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Abstract

Abstract

Mycoepoxydiene (MED) is a compound which was extracted from Diaporthe
phaseolorum as a secondary metabolic product. Early study has revealed that MED
has a notable effect on anti-cancer and anti-inflammatory. However, it is still not clear
about whether it would affect the process of atherosclerosis. Therefore, we use
lipopolysaccharide (LPS) and low-density lipoprotein (LDL) or oxidized low-density
lipoprotein (ox-LDL) to induce differentiation from macrophages to foam cells, which
are the characteristic pathological cells of atherosclerosis, and investigate the
mechanism of MED during this process through cellular experiments.

First of all, through Oil Red O staining, we observed that MED can inhibit the
formation of foam cells differentiated from macrophages. It is clearly understood that
early atherosclerosis is closely connected with intense inflammatory and the abnormal
level of ROS. MED eftectively ameliorates the change of ROS via regulating the
expression of NADPH oxidase-1 (NOX-1). Modified LDL can stimulate the organism
to secret large amounts of pro-inflammatory cytokines, such as TNF-a, IL-6 and
IL-1B. We detected that MED significantly attenuates their protein levels through
inhibiting their mRNA transcription. Moreover, we found that MED shows marked
inhibition on ox-LDL induced activation of NF-kB signaling pathway.

In sum, MED inhibits activation of NF-kB signaling pathway induced by
modified LDL, and down-regulates the expression of pro-inflammtory cytokines and
the release of ROS. In such way, MED plays a distinctive role in controlling the
formation of foam cells, and defending atherosclerosis. Our data suggests that MED

could be explored as a new anti-atherosclerosis drug.

Key words: MED; foam cells; atherosclerosis; inflammation;
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1.1 BIRKIEHREL

KRR RE A — B V0, 2 F IR AR S R AR TE B Rk A ) 8 S
SURI, FHAZR Iy B Wk 20 o 18 1 W R B R A 8 P i A 1 0 A o TR 2
Fat o 50 Pk S R L0 P o i ) 1A g RGP A P, A AR 2GR 1
524K (pattern-recognition receptors, PRRs) FI¥IH & 4 E M7= 4= PPRs Hrf—Ff
NHIFAE T SZAR, WiEiE K324k (scavenge receptors) iS4t 5L BRI iR & (A
(FiE B, (RBEAR AL . T 53— RO M5 S 52 4, W Toll #3214k
(Toll-like receptors, TLRs) 5 PRRs WIAH EAEH, i FiiFfE 51458, MifkS
BRI FEREAL, o

L1 SRR, RAMERSRAE

Bk REREAK & R A TE B K RE [ 280 SR, AT e RAEH R AR B
AT R R EE N A €, A T A ST A B S A E R S Y
PEHLIKT 24 5] T Sk R BBk ZE Y . JE I SRR (R .
RN A, B AR K Cln o3 2040 B AN RO i N e, I B
D AR AR, RSk FERE AL B R AR T, SRR P 2R G 14 25 L B
oAb, AL AR, B RGN N I S B S S ER 2 JE, AT
TG S RN o

A 2 200 B A AR P A A B AU 2 g B s, SRR PR 3 1, R R ML
AMLKE I 4> T-1 (vascular cell adhesion molecule, VCAM-1) FIZ&i%0 7, [&]mHf—
EALBUK RS, TG PEEE (reactive oxygen species, ROS) K&EFEM, s
[ AR 20 T AP AE T BBk PR 25 5 R A AT o P B IR PR T v, SR
JNARAN T gUHL i EEEAED 1, 35 VCAM-1 454, XFE I A g s Kk
LT 20 ik s R Ak ) L B B

o S5 20 L FR) 5 £ 2 s Uk s o R A B S0 ) = D B, I B A DR IR R T80T
Tl Z )5, 2 Fhg DR (KK B = A I 1 S s A 24, AT 51 R 40E -
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PN 2 400 e R ST 3 AL 40 ) 453475 Ak B 5 4 B 4 7 R (macrophage
colony-stimulation factor, M-CSF) , Hll¥§ 1 H %40 /-6 A Emggn '™, x—5
B B K R A TR B DG, P Bt 5 7 7 Wt A P PR OB 8 o A R R Y 1
0 2KV IOTE . R, B AU B R R (bl B R An I e, ERE
JH% P R e KRR 2R, E R4 L AR N T R A, T LA 4 L R Ay 2 ik s A
ADES P H IR R AE TG BE AR PR, A B AT IAE T, AT R B R T [ B T 1A e
WAL BRI A A 1 2 . BEAE i I — 2 bR, o, IRAEES 4. T Fh
PEHGRANRRGE 1, BEHR P 14 9 AE 20 B v {at B0 10 B o ) 1 81 et 141, i
MR AR, M 51 A Bk S bk ZE O UL 2E Bl U2

FES KRR A TE B I A2, [ H 28 W0 AT 15 U 1 98 000 B 0 A G fe ik
A (AR, R A T SR S 32 AR Toll B 32 4 3 7] % 426 /6 FH SRk A0 75
(NSRS 27/l

1.1.2 EfH%RE
1.1.2.1 HisRiE

NEIBAEMINZ I R IE RGP 0 N =TEBT2e: (1) Bz RS I S5 4
A EE B, () [A R, (3D RAFHEGE . HAP T —I& 726 H I I
HR 2B i N AR Bl AR R G 1) B

A B 2 B 2 B 6 e N AAHRATO A N AR ) 28 O A L B — Tl T 4k . X3
B R A R, KGR, MRV, VAR, LS ST R e B A
FIARAFE G gz, FRAN R TR A A B 2 B 27 B B kK 3 UL A 5 (5 S5 42 5
JEpEL,

[ Sa e it 7 HLARNT F B IR [ S RGO A BRI 2 4k,
HENRE IR 2 T CR S LSO o I AR, TR LA BN, [ S s B m] = A
TRAP PRI SO SN o e SRR 3 1 290 A R S 1 4 PR 5E L OR A Th ARG, Ik 1 440 A 4
PN A EAEEVRANM . WIRAHM . FERGIA. PRI BRMERIAIA. HAA
il (Natural kill cells, NK cells)  NK T 4Hfd. [&47 5283 i 445k o ok
TSRS S, WAMATE . LPS 45 G H, C-IRMEAMBMPTFER, KI5
B, MRS, b4, [ GO TEHE TR IR G N B h R 45
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fEM . T 4R B A2 SR AV ke b EE R e i . 518 g R g AR
7, PR ENEE N, SR 2PN, RIRBEM PR X
W] RE TR KR IA M ELIMAE T 40000 B 400 AT B 5248, TG n
SR EWETE Y &R

1.1.2.2 EBERERANZRS

] A7 28 T B FRE S NAE X LA SR ANAR IR, 223N ) LR A o 2T 4
Y. AERAHAL. AR IRANR, DLR I ARM . S A A B AN o ok A i S5 SRR 8 JE
Aok 24 e P R A i T Rk R PR 524 (PRRs ) R Ji A48 1) =2 2% A0 41 i
4% . PRRs A% FL 12 5] 422 A I 21 A= 40905 S AR Y 1) T 402 6 928 2R G R0 )
KB AR, B JEAR M 4> 4525 (pathogen associated molecular patterns,
PAMPs) U, GRS AL IR . AR AR A AIRE S, BOH B AR TR G

(damage-associated molecular patterns, DAMPs) , M #%#0&E . ¥ 1 PRRs 3
BRI AR WA KR E S48, 530 T s 58,

PRRs A PRI EE 32 —MIE FEEFWHR I 2R, ) — RO R
(552K, A4 Toll FEAZ4K (TLRs) FIHEZE324AIS, Bofk 5ixes etk &
SR MR ROREFE RN 2RIA o T B AT 32 AR WA S ML N R B2 4R M S5 1
R, HRIBAPUR LB (antigen-presenting cells, APCs) o X —H A5 &
LR ZRER A, WIEIE RAZR (SRs)  C ZRiMEER MR R 2. kS
RKZAGEEH, FHARET| AL AT R AL T 1) RE . FESIORRERE, Mty 32
e, FEJE SR-A fl CD36 = 5E MWK EENEE A (oxidized low-density
lipoprotein, ox-LDL) 37 B FH VA 40 M 1) T B o

1.1.2.3 Toll HEZFRIE K IhEE

Toll #3214 (TLRs) j&—fhd 2 [\ T JOME (S 5B % 32 /K PRRs, P A 5
P RIRAFIE S TLRs AN 7E INZE B FL 2P 0k Py #52 OR e (921 TLR
F IR A O AE SRR NG T IR IE I e BRI, 2 Jm A AR A
WINPT R B L ORI ThEED . B4 Nk, A+ KL TLR
FIREH 12 DR, TR 3SR EY 454 . TLRs FIHE0S vl I8 % S 95
238 0 5 ) OE DR A IR AR 1 51 R SR I JAE S N - T3 b
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TLR [A¥05 2 BRI R A0 BRS B o7 1K, RO IR 7 AR 51 58 22 1) 0
241 ffa 0k #EAT

TLRs A DL 20 i Z AN S M. TLR1. TLR2 A TLR6 4 B )30 5% AT R 5l
2% PR B 20 L B P R B AR 2R 254 . TLR2 ZE TR IR S0 . W g BE R AN i
By RS EE IS, 5 TLR1 5L TLR6 RIS — BRI R 5 % Fi g
B ARG S, BEEE Y, TLRI-TLR2 5 — BT LUR B8 & A =/,
ifi TLR2-TLRG S — A AT R 5 Mg 25 (1 — Fe A A s e, TLR2 AR ) 2 535
R AR RS, & EREPY. Y4h, Dectin-1, —Fh4ifE 45 &HA 1TAM
ZERIIRA C 2K EEZETT LA TLR2 AH HAE S 1R s B BEs J5 (427

TLR4 " LLiRAIAEZHE (Lipopolysaccharide, LPS), % [K BH 14 14 41 ity
BE (KRS 20, LPS (MG R4 lipid A #15% LPS (¥ %8 7% . TLR4 i1 %] LPS
75 MD-2PY, cD14PYRI LPS 45481 (LPS-binding protein, LBP) P24/
THIPMEAVER . BEFRET, LPS ¥ 3 AH MD-2 Al TLR4 W5 — SAALE S 5
B o R RV F DY,

Jy4b—16 TLRs 7] DL R o 4 TLRS A2 TE/N [ Z 9841 i (DCs of the
lamina propria, LPDCs) i RIAMI3Z 44k, T iHAIMEEE AP, ExiEE
F B2, LPDCs i35 B 4504k =28 1gA SR AEi, 6 T 4 tb
PR FER Th17 A1 Thl 4009, TLR11 RAE/NRAAEN KT RE, 5
TLRS A 1R & M EE Y, AR a5 A O A Lsh & [P, TLRI1L £ 5 Ktk
AR, BRI B 5 A I A e

TLR3, 7, 8 F1 9 %R K HATAM 2 A, 3x 8 TLRs &7 T i i
AWM NS EEASE, Rz, ZATHEEIN TLRs 46 fr T4k m™.
TLR3 R A EHME R (polyinosine-polycytidylic acid, poly [I:C]), — X RNA
Fely, FIDAFEEREE RNA B 6| B00% 3008 RNA. BRI TLR7 FAJE
TLR8 #B AT VR I H0 0 T DKWL WA bk 5T A, — L4 0 N A A% 1 S AL s 75 1.
RNA™I, 5 —J7 M, TLRY &34k CpG £5#1, DNA (DNA with an
unmethylated CpG-motif, CpG-DNA) {521k, JE AL CpG S5 K BA7
TET- 45 DNA H, T ALK 20 DNA H1) CpG 45138 & &k m H el
KZREHIARM™, 76 TLRO KA, CpG-DNA F] LA S50 511 1 2L 1)
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T [ M. Ji7s DNA A LUBOE AR TLRO 15 T G I

RZAFHE R W] TLRs 7E40 AP 07 B o 7 e TR B AR R 0 1 sh . b+
H S %R /2 TLRs HZ MRS T S 808 & Jus N, Btk TLRs X 5 S
B2 AR BN T B R R % . B4R TLR1, TLR2, TLR4, TLRS5 fil TLR6 fii T
YNHF B, T TLR3, TLR7 Al TLRO g TLRRifAE, (5 EH G REm
TLRs R .2 11 2 FH 40 7 FI4H A% P 1K) DNA BEFEME, (ROIRZEFRR 1Y) TLRs P-4
M ER ZAERI N AZIERE RN . DFFREA, UNC93B1 (—Fi A 12 NS 2L Rk
(2R IR 2R 1) 45t TLR3, TLR7 Fl TLR9 25 TLRs A ER 432 2 A B2 I g A4
161, 24 TLRO B MERR 1A S5 42 B W AZ A TRUR I, B 208 3 PUAZ TE AR (K 41 21 28 1
iy, TR AR B, K AL #RZ TLRY 5] CpG-DNA Fr s HIH47, BAR
TLR7 J2& P S BRI T 75 6, (B 75 TLR7 tHAE A AX B N D) B RS 48

TLR7 A1 TLRY #E% A2 S840l (plasmacytoid DCs, pDCs) 1 i 515 5
FEAER T Y TFN R S, i E AR IR E A SIS, 715 pDCs F(¥) TLR7
A1 TLRY M EAER . 53—J7H, —Bi#ENIE pDCs, B RibFIMK, HEE
BB WAL B, X L TLR7 A1 TLRY #5580 B 2305 NS 5. PDCs
I P9 FAE B R 2R R IR 1O 41 M 28 18 R T gt B 1R BB 1E
FAHOGER 1 ATGS A7EMI5 0L &, pDCs 1EJ7 B 5 A BEr= 4 —AL IFN, UEW]
TREE A MO NI TR, SR 5 A BB . R, 7EXF CpG-DNA [#1iR
A ATGS 27 1. Bk, AFIERT LI 515 CpG-DNA MHEHIE S
i LA TLRO /311 pDCs PN {5 518 % .

TLR S A P iR 3R 3 B0 A HR s SR I S, fELI B8 11 s
HITTRE S A R AR SO SR G o

1.1.2.4 TLR 2@

TLRs H1Z M EFREH K (leucin-rich repeats, LRRs) F1—> Toll 41/
% (interleukin, IL) -1 224K [FE 4K (Toll-interleukin-1 receptor homology, TIR) 4%
WAL, TLR1, 2, 4, 5 A6 /) LRRs Az T-40[fI4M#8, 1 TLR3, 7, 8 A1 9
i) LRRs A7 T-40fid AR R St 1T ) TLRs ) TIR S5 R T Mk .

TLRs 7] PAMPs 5| & 2 Ml R 8 5% K F 1) B, 5 TLRs A4 2R #
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YIS, TLRs BO& 3R A F G 58 5 AR YE TIR S5 H o) 1
RNFESZEEMME TLRS®Y, —IL4 5 Ff TIR g1, Hhads
MyD88, it TRIF, TIRAP/Mal, TRAM (TRIF-related adaptor molecule) 1 SARM

(Sterile-alpha and Armadillo motif-containing protein). TLR 15 “5 i 4% n] 4k 45 157 2
53 1-FE MyDS88 i & TRIF K5 AW F1PY, MyD88 2 5 1 & TLR3 PLAMI TLRI,
2, 4, 5, 6, 7THI 9N SHIESEED >, jf TRIF W25 7T TLR3 1 MyDS88
AR TLRA {5 5@ (& 1D,

1.1.2.4.1 MyD88 k#5185 5@

MyD88, & HH F &1 TIR G5BT 45443 (death domain, DD) 4%
(15> 7458, ‘B AILLS TLRs () TIR &5 R .45 510,

TLR2 A1 TLR4 {551l #% 7 B TIRAP/Mal K4 TLR F1 MyD88, MyD88 5
IRAK (IL-1R-associated kinase, IRAK) -4 # HAEH, i IRAK-4 #0iE IRAK FK%
(AR 52, IRAK-1 AT IRAK-2P, 1 IRAK-1 Fil IRAK-4 5 MyDS88 i@ it —
DD-DD kM & A=A BAE P >, 83, IRAKs 5 MyD88 i 2, 1fi 5 TRAF6

(TNFR-associated factor 6, TRAF6) (—7Ff E3 2 REEHERR) 456, —k&S
E2 17 ZEBRE S AL Ubcl3 Fl Uevl A MIHAEHIPY. TRAF6 {4k
FR 63 (K63) EHIRIZ ZABEMIE AL, FF7= A — AR A 10 F I 3RIZ AL EE,
M5 FE G4k TAK1 (TGF-B-activated kinase 1), TAB1 (TAKI1-binding protein
1), TAB2 il TAB3 @it [ IBIERR 63 Fiz ZHALEEC" “CRIBEHRIL IkB 34
fiff (IxB kinase, IKK) -B 1 MAP ¥4 6. #&)5, ™ IKK-a, IKK-B F1NF-x B &
L 45 T (NF-xB essential modulator, NEMO) ¥ i ) IKK & &4, #§fR ik NF-«xB
) IkBo, BERRAILIY IxBa #5712 W FIRE R G MM, MR NF-«B #4128
4 20 MR A T S50 R A SE AR IR T 0 . SIS I MAPK 5 5 3B B IE X 5 — A 3%
SN T SR N 0% 7 & H -1 Cactivator protein-1, AP-1) IS4 B 22,
AP-1 88 5 Tl N1 EE

TLR7 F1 TLRY 15 5@ #7551 &Y IFNs {1/~ 2E 2l it 5 — 4% MyD88 kit
BAEFTA G IR A , MyD88 5 IRAK-1, TRAF6, TRAF3, IKK-a
FIIRF7 T — NE AR, BEERIL IRF7, (EHEFNAZIFBEgAY 1 A IFNs [
BERRIE . EH M RAMH, IRF1, 1HAZ IRF7 #0& TLR7 1 TLR7 [T

6
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(550K, 5I# IFN-p (3 FEFRIA0,
1.1.2.4.2 MyD88 FE{X# & (=5 S 1B B/ TRIF (KBS S 1B

FE N B XUEE RNA [ W, TLR3 S8R ) 72 7 — M8 74t 5 TRIF. TLR4
ATLAG] & MyD88 ki Fl TRIF M8 (1(5 5 i@k, (H2 72N —MigEns ¥
TRAM K¥iE TRIF. —FhEEZEEM I TRAM: TAG (TRAM adaptor with
GOLD domain) #& TRIF {5 B 11 7 15 7. TRIF J@id TRAF N if
(1) 45 & 45 Ky B B TRAF3 fil TRAF6. TRAF @it H C ik 4 & & A

(receptor-interacting protein, RIP) AHEEH [ 451448, (receptor-interacting protein
homotypic interaction motif, RHIM) K1 RIP1 il RIP3 455 . fEAf&, SARM
J& TRIF M2 A5 5 38 B #1751 . TNFR ABICFE T 454438055 11 ( TNFR-associated
death domain protein, TRADD) 5 FAS fREXIET 4548 (FAS-associated death
domain, FADD) % & H LA RIP1 JER— A 448, TRADD 413 RIP1 2 &
1k, & NF-xB, 117 FADD % caspase-8 5 # caspase-10 W2 poly I:C, #1)&|
[¥) caspase I AT NF-kB®,

TRAF3 7EE IKK A% TBK1 (TANK-binding kinase 1) Fl IKK-i o1&
B S T TRAF3 /BN E3 Z R EHNS 5 K63 MR HARIZ KA KL
% TLR3, H. TRAF [{#0E 0t 2592 Z4LEF DUBA S24T 7051, 1 MyD88 1%
AL RS Sl i ) 51 A )2 i K48 s B iRz =4k ARG 2 TRAF3
[T B2 e o MAPK. RIS T 28 RE A0 R PR 1~ 1) 7= AE 28 K B 2 B2 V2 328 Ubces
AL K63 BRIz RALBE MK R EGE IRF3, TBK1 Al IKK-i &1k IRF3 il
IRF7, IRF3 fl IRF7 W —RALM 5 ia 2 40M0k%, 55 1 8¢ IFNs FIL% S 2R R 1)
FZIETO T IKK- 7] LU {h STAT1 K% S — & 41 IFN 7 3L K 10 Adarl, Ifit3
1 Tef7 fgRIkl?,

TBK1 Fl IKK-i (& &l 2 FhE E 1. TBK1 M IKK-i 5 TRAF %X
AR NF-xB #% T~ (TRAF family member-associated NF-xB preotien 1, TANK)

(8 # I-TRAF), NAK & A 1 (NAK-associated protein 1, NAP1) fil5 NAPI
FBLE) TBK1 A58 T (SINTBAD) MHEAEH .
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