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[# ZE]BM R R MMM A Z K1 (triggering receptors expressed on myeloid cells—1, TREM-1) 7% 1k = HZZ‘(trimethyl-
amine oxide, TMAO) 4311 K UM 18 WLAE T (vascular smooth muscle cells, VSMCs) 284 s v Hp -4 FH e HE T GEMLTH
OF A AEHE (0,100,300,600,900,1 200, 1 500 wmol/L.) TMAO 4B VSMCs 24 h; @4 TREM—-1 3£ K siRNA T4 i &(SI-
TREM=1) J MRS R T4 BUREL (si-NC) % 4 2 VSMCs 7, R J1] 600 wmol/L TMAO 755 VSMCs #1521, I B G 1% K «B
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F—1(intercellular adhesion molecule—1,ICAM-1) LA 2 11.—-1 B.IL-6 . TNF-a mRNA 263K 7K ; Western blot K 4 2 7 TREM-1 .
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Silencing triggering receptor expressed on myeloid cells—1 inhibits vascular
smooth muscle cell inflammation mediated by trimethylamine N—oxide by

regulating the nuclear factor—kappa B signaling pathway
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Nuclear Medicine , The First Hospital of Hebei Medical University ; 3. Department of Cardiovascular Medicine ,
The First Hospital of Hebei Medical University) )

[ Abstract] Objective : To investigate the role and possible mechanism of triggering receptor expressed on myeloid cells—1 (TREM-1)
in the inflammatory response of rat vascular smooth muscle cells (VSMCs) mediated by trimethylamine N—oxide (TMAO). Methods :
VSMCs were treated with TMAO at different concentrations (0, 100, 300, 600,900, 1 200, 1 500 wmol/L) for 24 hours. VSMCs were
transfected with the siRNA interference plasmid targeting the TREM—1 gene (si-TREM-1) and its negative control interference plas-
mid (si-NC) , and 600 pmol/LL. TMAO was used to induce inflammatory response in VSMCs, combined with the intervention with the

nuclear factor—kappa B(NF-kB) activator phorbol myristate acetate
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ESTE T E ik EFAFH LRI T AR (5T
20201151). (TNF-a) in cell supernatant; qRT-PCR was used to measure the

(PMA) for 24 hours. CCK-8 assay was used to measure cell prolif-
erative activity; ELISA was used to measure the levels of interleu-

kin-1B (IL-1B) , interleukin—6 (1L=6) , and tumor necrosis factor—a

% H AR - hitps:/link .cnki.net/urlid/50.1046.R.20241212.1350.006 mRNA expression levels of TREM-1, cyclooxygenase—2(COX-2) ,
(2024-12-13) intercellular adhesion molecule-1 (ICAM-1) , IL-1B, IL-6, and
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TNF-a in cells, and Western blot was used to measure the protein expression levels of TREM-1, COX-2,ICAM~1, NF-kB p65, and
p—NF-kB p65(Ser536) in cells. Results : Treatment with TMAO at different concentrations had no significant impact on the prolifera-
tive activity of VSMCs(P=0.375) , but it significantly upregulated the levels of IL-183,IL—6,and TNF-a in supernatant and the mRNA

and protein expression levels of TREM~-1,COX-2,and ICAM-1 in cells(all P<0.01) in a concentration—dependent manner. Silencing
of the TREM—1 gene significantly inhibited the increases in the levels of IL-1B, IL-6, and TNF-« in the supernatant of VSMCs in-
duced by TMAOQO, and it also suppressed the upregulation of the mRNA expression levels of COX-2,1CAM-1,1L-13,1L-6,and TNF-
a and the ratio of p—~NF-kB p65/NF-kB p65 in VSMCs (all P<0.01). However, PMA intervention significantly reversed the role of si-
lencing the TREM—1 gene on TMAO-induced inflammatory response in VSMCs. Conclusion : Silencing of the TREM-1 gene can in-

hibit TMAO-induced inflammatory response in VSMCs, possibly by inhibiting the activation of the NF—kB pathway.

[Key words] trimethylamine N-oxide ; vascular smooth muscle cells ; inflammatory response ; triggering receptor expressed on myeloid

cells—1;nuclear factor—kappa B pathway
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%5 . RAT-iCell-c004 . PriMed—iCell-004, |- 3E 7T 1A= 4
AR A PR ) s TREM-1 3£ [H siRNA 3 R (si-
TREM-1) B LB X B8 T3 Bk (si-NC) fi T M IR A=)
FEARA BRI 7 A B AL = B e (5855 : YS157233, db Rt R 3E
EREARAED) 5 B9 BE (phorbol myristate acetate, PMA)

"5 . HY-18739, % H MedChemExpress N FED) Lipo-
fectamine 3000 %% Y47 (525 L3000015, 3¢ [E Thermo Fisher
NF]) s TREM-1 FLik \ﬂi’ﬂﬁ@@—Z(cyclooxygenase—Z ,COX-
)P 40 it 18] ZE B 43 T —1 (intercellular adhesion molecule—
1, ICAM-1)FUR L M 4% F kB (nuclear factor kappa—B,NF-
kB) p65. p~-NF- kB p65 (Ser536) 47 & ( % %5 . ab214202,
ab179800.ah282575 .ab16502 ,abh239882 , %< [ Abcam 23 7] ) ;
CCK-8 Kl 7 & (595 : C0038, |24 7= KA W1 H AR 05y
A BT ) 5 IL-1B8. IL-6, TNF- o ELISA it # & (18 5 .
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7)) ; Hifair® Il One Step RT-qPCR Probe i& # & (1% 5 .
11145ES70, 128 % A WAL e A BR/A 1) . D180 %,
A3 3246 QORI T 3 IR A A= i B 1 A BR A B 5 Varios-
kan LUX £ D BE M 11X . QuantStudio™ 5 52 I 3¢ ¢ & & PCR
Z45 (32 [ Thermo Fisher A ) ; Gel Doc EZ BEIE G R 48
(ZH Bio-Rad A #]) .
12 Fi
12.1 #HMsE3E & 10% FBS Al 19% XU 0 R BRFAL
S LA & S SRR R B SR AN, B SRR A B IR EE
37 C, ZRAMRARE 5% , 45 1: 2 IEATANAAL AR 255 3 4%
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122 AifaRE g Ry el Ab B ¥ VSMCs B T 6 FLEF TR
o BRAL L x 10PN, RR AT A: K R R 70% K 4T
43 M Blank 41 . si-NC 20 Fll si-TREM-1 2H , i Fi| Lipofectamine
3000 %% YL 3 FKF si-TREM—-1 #l si-NC J5 #7 %% 4t % VSMCs
J /i 9548 hig , R H qRT-PCR F1 Western blot 6 4% 2H 20
Mirf TREM-1 mRNA A R XAKCF ik e, Fi)E
A8 40 B 7 K XF VSMCs #E4T AR 43 4 K Ab B - (DA [F] v
JE TMAO 41 : 5% FH KR [H] ¢ ) (0, 100,300,600 ,900 . 1 200 .
1 500 pmol/L)TMAO &b ¥ VSMCs 24 h; AS[R A [E] TMAO A4b B
21 : 5K A 600 pmol/L TMAO &b 3 VSMCs A [5] B [7] (0,8 .12
24.36.48 h) . @Blank ZH : VSMCs 1F % 5 3% 24 h AU A7 4k
P si-NC 41 2K si-NC Bk Y 28 VSMCs P 5 si-TREM—1 41 :
# si—-TREM -1 FURi YL Z VSMCs HP . B Control 4 : VSMCs 1E
WG IR 24 h AR ] 4b B, TMAO 4H : VSMCs 2 600 pmol/L
TMAO ZbFE 24 h; TMAO+si—-NC 2H - $54% si-NC J5 /) VSMCs £
600 pwmol/L TMAO Zb 3 24 h; TMAO+si—-TREM-1 41 : %% & si-
TREM-1J5 1 VSMCs Z 600 pmol/L TMAO 238 24 h; TMAO+
PMA #H : VSMCs £& 600 pmol/L TMAO 1 10 pmol/L"! PMA #t
7] &b 3 24 h; TMAO+PMA+si-TREM-1 21 : %% %% si-TREM-1
Jii 19 VSMCs 48 600 pmol/L TMAO 1 10 wmol/L PMA H: [7] 40
JH24 h,

123 CCK-8HGIM  KF 20 M40 T 45l 100 pL 15 3R 5L 96
UM R, A0 B 2 x 10 AL, TE35 248 i85 95 24 h,
iz 43 41 B3Rk SR B R TR ¥ B (0,100,300 600,900 . 1 200 .
1 500 wmol/L) TMAO 4b B VSMCs 24 h 8% 2% JH 600 wmol/L
TMAO 4b B VSMCs A [A] i) (0.8.12.,24 .36 .48 h) , T T 4%
WG EFLMA 10 L CCK-8 ¥, TR FRAA P 4k 2i 4592 4 h,
VAL EEFR L IEYE AN 450 nm, K045 FL I 6 (absorbance,
AVE ANBIETERTAE (%)= (A i =A gy /(A i =A syeq.) X
100%.,

1.2.4 ELISAKGI  H4>4LAC TR AN M , 48 FH JC R & e s 4m
i, 3 000 r/min 250> 10 min YA W50, 3% B ARAESL .25
FURREA AL , A v AL AR [R] ¥ BE (9 B o b 50 L, 25 (AL
AU S 15 32 3 4 IR G Ui B PR A, 28 0k iy Ji5
HEREERACIESE oA 450 nm, K45 AL A (S i FH AR VE D e
FES A A AR E TR B S A A ABRIE 25454l
4 _E3E A TL-18 . IJL-6 . TNF-a /Ko

1.2.5 € i B & B85 ) W (quantitative polymerase chain re-
action, qRT-PCR)KGIN 4532 A BRAN MY IS 150 , B 2 i 46
1 x 10°N4HMEILTE , A 1 mL RNA $5:HUR W T T ik s 40 B, Jin
NS TR TR A B0 U BE RNA 422 B8 3 3 & 0 W A5 2 4,
20 wLAR R A B cDNA . 78 PCR S AR A B B2 I 44
R (PR 7.5 pL. E RS9 1.5 wL.cDNA 2.0 wL . JGHf/K
4.0 pL) , f# FH 2¢ J62 t PCRAXAEAT PCR Y14, 95 “CHIAS M
305,95 “CAEPE 15 s, 60 CiR K 4EfH 30 s, i FF 40 K. LU
GAPDH J N &, 27 k118 H i 2 ] TREM-1., COX-2,
ICAM-1 LA B IL~1B . IL-6 ., TNF—a mRNA A %X§ & ik /K, 5l
PRI,

&1 319F5

R Bkl

TREM-1 F:5’-TATGCCAACAGCCAGAAGGC-3’
R:5’-GGGTTCCTTCCCGTCTGGTA-3’

COX-2 F:5’-TTCAACACACTCTATCACTGGC-3’

R:5’-AGAAGCGTTTGCGGTACTCAT-3’

F:5’-CCCACGCTACCTCTGCTC-3’

R:5’-GATGGATACCTGAGCATCACC-3’

IL-1B F:5’-TGAAGGGCTGCTTCCAAACCTTTGACC-3’
R:5 -TGTCCATTGAGGTGGAGAGCTTTCAGC-
3’

ICAM~1

IL-6 F:5’-TGAACAACGATGATGCACTTGC-3’
R:5’-CGTAGAGAACAACATAAGTC-3’
TNF-a F:5’-CCCTCACACTCAGATCATCTTCTCAA-3’

R:5’ -GAATTCGGAAAGCCCATTTGAGTCC-3’
F:5’-AAGTTCAACGGCACAGTCAA-3’
R:5’-TACTCAGCACCAGCATCACC-3’

GAPDH

1.2.6  Western blot 8 4 43 241 Ab PR 41 i J5 , I £E 40 g
YLYE , M RIPA 246 W T 0K b 58 R 3T 58 4 24 it 40 g
12 000 r/min 0> 10 min, Y8 EBiFNE BHEHKRE, HH
HEWZ T K FS 8 P 15 min J5—20 “CARAERR I , 35 6 B 38 b
T B 5% W 453 JIE , 7F L UK RS Hhoin AR 8% R VKRS D R AT
SDS-PAGE L3k (18 JE 200 V), 30 min J5 2 1 HL K, £ 300 mA
ER ST W43 B RS 25 PV DF B -, i B Jig 24 7 2 i s 1A
10 mins A 1:1 000 % B /5 —$HL (TREM-1,COX-2 . ICAM-
1 .NF-kB p65.p-NF-kB p65 .GAPDH ) ¥ R 18 4 15 % , Vel 3
LM 125 000 76 BE A 40, 32 R 18 F2 22 i 9% 5 30 min, Bk
JBE 3k, AR A4 1 ECL & Y6 B 1 min, BEEE 47 4%
HEIRIEAE, H A AT 238 K= H A9 1 4 IR /N
SR A IR BEE
13 %it#s ik

{1 JH SPSS 25.0 3R A4 43 B8N L 158 B9 18 = A
% (x+5)FTR o U] H AR B 28 7 2240 #r , 4 1) 7 7
PR FH LSD—13 . KB K 0=0.05, L) P<0.05 Fm 22 547
Gt .

2.1 TMAO# % VSMCs ¥ & B fo i TREM -1 £ 34 69 % o)

AN e FE 9 TMAO AL P VSMCs 2 4 3 M JC BH (5 5% 1)
(P=0.375, F 1A) ;5K FH 600 wmol/L. TMAO 4k ¥ VSMCs 7~ [/
BFIA] (0.8.12.,24 .36 .48 h) , £5 Hf [A] 57 241 it 344 48 0% 14 06 P &5
Ak (P=0.416, 1 1B) . 5 0 wmol/L TMAO At VSMCs [t
#,100,300,600 pwmol/L, TMAO 4L #E 24 h J5 , VSMCs 4l i I
1 TL-1B . TL-6 . TNF-a 7K 3 (P=0.000, 0.000, 0.000) 1 %
4 g TREM-1, COX-2, ICAM-1 mRNA (P=0.000. 0.000
0.000) F1 2 1 (P=0.000.0.000 .0.000) 214 /K F-BH & A, H.
SR (F2)
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a
a
+ 1
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ﬂE 6 a
= a a
=
E 31 a & =
Llf-

TREM-1 COX-2 ICAM=1

C. A4t 42 R -2 A kK

¥ :a, 50 wmol/L TMAO 41 %4 , P<0.05

B2 TMAO1%E S VSMCs R HiE K B A1 xF TREM—1 RiE RIS (n=3)

22 I TREM-12f TMAO /A5 VSMCs X 4 Bk 69 % v

# si-TREM-1 Fll si-NC #4 Y 2 VSMCs J& , 5 Blank 2 tt.
B, si-TREM~-1 41411 i1 H TREM—1 mRNA FI#E (A 2% 357K 1
1 & A% (P=0.0000.000) , si-NC 20 JC W & 725 1k (P=0.966 .
0.309) (EI3AF1B) . TMAO i), 5 Control 2 L, TMAO
ZH 40 M B3 IL-1B IL-6. TNF- o 7K F- (P=0.000. 0.000,

0.000) LA K 4 it Ff COX=2 . ICAM~1 %5 4 3 1% 7K 3 (P=0.000
0.000) B . 7155 5 5 TMAO 41 FL 55, TMAO+si-TREM—1 4141
g b H IL-18 . IL-6 . TNF-a 7K 3F- (P=0.000, 0.000 . 0.000)
DL A H COX -2 TCAM-1 2K H 357K (P=0.000.,0.000)
B & B I, TMAO+si-NC 20 DL b 45 b5 ¥ J6 1 &8 258 1k (P=
0.308.0.349.0.757.0.369..0.282) (& 3C fID) .
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2.3 WK TREM-13F TMAO % $#) VSMCs ¥ NF-«B i# 5% %
HAGEAL)

5§ Control 41 L5, TMAO 20 40 Jifd ' p-NF-«B p65/NF-
kB p65 & [ LA /K V- B2 TR (P=0.000) ; 5 TMAO 41 44,
TMAO+si-TREM-1 414l fd 1 p-NF-kB p65/NF-kB p65 & [
Fo AR 7K B B B AR (P=0.000) , Tl TMAO+si-NC 41 JG A .48
1k(P=0.201) (& 4).
2.4  #E NF-kB i % 3 TREM-1 2 B 350 8 44 TMAO 3% %
VSMCs % & B R 49 % v

5 TMAO 41 LE %5, TMAO+PMA 21 40 it 375 T IL-1pB . IL-
6. TNF-a 7K F B & T+ &5 (P=0.000.0.001.0.001) , 4fi g 1 p—
NF-kB p65/NF-«kB p65 & 1 L {H K- LA K COX-2 ICAM-1

IL-1B . TL.-6, TNF-a mRNA 3 ik 7K 7 B i F+ & (P=0.000,
0.000.0.000, 0.000., 0.000., 0.000) ; i TMAO+si-TREM-1 41
ANHE b 3% P IL-1B . IL-6 . TNF-a /K F- B 5 [ A% (P=0.000
0.000.0.000) , 41l }fs # p~NF-kB p65/NF-kB p65 & H H Af 7k
-Lh K COX-2 . ICAM-1,IL-1B . IL-6 . TNF-a mRNA Fik/K
SRR 85 B4 (P=0.000,0.002,0.000,0.000,0.001,0.007) . 5
TMAO+si—-TREM-1 £ [t %%, TMAO+PMA+si—-TREM-1 £ 4 Jitd
L% R IL-18  IL-6 . TNF-a 7K 3 B & Ft 75 (P=0.000.,0.000 ,
0.000) , 4ii 1 5 p~NF-kB p65/NF-kB p65 8 H H AR KLU K
COX-2.ICAM-1,IL~1B IL-6 . TNF-a mRNA 357K -1 2 7}
17 (P=0.000.0.000.0.000.0.000.0.000.0.000) (& 5) .
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