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Lycium barbarum polysaccharide promotes macrophage phagocytosis of
Staphylococcus aureus through TLR4/Src pathway
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Abstract: Objective To explore the effect and mechanism of Lycium barbarum polysaccharide (LBP) on phagocytosis of
Staphylococcus aureus by macrophages. Methods CCK-8 was used to detect the effect of different concentrations of LBP on
macrophage viability. The effect of LBP on the protein expressions of mitogen-activated protein kinase (MAPK), nuclear factor-xB
(NF-xB) and Src in members of Src kinase family were detected by Western blotting. Effects of LBP on phagocytosis of S. aureus by
macrophages detected by gentamicin protection test and flow cytometry, and the macrophages were treated with the inhibitors of TLR4,
NF-kB, MAPK and Src to preliminary assess the mechanism of LBP. Results LBP at 100—600 pg/mL had no toxicity to
macrophages, but effectively improved the vitality of macrophages (P < 0.01, 0.001), and significantly promoted the phagocytosis of
macrophages on S. aureus. Although LBP could promote phosphorylation levels of MAPK signaling pathway-related proteins, NF-xB
and Src in macrophages, the promoting effect of LBP on phagocytic ability of macrophages to S. aureus was only significantly inhibited
by TLR4 inhibitors TAK242 and Src kinase family inhibitors AZD0530, but not by NF-kB and MAPK inhibitors. Conclusion LBP
can activate macrophages and promote phagocytosis of S. aureus by macrophages through TLR4/Src signaling pathway.
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S O B ERWE Staphylococcus aureus 72| i2
AT HAT R HEEUR R, A XA E R
RYLE WHPH IR —, 5 ESIEEK RS
YL, TMREEIE . PRBEEM 2 AU AE S 02, PR
B A IAERE . S, aureus BEYAT IR PR L AT F 2 Fb
JUiESUERIAIT, HE SN, Horb DU
SOTE AR 4 B R & Bk ( methicillin-resistant
Staphylococcus aureus, MRSA) ]R3 fEHE K.
MRSA &G 2l T 5 FE P e DU DR ) R e
Wiz —Bl Bk, bR 7S HRFgTAR R AL, R
16 TR IR DI REARN PRGN BNG F2 (H 15 ALY
TR YT AN o

15 £ F 19775 (host-directed therapy, HDT)
T I O A B B DR AP ) G2 SO A 3 )
RIESNL, AT T AR AR P R R G, fEHLAR
W W IR RAAS, DA S B e 2 05 1) A B YA
ST, TR, —Srh A A YR HRIE B PR G
HARER ST I ). BB REMS LRI/ B %52 MRSA
GG, W IE 22 B PTG Toll FE3Z244 4 (Toll-like
receptor 4, TLR4 )5 5 4% 3 NI 0% K1~ 3(signal
transducer and activator of transcription 3, STAT3) 15
SIE PR B VR B AR T, AN TR A A Sk
SRR, MIRE 2 HE (Lycium barbarum
polysaccharides, LBP) & MMIFCF Lycii Fructus
SEMU B EEL SRSy, AiVEIRAIE R, B
SAARTL, RO, PUEEE L BURE IR« BT 4EAL
MR, S-S 2 MG, ARAR
TFH 5P R TR R R FANE . SR, LBP 215 he
T R IR G B R A A SRR e o R WAk IE . AT 7T
HRZE T LBP X/ B E MR 40 RAW264.7 7311 S.
aureus WSS S SR RINLE], O LBP 1F 9 % 2
T HDT [k 259 5 et e ik .
1w
1.1 ZBBEHRSEE

RAW264.7 4iiEiy A [ gt R B R ) R O
(CCTCC), S. aureus Wtk (25923) JHH ATCC.
1.2 Z3m5it

DMEM #9535 (1L 5 8122693) 1 [ 25 [ Sigma
Al B IIE (fetal bovine serum, FBS, it
42Q1299K) 1 H 2 [H Gibeo A 7] ; CCK-8 7 &r (it
= MA0218) W H KIEFRCENMHARARAT;
LM (RESECN 51.5%, fit'S5 A18GB144984)
W E LR A RHA TR A 7] pHrodo™ Red S.

aureus Bioparticles™ conjugate for phagocytosis (#{t
5 2599191) W HZE Thermo Fisher Scientific 2
Al 40 AME S T B8 Cextracellular signal-
regulated kinase, ERK)D #ifk (#t'5 F071106). B-
actin Fif& (k5 F180047) & H Abways Technology
AF]; pp65 (Ser536) Fifk (A5 3033T). p-JNK
(Thr183) $ifk (k5 4668T). INK Hifk (L5
9252T)+ p-Src (Ser473) Pifk (iS5 6943T) 4
H3£[E CST A F]; p-ERK (Thr202/Tyr204) ik (it
5 67b4599) I H 3 [E Affinity Biosciences A s p-
p38 ¥ifk (k5 103062031 ). p38 ¥ifk (b5
1109270764). p65 Fiufk (k5 110211980). Src Hit
& (45 1022015700 1y 3 B PR FH G RAM R A
FRAF ;s HPR brid MEdi R 1gG =9t (L5
SA00001-4) 1[4 3% [F Proteintech Group /A 7 ; TLR4
) 7 TAK242 (#b5 HY-11109) 1 H % H
MedChemExpresss A & ; Wi lfg K KR (5
S403001). #%[AT-kB (nuclear factor-kB, NF-kB)
I BAY11-7082 (Jit5 $291304). ERK il 5
SCH772984 (3#t5 S710108). INK 14|71 SP600125
(it S146005). p38 Fiil#] SB203580 (fit*5
S107611). Src ZKEEBEHIHI7F AZD0530 (#t5
S100615) ¥4 H 3£ [ Selleckchem /A 7] ; 0.1% Triton
X-100 (L5 9002-93-1) M H LifgHE s BAER AR
HIRAT ;s Bh5EA BECL fh R MNAF & (s
S7017030) I H 5 EAMHRME C R A RA A .
1.3 {435

MSC-Advantage™ 11 2% 4= ¥ % 4= 45 . Micro
CL21R M &A% & .0 #Hl (£ [E Thermo Fisher
Scientific 2 #]); ECLIPSE Ts2 {81 & Tk (H A
Nikon A ] ); SpectraMax i3x 2 ThRERFFRAN (36
Molecular Devices A @) ); C25 BUHEIEHEIK (SE[H
New Brunswick Scientific A 5] ); GNP-9270 ZUFg7K
AAERIE A (RBRE SRS ARARD; BD
FACSCalibur Jiz040if (£E BD A#]); Mini-
Protein Tetra & B HLyKAE ., {05 ENFE (3E[H Bio-
Rad A#]); Tanon-5200Multi B4 H shib 2% KGR
BAC CHgERBERHEARAF]D.,
2 Bk
2.1 ‘ApEEESE

RAW264.7 40/ FH & 10% FBS 1 1%5% % &-75
%7 [ DMEM #7380k, E T 5%CO, 1137 ClH
BREFRF PR R AR A KRS, 4 ik
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HEEN 70%~90%3%k B0 HU A KIS, #EAT AH G5
e B ALAR
2.2 CCK-8 AN E MELmARiE

B B4 K I RAW264.7 40, 3R
2.5X1054/mL, HX 100 uL M ZE 96 FLHRH, K%
R FEAMINEEE S, N 04 100+ 200+ 300 400
600 pg/mL [1] LBP ZbERAHA, 428557 24 he F8%
I3, HALIIA 100 pL & 10% CCK-8 VAR 144 7%
Bk, 37 CHE:FEMTECEFE 1 h, HBEFARAE 450
nm AEAGIIEOGE (4D 1H.
23 RAERRIPSLIHE T E LR 40 b 7 Mk 20 5 AY
#

il

RAW264.7 AL LA 5 X 10*A/FLEFN T 96 FLAR,
FREmMONEEE RS, fdH 600 ug/mL LBP Ab# 41 g A [F]
B IE) 5. $% MOI=50 © 1 (4HEH © 4D [ EL il g
AN S. aureus, 4 C. 400X g B> 10 min, &
T 37 CHFRAHIEE | h AR EEE. 35
3E, FA ) PBS IGVE4EM, BN 300 pg/mL K
KEZE, 4 CHEH 30 min AIEMANE . 35 L3, %
fX] PBS J& ¥t )5 H 0.1% Triton X-100 2440 10~
15 min, WERRMARUGBE BB IE RS 9%, 12h /5
Gt WAL
2.4 SRR N 4 8 B s 2m A EE 41

RAW264.7 411 LA 5X 1044 /FLEEFD T 96 FLAR,
RramBmGEE 5, IOANAHRIFNE . #% MOI=50 : 1 (4
DAnfE) BIEREl NN pHrodo-S. aureus 4T B,
IFRET 37 CEFFHILNEE 1he 7 EIF, HA
(1) PBS IS VEAH M, K= ST 200 uL PBS H,
P AR GH M ASGHEAT R, FlowJo VX A 73 b 45 5 .
2.5 Western blotting & H3RiA

RAW?264.7 ZH LA 8 X 1044/ FLEEFN T 24 TR,
e EE f5 ,  AOAH SR 7 B3, BFLINA
200 puL 7 1 mmol/L PMSF [¥] RIPA Zf#, K B34
fif? 10 min $EHUSE . BCA {55 &R 2 IR,
NG &5 E EREGMR, el 5], #7K & 10 min
i8R (AR o R FIRE ST b SR R - 3R T 05 Ik
bk Bk, ¥ % PVDF JiE, BT S%Biis4-95,
RIRIRGEM 1h, 4 CIE —bud &, TBST HiE
5UJE RS 50 (1:10000) 2 h, TBST BLj#
5 WA, B ECL 852, R A AR
BAC AR, K Image T A0 461 K
2.6 ZItFESH

K FH GraghPad Prism 8.0 Z /45X 54 3E 1T 04T,

BRI LA X £ s R, 4L ELIBCR F B R 30 25 it
(ANOVA), ZH R LLECR T ¢ K560 74T
3 #HR
3.1 LBP S EEEAAEE NS

N T %58 LBP A& T ERAH M S 7, A
CCK-8 S 46 for il A [7] i 2 ¥k £ (1) LBP fEH T
RAW264.7 4l 24 h J5 IAMLIE /7. il 1 B,
100~600 pg/mL ] LBP x40 oitt, R
15 RAW264.7 40 ffli% 71 (P<<0.01.0.001). % LBP
Rets A 20 e BV A L Vs )

200

1504 TS ] e

100+

HNLAFE /%

50

0 1 1 1 1 T ]

R 100 200 300 400 600
LBP/(ug'mL™")

SxEA R P<<0.01 *"P<<0.001, FEH

"P<0.01 *"P<0.001 vs control group, same as below figures

1 LBP 3 RAW264.7 ZRAETEIBIFND (X +5,n=3)
Fig. 1 Effect of LBP on RAW264.7 cell viability (X £ s,n=23)

3.2 LBP &8 BT S. aureus BIEMRIE R

N TR 5T LBP % RAW264.7 UiV S. aureus
Isem, B YRR K H R Lkl LBP %
RAW?264.7 HMFEWE S. aureus ZLEHIRAA . U1K 2-
A Fi7n, 600 ug/mL LBP HJ#4 3 h o & 2w
RAW264.7 4HHE%T S. aureus H4 Wi (P<0.001),
HiZEHFFZE %2 24 he UiH] LBP 402 3 h BIATAT 3%
i3t RAW264.7 X S. aureus HIEMEAER -

pHrodo /& —F pH BUR M2t gk}, Hudtng
FEREH S pH B AR 248« pHrodo-4H B 1 1k
Vbl B VA0 M A 0 N VAR S, 2GR T T A
BRI S R 9 e fE B . AR =ik
(400, 600 ug/mL) [ LBP AP EWEANAY 24 h J5,
% MOI=50 : 1 (45§ : 400D BILLBImA pHrodo-
S. aureus 375 RAW264.7 I IL0%F 1 he i\
ARETIM RAW264.7 Aiffi%T pHrodo-S. aureus )7k
YER . W 2-B Fizr, LBP 27 EH et B
40 A% pHrodo-S. aureus (P<0.001). DA%k
RIR LBP REW I E 1 om BT S, aureus
IR RE 7] -
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I3 o R xof HR LBP 400 pg-mL™!
100 pHirodo-S.aureus ! pHrodo-S.aureus plﬁu&l‘—ss;mm
251 422 581
A B A ]
104 8 ]
o sk
S 84 Rk 7 “ g ]
X + LR 5
;’é $ 5 1 10 10> 10° 10* 1 10 102 10° 10* 1 10 10> 10° _10*
R 44 4 S. aureus-pHrodo FITC v
& : LBP 600 pg-mL 100
ﬂ%[ 21 . pHrodo . aureus §
8 80 sk sk
0 1 I T T 1 T :e 60 sk
X 1h 3h 6h 12h 24h X
- )
LBP 600 pg-mL™! 3 40
g 20
v
0 0 . .

1

10 10 10° 10¢

X 400 600

S. aureus-pHrodo FITC

LBP/(ng'mL™)

A-RKBEZARP LI I LBP ALHAR [F) A 18] 54 RAW264.7 4UIAEWE S, aurues FIFEM B-3i sCANI AR A F I LBP 4 RAW264.7 41

Wi pHrodo-S. aurues (1520

A-effect of LBP on phagocytosis of S. aurues in RAW264.7 cells by gentamicin protection assay B-effect of LBP with different doses on phagocytosis

of pHrodo-S. aurues in RAW264.7 cells detected by flow cytometry

2 LBP XEIMAERE S. aurues BIFNE (X+s,n=3)
Fig. 2 Effect of LBP on macrophage phagocytosis of S. aurues (X+ s, n=3)

3.3 LBP A[j&id TLR4 ESRIAEEMMERE S.
aureus

TLRs AU R5 R RAEY), I St fig B
A sz 87 1 B EEAR SR ) 52 AR U4 Oy THRFT LBP X
RAW264.7 A0S S, aureus fie 11 HIARREE 2
A5 TLR4 {5 5EMA X, ffH TLR4 #IHl57
TAK242 (20 pmol/L) TiiAb 3 RAW264.7 41fid 1h J5,

ROy

xof g

7.

FEH 600 pg/mL LBP 4b3 RAW264.7 411 fii 24 h, K
FA 9t 204 i AR A RAW264.7 41 g %t pHrodo-S.
aureus FIHFWEAERH . WK 3 AR, TAK242 Fikb#
Ji, LBP X RAW264.7 ZMfi#50E S. aureus HIfE3E
VEFH W BB 4MH] (P<<0.001). #£B] TLR4 {5518
#2577 LBP %31 RAW264.7 4ifu%t S. aureus
(AR T B -

LBP

LUV ——— T pHrodo-S.aurens 7 pHrodo-S.aureus
135 618
A3004 7
6001 .
$[4004 ]
2
2009 A8 ]
(| - - - = : - = =
1 10 102 10°  10* 1 10 102 103 10 1 10 10> 10° 10*
S. aureus-pHrodo FITC v
TAK242+LBP
1001 | pHrodo-S aureus 1004
8.7 a\\° ek
8004 _cgy 80
] 2 & Hith
600 E. 60
% | 4004 g 404
«» 5
2004 S i
» o 20
’ 110 102 100 10¢ 0 '
Xt LBP TAK242+LBP

S. aureus-pHrodo FITC

5 LBP #LL#%: #P<<0.01

#P <0.01

##p<0.001, K6+ 717
##P < 0.001 vs LBP group, same as figs. 6, 7

3 TLR4 {5Si@%t LBP FSHEREMEEERFNE (X+s,n=3)
Fig. 3 Effect of TLR4 signaling pathway on macrophage phagocytosis induced by LBP (X £ s, n =3)
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3.4 LBP E{LERM I NF-kB FI2 R FEIEHE
H & (mitogen-activated protein kinase, MAPK)
Ehcptilis

TLR4 15 5 30E 5 7l 51— RANHE 5 9Bk
N, A% R NF-xB il MAPK 15 5385, NIER
LBP %} ELMEZH AL+ NF-«xB Al MAPK {55354k 15

Wi, %3 600 pg/mL ff) LBP 4bFH RAW264.7 4 i,
Western blotting SEEG I LBP X} TLR4 T i#{5 5 11
WEALTER . Wik 4 Frs, LBP Al 1 h 5 RIAT B2
flet p65. JNK. ERK A1 p38 HImER 1L & ([ ik K
*F (P<<0.01. 0.001). 18] LBP REMS 0N E W40 i
H1 i) NF-xB Il MAPK 15 538 % .

1.0+ 1.0 1
p-p65| o —— ‘6.5><10“ .
0.8 . 0.8 ==
POS | e e | 6.5 10° s u
St 2 seoksk
8 0.6 e Z 0.6 —
-INK | Aplolad @ ok Y r
P — 46X104 & 041 Z 044
a
4
INK - - - 54X10 0.2 0.2 4 .
L e 46X10* I I [ | |
- 0 ST L L I 0 T T T T T
44X 10¢ H 1h 3h 6h 12h S 1h 3h 6h 12h
p-ERK e " 4.2><104 LBP 600 pg-mL™! LBP 600 pg'mL™
0.8 1 1.0 ok
ERK | ™ " s e e [ 44X104 s —
T ——— 0 " 0.64 0.8 .
o0
Q. 0.6+
p—p38|— G — — ___|3-5><104 g 0.4 § skk ks
— —————— . ) ok sokok g: 0.4
P38 | w— — — — —| 3.5 X 10 & 024 ﬂ
’ n 0.2
B—actin|— —_——— = -|4.2><104 H
0 T T T T T 0 T T T T T
Y& 1h 3h 6h 12h XH 1h 3h 6h 12h XH 1h 3h 6h 12h

LBP 600 ug-mL"™!

LBP 600 pg-mL™! LBP 600 pg-mL™!

4 LBP XM EREZAAE NF-kB/MAPK (S BEHEXERRANEIE (Xts,n=3)
Fig. 4 Effect of LBP on NF-kB/MAPK signaling pathway-related protein expressions in macrophage (X + s, n=3)

35 LBP RFIEEMMMEREERS NF-xB 0
MAPK %

N T %% LBP X EWEAIREANE S. aureus HIfE
HEEH S 5 HME TLR4 Tl NF-«B 1 MAPK
{55 B ¢, K H NF-«B $77 BAY11-7082 (2
umol/L) ERK #Ill7] SCH772984 (0.5 pmol/L)-
INK #1#7) SP600125 (5 pmol/L) F1 p38 #iiF
SB203580 (2 umol/L) THAbEE RAW264.7 4l 1 h,
F{EA 600 pg/mL LBP FIFHAHM 12 he 45 R
7N, ] NF-xB. ERK. JNK #l p38 15 S AF 0
LBP %51 RAW264.7 4l %} pHrodo-S. aureus H]
HWEER (B 5). DL RS LBP X R4 i
W S. aureus WIEIHEVEH AN NF-«xB 1 MAPK 15
SR
3.6 LBP i&id TLR4 ;&1L Src 55

Sre SRR I It Tl IR A2 PRI 52 1 5 A Ak
(1) ITAM J7 91 I ER R, (e ik G 3 U 32 AR SR 4R
I Bh B R i B 22 1 AR0S), SR IR, B

FRA WA E NN . AR T LBP & 5 BB 1L Sre
55, FH 600 ug/mL LBP AbFEZHJI, Western blotting
SEEGKTIN LBP Xt Sre {5 5 S IER . ik 6-A B
7, LBP AN Sre FIBEIR ALK (P<<0.001).
M TLR4 #M##7) TAK-242 FiALFE 1 h, ZEIMH T
LBP %51 Src HiE4L (P<<0.01, & 6-B). ¥ilf
LBP fitfigiBid TLR4 i&H1L Src 15 5B
3.7 LBP&id TLR4/Src {@i#EVELHBRRT S. aureus
B ELE{E

NRFT LBP X EWE AN S. aureus HIEIEAE
F R 5 HIEE Sre {5 5% A%, ] 600 pg/mL
LBP Fiisb# RAW264.7 400 12 h, FiH Sre FIEEL
R85 AZD0530 (15 pmol/L) ALFRZAHAI 2 ho Wiz
MR ARFTI RAW264.7 4Hffu%F pHrodo-S. aureus
HUERE ). SN, BHBT Src SRR 2
RAW264.7 4Hu%t S. aureus FIEWERE ST (P<<0.001,
Kl 7). i a DL st gk St B, LBP il TLR4/Src
(5L E ST S, aureus FIHE
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MRS X B LBP
1000 pHrodo-S .aureus 7] pHrodo-S.aureus ] pHrodo-S.aureus
247 200 39.9
A 8004 B 1
04 i 4 i - 5 2 - T T T
1 10 10> 10° 10* 1 10 10> 10 10* 1 10 10> 10°  10*
o BAY11-7082+LBP SCH772984+LBP SP600125+LBP
wn 1000 A pHrodo-S.aureus 3 pHrodo-S.aureus 7] pHrodo-S.aureus
© 4038 389 315
800 ] 7]
600 A 71 7
4004 b E
200 71 b
0 3% e L e
1 10 102 10> 10% 1 10 102 10 10* 1 10 101 100 10%
S. aureus-pHrodo FITC g
SB203580+LBP 50 =
1000 pHrodo-$.aureus ek
A 313 ° 40 v. bt .
800 S
3
2 30+
600+ =
&
2 204
O | 4004 )
[7) =
@ §
2001 w 107
0+ rriy e T . 0 T T T | T . |
2 3 4 X 5 5 A 5 5
1 10 10 10 10 = E E 5 E E
e
S. aureus-pHrodo FITC Q 3 9 2
S X — )
= I =) I5a)
= = 8 ]
= 3 & &
P 7]

E5 NF-xB. MAPK (5% LBP iFSHERMEEEMNENT (X£s,n=3)

Fig.5 Effect of NF-kB and MAPK signaling on macrophage phagocytosis induced by LBP (X £ s, n =3)

A P-Sf°| N —— |6.0><104 B psie 6.0%10%
s ] o
-acti 4
B-actin |— — —— -| 42X10* P-actin IE' 4.2X10
1.0+ 1.0+
0.8 ok HEE e 0.8
o sk o Jokk
0.6 2 064 ##
2 2
X d ) _
& 04 2 04
0.2 ﬂ 0.2
0 1 T 0 Ll 1 I
XM 1h 3h 6h 12h Xt LBP TAK242-+LBP

LBP 600 pg-mL"!

A-LBP %f Src 2 SHITELIER  B-45T TLR4 $1#771] TAK-242 FiAb#1 )5, LBP %} Src {5 58 M5 & A& IA KIS0

A-activation of Src signaling by LBP  B-effect of LBP on Src signaling pathway-related protein expressions after pretreatment with TLR4 inhibitor TAK-242

E 6 LBP3TEMM Src ESBEHEXERFRENEN (X£s,n=3)

Fig. 6 Effect of LBP on Src signaling pathway-related protein expressions in macrophage (X £ s, n=3)
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I %ot R pagiis LBP 400 pg-mL™"
1000 pHrodo-S.aureus pHrodo-S.aureus pHrodo-S.aureus
A 0.57 331 630
@)
92}
wn
1 10 102 10 10 1 10 102 10 10* 1 10*
S. aureus-pHrodo FITC
AZD0530+LBP
1000 pHrodo-S.aureus 100
A 311 -
BN -
800+ :g 80 ok
600 T 60 ==
3 ’ #it#
400 3 409 i
2 S
% | 200+ o 20+
0+ oo . T 0 T T T
1 10 102 100 10 *T#E  LBP AZD0530+LBP
S. aureus-pHrodo FITC
E 7 Src{ES%t LBP ESHERMMERNFIED (Xts,n=3)
Fig. 7 Effect of Src signaling on macrophage phagocytosis induced by LBP (X £ s, n =3)
4 g BREA A EAERR RE /12 ARBEFUR I, ) NF-

HDT £ 8% B0 JF R B G 16 T g,
ZRRARL (P 2VE . TEIRTT 28 B I et 4 i
e, KERIARIU @ G YT BoR T BT
ZiRME, angE ORI, BEESEFEISE, ABEA
RIL, LBP AMUATLUSLEREANNG, 4 R3S 5 3
YHHIXT S. aureus PIFFWERE T, FHALHIFTAE 2 K
LBP X TLR4/Src {55 B ESHIISIEAEH . X segh i
R LBP 753 50 15 2 KSR G HRAE A i JEk e Ty
T 77, N O BG 7 40 B B () HDT 5%
WS PR 14 24 1) B2 LA A

W 20 ) AW A B R A e A R AL
ANEERA TR O P fif 5 AR 07
TLR4 & —RRRGIEBANA 2R, [ 24T
FARZ AN A% SR AH M A S 4 B R T U, TLR4 {5
TR AR X A B (1) 5 R S I R DB A
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