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FT2p= XN 1, REX!, FER2 ARDEH-FA T 7K,
W CR AR ORZ 2, IR R, XU T
URTREERCSE 2 SRR IR R, S AT 830017

T I S HE BN A Ak LA K H226 41 i K GE AT A2 (52 . SR CCK-8(cell counting kit-8)
R JE S M 2 8% (Brassica rapa L. polysachharide, BRP) . J53% ¥ £ ¥ (Brassica rapa L. netural
polysachharide, BRNP) . Je&EmM: 2 ¥E (Brassica rapa L. acid polysachharide, BRAP) %} RAW 264.7 [{]4H
JE3E I RIRE I LA K BRAP X H226 4 i 3 S PR RORZM s SR LR A L (2 45 735 774G B BRAP X H226 4
i £ or (A B AT R AR Ak s L RIJR SEGAG I BRAP X H226 41 (3T A2 66 (R2m . #4%8 M1/M2 74 BG40 i
R, % FH B I S s W BT 7€ 7 (enzyme linked immunosorbent assay, ELISA) Al =Fh £ % M1/M2 &
LI 20 L P i R SR BE R T (tumor necrosis factor-a, TNF-a) + FA4HM/%-10 Cinterleukin-10, IL-10) 43
WK RIREM, SR G 8 58 Se A I = Fh 2 Bkt M2 B S 4T H #2828 (mannose receptor, CD206)
Fl—% LB A (inducible nitric oxide synthase, INOS) £ FHFRIE ML ; KA SEHT 996 % B PCR (realtime
fluorescence quantitative PCR, qPCR) il =Ff 2 BxF M1/M2 4 I 40 i 5 2 BRE-1 Carginase-1, Arg-1).
FAAE/r2-6 (interleukin-6, IL-6) ¥ mRNA Fik/AFHI50 . BFFEE ALY, BRP. BRNP. BRAP XfE
Wik 280 L 1) S S A AR HE AR, FRAE 350 pg/mL Absxt B4 AT 55 ELAHIT i (R 1 9 58 1K 7 Y, BRAP #liit| H226
YN BT R R, 2RI Y 97.84 pg/mL; BRAP A H226 4R 0L bIAR RS fa iz, 4] H226 41
MOEAERSE ;s =P 2 B BE AR LR TNF-a % TL-10 (505, $HE T I M2 A EI4HH CD206 %Kik,
L1 iNOS F [ #JA; BRP. BRNP. BRAP [k M1 A EE4H A TL-6 mRNA {1334 L& M2 74 5 41 iy
Arg-1 mRNA [ik. AR5 K BRP. BRNP. BRAP # A5k E WG4 M2 BIRABR, BRAP fE5
AN H226 AR A SEATIERS o BUBIE 7T 075 20 0 1 1 1R 4 A AN A T 400 ) e SR A B R A
R TEE TN BRI, Ak H226 4HMM; H9%E iTFE
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Abstract: To study the effects of Brassica rapa L. polysachharide on macrophage polarization and H226 cell
proliferation and migration. The CCK-8 (cell counting kit-8) method was used to measure the Brassica rapa L.
polysachharide (BRP), Brassica rapa L. netural polysachharide (BRNP), and Brassica rapa L. acid polysachharide
(BRAP) on the cell viability of RAW 264.7 cells and the effect of BRAP on the proliferative activity of H226 cells.
The mitochondrial membrane potential indicator was used to detect the effect of BRAP on the mitochondrial
membrane potential of H226 cells. The effect of BRAP on the migration ability of H226 cells was detected by
scratch assay. An M1/M2 macrophage model was constructed, and the effects of three polysaccharides on the
secretion levels of tumor necrosis factor-a (TNF-a) and interleukin-10 (IL-10) in M1/M2 macrophages were
detected by enzyme linked immunosorbent assay (ELISA). Immunofluorescence was used to detect the effects of
three polysaccharides on the expression of mannose receptor (CD206) and inducible nitric oxide synthase (iNOS)
proteins in M2 macrophages. Realtime fluorescence quantitative PCR (qPCR) was used to detect the effects of
three polysaccharides on the mRNA expression levels of arginase-1 (Arg-1) and interleukin-6 (IL-6) in M1/M2
macrophages. The results showed that BRP, BRNP and BRAP promoted the proliferation of macrophages and had
a strong and similar effect on macrophages at 350 pg/mL, and BRAP had a significant effect on the proliferation of
H226 cells, with a half inhibitory concentration of 97.84 pg/mL. BRAP decreases the mitochondrial membrane
potential of H226 cells and inhibits the migration of H226 cells. The three polysaccharides could reduce the
secretion of TNF-a and IL-10 in macrophages, down-regulate the expression of CD206 in M2 macrophages, and
up-regulate the expression of iNOS protein. BRP, BRNP and BRAP decreased the mRNA expression of IL-6 in
M1 macrophages and Arg-1 mRNA in M2 macrophages. In this study, BRP, BRNP and BRAP could inhibit
macrophage polarization to M2 phenotype, and BRAP could significantly inhibit the proliferation and migration of
H226 cells. This study provides a theoretical basis for Brassica rapa L. polysaccharides to inhibit tumors by

regulating macrophage polarization.

Keywords: Brassica rapa L. polysachharide; macrophages; polarization; H226 cells; proliferation; migration
fili# (lung cancer) /&4 ERT WAUBIEMR 2 —, EGIHEFERMA T —F — il
S T RO A — B L e SE TR ], A IR/ N B E (non-small cell lung cancer,
NSCLC) fEfiti b 5 H 02 )\ 2 )1, R 3R (tumor microenvironment, TME)
Fe H 25 A0 G 2 AH AT i 988 200 R S 200 B 1l 7 S T 201 Bk B B2 % 1) SRy A 2 LIRS
21, HA E KRN 43T NSCLC RAH A BB, H5MRINRAS K EGHZVIINK
Fo VBN TME [ 8 B2 2H B 23 (1) 8 A ¢ B 41 . (tumor-associated macrophages, TAMD,
HAFEARIFOTIRE T B EOEIRAER. LI B iR iR siy . M1 8 B R4 2t s
Z ¥ (lipopolysaccharide, LPS) FIT-# Ky (interferon-y, IFN-p) -5, HAPBE A IE H
T R YR BE K T o (tumor necrosis factor-a, TNF-a) « (14124 2-12 (interleukin-12, IL-12),
PATSUR 240 Jf0 B 2% 25 AN R B e s BH 4B/ 3R -4 Cinterleukin-4, IL-4) . H4HEN &R
-10 Cinterleukin-10, IL-10) FIH4HHIA 2 13 (interleukin-13, TL-13) filt &R ) “EHAR” M2
AR A0 P PR T 2 PR 1 IL-10, 01 0% SRz, AT (2 2 Jik g 20 S 5 5 A {2 281451, TAM
£ NSCLC I F AR B, @5 230 M1 A, SRTMI7E NSCLC K@, TAM &4 N



M2 B, IR VAL T AR EC A 2 (programmed death-ligand 2, PD-L2) , X4 S84y
Rk, MM fid & FEFFESE TS 524K (programmed death receptor-1, PD-1) 15 5@k, #E— i
SRR A R RO, DR I R M TAML SR JE S8 107 I A AT B

Je# (Brassicarapa L) , TR, ARS8 R AR A AW BRI,
T AP REVEY IR - EASE 2 RS, SEEHO0, B, FER MO, AR, 3
T2 PR B AL 00, R TR T RN . RSO, AR A
WETER I, JE35 ISR S H oy B S35 o R v PR, e St Ak A B A
FES T 4R B 40 S G A M o M GE L AT R 5R ek Jy L VR RE 4R A 3R 18
(interleukin-18, IL-18) . AU/ %-14 (interleukin-18, IL-18) . TNF-aZiuK 7 /KF,
B T R IE, WANE S R A E S 45 S (mixed lineage kinase
domain-like, MLKL) 32/ #H H.AE F & [ B 1 (receptor-interacting protein kinase 1, RIP1)+
A EAE T A8 3 (receptor-interacting protein kinase 3, RIP3) 12191, B A%} 55 % B
FEH 2 WA PR 1P NSCLC #G1E, 7+ BAEMTS YRI5 B SR, w1 56 35 2 0 Rg )
B RAW 264.7 EWEZHMIIESE . —F AL (nitric oxide, NO) BEHUMANMEA T (H4NA R
-6 (interleukin-6, IL-6) . TNF-a) 4}k, T{I75 157 2 0l A /> M1 I 4H ffa 240 i ()
20210, M1 B TAM KIbR EHELIMIR T & IL-6+ TNF-a. R, A58 LAFEE 2 05 0t 705
R, WFFUH T E R AR A (R 3 0 BB Al e 4 . H226 T34 BERUT RS HOSENA, N JE#
22 B I A4 0 AR Ak T 400 e B B A A0 B
1 R ER%
1.1 ¥y
1.1.1 SEEa#ARt

AU AR, L FE AT 6 41 i NCI-H226 4l RAW 264.7 41, 340 H R
DA HEFE TR R A A o JE75 R E B9 5o I3 Ay B2
1.1.2 28G5

NCL-H226 4% F#5 33 (fik'5: WH3324C018) . RAW 264.7 41fill & A% 975 (it
5 WH2222P051, sl sAEMmEHAIRAF) + CCK-8 Wlf] (5. C0005, _LiEf
RAEDFRFAERATD 5 4%PFA (HiL5: 0103A24, JLEHFWREDMFEAREGRAF) ; BSA
(ft5: CR2306018) . PBS Z&piifll (it : GA23020061693) (I FELE /R AVIRHLA R
AF]) 5 IL-10 ELISA X7 & (it5: 202404) . TNF-« ELISA il & (fit5: 202404) (E
HELIE IR IR AT 5 cDNA FEGGI & (HE5: R21013)  ZepHESO6E B R K
AT S10117) At eEEMHEARER AT ; DAPL QEK (5. 20150710



LR P I AR AR & JC-1 (b5 : 2400040030 (AL ZRSEERHHAMA D ¢ iNOS
ik (5 : 2h43856) . MRCI1/CD206 Fitfk (Hit5: 3¢55801) . —#Hi (Hit'5: 60t9420)
GERFIE Affinity A7) : IL-4 (#t5: RPO1161) . IFN-y (#t5: RP01070) (EPI%
A AR A R AT « LPS (k5 : 12880, 35 [H Sigma AW ; 514 (#5: 260411760,
ETAEY TREBRGBARAFD
1.1.3 SRIR{R

TECANF50 Bipril (3£ EZEER CHH/RBHL A ) ; HERA cell 150 COx {HilR B 774 (3£
[ Thermo A#]) ; SW-CI-2F it &5 (EEZEE KRB AR + SM536287 {5 & %
T (FE[E leica 7)) ; Q6Flex SEI 58 5E 8 AL (£E ABI AF]) ; TC-96/G/H (b) B PCR
A O i R R AR AED .
1.2 753
12,1 EESENRIG X

AT A S PR A B FE E AL 2 BE  (Brassica rapa L. polysachharide, BRP) 1221, f
BRP b5 4b 54 () DMEM A, 24K 0.5 mol/L ) NaCl ¥efit, 73 WSS e i -
Wi, H 3500 Da 4> FERENASEN 48 h, K. AE T, 2 518205 F Ik 2 5
( Brassica rapa L. netural polysachharide, BRNP) FIFE#E MR L ¥# (Brassica rapa L. acid
polysachharide, BRAP) .
1.2.2 CCK-8 j£#& BRP. BRNP 1 BRAP X RAW 264.7 J& MBI

B B K RAW 264.7 4% 2x105 >/mL, 100 pL/FL3ER T 96 FLIR, H59%
24h, %I BRP. BRNP Ml BRAP & BiEIKEZ N 0. 50, 100, 200. 300, 350. 400. 500
600~ 800, 1000 pg/mL 25251572 557% 24 ho FFFLIMIA 100 uL FTECHIAI (CCKS : 5eHi=1 :
9) , WH 30 min, EEFROCEIN 450 nm ALEIWOEEE (optical density, OD) , ZH CCK-8 i
AU B A X E AR AAE %, §7iik BRP. BRNP il BRAP M EAEHIKE.
1.2.3 CCK-8 ;£#3 BRAP %t H226 ¢H 1858 A 820

BO A I H226 4H M AREFL 53103 50T 96 fLAR, #59% 24 h, HUH 96 FLAR, W
FIRAW, BT AHMSIRES GHBATHY T FiFR 24 h, FEEWR, FHAMA
100 pL FECHA (CCKS @ 5885=1:9) , W H 1h, fE 450 nm A4 OD fH, THE 4
#I7# (half maximal inhibitory concentration, ICso) FIIEHE,
1.2.4 LR PR AL SLLG

O B A K IHI H226 20 DALEEAL 2x10° MEFT T 6 LR . fr4rffillisE)s, % BRAP



JREHKE 0+ 1/4 ICsov 1/2 ICso~ ICso AT 25T, AKX B N IEH 4 (control group, Con),
BRAP {57541 (BRAP in low dose group, BRAP-L, 24.46 ug/mL) . BRAP F7|& 4l (BRAP
in middle dose group, BRAP-M, 48.92 ug/mL) . BRAP /&7 &E41 (BRAP in high dose group,
BRAP-H, 97.84 pg/mL)JRA 5% CO2+37 °CH; 7548 .24 h J5 HUH 6 LR, 7] BH 4% HE 2H (positive
control group, Pos) MIZNMIRFLINA 2 uL MBEF YR EORNE, ER 72N E 20 min,
I 6 FLAR, F#RA W, ®LIN 1 mL M5E 28R HER 1 mLIC-1 TAEW, % & 20 min, H
JC-1 Bt il (1) PeRTRB MW, &FLIN 2 mL 58435 9R 5, 7R & 9O BAs: T
S AR AN A ARG UL A Eo S et s - AT A A =
12.5 XIREH

FIHEI 5 2 1E 6 FLIR AL TR 3 &5 MIPE A PATER, RO KM H226 41 LA
REAL 2x105 MEFI T 6 FLIR . A4 A 90%m, K 0.2 mL Wk 3 B ALK RN,
A3 %o W EAW, F PBS L2 M8, 42T, B3 24 ho (B IOLBHEMIRILR
HLAYIA 0v 24 h B RIRTE LI B A%

1.2.6 RAW 264.7 AR L 1B B & K 47 4H
M1 R E B AL WeBEREFE 24 h [ RAW 264.7 481, 1 000 r/min B0 5 min, fOA

2 mL SRR A E B R, BISTIA 6 SUARCF, A4l B2 J5 0 100 ng/mL LPS A1 20 ng/mL
IFN-y -l 24 h, {FEVZR4HA A M1 B4k .

M2 FRIE RGN AR AL : USCEEREFE 24 h (1) RAW 264.7 4ilff2, 1 000 r/min &5.0> 5 min, JIA
2mL BARFFREEERE, WA 6 fLtkh, Fr4iMliEE 5 mA 50 ng/mL IL-4 ¥ 24 h,
8B R0 ) M2 B ARAK .

FEEFE 24 h (1) RAW 264.7 40K 534 9 41: MO IEH 20 (MO control group, Con-MO0)
M1 B (M1 model gruop, Mod-M1) « M2 #HIZH (M2 model gruop, Mod-M2) . M1+
JEE 2 PEZ (M1 BRP gruop, BRP-M1) . M2+J5# 41 2 54 (M2 BRP gruop, BRP-M2).
MI1+J67% T 2 40 (M1 BRPNP gruop, BRNP-M1) M2+ % % £ 41 (M2 BRNP gruop,
BRNP-M2) . MI+FE&ERIEZ HE4L (M1 BRAP gruop, BRAP-M1) . M2+35 5 FR 1 £ B4

(M2 BRAP gruop, BRAP-M2) . [T MO IEH 2 4b, HAh 4 UL Eoyikdtirigss, I+
%% BRP. BRNP. BRAP #1719 24 h,
1.2.7 ELISA 3£#&M & 4A4MpE _E5E 5 M1/M2 Y B KE 40 Btk 448 < 4R AR E T2k 57

RAW 264.7 A% 8 2x 104 AN /FLEEFN T 24 FLAR, 3537 24h, FE B, % “1.2.67

TUT W7 iR 48 855 9% 24 h, BUEIE, #E 4 °CF 3 000 r/min 55 T &0 15 min, B EWE, R



P00 G Ul B 1 P R A W e TNF-an IL-10 &8
12.8 SIETOLERM MI/M2 B E R RREFR SR FRIE

1E 24 fLB_EHERN RAW 264.7 40/, BALEEE N 4x10°4>, K558 24he 2 “1.2.67 TR
TR 251557 24 h, PBS Wik, 4% PFA [HE, F PBST {5l IN 5% PBST #fi#f) BSA
J Triton &4 1 he I INOS Hifk. MRC1/CD206 HiiAFRl (CD206 (1 :100) .
iNOS (1:100) ) , 4°CiFAEII®K. H PBSIHEYE 3 K. M _HiiFa 2 /~it. H PBS &bt
3K, JI DAPI#E 5min, A PBSTifHdE 3 K. KICHMBIEIE A L, B EWERE, K
Y
1.2.9 g-PCR #&31 M1/M2 B! B LR 4R R S B E FiX

% “1.2.67 Wb 5 E 17 24 h, Y HE RAW264.7 41/, FH Trizol VAFZHL RNA. 1%
TB Green g-PCR X7 & ¥t P BB TRAE. SIBIH IR 1.

#1 55

Table 1 Primer sequences

FH LR SIWFE (5 3')

Gene name Primer sequences (5'— 3')

F:CTTCTTGGGACTGATGCTGGTGAG

1L-6
R:AGGTCTGTTGGGAGTGGTATCCTC
F:GGCAACCTGTGTCCTTTCTCCTC
Argl
R:GGTCTACGTCTCGCAAGCCAATG
F:GGCAAATTCAACGGCACAGTCAAG
GAPDH

R:TCGCTCCTGCAAGATGGTGATGG

1.2.10 HELES S04

KHI SPSS. Image] SEFAFHEATHdE 70, R GraphPad Prism 9.0 #AFREAT BIZ 11,
Kl P EME bR ( x+£5) Foi, BULZ LGB AR R ¢ i B 2 MR 5, %
AR ECALAE T 2200 #H0, BA P < 0.05 A2z RBA G Lo
2 BREHH
2.1 BRP. BRNP 1 BRAP % RAW 264.7 5E 14 B2

4T #EF BRP. BRNP il BRAP SR H 19k BE 0 MO B W 240 B v /3 (52, AR Sz ke H
CCK-8 %4l BRP. BRNP. BRAP Xf T MO E Wzt 456 7% 71 f152m . 25 Rl 1 s,
Bi%E BRP #JEHIK, 4NHIE /138w 24 BRP IS N 350 pg/mL B 40 IS /78K, 4 BRP



W KT 350 ug/mL B, 4HHE3E 1BEMK (P <0.001) ; BE% BRNP IKEEHIK, 4HM03E /1382
(P<0.001) ; Ff% BRAP IRJZHE R, 4% ik (P<0.01) o WRIGERBEZKIE N
350 pg/mL B} BRP. BRNP. BRAP X} MO E BE4H HvE ) 50 s AR, Rt 2 J5 (0 S50 R

350 pg/mL 73 AE R =Fh Z Wi 45 25 L .
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B 1 ANFE¥WE BRP, BRNP, BRAP X} RAW 264.7 4I5S HEMEM ( x+s5,n=3)
Fig.1 Effect of different concentrations of BRP, BRNP, BRAP on RAW264.7 cell activity ( X+ s,n=23)
7E: 5 Con-MO L%, "P<0.05, ™P<0.01, ™P<0.001. Note: Compared with Con-MO0, *P < 0.05, P < 0.01,
P <0.001.

2.2 CCK8 £ BRAP X A8z 4R H226 ROIETETE

WpE 2 fioR, SIS xR LR, B BRAP (VR EEHEIN, A 40 H226 75
PEZH AL, RIREEARHEIE, BRAP ¥R ok A i 40 i H226 M| e (P < 0.
001) o FHARZRYER 7 FE40L & #2815 5] BRAP WK 97.84 pg/mL I, A i 40 i H22
6 JHE AN H] 1 50%.
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Fig.2 Effect of BRAP on the proliferation of human lung squamous cell carcinoma cells H226 ( x £ s, n=3)
VE: 5 Con EbE, ™P<0.001. Note: Compared with Con, **P < 0.001.

2.3 LRI RBRER AL SEIG

& 3 FiR, Pos 5 Con AL, 4254 CCCP ABE 5 (LI, LR (A B i o7 #5583 T %,
SBERLEF N IS5 N E, BRAP-L. BRAP-M fl BRAP-H 5 Con t#, [fi%5 BRAP
IREERIBE N, SERIEXBEIE L (P<0.001) o 454 JC-1 WFIEJFEH 41, BRAP F#{E
H226 4 IR I5 F AL AT S EUER L PO X 22 . 45 ETiR, BRAP F#AIK H226 4HJL )
LRI FIAT, 7B R

Aggregate

Monomer

Merge

Con Pos BRAP-L BRAP-M BRAP-H
2.5+
2
£
3 =
oS 020
NSE™
o E
B0
=g = 15
Ho 8
o 5 107 ko ke
B R A2
Wy =
N 5 0.54 *EE
)
=
0.0~

T T
Con Pos  BRAP-L BRAP-M BRAP-H

B3 BRAP X ARSI H226 t iR AR AL KM ( x+s5,n=3)

Fig.3 Effect of BRAP on mitochondrial membrane potential in human lung squamous cell carcinoma cells H226



(x+s,n=3)
VE: 5 Con b, ™ P<0.001. Note: Compared with Con, **P < 0.001.

2.4 XREWHER

W 4 fiR, 5 Con WL, %424 24 h 2 )5 H226 I @& R FK (P<0.001) , BH#E
BRAP IR [F17Hm, H226 QUMM A& 260K, SRR, DLEmTa, 8wtk 25T
i H226 AR HIER .

24 h

Con BRAP-L BRAP-M BRAP-H
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Fig4 Effect of BRAP on the migration of H226 cells from human lung squamous cell carcinoma ( x + s, n = 3)
VE: 5 Con b, ™ P<0.001. Note: Compared with Con, **P < 0.001.

2.5 BRP. BRNP #1 BRAP %f M1, M2 & TAM ZBREEF TNF-a. IL-10 53 3AHI520E

AW 72K FH ELISA 43 501 7 BRP. BRNP fil BRAP 4bF G40 iU j5 TNF-a. IL-10
(50K o 25 B 5 iz, Mod-M1. Mod-M2 PL K 2525 4 (40 il TNF-a. TL-10 437K
P Con-MO (P<0.05) 5 #5254 TNF-a. IL-10 f50 W /KFK T Mod-M1. Mod-M2 (P
<0.05) o PLESERATRI, =M ZHEEREE K Mod-M1. Mod-M2 ] TNF-a. IL-10 [f143 7K
Vo Hrt, BRAP FRIKERRLHM TNF-o 7 il B R i %%, BRNP FEAIC IL -10 730l B3R B
e

Em
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Fig.5 Effects of BRP, BRNP and BRAP on the secretion of immune factors by macrophages ( x + s, n = 3)
7E: 5 Con-MO L%, *P<0.05, #*P<0.001; 5 Mod-M1. Mod-M2 tt;, "P<0.05, P <0.01, ™P<0.001,
Note:Compared with Con-MO, #*P < 0.05,##P < 0.001; Compared with Mod-M1 and Mod-M2, " P < 0.05, "P <
0.01,™P<0.001.

2.6 BIBERICHEEM M2 BB EMBOAR SRR IE
Wk 6 frzx, Mod-M2 FIFE N ¢ Y658 i T Con-MO (P <0.001) ; Z5ZG54H AT
SREE T Mod-M2 BUE R4 (P<0.01) o VL EZ5 A% BRP. BRNP. BRAP e T il

M2 B E R4 A CD206 %Kik, H+ BRAP R 5 T3 -

Mod-M2

BRNP-M2 BRAP-M2
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Fig.6 Effects of BRP, BRNP and BRAP on CD206 expression ( x + s, n = 3)
¥E: 5 Con-MO Lh#, ##P<0.001; 5 Mod-M2 EL#, P <0.01, "™ P <0.001, Note: Compared with Con-M0,
#P < 0.001; Compared with Mod-M2, P < 0.01, ™" P < 0.001.

WK 7 iz, 5 Con-MO. Mod-M2 b, %5 25 2H AR X 96 6 38 ie T Con-MO & Mod-M2
(P<0.001) . UL EZEETT%0, BRP. BRNP. BRAP 1 F i M2 B EEL i iINOS & 3

Hr BRAP R A3
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&7 BRP. BRNP fl BRAP Xf EME4HH iNOS FIZMIFLM ( x+5,n=3)
Fig.7 Effects of BRP, BRNP and BRAP on the expression of iNOS ( xts,n=3)
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