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Effect of Triacsin C on LPS-induced Inflammation in 3T3-L1 Adipocytes
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Abstract

Triacsin C, an inhibitor of acyl-CoA synthetase, is known to have antiatherosclerotic and vasodilatory activities.
The aims of this study were to evaluate the effects of triacsin C on endotoxin-induced (lipopolysaccharide,
LPS) inflammation in 3T3-L1 adipocytes and also to evaluate its synergistic effect with triacsin C and resvera-
trol, a potent antiinflammatory agent. Exposure to LPS for 18 hr increased secretion of IL-6 into the culture
medium and mRNA expression of IL-6, MCP-1, TLR2, and iNOS. Pretreatment of triacsin C for 2 hr suppressed
IL-6 accumulation in the medium and the induction of IL-6 expression by LPS, which was more effective than
resveratrol treatment. The synergistic effect of triacsin C and resveratrol was found to reduce the expression
of iNOS by LPS. However, neither triacsin C nor resveratrol affected the LPS-induced expression of MCP-1,
TLR2, or iNOS. These findings indicate that triacsin C may be a local regulator of inflammation in the adipocyte,
although detailed mechanisms are needed to elucidate this through further research.
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TAL AE A4S EME 4= A= palmitate2} ZEL
& Fg AWake Q17 A Al 3 (human macrophage), &3
A 3 (myotube), 43 Al % (endothelial cell), X %/‘ﬂ_l_(adr

pocyte) 59 ThFSt Al
HhH

o,

14 GEWNEE FEA3-16)3H
9 Aoz RE Aol FYHE AL AAFHE

triacsin C(long fatty acyl CoA synthetase inhibitor, Fig.



284 uloz .

DE AT A5 A2 AE} 3T3-L1 AAEZAA A
e A H1317). o]E Fa Aatel o

S |
3 dFol FEH7] AsiM = At obd 3 (acylation) BE
ol T3 4TS 7L A5S AR

Triacsin C= ]2 = triglycerides, diglycerides, cho—-
lesterol esters®] de novo synthesis €A (18), tHA M E 25
B AZAEZL A4 A9A19) &%) Qo™ nitric ox-
ide(NO)9] 848 S/ o 2 a3 758 st A
(2021)°] &= A Atk 2evt oA A o] &jof thE
Edol o) fr=E APAE AFH-Eol olA triacsin
CY &¥o tsire X v ik WA 2 AFeAM =
LPSE f=¥ 3T3-L1 AFA 9] 45 A Ato] =711
T2 LE ) triacsin C7F PIX= Gl el Z9r
Z 4E FASAARI resveratrolZe] &% Hlw 2 T
E49 gAY axE A5 Baa s

Mz o

M= A Al

Low glucose Dulbecco’s modified Eagle’s medium
(DMEM), fetal bovine serum(FBS), calf serum, penicillin/
streptomycin ¥ trypsin-EDTA-S HycloneAHLogan, UT,
USA)A T3kt TRIzol™e InvitrogentHCarlsbad,
CA, USA), TURBO DNase™& AmbionAHFoster City, CA,
USA), iScript™ ¢DNA synthesis kite} IQ™ SYBR Green
Super Mix kit= BIO-RADAHHercules, CA, USA), resve-
ratrol> TOCRISAFBristol, UK), insulin, isobutylme-
thylxanthin(IBMX), dexamethasone(DEX), lipopolysac-
charide(LPS), triacsin C(from Streptomyces sp.), dimethly
sulfoxide(DMSO) 5-& SigmaXHSt. Louis, MO, USA)°i| A
Z+Zy 43T 3T3-L1 A WA T4 3 (preadipocytes) =
ATCC(Manassas, VA, USA)o A FY3ste] AFE3A T

3T3-L1 preadipocyte M|ZHHQF 2! X2
DMEM(ow glucose)ol 10% FBS<} 1% penicillin/

Table 1. Primer sequences used for real-time PCR amplication

streptomycin®] -2 vkl © 2 6-well plateol] 3T3-L1
ARATHAEES 2 well B 1x10° cells®] =2 BF3
9 A ZE7} confluent staged] E=23FA vkt 1.7 uM in-
sulin, 0.4 mM biotin, 1.0 yM DEX, 1.5 mM IBMXZ 3 7}3k
E3ha) k& ALE3te] AFHI 08 (5% CO,, 37°C)oll A 48
Az Fe 23 FESAT 23 fFEE F uj g
1.7 uM insulin?t % 7}3} insulin ¥ & 2 vt} Zolth
7} 8~10¥ 4] 3T3-L1 ME7} 80% ©] #3te AL

% insuling A AT wjFY o2 ZolQnt. v 2 10 uM
triacsin CE 2A17F &< A2 (17) == 50 uM resveratrol=
2477 F< A2 d t2, 100 ng/mLe] LPSE 18417t &9t
ARt ZE ATlA HAx AEES st Az
=740 gle A& A3t AgE &9 F wgde
IL-69] F&& 98] We ®HASAT A Z= TRIzol" S A
g3t Y5 BRI

Cytokine(IL-6) ELISA

ekl o) 1L-6 &3-S mouse specific enzyme-linked
immunosorbent assay Kkits(R&D Systems, Minneapolis,
MN, USA)E o] &3t Al ZARS] EA ol whet g #Fs)
Aok

Real time quantitative PCRAIA|ZE SESAIMEES)

Acid-phenol A ¢H(TRIzol")& A3t total RNAS F
235193, AA) A DNAES| &4 (DNase) 29L& Turbo
Dnase™2 A}&3to] A Attt Total RNAS 83 &
iScript™ ¢DNA synthesis kit2 X Al(reverse tran-
scription) & 4338l cDNAE 343¥ ). 5X iScript re-
action mix 4 pL, iScript reverse transcriptase 1 uL, total
RNA 1 pgg %3l nuclease free water2 F3& 20 yL=
93 & DNA thermal cycler(Mycycler™ thermal cycler,
Bio-Rad)Z PCR& AAI8FATHPCR 23: 25°C(5&), 42°C
(30%), 85°C(5%)).

9% cDNAW IL-6, MCP-1, TLR-2, TLR-4, TNF-a
2 INOS9] 5342 B& -2 real-time PCRE Al&-3lo] &4
3lga Ao AF&3F primer setE S 2 TH(Table 1).
PCR ®F&-& $3F thermal cycling2 95°Coll A 3E3F ini-
tiationd}aL, 40 cycleS 95°Ceoll 4] 15%(denaturation), 60°C
ol A 302 (annealing), 72°Coll A 303 (extension)& <=3 3}
Aot 24249 primersell 9314 SZH PCR WA ES

Target Forward primer Reverse primer

IL-6 TCCAGTTGCCTTCTTGGGACTGAT AGCCTCCGACTTGTGAAGTGGTAT
MCP-1 CCAAGAAGGAATGGGTCCAGACAT ACAGAAGTGCTTGAGGTGGTTGTG
TLR2 TCCCTTGACATCAGCAGGAACACT GCAGCCGAGGCAAGAACAAAGAAA
TLR4 CCGCTCTGGCATCATCTTCATTGT TCCTCCCATTCCAGGTAGGTGTTT
iNOS TCTTTGACGCTCGGAACTGTAGCA ACCTGATGTTGCCATTGTTGGTGG
B-Actin TGAGAGGGAAATCGTGCGTGACAT ACCGCTCGTTGCCAATAGTGATGA

IL-6: Interleukin-6, MCP-1: Monocyte chemotactic protein—1, TLR2: Toll-like receptor-2, TLR4: Toll-like receptor-2, iNOS:

Inducible nitric oxide synthase.



LPSel oa f=% 3T3-L1 A%

pGEMT vector2 &3+ 3 HA}E(transcript)©] Q2| 8t=

AE g3ty Yl I71AgE BEX3 9T Real-time
PCR¥H$-2 1Q™ SYBR Green Super Mix kitE A}-8-3}4
iCycler(Bio-Rad)Z &3t} 2t AALE9 W Fe 7}
7t Zek2v] = (plasmid)ol] o8] A3 ¥ standard curves
o] &3} regression®l 23] A4FE AL B-actin®] FHHFS
2 BA3A

At=29o| Xzl

EE A59 HE= SPSS-PC+ EA package(ver. 14,
SPSS, Chicago, IL, USA)E A1-&3t A8ttt 2 d&
of we} Mgy} FAX L EFAASD)IE FohaL, #H F
ol AZES YA E one-way EAHEA(ANOVA)S A3}
3l F k2 73 F, Duncan’s multiple range testZS ©]-&
sty ZF o 7HY] fr e 2ol (p<0.05)E HS A

Zio} 9l nE

2k

AWM E= TNF-q, IL-69} 22 AF5A Alo|E7Fels}
BEAaudS Aoz 44 A9gutsd a3 9%
< 0H6). F, 3T3-L1 A¥AlZ2 el gl TLR4d
Escherichia coli ®18 9 &A= LPS7} A3sHH Myd88
(myeloid differential factor 83)3} TRIF(toll/IL-R do-
main-containing adaptor inducing IFN-B)2] 24135 A& A
AE 53 FARIAR] NF-kB} AP-10] 43t NF-«
B} AP-1& 8o 2 o]&F3}e IL-6, MCP-1, TLR2, iNOS
A TS FEgithe o] WRHTH22-24). £ A+
A% E3bE 3T3-L1 AHAME 18A17F &<t 100 ng/mL
o] LPSE A& A7 v oz FHH IL-6% mRNAS
IL-69] 3L tjzae &) Z+2 107, 269 S7HeE A
2918} 1 tH(p<0.05, Fig. 2). =3 TLR4(data not shown)Z
A g e d5dd F¥A4MCP-1, TLR2, iNOS) 2
< LPS A Al "dzwd H3] fFoHez F7istAat
(p<0.05, Fig. 3).

Long fatty acyl CoA synthetase®] A& A o)™, A5
743 A & I (antiatherosclerotic activity), 3 ¥&37A|
(vasodilator) 52 98-S sl= Aoz &R (18-21) tri-
acsin C9 &% & Folr 7] 98] 10 uM9 triacsin
CE 2/17F B9t Aelet A7} LPSE F =¥ sy IL-6
oy mRNA IL-6 Hdo] 242F 73%9} 35% frold o=
TR o2 2 (p<0.05) triacsin C= LPSo] 93] f =%
& dAlstE ARV ASS FelEint o= £
o] onj Ao} AYATR)E T3l F4F EF°l
A=3 resveratrol(50 uM, 24417+ X 2])dl] BIS|IA =
Hj el o 2 o) BulH [L-69 A a7} o] A vEET
(p<0.05). ZH Y triacsin C$} resveratrol®] &R S a3
= g Aoz YEhdoh(Fig. 2).
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Fig. 2. Effects of triacsin C and resveratrol treatment on
LPS-induced IL-6 secretion in media (A) IL-6 expression
(B) in 3T3-L1 adipocytes. Cells were treated with triacsin C
(10 uM) for 2 hr and resveratrol (50 pM) for 24 hr and then with
LPS (100 ng/mL) for an additional 18 hr. Values represent means
+SD of 5 replicate experiments. Means without a common letter
are significantly different (p<0.05).

3t triacsin C2 & 3ol tisiA= HH v} glojA o2
ATFe] AHAQ vHlwrF B7535)th Haversen 5(13)
AAREE-o] F a3k AEQ A2 A Z(THP-1) oA pal-
mitate A 2]l 93] FE=F FEAA}F TNF-a= triacsin C(5
uM, 303)l 93l FoFHe =2 7FASS AL, palmitate} LPS
SAAYE fFrd IL-1p9 23 %3 triacsin C A 2]l
o3 FojH o R A ASS BAstA T LPS A 9
3 F=F IL-182] 32 triacsin C X gol] 93l 25% H=
Hlovt %‘ﬁ"*"ﬂ el e AdFS A ¥ o]
& 53l AFAE2 palmitateZ} Q1T A A Eol| A

A =317] 98 A= palmitoyl-CoAZE A g5 ofo} st}
3 8ok 3, Ajuwon®} Spurlock(17)& 3T3-L1 A4l
Eo) 10 uM 9] triacsin CE 2A17F B9 A 83 3¢ 250
uM palmitate(24A1 7 A8))E F =9 NF-xBY &84S &
ofFH o= FraAZItka Bastdch 18 palmitate X €]
o] o3l Z71et vl [L-62] ¥ =+ triacsin C 2ol &
a 2358 o F71e Ao =2 UEEth ol i A=
IL-6 §F$-5 9= NF-kBe &4o] wt=A] $-X 5 ojof

l

ofN re oY

b
?—
NN
=

H

<



286 ses .

6.0 1 c c

5.0 1
ab

ab T
4.0 1 —— ab

3.0 A
20 A

1.0 4

00
TC (10 pM) - + -
RV (50 pM) - -
LPS (100 ng/imL) — - - - + + + +

_,.
+ +

45 c
4<

354 ap abc

31 T
251

0.5 -

0
TC (10 pM) - + -
RV (50 pM) - - +
LPS (100 ng/mL) — - - - + + + +

+ +

4

35 4

3

254

0.5 1

o0
TC (10 pM) - + - + - + - +
RV (50 uM) - - + + - - + +
LPS (100 ng/mL) — - - - + + + +

Fig. 3. Effects of triacsin C and resveratrol treatment on
LPS-induced mRNA expression of MCP-1, TLR2, and iNOS
in 3T3-L1 adipocytes. Cells were treated with triacsin C (10
uM) for 2 hr and then resveratrol (50 uM) for 24 hr and then
with LPS (100 ng/mL) for an additional 18 hr. Values represent
means+SD of 5 replicate experiments. Means without a common
letter are significantly different (p<0.05).

A HF o] Ao A triacsin Coll 93] NF-xkBe &A1&
oHow g Wi W g IL-69 s=7t S7HE A
IL-69 HAS 93 NF-kB pathway ©]9 9 = t}& 7]
o og Aolgtal F5313th o= 3T3-L1 ARAE A
LPSZ f =% IL-69] @3] triacsin C Aol 23] 743
£ A7 Aol Autd Ao 2 F AT AF Aold i

B o Jo

st 7bd 2 olfire 9% TEEA Y Abo](palmitate vs. LPS)

o2 AlgdEY. AAE Davis 5(24)& 3T3-L1
A HEA E o] 500 uM palmitate$} 10 yg/mL LPSE &g
3% IL-6 59 dSFL Aol =7kl 23, NF-kB, AP-1
g4, 8432 AR Tl JoAA F EFY fro] A<l Aol

= gaato) 3t 7153 71H o 2= LPS
=2 %E% X]HJ_%ZJQ] Y 7o Eﬂﬁ} triacsin C2] A2} AH

2
2—103 LPSE Oﬁﬂ% o 13%1‘«1 A =% Od%&ia

=
FAA B@o] DAYA )T B ETH WEH FFow
Z/4s19ee RIS F, LPS) o@ A2z Z7}
S AEBA FAA TEE S DA Vo] YL oz

Al @t ¥ | triacsin C= AR A o)l A cholesteryl
ester®} triacylglycerol®] FAS Aoz AWTE A|A
St=H(19) THeF AWZ A M T triacsin C7F AFE A
Aste Aol dFEudA LPSE F=d A9 #H4S
triacsin C7} QA go 2 LPSE f2d IS 1144
o2 JAE 4 the 7Hd o] 7hesith #FF triacsin C7F
LPSE FE¥ dF0k3S ojdl 7jd oz A|st=xd) o
814 NF-kB, AP-1 pathway == AWAE W A<
A 2 2 ol B AAS VHATIE oS Ae=
Atg

Triacsin CY resveratrol®] ©@= 2|7} IL-69] #Hx} gt
d& JAIW A= 2] LPSE =8 WA E2] TLR2,
MCP-1, iNOS #3# ZdS JASIA = &= ZAo=Z HQl
tH(Fig. 3). Z# Y triacsin C 743] %o resveratrolS &%
A28 79 TLR29 MCP-1 fA2F &3S Fo 7 o2&
BA T FAdteE A BAFA o, INOSe| &d-e LPS
thzTol] HIs) 16% X FolF ez AastHrhp<0.05).
5101 7] A (host-defense mechanism)oll ¥ 5}
W, 9% Al &) AAFE= EAEHN(25) HT LPSE
FEE FET vh200 A resveratrol Fofoll o3 =53}
B Az LA 0] INOS Aol FrYH o2 A8kl 3T3-
L1 A A E AT LPSS} Ato]E7IRIC 2 FEH INOS9
A7d ol resveratrol A zlol o8] FAEHASol BT
(26). Triacsin C= U335 93] M X (human coronary
endothelial cel)¢} #F &9 (rat aorta)o] A eNOS palmi-
toylation2 A 8}] nitric oxide?] &S F7HA17]1aL o]
2 o) dadgA gyt geo] BaEla(20), triacsin
C7h QAzPw A Z 9] eNOSU INOS Aol AR H o= o
e T2 et Bag vk 221, dA7A 4FL
Z fF=9 INOSS Zdel triacsin C7F o F&FS v =
A= Bad vk ok v E 2 AF A= triacsin CUF re-
sveratrol @5 8= LPSE FX=% iINOSe| & 3]
QTS VAR ZPAT F EF EFA el o3 iINOS
o] A HHo| FH R Ao, o] 3T3-L1
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sveratrol2 LPSEZ FE=% X|WAM¥e TLR2, MCP-1,
INOS 72 ol g JAaH= e o2 YER
ot 23 Y triacsin C 2] ¥l resveratrolS &% &%

4% INOS9] &&d-& LPS tZ7to) &) felxoz 743}

At} B3 triacsin C7F LPSE § 523 928128 ojd 7]
Aoz JAsh= Ao talMe F& A7 Bagh Ao
AR EY AEA o Z o] AFdA e A4 A4 AsAIA
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triacsin C& 3T3-L1 XA ZANA IL-6 §o|& JAF
A7} Qo™ triacsin C9} resveratrolS Ao x2S
] iINOSS] BdS §oldoz 7FAAZS 3ot} o

E US| o8 A dZuko] ) triacsin C2
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