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[ ABSTRACT] Aim  To investigate the impact of bakuchiol ( BAK) on lipid accumulation in macrophage-derived
foam cell and explore the underlying mechanisms. Methods MTT assay was used to determine the non-toxic concen-
tration of BAK on foam cell.  Oil red O staining, NBD cholesterol, and Dil-ox-LDL were used to assess lipid accumulation
in foam cell. RT-qPCR and Western blot were utilized to measure mRNA and protein expression, respectively. Re-
sults BAK promoted cholesterol effux and reduced lipid accumulation in foam cell. ~ BAK upregulated the mRNA and

protein expression levels of ATP-binding cassette transporter Al (ABCAL) and concurrently downregulated the phosphoryl-
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ation levels of extracellular signal-regulated kinase 1/2 (ERK1/2).
sulted in decreased ABCA1 protein expression compared with the BAK-treated group.

Treatment with the ERK1/2 activator Ro 67-7476 re-
Conclusion BAK reduced lipid

accumulation in foam cell by inhibiting ERK1/2 phosphorylation, upregulating ABCA1 expression, and promoting choles-

terol efflux, thereby suppressing foam cell formation.
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A, Mo LR R AR S BUMAS WO L. B
W 208 58P 00 T 40 L P TS i A5 DL [T -5 BB
ANV 2 AR 5G o PRI T 4 ) I ] e ) 55 BB A5 0
X As BEHAIE A HEE L, W R Z A
TR R IR 7E B g 20 A v | 2 4 U0 A4
B AL ARG B 1R 25 (oxidized low-density lipopro-
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L1 (HE5iRE

% 3 fie S FLAR 3 AL ( Molecular devices) , 28 i
T3 (Countstar) , IE & #| & — KK Lt B &
(Thermo Fisher Scientific) ,Nano Drop # i & % 4 2+
F H & it ( Thermo Fisher Scientific ) , #4#& & £ ( Ap-
plied Biosystems) , 52 B & & 2R & B £ K5I (real-time
quantitative polymerase chain reaction, RT-qPCR) {¥
( Applied Biosystems) , 2 H 3 b2 & Xk 2 4% ( b
BRESFFARAA),
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1B A B (9 I R D AR L A A R IR A
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("M ZER £ WA B ARANE), NBD B EH &
(Thermo Scientific) , ApoA I (Sigma) ,RNA #& BUK |
SYBR Green One-Step RT-qPCR & 7 & ( L2 =
R/ F ), ABCAL 4 & (CST), ERK1/2 #i K | p-
ERK1/2 Futh (MM 4 % £ M H AR AR 2 F ), Ro
67-7476(MCE) . PCR 3|4 1 & T 4 4 T2 ( L)
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E(E 12 FEFZHEZRE)ERT 5%C0,,
37 CEBERAT,

1.4 SEFREMERNE

BN %04 K 3 THP-1 40, 5 244 100 pe/L 8y
f# 9% B ( phorbol 12-myristate 13-acetate, PMA) 4 32
24 h,FRE N E K @M E R T A B 4 L E 8
B MM 6 ~12 h, B4 A 75 mg/L th ox-
LDL 1 if % 3% 2 240 72 40 A0 48 h i 5 4 & 0 8 3k
HM, FEE R AR B R E BAK B3 25 2 A0 FE 4
24 h,

1.5 MTT j#i 4 BeiE 1%

B 1.4 % THP-1 40 f ¥ FF T 96 FLAR + , A &
FR%E BAK W r W EmM, % EBELZ5, BE
20 h Ja, B w445 g/L i MTT 35 35 2757 20 pl
BEAM 4 h, F EWE, w200 p. = F 2 T AR
( dimethyl sulphoxide, DMSO) ¥4 # % & , | B8 A7 L4
M 490 nm K KA REE, R AHIHH 40 F
1.6 ML 0 F @

PR 1.4 ¥ THP-1 20 EM T 6 LR+, Wz
Ok 4E R A AL SF 2 B B KR E 20 pmol/L A
40 pmol/L # BAK ¥ % 24 h, *Th¥# %k 5 i PBS
HR3 K, B 4% 5 RFEZEREE 10 min 5FHR
2z 2 V& 7 ( phosphate buffer saline, PBS) & ¥, A
60% FHEZEIEE 3 min &, AN HI 0 TER
A 37 °C o % 2 20 min, B 60% 5 7 B &
1 min, J5 Al PBS JE ik 1 K, AR AR 4% 30 s, & &
FPBSEHhS AR HmEZ, BIEEMEAR
fig 7 9 48 R
1.7 ¢HAEABEER & £

R 1.4 ¥ THP-1 @M T 6 FLAR +, WE
Ok 4 R A AL SF o R R R 200 pmol/L AR
40 wmol/L t BAK 5% 24 h, F %} F 5 | PBS
FEVE3 K, AmN 200 wL By A B AR B 4E M P9 fE
BHRAAN G R B IR TR, ISR
FF A 28 B N % BE [ B% (total cholesterol, TC) &
% fH [E B2 (free cholesterol, FC) & & , 3F i1 & f0 [F B2
B ( cholesteryl ester, CE) & &, CE & & (% )= (TC-
FC)/TCx100%
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1.4 % THP-1 HHF S HER M, A+ 4

B mMENIEREREFO6~12h, mANETRKEDH
Wi e HE[ o Ky 2t B4 KK £ BAK 41 (BAK-L 41) |
&K JE BAK 41 (BAK-H #41) = 41 | /¢ & 24 h, ¥ #: Dil-
ox-LDL(20 mg/L) By & ¥k AW H 4 h, F £ +
A PBS k3 K, AR A Rt Rt
b, B0 I PBS AR A 3 K (5 min/K)
A % o e LA B AR B I 7% o8 3R, ROk
KU K 549 nm, K4 K% 565 nm, F 48 #L It
B, &E R KL B MEW R B,
1.9 BEEEERYXE

e 1.4 % THP-1 4035 5 9 Evg 40 g, Al &
A B MR AR R 6 ~12 h, I 4 NBD-JE [
B2 (5 mg/L) WML vE 35 5 208 5 24 h, FE R A
PBS ¥ 7t 3 K, i NTF B K E 2 3 R [ o At BB
40 K Uk & BAK 41 (BAK-L 41) . % % & BAK 4
(BAK-H #1) ] 1 & 18 h, Bl L W & = X T 4] &
ApoA I (20 mg/L) 893 37 2L | fm N3 b7 3 20 AR 7L 0
H6h, A% OO EE R TRk
K8 483 nm, & 4T K 35 8 4 523 nm, 40 L A
PBS V& it 3 Wk, A 3R AR R ZE A% 20 B, 10 min, B A6 1
AR, BEEREFE(%)=EREEEE
B/ (FERAEEEE+40 0N EEEE)x100% .
1.10 SEBfEE PCR

AR FE R 2 B AR A SF 0 B LR E R 20 pumol/L
#1140 pmol/L #y BAK % & 24 h, RNA #& BURK 48 B
48}, % RNA, NanoDrop 1 # > 5 # BU#) RNA 4 &
Mk, —FEREREERAERN RNA K
F, GAPDH 5| 4 7 % % F.5'-CTGGGCTACACTGA
GCACC-3", R:5"-AAGTGGTCGTTGAGGGCAATG-3';
ABCAL 3| 4 ¥ 7| % F.5'-GCTCAGTGGGATGGATGG
CAAAG-3',R:5'-CTCCGTCTGGCAATTAGCAGTCTC-3'
1.11 Western blot #illZFE B FRKiLKF

) 2 9 ok 2 AR AL IF 2 B LK E 9 20 pumol/L
140 wmol/L B BAK # & 24 h, A RIPA Z i .
B A BT A B R B A R R R R A R R,
A NFE R I 28 B E) 7] B, Bl BCA R A & 3E4T
BB EEHAF, #t SDS-PAGE Xt & A # T4 &
(80 V,30 min; 120 V,60 min), # % F PVDF &
(0.45 wm) b, F P 2 A % % 38 # H 15 min, B
Jil ABCAI #7044 (1 : 1 000) .p-ERK1/2 45/ (1 = 5 000),
ACHEARBHELR, AXNMABE_F(1:1000)%F
BEF2hELHNFRLEGINT R AR It
MEALHHATREES T, FR DL K Tris 3
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B 4% w7 +Tween 20 ( Tris Buffered Saline with Tween
20, TBST) % ¥ 10 min, ¥ £ & A 8 B AN F0 R %
W, VEBG 10 min J& H TBST W& it JF & 4 B 3 L
EXEAGANEZAEE SN ERNERL, R TRE
## A JE ¥547 ERKL/2 FK (1 2 5000) 1% & &g 4
#1E, B-actin FK (1 : 10 000) % & [F ERK1/2
EEZ. S
1.12 & F3i#e

f# l OpenBabel2. 4. 1 ¥ BAK 45 # 4% 1 %
mol2 # =, , AutodockTools1. 5. 6 %t 2 fn & Fn o, 7 A6
M B AR root AT e SN 2 5 % X, k7
# pdbqt X £, M RCSB Protein Data Bank T #
ERK2 % & #y 3D 544, 3t AutodockToolsl. 5.6 7w
2 T H GAsteiger B A ERBEE G, FHLE L
HZERHARE K pdbqt X, # 7 Vina 2 F 4 £
wy A KR Fr & F AN, E exhaustiveness B9 2 3% 25
(AT IHE ), Lt 55k A BIAE, Aatodock
vina 1. 1.2 AT ¥ E WX, AR ANt EMEL N
affinity J E WML M ELE S ERKAH L
ATt 8EgE AR A, 6 H Pymol X 45 RIAT
A,
1.13 &ER}X

RSB 1.4 % THP-1 28 37 T 6 FLAL o,
M EE I 20 M A F 9 B R R E R 20 pumol/L fu
40 pmol/L #y BAK M % 24 h, * 4% % )5 il PBS
EIR3 K, F 4% % R FEE R EE 10 min & PBS
Wk, m N 0. 2% TritonX-100, % i i# % 10 min, [
PBS /& % 2 K, H X 5 min, F 10% i 3 % £ &
HE1h, FH AL CHALH, A PBS # ik
3K, HK10 min, FERAMANE _H, BELERBEF
1hJ/&,H PBS /& ., DAPI %47, ¥ X & 5 min,
PBS W %k 3 %k, %k 5 min, %5 A K EHENE
M,
1.14 SitFEHE

K2 fl Image J 2 % 2 GraphPad Prism 9. 0 Wt %k
WAt ERFTOM G FLE, LHERXA xxs
Fw R B H & 7 % 441 (One-Way ANOVA) JF %
B % 900 A B B AT R R 4 AT 2 7 04T, P<
0.05 Bl Z R EA Gt F & X,

2 # R

MBS ER o = R 2 AT 1 K £ B TR M O S0
AN BAK 4 40 i 55 M 48 FH MTT 32400 A

2.1

[Fi) ¥ J3 BAK XeF 5 0 40 L Y52 1 0 A 200 JL 3% 7 1 5
£ R ,60 80,100 wmol/L BAK X i W 4 fifd Y 14
TR AN A7 TG R e 22 5% (181 1), 36 BAK
WHE ST 60 pmol/L IS4 a A WA B g1, IS 44
Ji S %54 BAK 20 umol/ L (G EE BAK , BAK-L)
F140 wmol/L( &5k BAK, BAK-H) Jg kb FHik i |

150 -
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Cell viability/%

0

BN\ G\ 6\0\\\/
O O ¥ Y % Y

& 1. BAK X7 E Ik 20 B 5 14 8 ik 2B 7 iE MRS (n=3)
a A P<0.05,b 7 P<0.01,5 0 wmol/L(XfHRZH) AH L,
Figure 1. Effect of BAK on the survival rate of

macrophage-derived foam cells(n=3)

2.2 #BREEYT B A BRI R AR RE R
sp=A1|

Jof FTHEL O G €2, i1 il 42 A 32 45 T 15 1 240 i 5
PELR AN NLNE B BRSO, 45 R B/, 5 ox-LDL 4
FHEE A BAK-L A 40 fitg 4 i 2 & ARG B & A
1, A BAK-H 4b 2 40 fitg 4 B 7 &5 B i 3 s /b
(B 2) il 2 e py AR R BEKSF- AR 1L, 2B ox-
LDL ZHAH L, ox-LDL+BAK-H ZH 401/ TC 75 2 A%
20% , 1 FC 7K F-TC I 25 55, 38 2k 1153045 2] 240 Jfd oy
CE /K, %3 ox-LDL+BAK-H ZH 401 CE 5 . [%
R 11.74% (F 1), A BAK AE 35 0% 5 mEgn
JiL 5P L TR A MR B A

# 1. BAK X BRI SAMMEEEESEMNZM(n=3)
Tablel. Effect of BAK on cholesterol content in

macrophage-derived foam cells (n=3)

TC/(pmol/  FC/( umol/
s 104(::115) 104(;:115) CE/TC%
X HE2H 4.65+0.45 2.52+0.05 45.62+4.10
ox-LDL 41 6.10+0.38" 2.42+0.26 60.11+5. 83"
ox-LDL+BAK-L 41 5.46+0.39  2.28+0.14 58.22x1.31
ox-LDL+BAK-H 4 4.87+0.23" 2.51x0.13 48.37+3.98"

H.ah P<0.01, 5X AU ;b i P<0.01, 5 ox-LDL 41
.,
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Figure 2. Effect of BAK on lipid accumulation in macrophage-derived foam cells( Oil red O staining)
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Figure 3. Effect of BAK on cholesterol uptake in macrophage cells(n=3)
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Figure 4. Effect of BAK on cholesterol efflux in macrophage cells(n=3)
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FiHh, f#F RT-qPCR & Western blot £l ABCA1 3
ETEBL, 45BN, 5 ox-LDL 44l 1L, ox-LDL +
BAK-L 21 ABCA1 mRNA FIHE /K FJC 3% 22 5, 1fif
ox-LDL+BAK-H 21 ABCA1 mRNA /KF-T}175 87% , &
FIKF T8 91% (&1 5), W] BAK W] id i b i

ABCA1 A HF 40 i phy I 1 P g 1, DA T ik 20
AN AR AR
2.5 *MEEEEIXY ERKI1/2 BEERL /K FRIS2NE
ERK1/2 24 M SN JH 5 8 F %0, ERK1/2 3 B
WS TR AN B AZ A ] ABCAL F3kM L Ar 1t
kIR ERK2 ELA 5 BAK 2581007 5 (K 6A) , 1]
eI ERK1/2 7%, @ Western blot Al 533 7¢
Y €546 I 40 B N ERK1/2 B R Ak K. 45 3 8
7R, 5 X B AH [, ox-LDL 20 ERK1/2 #5121k /K P
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T T 55% ;5 ox-LDL 4 HE , ox-LDL+BAK-H 24 W 4&JH 40 wmol/L Y BAK ¥4 ABCA1 B1EH (&
ERK1/2 B b/K EREAE T 63% (El 6B f6C) ., B 7). Frlk BAK v figi i il ERK1/2 w2 1k /K
H ERK1/2 #3I7 Ro 67-7476 f& it ERK1/2 Witk 2t ABCA1 &35, T AE 1 40 i P JIH [ By 1

< c
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a i P<0.05,b 2N P<0.01, 5% B ;¢ i P<0.05,d 2y P<0.01,5 ox-LDL 414tk
Figure 5. Effect of BAK on the expression of ABCA1l in macrophage-derived foam cells(n=4)
M M
S N X
A B & & S

f.u;;’ % ‘ , EEK1/2|- —_= = =
e J { ?\"Mub ~TR
‘\\‘l'l\ Vet ey S Ny

an ‘ ',? d A,

A i‘,"\:—» ‘

Binding energy:-4.13 kCal/mol

O%/
<
2
%,
%

2
4
]
{‘ﬁ:/
7N
o
=
S
Phosphorylation lev:
of ERK1/2
o = =
o un o un o
)
QO
¥ o

)
,7
’,5,

o
(XQ
2

& &
C Control ox-LDL ox-LDL+BAK-L 0x-LDL+BAK-H

150um 60 (i

6. BAK X E Ik 20 AR 148 K 400 ERK1/2 BEES 1L 7K F BRI 820
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Figure 6. Effect of BAK on the phosphorylation level of ERK1/2 in macrophage-derived foam cells
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