$30% 46l PEEEMRIEE Vol.30  No.6
2021 4E 6 H Chinese Journal of General Surgery Jun. 2021

E.! doi:10.7659/j.issn.1005-6947.2021.06.006 . %Eﬂjgﬁﬁ .

Sraltendis http://dx.doi.org/10.7659/j.issn.1005-6947.2021.06.006

REE Chinese Journal of General Surgery, 2021, 30(6):670-677.
B E RTINS = BRI Bk fa# & N IRIG & rp
HIE F B AL

ITouds, BRAA, MR, RTAE, B, RE, SRR

(RNEHKRFHECRERER / =d4FshshEmER g8, =d 29 650032)

W OE RS E R LU AR AR 7 080 A O O A I A 0 R I et A I T B A A
JEPRL, R0 T A P R AR B T IR AR IR R B R ORI AN . DRI R B, i GRRE R OCAR s
Pra A =W e (TMAO ) 5 5.0 8 5 KU A7 76 CHE, {3 TMAO K75 3l k46t 43 5 = 98 5 B 9 G &R
HRT I AR WIS . R, AOFFE7E SR R TMAO 76 30 K P9 RS S5 48 A of B9/ FH B ALk,
W5 Bl k4040 J P2 24 [ R 4R A 22 5 1]

Fik: S50 B SD AR, Hrbh 10 JAEN R A, HAr 40 K B HIE 3 20 kosk 9 451 45 85 70 5
BEMLIA 23R 4 20, SRJG 430 25 T il M (BRI ZH ) | 1.5%TMAO 7K ¥ M 5% ( TMAO 34558 20 ) . 1.0%DMB
(TMAO ZE NI ) KB FE (TMAO B4l ) . W KREFEEBBURER (EEBMA) . K
J& 4 ISk, FLC/MS & i3 TMAO e g ; BUbif; Bl £3hik, 1 HE . EVG Y G006 B 2= A2 4k |
CD31 s H AU Y bRiT BAPE N 4L . Western blot K3l eNOS F1 eNOS 7E 22 & W55 1177 A7 s Bk IR
& (p-eNOS Ser'"”) HyRE . HPETOEME ROS FKikht,

G5R: HIEWAIA R, HR&dlil K TMAO Y B2 A A R F2 B 09 T, 450405 B il A8 P B34 4
S LR AERE RS K, Hoh TMAO BSR4 AR b B e K, BRI ok, 2R ASRIT%E L (1
P<0.05) , 1M TMAO M4 5 2E R AT A 0 20 5 IEH X IRA 2 5w BHE I X (¥ P>0.05) 5 4%
M4 CD31 FHMEPE 0 22 R g% L (¥ P>0.05) o A4 M5 A eNOS F£ik 22 F W LG22
SC(#P>0.05) , (AKHERL] p-eNOS Ser'"”" FKik ik & ROS FHYEA0 M B34 8 0E 5 0 BALRRAT, H AL
52 TMAO HEsm A RS e K, BEARIAE R, 2R A 7R L (¥ P<0.05) , 1fif TMAO #2153
HRSAE AL p-eNOS Ser'"”" Fik i HIEH X I 25 5 RS ¥ X, WA ROS PN M85 1IE#
Xf RE2H 25 S gt L (34 P>0.05) .

it Sk BIE A TMAO KT, TMAO REAE i 3 ki 05 5 i e dE 9, FOHLHI Al ae 5 HE o
eNOS-ROS i A2 (7 P Bz 40 MO SRR ST RS 3G, AT sk A P BB Py 8 A= A OG

KR MRG0, MEED; HREMEYH,; S ="ik
HFESES: R654.3

EETIE: O IUEE E R S 9I0 E IF O 4 R B H (2019kfy=04) 5 25 1 4500 L4578 1fe R B 2 vt i 4 W3 Bl 10 H
(FZX2019-06-01) ; =AU E /TR TTRITH (2019Y0369); z=FE 8 B4 LA B2 BeRHIF B G A 5%
AEFEA NI E (2020YFKT-Y-10 ) .

WFREEA: 2021-01-08; f&IiTHHA: 2021-05-16,

EBEN: MR, ZHE BN ERA-LOTT A, BN A SN T T IR

BE1EE: K, Email: gyyxy@hotmail.com

© KA )T [5] 8 38 51 FH 3 & T A 670 http://www.zpwz.net



% 6 1]

e, 5 R AE T A WA= T A S Rt % J6 3 A U A R e 1 R B 671

Effect of intestinal microbial metabolite trimethylamine N-oxide
on neointimal hyperplasia after artery injury and its mechanism
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Abstract

Key words

Background and Aims: Vascular negative remodeling characterized by excessive neointimal hyperplasia is the
main cause for restenosis after reascularization of arterial ischemic diseases. The application effects of current
methods for inhibiting neointimal hyperplasia are not sufficient enough. Previous studies demonstrated that the
intestinal microbial metabolite trimethylamine N-oxide (TMAO) is associated with the risks of cardiovascular
disease, but the relationship between TMAO level and the arterial remodeling process after injury is not reported
so far. Therefore, this study was conducted to investigate the role of TMAO in specific neointimal hyperplasia and
the mechanism, so as to provide a referential framework for studying the problem of restenosis after arterial injury.
Methods: A total of 50 SD rats were used. Ten rats were served as normal control group, and the remaining 40 rats
were equally randomized into 4 groups after creation of abdominal aortic balloon-injury model, and then were
fed with the regular diet (model group), 1.5%TMAO solution (TMAO enhancing group), 1.0%DMB (inhibitory
agent of TMAO production) solution (TMAO inhibition group), and suspending solution of fecal microbiota
from normal rats through suspending (fecal microbiota transplantation group), respectively. Four weeks after
model creation, the arterial blood samples were extracted to measure the plasm TMAO concentration by LC/
MS, and injured segments of the abdominal aorta were harvested to observe the pathological changes by HE and
EVG staining as well as the CD31 positive endothelial cells by immunohistochemical staining, and determine the
expressions of eNOS and phosphorylation of eNOS at Ser'"”” (p-eNOS Ser''””) by Western blot, as well as the
ROS expression by immunofluorescence.

Results: Compared with the normal control group, in the other 4 groups, the plasma TMAO concentrations were
all increased to different extents, with varied degrees of neointimal thickening and fragmentation or loss of the
elastic fibers in the injured vascular segment, and all these changes were most marked in TMAO enhancing group
followed by model group, with all differences significant (all P<0.05), while some differences were not significant
between TMAO inhibition group or fecal microbiota transplantation group versus normal control group (all
P>0.05). There was no significant difference in CD31 positive cells among the groups (P>0.05). There was no
significant difference in the total eNOS expression levels among the groups (P>0.05), but the p-eNOS Ser''”’
expression levels and numbers of ROS positive cells were reduced in all the modeling groups compared with
normal control group, and these changes were also most evident in TMAO enhancing group followed by model
group with all differences significant (all P<0.05), while the p-eNOS Ser'"”” expression levels in TMAO inhibition
group and fecal microbiota transplantation group showed no significant difference with normal control group, and
the number of ROS positive cells showed no significant difference in fecal microbiota transplantation group and
normal control group (all P>0.05).

Conclusion: TMAO level is increased after artery injury, and TMAO can promote the negative remodeling
of the artery after injury. The mechanism may be associated with its facilitating the pathological migration and
proliferation of the endothelial cells via eNOS-ROS pathway and thereby accelerating the neointimal hyperplasia.

Vascular System Injuries; Vascular Remodeling; Gastrointestinal Microbiome; Trimethylamine N-Oxide
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AR B0 Ml BN 45 R B (BT TMA O KK
Thvs 23 02 5 A8 98 RE JORE L U5 & 3l ik ok A s AL
TR 7 Gy 1ROy R s X 2 K
R RIMAE LIRS R ", (18 R I
TMAOZKF-5 3l k5 5 )5 B B A W45 C R . A
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P TM A O 7E 2l Jik P RS 5 1 39 2 o A e A AL
il B UETMA O Jin 38 3 Jik oA B4 49 J 67 1 o 9 ) 4
W

1 AR5

1.1 &

AR R A RISD R BRSO H, MEMEREAL, 140
350~400 g, HEUIERKZSPFEE Hof2 it
KRETE B BRI 505 3 W) i 57 5 A M
B O FHESL G EE. TSQ Quantum — 5 DU T
AL, UltiMate 3000 RSEGEAY, 25 [ FE 2R K
JREHE ; eNOS (AF0096, 1:1 000, Affinity) ,
p-eNOS (Ser-1177) (AF3247, 1:1 000,
Affinity ) , CD31 (AF6191, 1:200, Affinity) ;
ROSH:¥ (D7008, 1:500, SIGMA) .

1.2 Hik

1.21 MEXIB I P ERGERE  KFEEN
PEEG R 1R, LL 20 o/L % B HF 48 50 mg/kg
R, WERE F Bk, T 5 3 koK1 s BEL I
M3, W46 0.014 mm S22 A % ) bk 7 X Ab 46 &2
JBALKE, 245 FF 2.5 mm x 20 mm ERZEP 5K
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S A SN 2~2.5 em, JESIZELL 6 ATM
FEREREE SR M h 2 K, ERE 180° PR
S 114k 2l 2 YR PN R
1.2.2 Az H50 5K R EEHL A R 5t id
4, FERIZL . TMAO 385840 . TMAO I, 255
oA, R414 10 Ho BRI AR I 3 ) Bk ek 4
i3, TMAO B4 AR5 T 1.5%TMAO 7K % W
72 1L TMAO i A AR 5 T 1.0%DMB[ 8 2> = H
B (trimethylamine, TMA ) JE R AR TMAO 7K
S KRR SR U 3 TR RS R A i R M AT A 1)
SRR AR BOIE 5 K BBUE B 2
50 g, RUIA 200 mL AEHE K, B TR PR
AT RE, 2 2 2 WA B b RO
W REASE A SRS o, 2 )2 46/ i 3 8 2 Bk
YA/ NBRL Y T, AL 6 000 r/min B0
15 min, ZERUIIE, B LE 1/2 155 200 35 0 R
WO, -20 CRAFE M, RIF &R ER T H IR
MBI, BE 2 K. IrAAERERKAK, BEE
4 Ji J5 BUbR AR .
1.2.3 @3 TMAO #nl  BEFRARIZER 12 h, A%k
K, H BRI S 2R Bk, K IS #] EDTA
PUEEIN A, AEA ST ED 3 000 r/min B0 15 min, il
B -80 CIAAF, RHWAHETE - RECTEIL (LC/
MS) M 5E TMAO ¥ Jig "1,
1.2.4 i & A ten B JE B R EER LS
FE, U B R 32 s bk, Ol L E Tk ER K
o, TEBRIEM A G, HATHLSURE YA,
M H] NIH Image J BE2% BRI R 00 R 40, W& i 4
Broh kB REIRE . B W E (HE B+ ) |
WIS (EVG et ) | I/NR — P B 4 A
B (CD31) fpgEdifbyet, L Ljeaik
4% 25 48 BL AR O I I e s BB 45 4 R AR
1T Western blot K il P Jz 4K #i B4 — A 4k A A 1
( endothelial nitric oxide synthase, eNOS ) N ik
TRl eNOS 3835 K A s 9% 6 I 52 15 P 40 (reactive
oxygen species, ROS) & & 73 #r 4 4% 3 ) & #
YRR 5E B
1.3 GitF4abiE

TMAO W B 5% &R 4 AL 2 il 3R
Xcalibur 3.0 ( Thermo ) FEFFAREE, L1/ x *Rhn
WRBIATEME T S0y BEE3W,
P £ bR 2E (X =s) Fox, WMHIBM SPSS
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2.1 13 TMAO 7k F

AR B Dy i BCOR Bl Bk i, LC/M ST i
KTMAOWE . HIEH X4 i, Bimlg
TMAOME TR . TMAOHN il 41 1 3% TMA OV £ 34 7t
. TMAOMS SR Fm U W, 22645t
FR L (HP<0.05) 5 FERBEA MK TMAOM FE
BAIEE X A g 2R ILg it %2 L (P>0.05)
(E1) .
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B 1 LC/MS #ilmik TMAO iR &
Figure 1 Plasma TMAO levels determined by LC/MS

2.2 HARE

BB ) JE B B £k, HEZ G0 &
PR (1) +m i (M) JEREE (RFR) « IEW XA
1+M=450.40 + 66.42, FIAIZ1+M=775.33 + 341.49,
TMAOME G4 1+M=923.73+199.05, TMAO
MHHI+M=636.84+192.46, FEH B4
[+M=682.88 + 174.37; 5 IEH% X MA L, &
N BEAS [ FE R KGR, AT DL UK 48 A, Hop
PITMAOKN s N E G A= B e v Wl W (1
P<0.05) , #5r4 Enr Uk 745 i A ZE 45
EV G YL UL aE & X B 4 32 3l ik BE 45 0 oF %
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SRR, PR YEHES B % . AT, TR
GifsER (10D=131.89+4.40) ; S5iE % Xf
MR g, BRI (10D=123.02+3.34) |
TMAOM; G20 (10D=117.06+3.27) . TMAO
MHIZH (10D=124.10+6.65) MIHBMEA
(10D=121.78 +3.24 ) ¥yu] UL Jy £F 4k 45 A [
BEB A . HEPZEAL, MORZkR . E%K,
Ho T M A O 38 5 21 5 Sy 2F 4 R B oA W
(¥JP<0.05) o CD31J& N Bz 41 j 19 55 55 P
Y, XF4EFE 0 DY R 40 R )Y O R Ak R i
SEEME A EEAEH . CD3 1R EEHL Y60 .
TMAOXE %20 CD3 1B N Bz 40 i 40 16 VF 5 e i3
(H-score=28.59 + 10.16 ) , {H&41E 2= R ¥ ILE
i E X (HP>0.05) (K2) .
2.3 eNOS F#Es 1L eNOS

NOTE 235 I8 N Rl a3 Pk L 306 o R AR
A BEYE S i B EEAEH, NOEZEHeNOS
TE B2 4 L P9 M fb L - RS & R A& B, I 22 R
1177 (Ser'") @i AL G eNOS!" S B T K
Ji = 2l koK B 4 B AR R R TMA O T & & 5 &
FEKe NOSIE T, W T 5 45 Bt 3l ik 40 21 rp i)
eNOSHI e NOSTE 22 Z R 55 1 1777 s5 % 2 b
(p-eNOS Ser'') MyFiL., R EM, K408
eNOSEKILZE R TG E L (¥HP>0.05) , A&
M, p-eNOS Ser'""7EALAIL] Je TMA O3 58 41 B &
WD, JRH LATM A O3 5if 4 B I A5 B e I & (2
P<0.05) , MiS5iEw XA i, TMAOPHIL &
FEH A A BEp-eNOS Ser' K2 F TG
=Y (HP>0.05) (E3) .,
2.4 ROS £EEHH

ROSH LA KIGENO, Jf & ke NOSHIH F 7
HeNOSFIE A HE H BB, HIRFTTMAOT
WfE &S g R B IkROSAE 1L, R FH S E R
FFDCFH-DA#EATROSKLM , 25K IR 5 I1EH Xf
MR e, BRAEB 0 )5 2 Ik o9 B )= 98 o B v T
P ANER, BRI . TMAOMSSRZ . TMAOH
il ZH R OS BH 4 20 ML £5 0 A1, Herp ATMA O 41 s I 72
JE K ($P<0.05) , TWZEE A4 ROSPH M 4
JH O OE R X R4 25 R gt eE L (P>0.05)
(E4) .
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Figure4 Determination of ROS positive cells by immunofluorescence (x200, scale bar: 100 pm)
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SR, B, TR Esh k0 e B A A AL
(iR B B 97 1 == i S Pl S AU | = 7
REHFZ a0 BA HEEE L, WIE 248 o i
i 1 WU A= B B 2 — BR Y LLOk B 45 4 i
J5% 5k B 1 A H A, Hoo A5 U S O 0l A Y B
H K ¥ (vascular endothelial growth factor,
VEGF ) Rk LIVH 4 ML FE A B2 AL s Yang % 0E A
(8 A TR AR R AR A AR . Ye S E AL A
FElenRNA KCNQI1OT13k, LA T 45 -3 L4
JiE 2y T O A0 AR A= N BEOE i, B H AT I A T 3l
SH B W REHL, SROBELEPURRR R, RE
DK 48 SUE ph B4 f1 47 25 3 35 B 48 5 w8 Dk 1
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(LS TEEARAINEELE 7R 7R SN i A R P
FC 2% P g B 4 D PR A 7 I PR e A 1 2 R
DR b A 5 R 2% T Y 5 1)

PLAR S A& BEAR BE LR &4, & iE W
BEEHE R =H I (trimethylamine, TMA ) ,
TMAZ ] DK 2R3 ACBFIE , 76 JTFIUE o A 5 4801k
itV TG AR 2R BUTMA O, 28 B /NERUE 3 7
NGRS AR EHE T H R E R B TMAO
50 MAE AN RS 09 kA m DIAR O i 1 R
KR FAR D BEAS T RE T BTMA O 7= 2 1 3 m >4,
Chou4F % BLTM A O3 Jil B8 410 ) P9 K2 4HL 240 0 £ 7
A B R A M T RE S, Ke SR SEAIE 5L A 2
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W), R R A% 2 YA AN R AR B R A N ROE
W, HAPLITMAOME R 411+M=923.73 + 199.05,
WA FEEE R . S 4ETOD=117.06 £ 3.27, Ji
BRI (P<0.001) , CD31 BN Bz 40
JiL 2 Ak Sk o BRSP4 R S 9 R A G A, FETMAO
Wasg A P> e (H-score=28.59 + 10.16 ) ,
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B . iR, AR HE R A N BROE B, B 2R 4 9 AR
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A BE (14 I A 2 e NOS 19 35 A6 A A AR #S T Ser 77
SRR AL . BEREBFST R B, The 85 BR 10K 250 g
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WAL
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ML AE, PHULROSHE B 22 5 %F e N OSTE P Y 52 i
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