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[ ABSTRACT ] Aim To investigate how chili-derived exosome-like nanovesicle (CDELN) inhibited ox-LDL uptake
and reduced ox-LDL-induced intracellular cholesterol accumulation. Methods CDELN were isolated and purified
using tissue crushing, differential centrifugation, ultracentrifugation and sucrose density gradient centrifugation. ~ Ox-LDL
was used to stimulate THP-1-derived macrophages for 24 hours to establish a foam cell model in vitro, and the effect of
CDELN on macrophage foam and its mechanism were further studied.  Confocal laser microscopy was used to detect the

uptake of CDELN and Dil.-acetylated low density lipoprotein ( Dil.-ac-LDL) by THP-1 macrophages.  Oil red O staining
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was used to detect intracellular cholesterol content and the positive area of oil red O staining in cells was analyzed to evalu-
ate the effect of intracellular lipid accumulation. RT-qPCR and Western blot were used to detect mRNA and protein levels
of scavenger receptor A (SRA) and cluster of differentiation 36 (CD36) ,
tor-1 (LOX-1), ATP-binding cassette transporter A1/G1 (ABCA1/G1).

lectin-like oxidized low density lipoprotein recep-

The expression of mitogen-activated protein ki-
nase (MAPK) pathway proteins including p-ERK, p-p38 MAPK and p-c-Jun, were also analyzed. Results CDELN
were exosome-like nanovesicles with uniform size and double membrane, rich in protein and nucleic acids, which can be

The results of DiL.-ac-LDL uptake showed that CDELN could inhibit cholesterol uptake of mac-
Oil red O staining showed that CDELN could reduce ox-LDL-induced intracellular cholesterol accumulation.

taken up by macrophages.
rophages.
RT-qPCR and Western blot showed that CDELN could significantly reduce mRNA levels of matrix metalloprotein-9 (MMP-9) ,
SRA, CD36 and LOX-1 and protein levels of p-ERK, SRA, CD36 and LOX-1 in ox-LDL-induced THP-1-derived macro-
Conclusion CDELN

phages.  Treatment with the p-ERK agonist Yodal diminished the protective effect of CDELN.

can significantly inhibit macrophage foam cell formation, and this effect may be associated with the inhibition of phosphoryl-

ISSN 1007-3949 Chin J Arterioscler, Vol. 32, No. 6,2024

ation levels of ERK1/2 in the MAPK pathway.
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CDELN X [ 10 24 Ji ] 960 3R 40 B 5 A 1) o8 48 S AH =
YEFIBILE

1 #MRFTE

40 B SRR S5 7

THP-1 %4 i ( Pricella, CL-0233) , 95% # #l %
(JE¥t,897493) . A ox-LDL( biolong, YB-002) | ¥ &
/NK BE 99% FE #E ( Macklin, S818046 ) , TRIS-HCL
( Solarbio, T8230).99.7% % 7 7 B ( Macklin,
E809061 ) , 99.5% 5+ W B ( Macklin, 1811925 ) |
99. 5% ¥ % ( Macklin, M813895) . Trizol reagent ( In-
vitrogen , 15596018 ) \BCA & & & £ il & ik 7] & ( bio-
sharp, BL521A ) . ECL & # # ( Thermo Scientific,
34080) .TBS % # 7 ( Servicebio, G0001) ,TWEEN 20
( Biofroxx, 1247ML100 ) | PBS ( Servicebio, G4202 ) .
7. 5% PAGE Ji Bt %] % % 7| & (EpiZyme,PG111) |

% 2% RIPA L f# 7 ( Solarbio, R0010) 50 x i Jf % &
B B 5k B By 40 %] 7| 3R 4 4 ( Beyotime, P1045) |5 X
SDS-PAGE % & b # % ¥ 7 & ( Beyotime,, POO15L) |
PageRuler 1 % & B Marker ( Thermo Scientific,
26616) .SYBR® Green Pro Taq HS Tl iE A qPCR i
74 (4 Rox) (AG,AG11718) .Evo M-MLV RT Kit
with gDNA Clean for qPCR ( AG, AG11705) .0. 22
pwmol/L & f% ( Merck Millipore, SLGS025NB ) .
beckman #8 # % & % ( Beckman, 344059 ) . beckman
% i % O & (Beckman, 357007 ) . & {7 & K 4
( CWBIO, CW3166M ), 2 x RNA loading buffer
( Beyotime, R0O215 ) | small RNA ladder ( Beyotime,
R0206) .NA-Red ( Beyotime , D0128 ) |, Urea-PAGE %
Ji B 4 3K 7 & RNA % Ji ( Beyotime , D0128S) , THP-

1.1
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1 20 % Al 5 3% 2k (Pricella, CM-0233 ) | 3% flg M JE %
P DiL.( Invitrogen ,D282) A DiL #F18 Bt L% 5% B
fig & & ( DiL-acetylated low density lipoprotein, DiL.-
ac-LDL) ( MKBio, MP6013) #7183 21 O % %} ( Servi-
cebio, G1015) .35 mm 3 J& 4t 5 & 3 5% 1L ( Biosharp,
BS-15-GJM) . 4% % % ¥ Bt ( Biosharp, BL539A ) |
DAPI( Beyotime ,C1002 ) . BSA Fraction V ( Beyotime,
ST023) .BD Jit fig #7 # ( BD,232100) . @ A i %k #
(Invitrogen,C10228) .DEPC 7K ( Biosharp, BL510B)
1.2 CDELN Mo BSR4

FERMERARMN, BAEKZHEE L RE
T2 0, 4 MR B T 5 4% 1% Z AL, 250 ¢ AR 4l
2 A N4 B 20 mmol/L Tris-HCl 7% 7& 500 mL, 7,
RT3 min/ K, FES K, EH LR R ERE,
AERAE S0 mL B8 E,4 C T 300xg B
10 min, B b ¥ ;4 °C T 2 000xg &2 20 min, B+
734 °C T 10 000xg & % 30 min, B L ;4 CT
135 000xg & % 70 min, 3 _F 7,20 mmol/L Tris-HCI
VETR T 4 E A U B MLAE By CDELN, 2 #| 8% .
20% 30% 50% th FE ## Tris-HCl %, K FHE#EE
WA K E I fm N 2 mL B 50% FEAE Tris-HCI %
M 30% JFE ## Tris-HCl ¥ K ,20% & ## Tris-HCl %
K 8% JE ¥ Tris-HCl 75 7 | Tris-HCl ¥ 7 & &
CDELN, 150 000xg & 2 120 min, 4 Bl & 2 B X
A, A 49 K BURL 38 B2 2 AT B K (nanoparticle
tracking analysis, NTA ) 46 9 H 44 X % 1 09 4 42 5F &
E;EAEREHARMNAL R, L2 Flhiti B
PBS fi B J5 4 °C T 135 000xg &% 70 min, 3 &,
PBS % & )2 Bl 4% 45 /5t CDELN, -80 °C % %7,
1.3 CDELN EHHBXRESHZELEA

B 100 pL & 1x10™ FiAkr/mL CDELN 7, Am
A 100 pL By RIPA 2 7R 4 pl By 50x 2 & B 3 #
Fl 4 WL #y 50> 8k B B 40 ] 7 4 L 65 0.05 mol/L
EDTA %47 & 4 C4Z 30 2 ## 30 min, 4 °C T 12 000xg
#0015 min FE L, w50 wL B 5xSDS-PAGE
@Biﬁ%/‘#/@;/&,/ﬁ/ﬁﬁ 100 °C #& # 10 min, ¥k
WA G FFE 10% SDS-PAGE Ji, 4 7L 30 pL, B ik
ERBTELHRELE, HEFRL,
1.4 CDELN RNA $REX K #ZEREB ik NA-Red 8

1x10" B4 CDELN, Am A\ 1 mL Trizol , & 5] 3%,
4 5 # E 10 min, lm X\ 250 wL 415 &R 4, 5 R
G EB#E S min,4 CT 12 000xg & 15 min,
R EFEWMANEERTERY,-20 CRIE,
4 °C T 12 000xg &% 10 min, # & i N LB 75%

R VUIE 4 °C T 12 000xg B8 10 min, 7 %6 %
R T RNA J0JE,30 wL KB KA MBI, mA
30 pL # 2xRNA ladder buffer & 4] J§ & #£ 75 C,
5 min, JKEAH & 30 pl/ 3L EF¥ 15% urea-page
W, LK 2 R HEAT NA-Red o8, ik 5 1R X,
1.5 HpatEss

% B THP-1 48 i % JR B9 B =% 40 J 22 T 9 0k 48
MAEAL, 37 °C 5% CO, ¥ 5% 4 o # F| THP-1 % f
£ mA SRR THP-1 40 10, 4 i R 4
F(2~4)x10° N/mL, KA B8 THP-1 4 8 fn
ANZIK FE 160 nmol/L Hy PMA % 5 Ik & 24 h W &
B RBorm R ERFBIERLEFERE
WA, EESEERFRY, k@R EIL b Xt
FE 40 CDELN 41 47 21 (ox-LDL #41) ,ox-LDL+CAP
4] .ox-LDL+CDELN 41 .
1.6 HARHEEBEBRENE THP-1 BHEELR
HAE YT CDELN RY4EERSCIS

DMSO % # DiL # K #| & 1 mmol/L fi% 7 i,
PBS i B fi# % % £ 100 wmol/L 8 DIl T 1 i,
10 mL # 1x10" # k/mL CDELN 5 10 mL &
100 pmol/L DiL T 1 & B 4 3 4,37 C # &
30 min, DiL-CDELN 3% &% & i 4 °C \135 000xg &
X3 70 min, Y€ E & F 10 mL PBS, 15 2| 4 {t. 89 DiL-
CDELN Al T &t B £ e, #ANERE /DI
A 5x10* A THP-1 4 fln, 7% & W B R A B
DIiL-CDELN % 10® Bkr/ml # i /N L, 37 °C # % %
H 12 h,PBST %% 2 K ,4% % K ¥ B % 0 & = 4
A 10 min, PBST 3 %% 2 X ,1 mg/L DAPI %4 5 min,
PBST itk 2 K, BHEHME LR ETHNEME,
1.7 CCKS8 ;% CDELN Xf THP-1 ZAA;E /1898400

THP-1 A T 96 LK % , & AL 5 000 /41
M, ARFERREF TR FHERE, FEHT R A
& CDELN (0,107, 10%,10° # 10" & fr/mL)
RPMI 1640 535 3 4k 435 % 24 h, &3, 10 : 1 KR
AN CCK8 &7, # F & 2 h, B AR SUN & 450 nm
R,
1.8 HAPAEHAREERREWE THP-1 REHEE R
ZHAERT DiL-ac-LDL BYIZEL

3 1.4,CAP % 25 % £ 20 pmol/L'™ CDELN
2750 E 10° B/ mL p-ERK #0507 Yodal #n 24k &
10 nmol/L™™) Jm25 47 12 h 5, B Fr i, HiE
.0, Dil-ac-LDL 2 4 3k & %7 20 mg/L,37 CIEF &
dh, BEERE @B LGHE,
1.9 THP-1 EMEZASKIRAFRMAMLT O

3L 1x10° A~ THP-1 20 = #v 12 LR, % &
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kB J5 fim X CDELN .CAP Yodal & 4 12 h, J&
44# B 80 mg/L t ox-LDL" & 4 12 h &5,
WFFRSRL,PBS HIE M2 K, 4% 5 REFBEE R
[ 7 28 4 10 min, PBS % 40 8 2 5k ,60% 5 77 B2 &
T 20 s, W FJa M IE T oK, L TAEA(6 e
FHL 5 4 RERBAKTE B EHE, ET 10 CAB
30 min, JELCIE I8 ) 40 A0, F IR B L 4 A 30 min,
WG TR, 60% ¢ T B R 63 s 4K 5 min/ K
£3K, PBSEZMMERMANEZME,
1.10 RT-qPCR ¥l mRNA 7K
SRR A FBE 1.5,6 ILRETL 2x10° N4
Mo ImZAFE 24 h )5, A PBS Rk 4 2 Kk, R
40 f RNA, 7 3l 1.4 & CDELN # RNA #2 H,
Nano Drop * RNA # 47 % & ,Evo M-MLV R # %l
AR A & AT K% R, 4 cDNA KL Al SYBR
Green Pro Taq HS T & qPCR K 7| & x #8 4k [ 3
ATEESM, # 8 GAPDH 1E # W%, mRNA % &
B2 AR,

*1. 5l9751%
Table 1. Primer list

B 19751 T RN

LOX-1 Forward: TTGCCTGGGATTAGTAGTGACC 81 bp
Reverse : GCTTGCTCTTGTGTTAGGAGGT

CD36  Forward : GGCTGTGACCGGAACTGTG 92 bp
Reverse ;: AGGTCTCCAACTGGCATTAGAA

SRA Forward ; CTGAGGTCAGTCAGTGGATGG 129 bp
Reverse : AGCCTGGTATGGTATGGTTCT

MMP-9 Forward ; TGTACCGCTATGGTTACACTCG 97 bp
Reverse : GGCAGGGACAGTTGCTTCT

ABCA1 Forward: ACCCACCCTATGAACAACATGA 123 bp
Reverse : GAGTCGGGTAACGGAAACAGG

ABCG1 Forward ; ATTCAGGGACCTTTCCTATTCGG 103 bp
Reverse : CTCACCACTATTGAACTTCCCG

GAPDH Forward ;: GGAGCGAGATCCCTCCAAAAT 197 bp

Reverse : GGCTGTTGTCATACTTCTCATGG

1.11 Western blot ¥l ZF B FRiEKF

DR F R 1.5,6 LA FL 2x10° A4
M, PG4 24 h J5, A PBS k2 K,
#1500 pl RIPA 244 7 .30 wl 50x & & B 37 4]
730 L 50 x & B B 47 %] # .30 wL 0.05 mol/L
EDTA S84 , K478 4 Ja § 3l Am X 250 pL ok B3
FRYAAE S min, T B 20 00 5 B E R MR ,4 CHR 4
2425 min, BUFFHMILIE,BCA KAl & EE
AP R A EJE, m N loading buffer 3% 47 100 °C
10 min, K8 A JE An #EH#E AT SDS-PAGE, 4F ik

# A A EE 30 pg, k4 K PVDF E,5% MR
FAmEE L h, FHRE -4 CHRIEE,L : 10 000 F
B_FERBE1IhEED NG, EafuEE R
T phospho-p44/42 MAPK ( ERK1/2) ( Thr202/
Tyr204 ) ( D13.14.4E) XP ® Rabbit mAb # 4370
(CST), # B bl 1 : 5 000; phospho-p38 MAPK
(Thr180/Tyr182) ( D3F9) XP ® RabbitmAb #4511
(CST) , # Bt 1 : 5 000 ; phospho-c-Jun ( Ser73)
(D47G9)XP® Rabbit mAb#3270 ( CST) , 7 % I, {7
1 :5000;CD36( D8LIT) Rabbit mAb#14347 (CST) ,
Fi B 1 2 5000;0LR1 Polyclonal antibody 11837-
1-AP (proteintech) , # F . #] 1 : 1 000; SRAL Poly-
clonal antibody24655-1-AP ( proteintech ) , i & I, {4
1 : 1 000;B-Tubulin(9F3) Rabbit mAb#2128 ( CST) ,
B 1 8 000; GAPDH (14C10) Rabbit mAb #
2118 (CST) , # B 1] 1 : 8 000; HRP Conjugated Goat
anti-Rabbit IgG Goat Polyclonal Antibody # HA1001
(CST), # B ] 1 : 10 000; HRP Conjugated Goat
anti-Mouse IgG, Light-Chain Specific Antibody #91196
(CST) , BBl 1 : 10 000,
.12 H\FITHE

A AT K A GraphPad Prism #% 5, S£30 # 48
P x+s & 7~ , & | GraphPad Prism 9. 0 1E & 7 # 4T
FUFIN, HAZELEXABIER BT,
Z S = A DL R R R B &K 7 2 4T (One-
Way ANOVA) , bL P<0.05 % £ 78 41t & X,

2 # OB
2.1 BRHURIESMNMEEM KT AN S BIRG5 X TE

ENTEAUIIE =N 2 GRS S U A UN
R FE 1) B2 BT 1% Ak M T R R AL B4 G 2
L/ R T 0 TR A B 0 0R IR R 43
B ARG R A AR RE K 2 (B 1A) 5 AL
NTA 5 I 5 29 K 2 36 1 b 42 JF 8 &, 45 1 WoR
CDELN J0Uki K /N& Ry 35— B WP AE 50 ~ 100 nm IX.
[[],250 ¢ BB AT HEH 107 $0OkL CDELN (& 1B) 5 f#
FH % 3 W s A I HOE 556, CDELN 22 8178 1) 25 [R] 7
WZFEHR (B 1C) 538 &7 SDS-PAGE | Urea-PAGE
BEMCHLUK , 73 456 7% B 58 W G (5, 5 NA-Red %t
o, TR 9 oK 2 36 9 8 15T  RNA S5 A W3 PR /)
I3 WEEYN K BE 6 3 1 BT RNA J3 19 2 B %
SrFasr i (EDE) . AT UL, CDELN f& K /N —
ELUA BUZBELE R 5 & B TR RNA 1 SMIMARE 44
KAEN,,
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Fresh chili puree B

1.2E+10

¢ 300 x g,10 min
1E+10

Supernatant Eg 8E+9
B

‘ 2000 x 9,20 min £8 6E+9
.0

SE 4E+9
Supernatant =

O~ 2E+9

* 10 000 x 9,30 min
Supernatant

‘ 0.22 y m filtration

Size/nm

Filtrate
‘ 135 000 x g,70 min

Crude extract of CDELN

!

Density gradient sucrose cushion

¢ 150 000 x g,120 min

J

Purified CDELN

0
40 60 80 100120140 160 180 200

1. CDELN 245 BE5%L%E
A 4 CDELN #2405 #2 ;B i NTA 5% CDELN [hi42 B K 434 ;C 2 TEM F CDELN (B 252,
D J7% s i e 4 CDELN 28 15 E 4 NA-Red 4 {4 CDELN % RNA 71,
Figure 1. Purification,isolation and identification of CDELN

2.2 CDELN B CAP 4AZ5iRfE

AN[FFIE A CDELN 5#4k THP-1 Y514 F i 20
24 h, f#F CCK8 A I 41 i 3% 14 LU AE (1] 2A) , 2%
IR 10° B/ mL 1 CDELN 2R fefd:,10° ik,
mL 5 10® iki/mL 1Y CDELN 1R &R IS 2% 2%

B 20220930#17
50.0

A
P<0.01
40,0
20—
> 3001
<
[ 5= %
@ o
3 S 200
8 2
= — o
> 1.0 . o 2
s < 100
g
0.5 J
0.0
o -5.0 !
0 10° 107 10° 10° 0 1.0

S, B JE 222k A 10° URL/mL /) CDELN 5 1k
THP-1 Y1 E W40 i, HPLC FRi% A 10° ks
CDELN PHURZE &M 3. 408 3 pmol (K 2B), &
2 H AR 2R A T A M BFF 7 Sk, 2R FH 20 pmol/L
PR T THP-1 P54 E R4

20220913KY002-2 UV_VIS_1 WVL:280 nm

1-capsaicin-4.795
1 A

T
| | | | | | | |

CDELN concentration/(particles/mL)

2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0

Time/min

2. CDELN X4HMiE NMERARENHERESE (n=3)
A 2y CCK8 FIANIF] 4 CDELN X THP-1 Y14 B W20 B 75 PE Y 5200 5 B o HPLC B AGN 10° 5UKL CDELN PYBIAR & it
Figure 2. The effect of CDELN on cell proliferation and its capsaicin content(n=3)

2.3 THP-1 B4 EEZEAEEE CDELN

% SNGBE S () THP-1 Y5 M 5 W20 i 55 DIL A3
ICHFAY CDELN 30525 24 h, DAPI FRic 40 o4 )5 3
RAERMETWEZE R B R4l Y nT WL DIL 21 (5%
Jtf5% , 7~ CDELN #% E WAl (K 3) .

2.4 HBERFEME THP-1 &% B 1 46 b x4
DiL-ac-LDL 8 N\ BE

% IR HE#,20 wmol/L CAP Y 10° ki mL
CDELN W5 H W40 M 24 h #0007 40 i Dil-ac-
LDL i3 A&, Horf CDELN 415 2 9¢ Y6 56 B A%
18% (P<0.01) , 7] CDELN 1% THP-1 J5 M B v
i ac-LDL FYIEEL (K 4)
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DAPI

DiL-CDELN Merge

B 3. THP-1 FEE R4 MEHEE CDELN
Figure 3. Uptake of CDELN by THP-1-derived macrophages

DAPI

DiL-ac-LDL ~

Merge

P<0.01
55—

1 P<0.05
50 |—|

45|~

40—

Mean fluorescence intensity/FU

35

E 4. THP-1 /5% E WA AEE DiL-ac-LDL 8 13¥4k (n=3)
Figure 4. Assessment of the uptake of DiL-ac-LDL by THP-1-derived macrophages(n=3)

2.5 M4 0 #E#&M CDELN X THP-1 E 1 40 i
St TR 3L 3K 40 B PR S JR R AR B 2 i

T MESMLL O Je a4 j, 5 %5 FRZAH LE,
80 mg/L ox-LDL A3 E I 240 it i £ 1 TR Ak, 4 i 9
IR R ARG T R NAY S| B EA R O
TR T AR T 901% (P<0.01) ; ox-LDL+CAP 4
1 ox-LDL+CDELN 20§ J5i P4 B ¥k A8 A [R) 2 B i /L
Hrp, ox-LDL+CDELN @M £L O 2 €25 i i A 2>

62% (P<0.01), 2553, CDELN £ &0 /> THP-

1 54 I 44 L 56 BB ox- DL, Y5250 O PN i Jo 25 A, 41l

il WG 200 B [ YL VR A0 Ak (T S)

2.6 CDELN P&{RK ox-LDL S8 THP-1 iE M E I

YR AR ) 6 K A R A A S A2 h BB B B2 3B BN AR X 24K
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Figure 7. Assessment of THP-1-derived macrophage uptake of ox-LDL and DiL-ac-LDL under Yodal intervention
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