q x 5 A e =
(- S 5 o 4 T2 [
S @Y OO 7 ‘ O
O ™ ; N ’ D8\
Q.5 SN2N < SBN
( W X ) \3 T o biAY o
N @ 75 1840 D b)
5 )
M J - o @.@1, ¢ . -~ - \\ x 259 A
M1 M2
60 - a 80 —
8 pe 2
) )
g 50 T 60 x
o] 2
3 2 a
£ 404 & 404
k] k]
5 5
£ 30 - 3E 5 204
g Qo
s s
o N o
0- ol
0 10.0 0 10.0
SSA/(mg/L) B SSA/(mg/L) C

a: P<0.001, compared with the 0 mg/LL SSA group. A: BMDM, M1 macrophages, M1 macrophages after SSA treatment ;

B: Proportion of irregular cells in M1 macrophage before and after SSA treatment; C: Proportion of spindle cells in M2
macrophage before and after SSA treatment

2 SSA X M1/M2 B E BB ASHI R (n=5, Xts)
Figure 2 Effects of SSA on the morphology of M1/M2 macrophages (n=5, x+s)
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2.3 SSA Tif4E MI/M2 & E v 2m oL 64 540

2 43 RT3 A 5 R A i B 404k T S e
I 20 45 7 TR A DI 6E R AR BIF 5 42 T SR AG I T SSA
X} BMDM 434k 9 M 1/M2 59 [ 105 240 1t 43k HC 431 B4 52
4 H M-CSF -8 88 40 115 5 BMDM , 28 J&5 1 345
[ BMDM [5] B 43 31 A LPS 75 5 BMDM [ M1 % [ 1%
Y1 A A AT E 2 /N R TL-4 375 5 BMDM [m] M2 Y 5 5 41

M 434k, 78 e i R Ao A [A] 3 5 719 SSA % 18 he
L I 200 B G 0 25 04 F4/80°CD11h", M1 75 [ I 41 fify
K M4 75 K F4/80°CD11b'CD86' Fl F4/80"CD11b'MHC-
117, M2 Y =5 240 J A DU A% 75 8 F4/80°CD11h"CD163”
1 F4/80°CD11b°CD206" . 45 3 & 8, 5 0 mg/L 41 4
[ ,2.5.5. 0 F110. 0 mg/L SSA 20 M1 % 5 W 41 Jits CD86
Fe3k (K 3B. D) MIMHC- 1T %35 (& 3C . E) 34 W 3% F %

o S 8
2 B T
FSC-A A
ISO 0 mg/L 2.5 mg/L 10.0 mg/L
0 0.31 1.88 82.6 1.20 715 0.40 0.26 392
[{e]
<o)
a
O
4.09 079 © 147 070 0.45
CD11b B
ISO 2.5 mg/L 5.0 mg/L 10.0 mg/L
0.050 77.6| 65.4
&)
I
=
F4/80 and CD11b (¢}
100 — 100 —
°\° QE'. a §
s 8 7 = S 90
a a
= = { a
@ o Z
H a 80+ e a4 a
© © a
© O 70 A
fa)
o s
o -

0 2.5 5.0 10.0
SSA/(mg/L) D

0 25 50 100
SSA/(mg/L) E

A: Gating strategy of macrophage : Exclude doublets; F4/80 and CD11b co-marked the BMDM population; B: typical flow cytometry

of M1 macrophage marker CD86; C: typical flow cytometry of M1 macrophage marker MHC- 1l ; D: percentage of CD86 expression in
BMDM; E: percentage of MHC-1I. expression in BMDM. a: P<0.001, compared with the 0 mg/L. SSA group
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Figure 3 Effect of SSA on differentiation of M1 macrophages (n=6, x+s)
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A': Gating strategy of M2 macrophage : Exclude doublets; The BMDM population was gated by F4/80 and CD11b co-markers ;
B : Typical flow cytometry of M2 macrophage marker CD206; C : typical flow cytometry of M2 macrophage marker CD163 ;
D : percentage of CD206 expression in BMDM (n=6, x+s); E: Percentage of CD163 expression in BMDM ( n=5, & s).
a:P<0.05, b:P<0.01, ¢:P<0.001, compared with the 0 mg/L. SSA group
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Figure 4 Effect of SSA on differentiation of M2 macrophages
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A: Typical flow cytometry diagram of M1 macrophage secreting TNF-a; B: Percentage of TNF-a secreted by M1 macrophages (n=6,
%#s); C: mRNA expression level of TNF-a in M1 macrophages (n=5, x+s); D: Expression level of IL-6 secreted by M1 macrophages
(n=5, ¥+s); E: mRNA expression level of IL-6 in M1 macrophages (n=5, %+s). a:P<0.05, b:P<0.01 ,c: P<0.001, compared

with the 0 mg/L. SSA group
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Figure 5 Effect of SSA on M1 macrophage function
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A : Typical flow cytometry diagram of M2 macrophage secreting Arg-1; B: MFI secreted by M2 macrophages (n=6, x=s);
C: mRNA expression level of Arg-1 in M2 macrophages(n=4, x+s). a:P<0. 05, b:P<0. 01, compared with the 0 mg/L SSA group
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Figure 6 Effect of SSA on M2 macrophage function
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A: Typical flow cytometry representation of peritoneal macrophages engulfing FITC fluorescent microspheres; B: Percentage of

peritoneal macrophages engulfing fluorescent microspheres. a: P<0. 01, b: P<0. 001, compared with the 0 mg/L. SSA group
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Figure 7 Effect of SSA on phagocytic granule function in peritoneal macrophages (n=53, x+s)
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Figure 8 Effect of SSA on M1 macrophage p-p65
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B: Positive area of p-p65 in M1 macrophages (n=4, ¥+s); C: Typical Western blot representative diagram of M1 macrophage
p-p65; D: Expression level of p-p65 phosphorylation in M1 macrophages (n=5, x+s). a: P<0.01, compared with the 0 mg/L
SSA group
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Figure 8(continued) Effect of SSA on M1 macrophage p-p65
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A: Typical fluorescence representation of p-STAT6 in M2 macrophages; B: Positive area of p-STAT6 in M2 macrophages (n=5, x+s);
C: Typical Western blot representative diagram of p-STAT6 in M2 macrophages; D: Expression level of STAT6 phosphorylation in

M2 macrophages (n=5, x+s). a: P<0.05, b: P<0.001, compared with the 0 mg/L. SSA group
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Figure 9 Effect of SSA on p-STAT6 in M2 macrophages
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