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Abstract: [ Objective] This study aimed to investigate the effects of eugenol on inhibiting the inflammatory activation
of human umbilical cord mesenchymal stem cells (HUC-MSCs) and the pro—inflammatory phenotype of hepatic stellate
cells (HSCs) in liver fibrosis, and to explore their underlying mechanisms.[ Methods] HUC-MSCs were cultured and iden-
tified in vitro, and the toxicity of eugenol to HUC-MSCs was evaluated by MTT method. The effect of eugenol on the migra-
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tion ability of HUC—MSCs was investigated by in vitro scratch test. The expression of a=SMA, COL1A1, Smad2/3 and p—
Smad?2/3 of LX-2 cells activated by TGF-B1 treated with EU-MSCs—CM and MSCs—CM were detected by WB assay. EU-
MSCs—CM and MSCs—CM treated THP-1 macrophages stimulated with Lipopolysaccharide (LPS) were analyzed for the
expression of surface markers CD11b, CD86, and CD206 by flow cytometry. Additionally, the expression of pro—inflamma-
tory genes TNF-a, IL-1B, and IL-6 in THP-1 macrophages was detected by qPCR.[Results] The results of MTT method
showed that the viability of the cells remained above 90% after 24 h and 48 h treatment at 0, 7.5, 15 pg/mL. In vitro
scratches showed that eugenol treatment enhanced HUC-MSCs migration. WB results showed that compared with MSCs—
CM treatment, EU-MSCs—CM treatment significantly inhibited the expression of « =SMA, COL1A1, Smad2/3, and p—
Smad?2/3 of activated HSCs. Flow cytometry showed that compared with MSCs—CM treatment, EU-MSCs—CM treatment
had a more significant inhibitory effect on CD86, a M1-type polarization marker in THP—1 macrophages. The results of qP-
CR experiment showed that compared with MSCs—CM treatment, EU-MSCs—CM treatment more significantly inhibited the
expressions of TNF-a, IL-1B and IL-6 of THP-1 macrophage proinflammatory genes. [ Conclusions] Eugenol enhances
the inhibitory effect of HUC-MSCs on inflammatory activation of HSCs, possibly by regulating TGF-(1/Smads signaling
pathway. It also enhances the inhibitory effect of HUC-MSCs on the pro—inflammatory phenotype of macrophages. Proin-
flammatory macrophages can promote inflammatory activation of HSCs.
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HSCs 1k, 73 W K & — AU J5L 4 11 (COLA, , Type
1 collagen) a—T 1 WL 31 3 (a—smooth muscle
actin,a—SMA) Z RN EE T . TEJFR A, 1 Ak
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o BERINAL 490 nm Ab 45 FL A I YA
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Uiy A2 L B3 v T BRI, SRS F PBS T UE LA 25
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B B rp e XSk IF4A B8, 7F Tmage J 50F 20175
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CM, 7E-80 CPR-AF, LI G eefdi ] . X RN T 4
i Ab B HUC-MSCs , HA R B — 5
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1) (Solarbio, China) Y RIPA 2% W (58 ) (Solarbio,
China) 24 fi% 40 . >R BCA &5 A 57 £ (So-

larbio, China) ¥ 17 H & &= . F¢ &b i i SDS-
PAGE BEJE/ 85 , 5% 2 PVDF [ (Millipore) | F
5% BR3P 2 h, 4 °CF H—¥T :anti-COLIA1
(1:2 000, ab138492, abcam) . anti—a—=SMA (1 e/
mL, ab5694, abcam) . anti-Smad2/3 (1: 1 000,
ab202445, abcam) . anti-p—Smad2/3 (1: 1 000,
ab254407,abcam) .GAPDH (1:2 000, GB11002, Ser-
vicebio) WE B I . 1 VE3 WG, bR — =
I 5 2 he i Immobilon Western HRP (Gene-
Bank ; USA )M ; I H Image J 34 #E47 5087 o
1.6 MBS
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N CD86 (invitrogen, 2400629, USA) .CD11b(invitro-
gen, 2414642, USA) Fi1 CD206 (invitrogen , 2344972,
USA) , fE 2 T A0 W 7 30 min, 285 HI PBS I%
LV, =9 = A Eb/= v L1 O Gl 8
1.7 LHEHEEZPCR(gRT-PCR)

6] THP—1 EL 20 i A ImL TRNzol (Taka-
ra, Japan) FEHUEL RNA 9K J5 , FH RT Master Mix F 42
B RNA B2 e 746 e DNA #£47 PCR (Takara, Ja-
pan) . Real-time PCR >k | Applied Biosystems Vi-
iA6 Real-time PCR % 4t , 2% JH SYBR Green qPCR
Master Mix (Takara, Japan). PCR 5% %) : TNF-
a: FORWARD: AGC TGG TGG TGC CAT CAG
AGG, REVERSE: TGG TAG GAG ACG GCG ATG
CG; IL-1B: FORWARD: TGG CTT ATT ACA GTG
GCA ATG AGG ATG, REVERSE: TGT AGT GGT
GGT CGG AGA TTC GTA ;I1L-6: FORWARD: GGT
GTT GCC TGC TGC CTT CCG,REVERSE: GTT CTG
AAG AGG TGA GTG GCT GTC,
1.8 FitFSH

B BE R I B e 22 30R o Bdla b 3
PIAEA [B] LU BOR T K50 . 22 A LU R A
E 241 (One—way ANOVA) , 2 41 B4 L #5 2%
FEAGEIT I SO A TS ) i Ak P AG: I 45
HUG IRZH LE R F Dunnett”s ¢ 46 56 5 BT A7 50H 2415k
H Graphpad Prism version 8.20 #f44t1t . P<0.05
TR EAGI R L

2 # R

2.1 {K4pEZRHUC-MSCs
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A: On the seventh day, HCU-MSCs climbed out of Umbilical
cord tissue of Waldorf’s glue; B: Morphology of human umbilical cord mes-
enchymal stem cells in P3 generation. n=3 in every group. Bar=200 pm

1 FIERHMET HUC-MSCs IS
Fig.1 Morphology of HUC-MSCs under an inverted

microscope

2.2 HUC-MSCsHI%E

Wi B X K AR 1 ) P4 AR HUC-MSCs, 18 1 37 38
21 i AR A6 I H: 26 T AR 75 4 CD73.CD90 ., CD105 .
CD34.CD45.CD19.CD11b . HLA-DR Ay %3k, i =
I3 AT 45 S R - MSCs 3 [ A5 3% 9 CD73.CD90.
CD105 BH 1 Z 2 42 3E 100% , 1M & 1L 40 il bR 2
CD34.CD45.CD19.CD11b M HLA-DR JL-P- A ik
([ 2), 754 MSCs BLA L W45 10E
2.3 T&EEY HUC-MSCs 4015 14 B 22 1

J T VAL T AR B AL BE X HUC-MSCs 1 40 g 1%
s, AR 0.7.5.15.30.60. 120 F1 240
we/ mL A T 7 B 20 ) kb B HUC-MSCs 24 h £148 h
J& , FH MITT A 4% 2 I BE L, 1158 HUC-MSCs 1
YRS S A 2 AT T (%) = (2P ik
G BE AR AT REZHSF- 4 W O BE (B ) x 100 ] o 45 5 o
0.7.5.15.30 pg/ mL R FE T & B 4b 3 HUC-MSCs,
4R TG 17 90% LA E (& 3) , PRI, Ji5 2 512 5 14 L
15 ng/ mL T F B kb3 HUC-MSCs #E{ 75256
24 TEEAIEIE T HUC-MSCs B4 T 7
BE

FTATR RSN QIR LR T T 4 By X
HUC-MSCs BiERAE 1 2 M , (58] B 0 S 4 8 Tm-
age J A4 W A [6) b B 0 f5 KR AR A ek AR . 4%
RBR AR T BB AL L (MSCs 21 ) 19 40 g 1T 7

RNy (4242.8)% (E 4A) 1 FH 15 wg/ mL T FF i 4b
FRZH (Eu-MSCs 41 ) (1 40 L3 B R (83+1.6) % (]
4B) (MSCs £ VS Eu-MSCs #H ¢=7.018 P=0.002 4) .
gE RN, T Al A B AT LA 58 HUC-MSCs 1 41 g
iR AP
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The surface markers of CD73, CD90, CD105, CD34, CD45, CD19,
CD11b and HLA-DR of HUC-MSCs were detected by flow cytometry.
One representative data from three independent experiments is present-
ed. n=3 in every group.
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Fig. 2 Identification of HUC-MSCs
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The cell viability of HUC-MSCs treated with eugenol at 0, 7.5, 15,
30, 60, 120, 240 pg/mL for 24 h and 48 h was detected by MTT assay.
n=3 in every group.
B3 T&EBWHUC-MSCs HHIiE 1K %M
Fig. 3 Effect of eugenol on the viability of HUC-MSCs

cells

2.5 TGF-B, S LX-2AaiEL

A5, F AT 10 ng/mL TGF- B, 4b B
LX-2 4 it 24 h (i H 3% Ak, 3 2 A0 22 W S5 WL 4¢ ik
TN ARZE TGF-B, A FRA [ TGF-B, () 1H LX-2 41 Jifl
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A: HUC-MSCs without eugenol treatment; B: Eugenol treatment
of HUC-MSCs; C: the statistical graph of the analysis results.one repre-
sentative data from three independent experiments is given, and "p <
0.001 indicates statistical significance compared with the control
group. n=3 in every group.

B4 HUC-MSCs BN IRSE
Fig. 4 In vitro scratch experiment of HUC-MSCs

B2 ML 8RB ; TGF-B, Ab 3 24h 4H [ TGF-B,
(+) ], LX-2 4 it 52 25 BT sl T, 20 T 25 ) i 41
A 21 R A1 2 AR CRRE A 1A) 5 Wie B 40 it 42 B 2R
1, WB 236K I LX -2 40 il a—SMA .COL A, [ 3535
T, 45 5 BN : TGF-B, A P15 a—SMA . COL,A, 3
ik L (a-SMA 1=5.705 P=0.004 7,COL A, t=
6.73 P=0.025) ; i3l LX-2 40 55 WB 45 1, 3%
B LX-2 i i % TGF-B, 1% 1k o
26 TEHEBFAIEIEET HUC-MSCs 3t HSCs
4 Re i 1L B9 HP HIE A

H T 5% Eu-MSCs—CM ,MSCs—CM X HSCs 1/
L R, AT 10 ng/mL TGF-B, 4b ¥ LX-2 AT
AR 4 24 b fi 5 A, B Eu-MSCs-CM .
MSCs—CM 43551l 40 FH LX~2 40 i1 24 h, WB A6l LX-2
4 i 5 S AR A G B R o—SMA LCOL A, /3
EOL(ES) o S5 BIR &4 a-SMA (COLA,
G20, Z R BA G E X (F=32.64, P<
0.000 1; F=28.87, P=0.000 1) . 1 Control 41 # It ,
DMEM 4] a-SMA .COL,A, 1k it & T 5 (a—SMA P
=0.000 1, COL,A, P=0.000 1) ; 5 MSCs-CM 4b 3 £
A L, Eu—MSCs—CM &b #3201 mT LB i i 2 PG 1%
A1) LX=2 40 il «—SMA . COL A, 1) % 15 (a—SMA P
=0.016 9, COL,A, P=0.033 8) , 15 B T & My &b #H 18%
58 T HUC-MSCs % HSCs 4 M 35 1k fo 4 4 76 FH
2.7 Eu-MSCs-CM 3t HSCs i) TGF-3,/Smads
EEEERAFERNINFIER

TGF-B, #£ HSCs i fbid ft il 5 2 G Y
YEH , Smads & U & T HA -, B0 75
Fib e HSCs 1L EHE N R . At —PIR%

ku
COLlAll P — ‘139

1.5

1.0

0.5

0.0

Intensity ratio [a-SMA/GAPDH]

é‘@g\@&%ﬁ“e’cﬁ\
& P&
¥

Q)Q'

Intensity ratio [COL1A1/GAPDH] /%P

The expression of a=SMA and COL1A1 in TGF- —induced acti-
vated LX=2 cells treated with EU-MSCs—CM was detected by WB and
the statistical graph of the analysis results. One representative data
from three independent experiments is shown. ?p < 0.001 indicated
that the DMEM group was compared with the Control group, and " p <
0.05 indicated that the MSCs—CM group was compared with the Eu—
MSCs—CM group. n=3 in every group.

E5 TEBAEEET HUC-MSCs 3 HSCs 41 iE L 1Y
D350 1 PR
Fig. 5 Eugenol treatment enhanced the inhibitory effect

of HUC-MSCs on HSCs cell activation

Tl AL BRI TR HUC-MSCs %} HSCs 1 Ak i 46
5 TGF-B,/Smads {7 Z# B OCFR , FA 150 5 H Eu-
MSCs—CM , MSCs—CM 4b BE 28 TGF-B, 175 5 i 1k 1)
LX-2 4 g, 40 LX=2 H Y Smad2/3 . p—Smad2/3
2R IK K. WB 453 7R 45 41 (8] Smad2/3 ., p-
Smad2/3 £ 77 5001, 2 R H A Geit % 5 X (F=
24.57,P=0.000 2; F=29.56, P=0.000 1) ., ‘5 Control
ZHAH L, DMEM 2l Smad2/3 . p—Smad2/3 & ik it & Tt
5 (Smad2/3 P=0.000 2, p-Smad2/3 P=0.001 3) ; 5
MSCs—CM ZbFRZHAH ., Eu—MSCs—CM AbFRZH 7] LA BT
T 45 3 ARG 1 AL Y LX=2 40 ] Smad2/3 . p-Smad2/3
B % 35 (Smad2/3 P=0.049 2, p-Smad2/3P=
0.0027;%6).
2.8 PMAESTHP-1 a5 4k 0 B4R A
FATRAT PMA %S THP-1 B A /LB
B THP-1 E G20 L, AR S 05T 05 4 A Ak i 1k
ShARFRIABEARY . THP-1 FRAX A0 M AE R 45232 PMA Ab 31
W, BRI A, R IEIE (FHE 2A) s 72 A
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Intensity ratio [Smad2/3/GAPDH]
Intensity ratio [p-Smad2/3/GAPDH]

The expression levels and results of Smad2/3 and p—Smad2/3 in
LX-2 cells were detected by WB and t the statistical graph of the analy-
sis results. One representative data from three independent experi-
ments is shown. 7p < 0.01 *p < 0.001 means the comparison between
DMEM group and Control group, and " p < 0.05 Zp < 0.01 means the
comparison between MSCs—CM group and Eu-MSCs—CM group is sta-
tistically significant. n=3 in every group.

Bl 6 Eu-MSCs—CM 3f HSCs i TGF-B1/Smads 15 5 i
BEEEEMMFIIER
Fig. 6 Eu—-MSCs—CM showed a stronger inhibitory ef-
fect on TGF-B1/Smads signaling pathway in HSCs

75 ng/mL PMA b3, 200 16 B 44 128 5 A8 K, 2 18T
IO, AR PRAR B WA W RE ARG A3 72 h
Jo LT 58 4 U B (BF I 2B) o W 42 N B 44 i, 3 ok
it 2 A4 L AR G 0 440 i 3% T AR 2R 4 CD11b ., CD86
CD206 4 23K 175 10 (B & 2C) , 45 3 7% CD11b i
F IR R LI 100%, CD86 . CD206 JLF A E L. 4
MR 2 5 i S I W BE 41 AT A MO AL g
2 .
29 TEEPAIEIEIE T HUC-MSCs Xt E I 48 iy
M1 BUAR L B HDHIE A

TENFEF bt R, B AR E T LR LA 98 40
JiL PR -4 5 1k HSCs, S BUF AR i Ak i) 2 A 5 R e .
I 200 e EL A o o] S SRR AR BT LAE M
(R4 A M2 B (HL R ) Z A5 Ak . FEABEE T, Ry
T PEAl EU-MSCs—CM J2 75 AT LAk & 105 248 i A 1
4 M1 B AK, & 551 75 ng/mL PMA ZbBE THP-1 B4%
YA 72 h, (154 R EOEZ N, 2R )5 F 100 ng/mL
LPS 4k 3 THP-1 B Wi 20 Al 48 h, % J5 5 H EU-
MSCs—CM . MSCs—CM 43| 4b # THP-1 . I 241 fifd 24

h 5, WA 20 AR e = 4 AR A T THP-1
L5 241 i 2% 1 1% B W 2 PR RS ) CD1 b M1 R Al
bR CD86 M2 BRI Ak AR &4 CD206(Ff I 3A) .
ZE LR £ 4118 CD86 . CD206 £ )7 22 4341, 2 57+
B A %125 L (F=10.7, P=0.003 5; F=31.41, P=
0.000 1) ; 5 Control Z14H k., DMEM 41 CD86 #i5
T (P=0.002 9) ; 5 MSCs—CM AbFEZHAH 1Y , Eu-
MSCs—CM 4k B 2 #H [t CD86 % ik i & F [ (P=
0.024 9), CD206 ik it 3 7+ 5 (P=0.006 9) . £ W]
T AL PR SR T HUC-MSCs %t 1% 40 ffd M1 B
e dIE A

7] B 38 3 qRT-PCR S 50 A6 W AS [m] Ak 21 21
THP-1 5 15 4 ffd i & FE P TNF-o  IL-18 . 1L-6
FIREOL (B 3 B), 455 R « 45 4] TNF-a IL-
1B IL-6 £ 07 2= 730 Mt , 22 S BAA it 27 i L (F=
49.14, P=0.000 1; F=33.75, P<0.000 1; F=44.53,
P<0.000 1) ; 5 Control 414 kb , DMEM 41 TNF-« .
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cells and the statistical graph of the analysis results. A representative
data from three independent experiments is presented. 'p < 0.05 indi-
cated that the MSCs—CM group was statistically significant compared
with the Eu-MSCs—CM group. n=3 in every group.
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