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B g o AE R RA B A R R F R BARNE BRI R A
PpErg v s iR p e R R g 0 @ AR BRI T hiEARY R P AR B
MEimrz eng (R4~ WPz k-~ CD36 12 2 Kruppel-like factor 4(KLF4) #-v F e
MR FER 47 « AP ERFHA 2 HIZI PG RB A L A & B
i€ * 1% {# p& (Palmitic acid) i@ v § P A 2072 SVEC4-10 &2 RAW264.7 E vglm¥e iF %
o R R FEd % b S(in vitro)3R R £ 1T E B $0T B 7 A e 3
Er o AP Y 2RI FE NG £ {|* HPLC T2 I g hit &
iatRF S o £ % DPPH R T2 2554 chp o ,gg;%w,/f;; 4 M Z 0%
¢ ;2 (OilRed O Stain) A+ H-7- 5 Bt 7 F 5 22" M B g R ff 0 & Jw% SVEC4-10
S P R AR 0 MR R B & LA A 1772 (enzyme-linked immunosorbent assay,
ELISA) # B2 B2 5 B4 7 F 3 »x" M { w2 5]+ TNF-a (tumor necrosis
factor-a) ~ IL-1B(interleukin-1B) e I8 5 1% P L& § kL ¢ = Z KB 2 HIT5
Podr £ T 3 2% CD36 3o Fr AR E s KLF4 Fv B4R 1% B8 E5%
(transwell migration assay) # | % -3 3 B~ 4 £_F 3 4r RAW264.7 F v o % cff §5 iy
4 %;%K,éfi BRI A AR SR N AT LG e
i iR T BTE R F R L e i s TR 0 0 TNF-a s IL-1B
M Z CD36 ch& RE > e A5 KLF4 39 AR o p b 2R ITIBH T IIEE
RAW264.7 Evfim e il it 4 o 5F&4 i % > APRE 2 /T I 7 NiEE
B m g A e e g R PRI E e g R4 Blere k- > RE T ¥R

R AR 0 U E B EFIRE R T B o
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Abstract

Hyperlipidemia is the most important risk factor for atherosclerosis (AS). The
process involves the accumulation of lipids in the arterial intima in the early stage of AS
patients, and oxidative stress and apoptosis, and expressions of CD36 and Kruppel-like
factor 4 (KLF4) proteins in vascular endothelial cells and macrophages may play
important roles in AS formation. This study attempted to investigate the therapeutic
potential of Antrodia camphorata extract (ACE) for AS patients. In this experiment,
palmitic acid (Palmitic acid; PA)-treated vascular endothelial SVEC4-10 cells and
RAW264.7 macrophages were used as a cell model with lipid accumulation. Then
alleviation effect of ACE on lipid accumulation was evaluated by in vitro experiment. We
first extracted high-purity of extract from Antrodia camphorata, used high performance
liquid chromatography (HPLC) to determine the chemical index active components of
ACE, used a,a-diphenyl- B-pricrylhydrazyl (DPPH) assay to determine the free radical
scavenging ability of ACE, used oil red dye staining to check whether ACE could
effectively reduce oil droplet lipid accumulation in PA-treated SVEC 4-10 cells, used
enzyme-linked immunosorbent assay (ELISA) to determine whether ACE can effectively
reduce expressions of inflammatory cytokines of TNF-a and IL-1f of PA-treated SVEC
4-10 cells, used immunohistochemistry (IHC) staining to determine whether ACE could
effectively reduce the expression of CD36 protein and enhance the expression of KLF4
protein of PA-treated SVEC 4-10 cells, and used migration assay to determine whether
ACE could increase the mobility of RAW264.7 macrophages to clear hyperlipidemia
SVEC4-10 cells. Our results showed that ACE has a good free radical scavenging ability,
which could significantly alleviate the lipid accumulation in oil droplets, expressions of
TNF-o0, IL-1p and CD36 protein, but enhance KLF4 protein expression in hyperlipidemia
SVEC4-10 cells. In addition, ACE could promote the migration ability of RAW264.7
macrophages to hyperlipidemia SVEC4-10 cells. We suggested that ACE may alleviate
lipid accumulation and treat AS by reducing oil droplet lipid accumulation and alleviating
oxidative stress and apoptosis in vascular endothelial cells and macrophages.

Keywords: hyperlipidemia, atherosclerosis, Antrodia camphorata, vascular endothelial

cells, macrophages, oxidative stress, apoptosis.
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FEFIRFAENFRAFE » Ao fod o REG I HRA L
(atherosclerosis) e & B AL P & 4oyl » F PR AL (Y E_F] 5 04 g R AF -
PO D Ak ai o R T pA T R FH IR EIER G
O VB A AR RCROT RV R BRI S R
2 7 R I B o F "o o (hyperlipidemia) £ 5 PR R AT - B3 & o
B & 0 B9 3 "2 F A o g (hypercholesterolemia) ®_% 7 i g ¥ B ¥
RLeh— f8 o @ M R 75 v (low-density lipoprotein, LDL)*%: #fs = & -
g & F R AR A [ fo Bk §2 5% 5 5 (coronary artery disease, CAD)sh i
& 5 ' 7% (Shekelleetal., 1981) o % "£ FIf% s i ~ B s B okl fop 3
& F B'R FlE € H %51 F # F (reactive oxygen species, ROS)sh4 4 >
o ERE VRS S EE A R Joprgang ok HRE R A
it (Lietal., 2014) o #q F ~ Bffa s | A de Pk ol gl 1© cid= 40 o ] & 35
F AT g b RN Y RS M F R B s R o
R A g AR R F e FREE - GETERCE FAR
(cardiovascular disease) sF7%5 ¥r{oin fr ¢ SEF i+ i E - Lo n F A

Bt X2 S fer < F eni & R F)(Dahlof, 2010) -



Eefim ™ Bl s i iR A /IR AR Y S A E
(Moore and Tabas, 2011; Moore et al., 2013) » Erfm?2 4305 2 & Xk
R HE Pl o g B P e e R p >t 8f(Serbina and Pamer, 2006) £
% % (Robbins et al, 2012) » H A B L f 5 E ¥ 3w & %
(mononuclear phagocyte system) ° “,f gtz vt B g REAET § i
# T »eln ¥z (vascular smooth muscle cells, VSMC)» # g A~ it L F
v s #¢ (Chappell et al., 2016) > @ #& 4% F]+ Kruppel $ F]+ 4(Kruppel-like
factor 4, KLF4) % it # ic 2_RE 4 1% 4 (Shankman et al., 2015) » %] &
KLF4 §_F v it & (L chf 4223 & F] 3 > B F R Al 1L 07 & fogd B

7 M (Yanetal,2008) > %2 'm?e 3 78 ~ ‘w2 & i* ~ 'm"% k= (apoptosis)
fotll m e szl & o KLF4 30 7 dp A 1 9 VSMC ¥ 4 i -
% = p 4% KLF4 £ ;i = (Gimbrone et al., 2000) » ® & p 4 fw
fe v ¢ mEd KLF4 s R £ R €A% 7 s L8 dus 275 Fl+
o & 5P L - F 14 § & pF(endothelial nitric-oxide synthase)fr . 2
# & F-v (thrombomodulin) (Hamik et al., 2007) o E w5 fm#e 5 1 A $57%
FERA I ERMELERAERY RER > A MR F]F o (tumor
necrosis factor-o, TNF-0)£* v sn%s /i % -1 (interleukin-1B, IL-1P)#_3 »x
IR W e F]F o T U RAE E g me A1t > ¥ KLF4 ¢ AP £

F| B i dm e 1 enBf 421 5L B oA a0 > ¥ 0 i TNF-a & IL-1P
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#HE gz i ek i (Feinberg et al., 2005) o E vl & fp B 34 &
P EFERIER D F LB BT B S e o s )L
e B G HLh B U P g AR E I e 0 A Sn 7 (vascular
endothelial cell, VEC) » L& » i g P A Tfe 2 &7 > R & i'“']-‘},%%%'? [had

(Gimbrone and Garcia-Cardefa, 2016) > X (S E v o2 3 78 = & ot Hp s

F](Tabas, 2010) < % 7 "5 B ePE vgllmfe £ &R A L ohd & T &

(Zhangetal,2018) » E ¥glim®e fpad p 7 1S T BT RE AT 0L

ETTRS

7€ 7% m "¢ (foam cell) (Lusis, 2000) » izt & 7k fmPe ¢ i&— # 3 % - & 7
P E o @ E L 5% kv F F {odF ol L (Libby et al,
2000) » A BB P PE e im e B i 4 forr ek 5 = dme chay 4 4
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ﬂ\—u

- g e B w e b oefiig & X (scavenger receptor) °
£ #H § CD36 m}?ﬁ% mhme g Y L kme el B RS

(Kunjathoor et al., 2002) » 3 #7 3 877 ¥ E "im % {4 220w & B B s
e " 3 4e 2 4p M 12 (Hellings et al., 2008; Merckelbach et al., 2016) - %
L% B 7 3% (0xLDL) ¢ - # 3 8 ik mie 7 0 B ERprspt

Ao jam 51g8 B 2 4 & > o Bk s (Virmani etal., 2002) © iz 55 %
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R E s 0L MR R AT e R b 0 R iTE
% T g B o

= -2 (Anirodia cinnamomea) %~ fa 5} A& * ST @A FF P DF

A

Bl oA RInRomak ~ B & B o & 5 s (Geethangili and Tzeng,

2011) c Higd it Ex oy #IE 25 § FEug(polysaccharides) ~ = i

T

#g 14 & $ (Triterpenoids) % % f&/%5 14 = & (Shen et al., 2003) » @ = FR3F 4_
AR FFHY A REMSL>H P Antein-B fr Antein-H & § #2X

FUl ~ A o5 Antein-C e Antein-H &% 03 % & 5 il e
Ul # 140 Antein-K {= EK100 R & #® & *g fodipd o 01T * (Wang

etal,2019) c AFT 5 FEH 2 T Bge o $0 B AT (L e B

1 17 4 (Palmitic acid)#_— fa4efr?q sk » & ¥ F 3 H {54 @ g
PodrE iR 2 s ot a0 o B S i AR € BRAF
Mg ARk T A B o g IR A BHE Ji(Laietal., 2016) #5877 pk

AHIBWREG PR VHEEL F Pz = 0 F g i B3 4 ROS
TR fmre T3 & s k542 me R 4 (Duetal., 2022) » 4% a3 4
e R Y R Y R I P w F * et (Luoetal., 2012) -
AT R BRI L e (F L R e 05 e vt

F % (In vitro)3™ e 2 B EF B P {3 WA g f2ivr o
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FoR Mg

AETE R BAPEASTE F 0 L % SVEC4-10 iF E % H R A
Fé ﬁ;‘ o

-8 RHREFESFERE
-~ REBREEHRA
(=) Corning (New York, USA)
Transwells

(=) Genetex (Irvine, California, USA)

KLF4 (GTX101508)

Jui

(=) Gibco BRL (Grand Island, New York, USA)

high-glucose dulbecco’s modified eagle mdium
L-glutamine

penicillin

sodium bicarbonate

sodium pyruvate

streptomycin

trypsin

(z ) HyClone (Logan, Utah, USA)



22 x5 (Fetal Bovine Serum)

() Invitrogen (Carlsbad, California, USA)
IL-1B (88-7013)
TNF-a (88-7324)

(=) Santa Cruz Biotechnology Inc.(Dallas, Texas, USA)
CD36 (sc-7309)

(=) Sigma-Aldrich Co. (St. Louis, Missouri, USA)
1,1-diphenyl-2- picrylhydrazyl (DPPH) (D9132)
2% paraformaldehyde
4’ ,6-diamidino-2-phenylindole (DAPI) (D3286)
L-Ascorbic acid (L-AA) (A5960)
methanol (322415)
palm acid (cat: P0500)
thiazolyl blue tetrazolium bromide (MTT)

(~) &7+ & &1 8 B 3 #7w2 & (FIRDI) (Hsinchu, Taiwan)
% g P A foe (SVEC4-10) (BCRC-60220)
E 5 n 2 (RAW264.7) (BCRC-60001)

(1) L 25 #H %73 T2 & (ARJIL Pharmaceuticals LLC)

(Hsinchu, Taiwan)

2 47 5”5 B~¥ (Antrodia camphorata extract)



- RERA

96 3t % (96 well) (Thermo Scientific Nunc®, Nunc AS, Copenhagen,

Denmark)

¥ % $8 (Thermo-3130, Massachusetts, USA)

B 3%k B R4t R o4p Lk %t (Leica DM-IRB; Leica Microsystems,

Wetzlar, Germany)

e & 4 & k& R 3+ (Microplate Spectrophotometer) (uQuant, Biotek

Intruments, Inc., Vermont, USA)

$o8 2RIEBRS R
® »T it 4P & 4774 (High-Performance Liquid Chromatograpy,
HPLC)#_- ﬁ_'h‘? LR A g 3wl VAN SR }%’ﬁ AR L s VAR
D E T e e T e A B R R 0 TR Ak e VR R
GEER U B3 L R et N2 fﬁ:%’ﬁ 1747 ik F R R T
LIRS S =2l TR N L 3
2 75 B~¥ (Antrodia camphorata extract) ¥~ fA &k p 247+ 7
W5 Btod 3545 HN 3 T2 2 (ARJIL Pharmaceuticals LLC)
# (s ARI00-DSI) o #3253 d HPLC f&ip]* H20 5 P-4r ehit
Fhiss sz 22 B B EH2 RF Zohi ol £ 8

FoARRLFATERFSPEF IR Z P EEF DT
7
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FZE& L1 ¥R 2R AR MR

DPPH p o A g i 4 kA - BRI+~ LT 5543 it
e Vo [,1-2 F 2K-2-= A 4L ¥ 72 (1,1-diphenyl-2- picrylhydrazyl, DPPH)
AR AL FNFERIGRP A BN IHBACEEEIRE
Kdovghrmi b By g it d o Qg pd ek o 2
BRI ¢ A AT R 4 o A e r R A FRF a4 AR R
R Renppd B € AR o

A B ImLo k& 1.5mM/mL 5 DPPH #2 9 mL 17 fg (methanol)
R L > A52 kR 0.15 mM/mL 0 DPPH i3 % M ip| .24 B3 5 B g chfn
F a4 o B 100l # LR N2 RS EB 4 (0,10, 20, 50 pg/mL) ¥
0963t P > H P kR Oug/mL 75 100 uL 9 dd HyO 0 5815 4 » 100
UL 9k A 0.15mM/mL 5 DPPH - 35 F i 1550 3 8 T @k % 30 4 48
B BRI E 517 nm Bl T H R E > ¥ by e R
TAEE P L-Fudk o ik (L-Ascorbic acid)swx sk (B i (7 ¥R > 8 3 ek
B % 0,10, 20, 50, 100, 200 pg/mL > & 3k & 0 pg/mL 7= 5 100 uL 4 dd
HO > p @i 72 48 » £ @ % 0T 238355 (DPPH p o & j§% 5

(%)=(1—(F 2k jevx & B/4 B ek sk 7)) Jx 100% (Gyamfietal., 1999) -



Fr ¥ o ’§ A dmfe (SVEC4-10)3 "gdf T -5\ e =
AR B2 g P A 0% (SV40 transformed Vascular endothelial cells ;
SVEC4-10)fp #7+ & &1 £ F B 7 “Tw?2 & > & * high-glucose
dulbecco’s modified eagle mdium & {735 & - b AT o 10% #5255

(Fetal Bovine Serum), 1.5 g/L sodium bicarbonate, 0.11 g/L sodium pyruvate,

4 mM L-glutamine, 100 U/ mL penicillin 2 100 pg/mL streptomycin ° iz
B A NEE 37 C R 5%CO aRERE MY @ 025% %% 3
6 FF(Trypsin)ij 5 & p Limie 1 A4 T <3040 hime WMiE o & % 24
PCREL DB e BRAEI AT IXI0 Bwre 024 | PRI ik
.El“vlli,’lt 4 0.75 mM ez L 2 2 2 450 5 B3 (10, 20, 50 pg/mL)*t &
¥R dmre s & 24 ] PFiSi8 7 2% (Oh et al., 2018) -

SRS R A G 4 A u G (DEAE S () B E P L e (0
4 10, 20, 50 pg/mL g2 B3 EBEF) s )iz Wﬁi}?@@‘j@f’_(ﬁ]& sv 0.75
mM/mL 3 4P ) 5 (4) 2 5 F B PR AL o F fl 24 ] P 1
* Fifi @ % 4 12 B -k (Phosphate buffered saline, PBS)i% jis » g 18 12 2%

5 B 7 pEi% % (2% paraformaldehyde) 7 @ m?e » 33 BT HEE 15 448

(502 PBS ko il 12 ]2 50 % 2 B HCHRE AR 4 SLdf e 2 fE o



o

do e g 6 F ORI

1“‘4

¥ I
MTT - AV ML 33 ag d i &5 > ¥4 MTT #5% @
BlEmie g A o Awe R RA Y g iR 2 fF (Succinate
dehydrogenase):r it * T » MTT s ek T (Tetrazolium) ¢ %74 ¥ & 2 %
i BRFE R, P fE(formazan) 0 B R F S 0 £ ,‘f’%’gi =
# (Dimethyl sulfoxide, DMSO) 5 #:% ®|#-H /4 j215 v (F 4 ¢ p 4 77
Bend £ £ 25 mie B 20 > &g d aiER Y AL mieBich on
SEOEB AT I0 0450 .ﬁi’—:ﬂ}i‘rﬂ Lk £ 570 nm e R H ex Gk E o
A 3Es - 1x10° cells/mL 2w & P L %2 4o = & 0rif A
EFEE24 PGS B4 05 mg/mL MTT 3RS E 2 )

P Atk b it o £ &3t 4e r 100 UL hDMSO > RS A 4B 15 iRl E 2

570 nm 2_ %k B o

F28 B0
= O RS SRR S LR R Y S RUREE A A
MO B BRSO A 4 R 4 RSs o
AP ) 2 O (Oil Red O)Z4 ¢ Pl g A P2 P iy B 7
Fo 11 2%= B 7 pg(paraformaldehyde)*s % /§ F ©_10-15 4 48 {5 > * PBS
Fiez Z s £ 0 ddHO % > £ 1 60%$ 3 fi; (isopropanol)i% i > B {2
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Sv » 5% JF 2= O (Sigma-Aldrich) » 8 T 4 J e 15 448 0 3%
Fod iR Br 60%% 3 fig(isopropanol)iz i * ddH,0 ik 2 &

B (5 00k B BT ek A M BN AL e ¥ R T R A PR R

¥ 8 BERELLEBWMAEIHRRwEEEZE
f% % % & 4 % & % 4 47 2 (enzyme-linked immunosorbent assay,
ELISA) » # * »tfapl#F T 39 Fend M2 > BJI* M i &
- MBENFME o RELI HF oI RS IRRERTE L P REHRT

N
7

|k
et

TR AR R BT L R A

=N

Aipg i * ELISARBIP Limie ¥ i chd E o p L w2 %

4 [ PEES o fc B imre ik o @ % 96 3UE 5 Wt E T4 » 100 UL AL

# % b/ (carbonate buffer) » £ 7 3 f € W Mlnfe F]F k(b H pRl
TNF-a 2 8_IL-1f> # 5 4CE R o R’k {&* 73 tween 20
0.05% #ifik B 3 i (PBST buffer)ijie 3 =x ik 2 K55 & chdndll > Sgis
# 34 4e » 200 pl =fe %777 (Blocking solution)™ 3 8 T F & 60 4 4& 0 14
U ZEER - a4 o 3% PBST buffer ‘}'}5“}%’6 3= SfsE 344~ 100
ul enimPe | , e & PR % 52 TNF-a & §_IL-1B - & ¢ PBST buffer /# 7
e 4 =0 o E 34 » 100 pl i B 4 $ F endule ¥e jE# (anti-cytokine) = &

il (secondary antibody) » ** T & J& 60 4 4& - PBST buffer ifi% 5
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= > &34~ 100 pL Avinid % 22 iF ¥ * % % (avidin-horseradish
peroxidase) > ** 8 T F J& 30 4~ 48 - PBST buffer ;ﬁ’-;ﬁa 6 =k » & FL4p
100 pL < % (tetramethylbenzidine) » ** 2§ T # £ F i 20 T 30 # 4&
@R TR H RS o Bois 2% HySOs % 0k £ 5o 11k £ 450 1

570 nm ¥ P H sk iE o

FAE wRLRE kR R

AEBRJIT wmE LR F R B RS RIE P JIE P
R m?e? CD36 F-v 1% KLF4 3-v Fend o v 2% = R 7 fF
(paraformaldehyde)*> ¥ /& & F] & & 'w¥ 10-15 ~ 4875 - * PBS jix
Z = 0 £ 4e ~ 0.1% TritonX-100 7% ;7% & fmPe iT% 15 & 48 > 3% 2 PBS
FeZ A RERH LY L 2% £ e v (BSAPRFRT FE 30
BAB LR 2T - M enlg £ o2 8 4e x> 11 2% BSA f#1# 5 CD36 (1: 200)
2 KLF4 (1: 200) » # £ * 4CxX Bk o 2 6 PBS ik =z =t » 4
» o2 1% BSA AR BgaAl 0 T FIR TR L PE o 2T kT gk
Je® PBS iz & > R T * 1 pg/ml i 4,6-diamidino-2-
phenylindole (DAPI)% sn?z +% 10 4 48 » £ 4 PBS % 3 =t » & {d & *
7R R R AR gt R AT U MR kBT 3k B R s dp

L% CD36 v KLF4 3-v Feni g o
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¥4 8 Evwieiligz

* F B 2. F vi 'w % (macrophage; RAW264.7)pEp 777 8 -1 £
BF g itz B0 3% Ve g p L w2 (SVEC4-10) © # * high-
glucose dulbecco’s modified eagle mdium & {74 % > I FF4T v 10% *n 2
i i (Fetal Bovine Serum) ~ 1.5 g/L sodium bicarbonate ~ 0.11 g/L sodium
pyruvate ~ 4 mM L-glutamine ~ 100 U/mL penicillin §= 100 pg/mL
streptomycin ° g fwPe 32 £ 3EE 37C2 5 % COavRiER & f5¢
Ay e mie o @ 243 B K Bt me RAE DL F I 1x10°

Bl > 2 BB T o

¥ L & w984 2% (transwell migration Assay)
AP L@ Eden g YL FPIF L RBEFY
o ARSI B B0e g P BT U R B e pOSEH

TALRRF oo U REERIEPS RJLHE e 2 B
A% F 8.0 um 3t T chtranswell & {7 fwm e 3B S AR o Kn 'g N
Rsnre3p & transwell mfe 2 R Y > AL 5 - R g PO U
Bk B PMBE L R g R Y o o PR RF G RIS
P AR eni # ) L mie (T ) BE e fie e d AT R R e

transwell p > F Evgim?e X 3| L {dimde F]F sl g K R BH LT
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Bo AU LB B A ) hiwie > ¥ F B e B 4 AL
% 3 £ 2 (Hwangetal.,, 2021) ©

#- 1x10° cells/mL F ¥ w %2 & %_ 1,1’-Dioctadecyl-6,6’-Di (4-
Sulfophenyl)i fm¥e iz 4 sk 4 | » (€% 48 -] P& {8 4c » transwell + & - #-
B A& AP D 1x10cells/mL s F p A e 2 fE 2t R T kTR RNk 4
BREIr2 BT E B4 > 3053 5P 2 L3058 37C 2 5% CO, iR

ERERT BRE 48D RS RS AR E T B R E e

Fo& TR EARS A
B Ak LB EAF 2 o AT R R B E 3R ALY T 9 1F (mean
values) + T 358 £ %% % (standard error of the mean, SEM) X % -+ - ]
% @ * SigmaPlot12.5 % W % %3t a 47> @ s3> 2 pl A H 53 %
£ B s #7(One-way ANOVA) 2 &_FF F]+ % £ #ics 17 (Two-way ANOVA) »
£ * S-N-K % iE# % (Student-Newman-Keuls multiple range test) ¥
T ALt B3 EFLRE TR Y5 p<0.050 75 p<0.01 > %

p<0.001 -
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Y% PEHR2%

- & ’ﬁ-i % % cn HPLC @)
Bl 1 5245554 & 220nm o HPLC B3 ™ antcin-K 1% #3
ARV RN E PP AR g s s 5 2 R & 4 antcin-K o ¥
bl 2 S F Bde ahantein-K B R 0 BTt P40 ¢ antcin-K ek

B4 90% < B HATY ¢ @A A A H R AR R E R g

m2o— 0 A R F G IR e it Kol ikl o ok E A

RARMER G F Y 0 2 e R AE L # T 0 A antein-K &
im e E= o
0.3,
) ﬁ Antcin-K ]
% 0.2
)4
~
= 01
= )
=
Z i ,
00 100 200

R (44%)

W1 2#3 5% HPLC W
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