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Effect of compound essential oils on endothelial-mesenchymal transition of
mouse pulmonary vascular endothelial cells induced by PM, .
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Abstract: To investigate the effect of compound essential oils ( CEOs) on EndMT of mouse pulmonary vascular endothelial
cells (MHC) induced by PM, ;,and discuss the regulatory mechanism of CEOs by the TGF-81/SMAD3/p-SMAD3 pathway.
MHC cells were cultured in vitro. Design the PM, 5 group (500 pg/mL),the CEOs group (PM, 500 pg/mL + CEOs
10°% ) ,the inhibitor of TGF-8 pathway SB431542 group (10 wmol/L) and the PM, 5 + SB431542 group (500 pwg/mL +
10 wmol/L). The changes of cell viability and migration ability were analyzed by cell proliferation experiment and cell scratch
experiment. RT-qPCR and Western blot were used to detect the levels of CDHS5,CD31,Coll , Acta2 ,S100A4 and TGF-8 sig-
nal pathway related factors. The cell viability of MHC began to increase after 36 h in the PM, s group (P <0.000 1) ,and
there is no significant difference in the CEOs group. The cell migration increased significantly in the PM, s group,and CEOs
can attenuate the effect of PM, 5 on cell migration (36 h,P <0.05). The result of RT-qPCR and Western blot showed that the
expression of EndMT related factors showed a positive trend with the prolongation of PM, 5. CEOs had a beneficial interven-
tion effect on EndMT induced by PM, 5 exposure. Compared with the PM, 5 group, Western blot showed that the expression of
TGF-B1,TGF-BR1 and p-SMAD3 decreased in the CEOs group,and the expression of EndMT related factors was reversed af-
ter 48 h. CEOs ameliorates EndMT induced by PM, 5 ,which is related to TGF-81/SMAD3/p-SMAD3 pathway.

Key words:PM, ; ; compound essential oils;endothelial-mesenchymal transition (EndMT) ;TGF-81/SMAD3/p-SMAD3 pathway
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5 & H 1 (fibroblast-specific protein 1, Fspl/
S100A4) 55, FEixX A~ ik #2 v, 20 i 1) 3% 58 g ) AT
Mo e S1 BT | e X PRI 25 & A ik As
PTAER , S84 S EndMT (2 THLH 0k 17" .
TCF-B AR AE S T EndMT (92 ik 42" TGF-
B =R SRR R Y P Z R 4 &R h A 5 EndMT 1y
Fe ) Horh TGR-BL (R RO W 8. A BT
W], PM, s T3l BT TCF-B {55 ik A2 1Y s il &8 %
O AEH: P A B AL LA B ) Bl 27 4 Ak 14 52
M) s AT A

F57M (essential oils, EOs) 7] i i 2818\ £F a1
N2 T N TT AR AL SRS Fh - i 2R
RS I, BA PR JH R PUAAl S 2 M
PELILE )2 B T I AR | 24 2 AR i 5 A A 40
B TS R AR B R T VR IR T BT
HEYR“ A SRS FIE" BRZ 5 7 ik, nl i i & 3
WA AR EORST SN R 2 . JUIA] A
FLAE A ZAZAE MR IR YT W R G859 14 5 WK i,
A DU B AR R ARER ORI R A E R,
S T PR i 3 05 52 48 0 15 35 I 2% i 34 e
FRATARYE 5 97 Bl bR D0 Rh B 5ok il 52 e A T
R T AL 5 vh, 890 T & ks i i TGF-81/
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Table 1

Primer sequence

AR BRI —3")

Target name Forward primer(5'—3")

TEFI(5'—3")

Reverse primer(5'—3")

Mus-Gapdh AAATGGTGAAGGTCGGTGTGAAC
Mus-Coll al GACATGTTCAGCTTTGTGGACCTC
Mus-Acta2 GACAATGGCTCTGGGCTCTGTA
Mus-CD31 TAAGCCCACCAGAGACATGGAA
Mus-CDHS TGTGCAAGTGCAACGAGCAG

CAACAATCTCCACTTTGCCACTG
GGGACCCTTAGGCCATTGTGTA
TTTGGCCCATTCCAACCATTA
TTACTCGACAGGATGGAAATCACAA
CTCCGCAGGATGATCAGCAA

1.9 ZFEHSEEZEEDF( Western blot)
LA A & PMSF 1Y 24 i 2% i i, BCA
RN ) G G IR VR B B 1 40 g 7
B %1 0.45 pum (% PVDF & I ;5% BEBE 2R W55 4] 2 b
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000) \Acta2(1:2 000) ,S100A4(1:500) " TGF-B1(1:
1 .000) ., TGF-BR1 (1:1 000) ,SMAD2 (1:1 000) .
SMAD3(1:1 000) .p-SMAD2(1: 1 000) Fil p-SMAD3
(1:1000) ,4 CHMER LA ; —PL(1:2 000) %R H
2 h; ECL UG E I ; Tmage T A 43 H7 451 1
JRIEE. HMEAMX £LE = BWEAKEHE/
WNSE K,
1.10  SEitar#h
GraphPad Prism 8.0 431 S2 5 7 A9 B0 , I3
TR £ AR (v 2 5) Fomo KA ER I
HREF Z0T LAES Lt K5, P <0.05 #IA K
HAEG 8 L.
2 #R
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AR S I 25 i B A 9 UE B R 500 pwg/mL )
PM, ;[ S MHC 4} % /& EndMT ™', 5@ 3 MTT

A 107 107 10107 (107 107 [ (VI/V) % ] &
JrR§ Il B AR ) MHC 20 i 48 h 5 40 i 735 14 A 2l
AE BB 107 [ (VI/V) % JAE R 5 754 il T4 e et
MZGHH ) (P <0.01, /4 1) .
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Fig. 1 The experiments of drug concentration
H: 5 CEOs Bl /EH MHC 41 0 h J5 4 i VE PR SUE, * P <
0.05," *P<0.01, Note: “P<0.05," " P<0.01 vs the O h group.
PM, AEHI4NME 24 h 5B B4 & 7 MHC 40 /i
HIEPE(P <0.01) ;7 36 h 148 h i5f MHC 40 1)
M (P <0.000 1), {H 52 7585 il 25 Y 40 1 3% 14
A BEBUE (WK 2C) , TR LE P, PM, 2
FS TG AL 5 A0 36 b J5 , PH4L 20 T 7%
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Fig. 2 The result of cell function experiments
B PM, s ZH S5 X BRAAR L, * P <0.05, " * P <0.01 , R ITKMZLS PM, s 4AH L, * P <0. 055 C. PM,, s 201 J7 K5 20 MHC 40 7R 7] 10 7]
T A EEAEAL, 5 0 h AR, * P <0.05,* * P<0.01,**** P <0.000 1, Note:B. The control group s the PM, 5 group, * P <0.05,* * P <
0.01;The PM, 5 group vs the PM, s + CEOs group,*P <0.05.C. *P <0.05,**P<0.01,* *** P <0.000 1 vs the O h group.
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o EKET 24 h J5, Acta2 F1 S100A4 B H

K7 R Coll iy 2z fig A F 25 B A BLAE & J5 K 1
Tk i T REHIT PR (P <0.001,P <0.01) 7  F736 h J5(36 h,P <0.05;48 h,P <0.05, 1L 3) ,

*x2 EFFEHAS MHC 4fE COL1al ,CD31,CDHS5 #1 Acta2 mRNA Q’ﬂﬁ']‘%}ﬂ,(; + s,n=35)
Table 2 The expression of COL1al,CD31,CDHS and Acta2 mRNA in the CEOs group in MHC cells(; + s,n=5)

2H 5] Group 5[] Time(h) COLIal

CD31

CDHS5

Acta2

=Wk R 6 2.2x10% £2.2x10°

The PM, 5 + CEOs group

12 3.6 x10° £2.7 x10°
24 1.9x10° £1.4 x107
36 1.1x10% £7.0 x107
48 6.7 x107 £5.6 x107

0.000 04 +4.3 x 107
0.000 05 +6.4 x10°
0.000 08 +8.2 x10°
0.000 10 £0.000 1

0.000 06 +8.1 x 103

1.1x10° 6.2 x10°
8.7x10% +4.9 x10°
5.8 x10° £4.9 x10°
1.0x10%° +6.8 x10*

1.3x10% 1.3 x10°

0.001 6 £0.002 1
0.001 4 £0.002

0.001 4 £0.001 9
0.000 8 £0.001 2
0.000 8 £0.001 2

MHC(PM:s 500 pg/mL+CEOs 10%%)

6h 12h 24h

36h 48 h
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B3 S7EHAER PM, %S MHC 40/ EndMT K212
Fig. 3 CEOs can alleviate EndMT in MHC cells exposed to PM,

H: 56 h 4 i, " P<0.05,

**P<0.01,"**P<0.001, Note: “P<0.05,**P<0.01,

***P<0.001 vs the PM, s + CEOs group at the 6

h point.
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A S5 % F AT IR PM,, 38 2o 300G TGF-
B1/SMAD3/p-SMAD3 i %% 5 MHC 41 {4 % /= End-
MT'"' . Western blot 45 B 7, 5 PM, sZHAH I, 7F
kG imdLH  TGF-BR1 Fil p-SMAD2/3 #J4 T K
# H H TGFBR1 (P < 0. 05) Fl p-SMAD3 (P <
0.01) FRERZE(ULE4),

SR, 5 kR m A b, CD31 B8 3Rk

AR (P <0.05) , Coll ,Acta2 F1 SI00A4 )3
IRVIHA TR (WES) . 28 LR, &5 i
AR 9 TGF-BR1 ik, FEAR T i 48 7> 1 p-
SMAD3 F 31k T il EndMT f % A4z
3 itig

PM, 5EF19§(£E@ KERYZ —. BIHE
KL/N 85 B IR A B8 I A0 L b, TS ApR 2 28
PRI AR BB R o LA PN BE B P B2 N
LV A A, X L8 8 - SR AT B 1



Vol. 33 HRTRAE ST A T PMy, 5 175 /0N U S50 0L 55 P B2 200 i PR i) B A ) S i 1011

MHC
PM: £ ok =
CEOs - 4+ - -

SB431542 - — +

TGF-BI ~— - — !]
TGE-pr [ -
SMAD (S e s s |
psvap [ S
SVADS [ e . |
p-SMAD3 _-ﬂq

44 kDa

55 kDa

58 kDa

58 kDa

48 kDa

47 kDa

36 kDa

T ik i

0.5

0.0

=
=
j=3
=)
<
2
2
=
&
]
2
&
8
=3
=5
M a
op &
0
4

=3 TGF-p1
EA TGF-fR1
E=8 Smad2
E p-Smad2
[ Smad3
p-Smad3

|

I /
PM, PM, s+CEOs  PM, ¢+SB431542
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Fig.4 CEOs can reduce the expression of TGF-81/SMAD3/p-SMAD3 pathway induced by PM,
B IHALS PM, s4IHR, " P <0.05, * " P <0.01;PM, 5 +SB431542 415 PM, 41 %%, " P <0.01, Note:The PM, 5 group vs the
PM, 5 + CEOs group, * P <0.05 and * * P <0.01;The PM, 5 group us the PM, 5 + SB431542 group,*P <0.01.
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PM:« + + + -
CEOs = A

SB431542  — - + +
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CD31

CDHS

S100A4
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[ -
- -
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o o |

130 kDa

130 kDa
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22 CDH5
B CD3I

P AN A b 5 2R X ek it
Relative protein level (Ratio to Gapdh)

g ]
é
VA £
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Acta2
S100A4

2
;|‘
3

SIS SSS IS 4

5 E75tEHEIET TCFE1/SMAD3/p-SMAD3 {5 S & sl PM, ;% FA9 EndMT
Fig.5 CEOs can alleviate EndMT by regulating the TGF-81/SMAD3/p-SMAD3 pathway
VPRSI PM, S HAR, P <0.05;PM, 5 + SB431542 255 PM, 44 [t 4, *P <0.05,*P <0.01, Note:The PM,  group vs the PM, 5 +

CEOs group, * P <0.05;The PM, 5 group vs the PM, 5 + SB431542 group,”P <0.05,*P <0.01.

Jitk o AT EndMT 328 PN K2 4 2 155 2F 4 4 A
R Z— , A BN GE 20 M R 3G, Rk 2s
o8 75 40 0 A R %88 sk 0>, o e 2 4 A L RO, DT
I AT A R . SE e & F I C IR PM,
Al % 5 MHC 40 it & 4= EndMT, Acta2, Coll FlI
S100A4 [{8E 1 # k& T}, CD31 F1 CDH5 [y %35

R, AR PM, 5 AT /)N B G A P B A A O AR
EndMT,S100A4 1198 1 255 5 A3 ML IESE T End-
MT {Efi 2T 4k i HoA E B /R

ARSI SR A 5K I E NN a-IR M
(16.54% ) ¥t 2 (16. 7% ) FIHfar B (12. 86% )
AR b KR R AL N - BB ), AT A Rk
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R E AL, & 7K T 7 36 h )5, Acta2 Al
Coll FYZE 112k I Bk /b, $2 /R & 7 K i %) End-
MT {) %A B B SiEH

95 & B0, TGF-B FEMT LAY & & I s 2 1Y
Ry T R A A €0, LR S S TGFB1 52
AR T 20 B 5 55 19 5 K, S XoF e & 4 A 1) & HIL
WS P E . T SE S B 2 & B, PM,  A4b H
MHC 4i ifi 48 h J5, TGF-81 . TGF-BR1 #I p-SMAD3
(REE FIZRIB JE 3G 0, (A 4E PM, 4 P A SB431542
48 h J5, TGF-BR1 Hl p-SMAD3 ff) 3 ik i />,
SMAD & H# L2 TGF-B1 {5 =i I iy AL FE he
AT 00, PM, s T3 3 R TGF-B 15 53 1%, 3k
TGF-B1 Ak Al M 20 25 ¥ 76 TGF-BR1, TGF-BR1
PG 5 5 SMAD3 454, p-SMAD3 ()3 J& #& ik ]
PR 1] 7T 55 240 b 2 42 2 K 1 384 i R fie JiE A AR
S TifE & 7R i 4 v, TGF-BR1 Al p-SMAD3
()28 28 1 B T B, 2 7RG Tl 3l 2o 410 ) TGE-
BRI BYIKIE FEAR p-SMAD3 [y 3k, TR0 ] PM,
B3 EndMT %44

I #E T, &2 0 R ok AT Al G Al TGR-B1/
SMAD3/p-SMAD3 {5538 [ 1) 1k I 2% PM, 5 15 5
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TR IR EndMT (33 49516 & FVE 7 K i i+ il
07 AR T PSR
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