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Ecklonia kurome polysaccharides delays pulmonary fibrosis by regulating
macrophages polarization
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Abstract: Objective To exploring the mechanism of Ecklonia kurome polysaccharides in inhibiting pulmonary fibrosis by regulating
macrophage polarization. Methods Low molecular weight fucoidan (LMWF) was obtained by free radical degradation of sulfated
polysaccharide extracted from E. kurome, and its monosaccharide structure was determined by high performance liquid
chromatography. The expressions of polarized biomarkers in M2 macrophages of pulmonary fibrosis mice and LMWF treated mice
were detected by immunohistochemistry, and the expressions of M1/M2 markers were detected by Western blotting and qRT-PCR.
Lipopolysaccharide (LPS) combined with interferon-y (IFN-y) and interleukin-4 (IL-4) were used to induce MH-S cells respectively,
and the polarization models of M1 and M2 macrophages in vitro were constructed to explore the mechanism of LMWF in regulating
macrophage polarization and delaying pulmonary fibrosis. Results LMWF significantly decreased the expressions of M1/M2
macrophage markers in lung tissue of mice with pulmonary fibrosis (P < 0.05, 0.01, 0.001). Similarly, LMWF effectively inhibited the
expressions of M1 and M2 markers in cell model (P < 0.05, 0.01, 0.001). Conclusion LMWF can regulate the polarization of M1
macrophages through anti-inflammatory effect in the early stage, and help to reduce fibrosis by inhibiting the polarization of M2
macrophages in the later stage.
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20210521). y T4t % C(interferon-y, IFN-y, #t5
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e, FHEAARTE B, 433 1.0 mol/L NaCl ¥
A5y (O RFTE R B 50 5 il 47 4k B T 0T
AN EREPEOSD) o JEF 3-FA - 1 - 8 32 il e -5 -
FERT AT A A S 1) G AH €415 Chigh performance
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BB R A2 FH PR - AR BRI s S . AL
P-BRE TIR IR 3 A Y. - B RR Ah R £ -
F Tl LMWE (5 s i, DL L dEn
VE bR 123,
22 EIE. EREHRTE

BN SEIORE R AT HISEIORT 0 /NER BEAL
SR TAR BRI K LMWE 1. L S iK1 & (25,
50. 100 mg/kg) HATLER (3mgkg) 4, 4 12
Ho BUHR FH S B0 A e A 77 /MR ip 1%
LEZBNRRIRfS , AT EVIEAR, SN E A

1B R (WoRERACH ISR, TEIE,
3.5 mg/kg, WM 1 mL), RFARH/RSE NHEE
SARTR AR B SR KAE R . RG4E60 0, Wi
JE ¥ BRIVE R B JS R/N SRR [ Zh P B, B B OKE &,
FEfRR: THRERBETE 3. 7. 14, 21, 28d
AEFEALHAFIE /N, BUIZH 2T 75 R R -4 (HED
Pt SR, W10 W 98 hE e A A,
IR H Masson Jetf K RAR LT G Mg IR ST,
B /N BRI A 4R R B B AT A2 ] (Masson Al
FREB GBI IR IIR, 4o, A
AR . LMWE HJC R 280K, KM ip 45
24, IR 28 d (TSGR E ).
2.3 M2 BIEREAREYIFRIE

BN BB A SRS D) Py dAT e e AR, W
%2 Arginase-1. Fizz-1. YM-1 FIRIEFEN . /)
UL ZAE VR P S LR IR 1, FF A BCA i
& e P41, SR H Western blotting £l M2 AE4)
br&EY) (Fizz-1. Arginase-1. YM-1. TGF-B1) [j3&
15, {8 Image J 8T 257
2.4 qRT-PCR #30 M1 5 M2 BIE LEZBAEHRS
Fik

Fe IR & 1 B R U U ZH 24 5 RNA
H4 K cDNA, 4T qQRT-PCR 20 #r. #6:3/)s 6Lt 25
A Arginase-1. Fizz-1. IL-10< YM-1. TGF-p1.
CD86+ TNF-a. IL-6+ Toll #££5Z 4% 4 (Toll-like receptor
4, TLR4) F—4%E % &8 2 (nitric oxide synthase
2, NOS2) EFFRIRELS, 5IYFHI WK 1.
2.5 CCK-8 #&MZAaE S

MH-S #HiffiFH & 10%/54- % . 2 mmol/L L-4%
AWM. 100 U/mL F& 2 M 100 pg/mL %K K
RPMI 1640 35353, T 37 ‘C. 5% CO, Hiks 7248
Fige. AL 2X 103/4LEF 3] 96 Uik, S5ANE
R E (0. 50 100 200+ 400+ 800 1000 pg/mL)
1) LMWF $£557% 24 ho il A\ CCK-8 F£157% 1h, K
FH43 Y66 EE T E 450 nm AL IWROGEE (4) 14
2.6 EMEHRIERRERE

PL 2 X 103/4L3F MH-S 4Hfg, 1L-4 (20 ng/mL)
75T 48 h F 3 M2 RALABEAYR7-281,  [R] i AN [ i &
W (100 200, 400, 800, 1000 pg/mL) f{] LMWF
SEFE, FIWEA S ZYIRIN R

F IFN-y (20 ng/mL) BX& LPS (10 ng/mL) 5
T MH-S 41/l 24 h, #E M1 BIRRAAIYE),  [E] i
FHANA B 234 FEE (25 50 100+ 200+ 400 800 pg/mL)



* 5622 «

FED 2023F 98 $54% B 178 Chinese Traditional and Herbal Drugs 2023 September Vol. 54 No. 17

x1 ERMERESYSIIFS

Table1 Macrophage marker primer sequences

FH S1MFA (5°-3)

Arginase-1 F: CTCCAAGCCAAAGTCCTTAGAG
R: GGAGCTGTCATTAGGGACATCA

Fizz-1 F: CCAATCCAGCTAACTATCCCTCC
R: CCAGTCAACGAGTAAGCACAG

IL-10 F: GCTCTTACTGACTGGCATGAG

R: CGCAGCTCTAGGAGCATGTG
YM-1 F: GCAAGACTTGCGTGACTATGAA
R: AACGGGGCAGGTCCAAA

TGF-p1 F: ACGTCACTGGAGTTGTACGG
R: GGGGCTGATCCCGTTGATT
CD86 F: GAGCTGGTAGTATTTTGGCAGG
R: GGCCCAGGTACTTGGCATT
TNF-o F: CCTGTAGCCCACGTCGTAG

R: GGGAGTAGACAAGGTACAACCC
1L-6 F: TAGTCCTTCCTACCCCAATTTCC
R: TTGGTCCTTAGCCACTCCTTC
F: GGAGTGACGGCAAACATGACT
R: TCGATGCACAACTGGGTGAAC
TLR4 F: TTTGACACCCTCCATAGACTTCA
R: GAAACTGCAATCAAGAGTGCTG
F: CCTCTATGCCAACACAGT
R: AGCCACCAATCCACACAG

(1] LMWF &b B0, 551 BEA S 259 mnt i . H
CCK-8 2t A I 4 i v7% 77 DA 126 A7 0 L
27 BRAZEATERMAMRERIL

MH-S ZifELL 1 X 105/mL #/T 6 L, 1L-4
(20 ng/mL) %% 48 h, FFHASEFEKE (200,
400+ 800 ug/mL) [ LMWF A4 . F IFN-y (20
ng/mL) Et& LPS (100ng/mL) %%, FEHARER
EIREE (200, 400. 800 pug/mL) f LMWF 4bFH4
M. T RAEE PN MEAS IR A&
Tt B BIR BRI RNA & cDNA, #47 qRT-
PCR 73#1, ¥l Arginase-1+ Fizz-1+ IL-10~ YM-1.
TGF-f1.CD86 TNF-a+IL-6+ TLR4. X )7 (collagen)
L EEREE E (fibronectin, FN) A1 o1 UL
HH (o-smooth muscle actin, a-SMA) HIFERFKIA,
SIMFFINGR 1. 2. FEEAHMLEE BT E =,
K H] Western blotting £l Fizz-1. Arginase-1. YM-
1. TGF-pl. CD163. iNOS. TNF-a £ CD86 &
Fik,
2.8 GitFESH

{81 H Image Pro {73 #r Western blotting F14
ALYt gh R, IR GraphPad Prism 8.0 {4
HATGA b S (R 2 Sl i s R R 7 2
Bt CANOVA) #AT1#AE, S35 #E4T Dunnett £555 .
BT & mEAE L X £ s R,

NOS2

S-actin

w2 FHEUAREISIHFTY

Table 2 Fibrosis marker primer sequences

FE ] S5 (5°-3)
collagen F: ATGGATTCCCGTTCGAGTACG
R: TCAGCTGGATAGCGACATCC
FN F: AAGACCATACCTGCCGAATG
R: GAACATGACCGATTTGGACC

a-SMA F: GTGACTCACAACGTGCCTATC
R: CTCGGCAGTAGTCACGAAGC
p-actin F: CCTCTATGCCAACACAGT
R: AGCCACCAATCCACACAG
3 H#HR

3.1 BmEHEUFER

CL-6B il A% B I 11 B2 A 2 B HEAT 70 o
6 £ W i C0~2 mol/L NaCD75 31| 2 M fii 4143 (FO.5
A F1.0), U4 F1.0 4 (K 1-A). R4 F1.0 Hitk
SEER TV AR, (H T H AR A RS B A
(IS A AR, AHE SR EHINR T F1.0 1%
KA FERER T T I, N A R
a5, HUGRPLAFERF AR (B 1-B). X4
FREMRE R A 9801 (B 1-C) o HhZR A MRS,
PR, S AN, PERSRR . BRIRARE 5L
SN 52.53%. 38.75%- 2.98%- 34.33%, F-FLBE.
HEEE. A, R AN, . EANE
R R R & N 0.03 £ 0.01 50 0.01 :0.01 :
1:0.02.
3.2 /EEHELS M2 B ERARREIEBRIE

AR (B 2-A) IR, Arginase-
1\ Fizz-1 F1 YM-1 7ENGEF 44k /s A 2 (1) 3Rak
EEWEI (P<0.001), 17 M2 BB AL FRICH)
£ LMWF ACFE (1) /N BRI 2H 23 Rk /K1 S 2 B AT
(P<<0.01. 0.001). if i Western blotting f&Jll M2
W S AR AL AE bR A (B 2-B), 455 7R LMWF
TEADEAE bR ERIE T EA RIFHRR e, &
F[#{K T Fizz-1. Arginase-1. YM-1 f1 TGF-B1 %
ik (P<<0.05. 0.01. 0.001). MtAh, BHHERTIE 254k
JERAXRT M2 BN AR A AE b I RIE A AT
FIFMHIE R, (5 YM-1 RIEEA BB IHI7ER .
3.3 /NEREH4AZE M1 F1 M2 BB RAR A AR &
EREFRIK

N T HEFL LMWE S 15 0] AT B R4 il Ak,
Rl 7 /N BRI M1 AT M2 WAL AE b S
mRNA 7KF. 1 3 Frw, SEFRALR, HE
HANRMHLRH M2 BREY) Fizz-1. IL-10
Arginase-1 F1 YM-1 BRI FRE K RE T (P<
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A-gradient elution curve B-monosaccharide composition (1-mannose, 2-rhamnose, 3-glucuronic acid, 4-glucose, 5-galactose, 6-xylose, 7-fucose, 8-

ribose) C-spectrum of molecular weight composition of polysaccharides by high performance liquid chromatography

1 BEF%EHE F1.0 A9 LFERK

Fig.1 Chemical composition of E. kurome polysaccharide F1.0 component

A
I8
)
®
ul
=
pang
el
B LMWF/(mg-kg™) Arginase-1 Fizz-1 YM-1
10 S
= TR
Fizz-1 12X10* =B
LR of o =5
. " i ; = LMWF 25 mg-kg!
Arginase-1 WTI 3.5X10 ] . gL i =LMWF 50 mg-kg™!
= ® = L MWF 100 mg-kg™'
=
TGF-B1 - - 44X10% 5
——
BFAR AL 25 50 100 ke -
LMWF/(mg-kg™) Arginase-1 Fizz-1 YM-1 TGF-p1

A-G AT Arginase-1. Fizz-1 il YM-1 f&iE (X400)  B-Western blotting #:l M2 EWME4H LA Mbr EMIRE  SETARYAL
. #P<0.01 #P<0.001; SEREAHE: "P<0.05 “P<0.01 ""P<0.001, F3 [

A-Arginase-1, Fizz-1 and YM-1 expressions by immunohistochemistry ~B-expressions of polarized biomarkers in M2 macrophages by Western blotting
#P<0.01 *P<0.001 vs sham group; "P<0.05 "P<0.01 *P<0.001 vs model group, same as fig. 3

B2 LMWF 3Bh&t4E i/ RARE LR M2 BB IRARFRSIEAREMFN (X£s,n=3)
Fig.2 Effect of LMWF on M2 macrophage markers protein expressions in lung tissue of mice with pulmonary fibrosis (X £ s,
n=3)
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§ 1.0 ﬁ L0 3. 1 T E 1.0 sk
:%0 0.5 Hkk & 0.5 e = s ISEY]
0 0 0 0
BFABE 25 50 100 BFAREA 25 50 100 BFAR A 25 50 100 BEA B 25 50 100
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X §X10° 1 2X10
9w I g B g soood o o
40 - i 4% 10: 300 ok ® 3000 I
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&) &) . *okok
& 03 0.5 el ) (1)21 - . . = Hokk
0 0 0 0
PR 25 50 100 BFER A 25 50 100 BFEARFAR 25 50 100 BFAR A 25 50 100
LMWEF/(mg-kg™") LMWF/(mg-kg ™) LMWF/(mg-kg™") LMWEF/(mg-kg™)
5X10° 1.5X 10" i
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®o2x10° #® Hkk
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1 15 i 400 .
~ ) ;2 i
S 1.0 S 3 skt
= 05 REE L KR = 4
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LMWF/(mg-kg™")

& 3 LMWF StheF4Eb R ATZELZR s M1 F1 M2 B4R A MIFR SR E KL

BFARBE 25 50 100
LMWF/(mg-kg™")

9% (Xts,n=3)

Fig. 3 Effect of LMWF on M1 and M2 macrophages biomarkers gene expressions in lung tissue of mice with pulmonary

fibrosis (X £ s,n=3)

0.001), 1] LMWF R8skl M2 24 B g4 f by 47
Fi£(P<0.01.0.001), [, LMWF &K T TGF-
Bl FiE (P<0.001). B4, LMWF A]FEEK M1 B
YRR &Y CD86. TNF-a. IL-6. TLR4. NOS2 #
i5 (P<0.01. 0.001),
34 EBHSHEET M2 BB

N T PRZE LMWF Xt g 4 A a4k 0 1 5 1
Pl T LMWF 1E IL-4 755 MH-S 4 e .
KA CCK-8 iEta I fuEitt. 450K, LMWF
(0~1mg/mL) X} MH-S 4iffi L8Pt (B 4-A). IL-
4535, MIEERAELN, LMWF o] DLA 20
AT, D IL-4 PR (B 4-C0. Kk
FETRIE S, 15 200, 400, 800 pg/mL 1F yS2ih ik
BE (] 4-B). Kl M2 W4 b Ak 26 ks 254 1)
E A M mRNA FiA(E 4-D. K 5), 45 L LMWF
AT DL R M2 BUAEYbR EPIRIE (P<0.05.
0.01. 0.001). [FIEF, EAM T £F 40 hr E 4 1)
mRNA Ki& (K 5. 7KW, IL415H5FG, 14
febr &ML (P<0.05. 0.01), LMWF #J L)
BEAR A b br B HIRIE (P<0.05. 0.01),
35 EBHAZEAT M1 EIEHRERK

f&Bh LPS+IFN-y iS5 MH-S 40 M1 B

W AR AR AR (] 6-A) . 155 5 4RI T A5 2248
AR, @i CCK-8 R &I Jok . 45
REE, LMWF X 200 Bon HacR, g8 T
200, 400 800 pg/mL YEAMEHME (K 6-B). @
i Western blotting A1 qRT-PCR il M1 E k40 g
kR EYINEIE (- 6-C. D). 45 B EIR LPS Bf
k7 CDI163 M (P<<0.001), 5T iNOS.
TNF-a. CD86 FiX (P<<0.001). #Rifii, LMWF 1]
PAA RO HEIE (P<<0.01. 0.001). qRT-PCR &
NIRRT N e O EZE
4 g

I AT AT T R B LMWE 1] LA 25 410 1) i
it fE, RECLIUESE LMWE o] LURHWT TGF-
B/Smad 15 F K FZH T E2 #HXHF 2 (nuclear
factor E2 related factor 2, Nrf2) i i &4 k. [18-19],
SRIMAT T LMWE il i 21 446 1) EL AR F ML ATS

FENT AT AEARIA, 22 Bl RO 4 S 30
VR 1) A AR, HE AR A 2R S oAk R B A
MG, B RN Ao A n] T R SR A AR AN R Y 2
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