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[ Abstract] Objective To identify novel variant c. 701C > T: p. P234L of pathogenic candidate gene Vav2 through whole exome
sequencing,,and investigate the effect of this variant on endothelial function to explore the pathogenesis of congenital heart diseases with
vascular malformation ( CHDs-VM ). Methods The rare and novel Vav2 variant was identified in 117 CHDs-VM child patients and 200
healthy controls. Wild-type and variant Vav2 plasmids were constructed and transfected into human umbilical vein endothelial cell
(HUVEC). mRNA and protein expression levels were detected by qRT-PCR and Western blot. CCK-8, wound healing assay and tube
formation assay were used to analyze endothelial function alternations. Results The Vav2 variant c. 701C > T p. P234L was identified in
CHDs-VM patients but not observed in healthy controls. This variant down-regulated Vav2 protein expression and attenuated the promoting
effect of Vav2 in proliferation, migration and tube formation of HUVEC. However, the mRNA and protein expressions of downstream Racl
showed no difference between wild-type and variant transfected HUVEC. Conclusion The missense variant of Vav2 down-regulated Vav2
protein expressions, further impaired positive functions of Vav2 in proliferation, migration and tube formation of HUVEC probably through
affecting downstream Racl activation rather than background expression. Deleterious variant induced Vav2 loss of function, which would
uncover possible molecular mechanisms of Vav2 in CHDs-VM.
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ToAREET 80% ", 1 40 52 4 P i 5 Ik S 437 3% % ( total
anomalous pulmonary venous connection, TAPVC) | 3 3%
PUBCAE H () 32 3] ik 5 15 . K 3l ik %% {3/ ( transposition of
great arteries, TGA ) L) N % &Y 2 fk § 45 K 4] ( patent
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it 22 AL 4 WA 5 gnomAD il ExAC, §if
odse /N S 7 S R F < 0. 01 1y 5 WL 58 A% 5
Mutation Taster SIFT LRT 1) &z PROVEAN 2538 %2 7F
Aili 5 16 B0 P REVE R 1Y Vav2 84837 45, Sanger I
JP 2 B R AR 9 191 S %) BRFEAS DNA J 5]
1.2.2 Fokify s

Vav2 3o FR38 JFORL R B XoF BRI 35 BILEE R AR 9
5 5 LA AR B OB A AR A, B 922 51 9, F KOD-
Plus-Neo (TOYOBO ) Jifg X 154 B i 47 /2 i 578, 13 3] %
AR KL P234L, 578 B 285 Sanger Yl FFAA A
1.2.3  #faE e 556 g

HUVEC g F 36 B # UG FR Wk 58 B, & A
10% Ji& 4= 1fiL 15 ( Biological Industries) il 1% 75 %5 % -£%

B R IRA W (Yeasen ) Y 155 4 15 77 3L ( BasalMedia ) 78
37 C 5% CO, FiRAfivh HiS% ., HUVEC 70 T 6 fL
A, Fram M b 4 BE o 70% B, i A Lipofectamine 3000
( ThermoFisher Scientific ) ¥4 L2325  Vav2 BF A= R ik |
Vav2 A8 JiokL (P234L) F T )5 2615
1.2.4 qRT-PCR

JkrE e 48 h J5 , AR 6B A5 4 ] TRIzol 4 X
RNA, f# Jf] PrimeScript'™ RT Reagent Kit ( Takara ) ¥
1 000 ng RNA ¥4 5% 5 5 %h DNA 4%, 3@ 57 TB Green™
Premix Ex Taq™ Il ( Takara) 10 wL & & 47 qRT-PCR
P, Lh B-actin fE RN, 270 2 A mRNA £k
PEATARNS S o T B AR TAE R A IR ]
B FANAR T,

=1 5~

qRT-PCR ( human)

Forward primer(5°-3")

Reverse primer(5’ -3)

Vav2 AACATACGCACCTTCCTGAAAG
Racl ATGTCCGTGCAAAGTGGTATC
ACTB CATGTACGTTGCTATCCAGGC

GTCAAAGGGGTCAAACAGCTC
CTCGGATCGCTTCGTCAAACA
CTCCTTAATGTCACGCACGAT

V¥ : Forward primer, iF 115 |4 ; Reverse primer, J% 1174 ; ACTB,, B-actin,

1.2.5 Western blot

SRR G 48 h IS, I A A TR 40 ) 790 K 1
il 70 B 2R R HUVEC 8 1, W BEIN E I, v i
PR A . B 20 wg HEMEAYETT SDS-PAGE HLIK)S
M 2 R — IR S M (Millipore ) , 283 5% 4 1ML H
HH (Aladdin) iR EMA] 2 h, /£ 4 C N5 —#1 anti-
Vav2 ( Santa Cruz Biotechnology ) | anti-GAPDH ( Santa
Cruz Biotechnology) .anti-Racl ( Proteintech ) 5%, anti-Flag
(Sigma)4 CHFH LR &2 KA ALY EERiC L
FHUN TgG(H + L) ZH0(Yeasen) FiIBFH 2 h )7,
gt E ROt & (HER) B2 .
1.2.6 2 s As

BTk 48 h )5, 4% 1 3 000 /LK HUVEC 2
T 96 fLAR, THEFRIG 1Y 24 48 196 h LBREEFR AL,
JIA 100 wL 10% CCK-8 VAW (385 R) 78 37 C,5%
CO, 5 2 h J5illE OD450 PF 20 i )
1.2.7 QPRI

Bk g 48 h J5,1F HUVEC #2218 100% , ]
200wl JGRAR Sk 3 BT L AR il 3 40 )9 B R R 2%
MRTEVES A FR AL, 86 N ST IRIE % (0 h)
I FRRE RSN SR, T 8 h A1 24 h 520 BB T WA
AR, IRPRAE (% ) PP BB RE )
1.2.8 &L

e 96 LAk, B LM A 60 pL Ay K K
(Corning ) & f5 , BEALINA 100 L 40 MR , 405
Bk 2 x10° A~ ,4 h 55 FHIBRIC %, DU 38 s FTE

BINE BARTEN B BE D] o
1.3 %itFEHE

P A BUE LS E + P B bR iR 22 320K
BRI DT M FE A Uk, f#i ] GraphPad Prism
8.0 FEATGL 2R B, 2 1) B — P AR S B) b ABOR B
RIZR J7 254087, P <0.05 AR A G2 o
2 #R
2.1 Sanger JU|F &R MRTRTHES

Sanger I 745 S i 7R A BE G B 56 8 b B T IX
c. CTOLT FEU 234 {3 2 KL 12 M 2 8 A8 i 2R
RARE G AR IE T A R R Z B (K 1A) , H
AR BB INFK v CHD Jg s, B5 W FhEE 5
G EEXT R , 1% R AR 67 5 FE A HE S b BE DR SF (B
IB), $& /1 1% %€ 748 7] fig 5 3 Vav2 19 Iy fig o %S
Mutation Taster 3 il i 58 48 (37 i HAT 15 BE B0 1 5
SIFT $E434 0. 037, B{i /)N, #2788 1 R T e ok
AR AT REPEBOR s Horr, PROVEAN 4308 — 4. 42, i
— RN AR RE I Vav2 I YIfe, R AR H
fE R 2,
2.2 P234L T3t Vav2 mRNA F1E QR IERIEM

kL Y HUVEC J5, B A= B Vav2 | 28745 P234L
L] [a] Vav2 mRNA Rk W B 255 (K 2A) .
(ERSEUZRIY i AR N = ESvy 1 IHE L P NS
2C) , RIS LR FZM Vav2 3Rk
2.3 EF4 A Vav2 #1 P234L 32353 HUVEC 1838 AE
J1HI R0

W CCK-8 K il B A= B Vav2 M 878 P234L Xf
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B P234L
* * * * * * * * *
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e
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75 3 D
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4 A Dy HUVEC Brkif6 45 Vav2 B9 mRNA 335, ACTB {15 N2 [ B Oy HUVEC BURi %34 JEpRra8 8 H 41k , GAPDH {12
WZ;1&l C o HUVEC BRI LR Vav2 S RIK .« FORFIZSEAAMLL, P <0.05; + « FORFS AL, P <0. 01 #K/R FIEF 2L
A Vav2 4AHLL, P <0. 05 ; ##m AU A AL Vav2 4 LG, P <0.015ns Fn T EM 2R n=4,

2 R HUVEC j5 Vav2 () mRNA f1E B Rk
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P2y 40% , P <0.05) , [fi] P234L 28 A5 & Yu 41 RN 5%

A WAz Y Vav2

0h

8h

24 h

R E P234L 1500
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2.5 Vav2 FFRKiEZXT T Racl mRNA F1EBHRIEH
i

qRT-PCR Fi1 Western blot %5 542 /5 Bf 4= i Vav2 |
2245 P234L # Yt HUVEC J5 3 A5 Racl AR Fik
(B SA B 5B), 53CHRRIE —3, 27 Vav2 Al REE
il Racl 4545 CTP WA AT, TAAT Va2

B

=

54T, P23AL R T Vav2 L DH
S5HIBR, U E T Va2 A F i Rho GTP 52k
(I8 5C) iR P234L S48 T AR AL LA Van2 fi
FCT il Racl W JE T B0 Va2 72 HUVEC % 4
B i KR Racl-GTP 3 FEJY 2008 75 M 25 1
TR

1.5 = L5
= - — e =
:5 k. BPAER Vav2  Z7AE P234L a
= ns < ns
H 1.0 = ) < 1.0 s
X Racl o .
& . B
; +=
-pT(’ >
£ £ 05
-
Z e
2}
g
(R 0
R e ) AN
@;ﬁ%“ @ s " Q'L?’A\) @”55: P&@\? ' s Q@’b
@ ‘ggf)%/y g * g%;g‘ g TR

A SRR Y HUVEC J5 Racl [ mRNA 223k ;& B b itk % Y HUVEC J5 Racl 9%
MR B C o Va2 AL, « FRRAA S ns R TR EMEES, n=3,

B 5 HUVEC it /5 T Racl mRNA fiEH&KiE

3 it

CHD fER—2/™ BB e RE , 4 IR 25 5 B0
75 SRR AR LA T A X T AW BL, B R E
L8 TR B ot fa T IRl e f e )L 2, S 5 i JL 3 B0
AR R EH R AL DA S, R4 4544 5 # 1) CHD
HE PRI i RAE IR ™, 4] 40, TAPVC il TGA k2
SRS A MR HE R, SBOUL A S A4S 7 A
SR ICIRAR TG o AR A LIS f i) 454 S 4%, R 5 1F
N BRIZEUR IS 00, ERIAYT I L. H T IR
TR A M = B, AR IR M, s p s b, H
HISC T ORIMAE 4544 58 CHD KA/ 73 5 HLHI AT AN i
K, CHD 2 PREEfis (e H = L FEH, BA A4
AP AR AR () Rk FE M | 3815 24 AH OG5 R 5 B R
FEIE CHD K i) 43 AL HLA B T RO e 2 9
W ETZ WO R AR, ATIARIESE 117 9] i 45 45
¥ % B SR BB I WES 25 B8R Vav2 5 i 5 4%
S CHD @R o fEARRT s i, il ad A )
5B TR A WES (8, ik Vav2 R
BB BT A T WGEAS ¢. T01C > T p. P234L, # M35t
70 S P — P S Vav2 7RIS R & T i 2T
figo Mutation Taster 72k T 45 75 3 A~ 58 A5 57 13 A 5
JE SO AL, HAZOL ST NS B 48 K RS
HESIY) b BEARST , 3275 X AN 98748 AT e 5 | ke E 22 1 2y
HEER A%, qRT-PCR F1 Western blot 5Z 56 25 W 3% B,
P234L 587850 Vav2 mRNA K35 (HEE H R IA &

A AR R R R B SR RN R Y 22 S R R XAV S
A2 I FRA 2 SR 2 AR W] BB 25 ) Vav2 27 [ 45 F AR
N,

TEMFLS G & & LR, P9 B2 240 e Al
AUEM AR E 2 XCEENEN. WL, &
£ HUVEC Tk — 53857 Vav2 F 0L & 5278 P234L
RIThEE . SLERLE R, Vav2 GEfEUE HUVEC 5 iF
UL SO, B A 048 AR B A 5 T P234L 58
AFREAE Vav2 76N B2 4i i g i HUVEC 3951 1T
RS R DI RE , 225 O oR 45 SRR 7R Vav2 TIREZ
WA BB S 508 KB NEE 7, Z R[]
AEE I 2544 55 19 CHD K i) oy ALl 2 —

Vav2 18— S IER T R A IR 7, il it 45
GTP #7% Rho GTP [ifi % ( =3 +E Racl .Cded2
RhoA) ,iX $E % 51 7 GTP 565 G HIE X T ae= 5iH
A B PN EE AR 2 T e, 4 A0 I A K R
WG Racl /Bl Vav2 JZRIERY T iF, Vav2 £
£ Racl MHEAEHG , @i fE#F Racl 454 GTP JE AL
Racl-GTP &I X & 45 Dy fig , 5 1 9845 9 Bz 40 Ha
AR . (HE, Vav2 SR 758 30 Racl 5%
il PN 7 40 B D) BE 2E 1 8 15 CHD & AE M AN 2. qRT-
PCR LJ J; Western blot 2245 25 W42 7R | B A= 7Y Vav2 L),
Je 878 P23AL 3 IR AN L5520 Racl BYASE K IE,
A Z AT S5, Vav2 B AT g il i fk GTP 5
Racl 456 K¥EMER . M X) Vav2 A 45—
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Br, P234L 28756 T Vav2 fi4k T i Rho GTP B§5I%E 5
GTP 25411 DH 254358, P234L 58 A8 #) A5 W] Rl A2 3l 1ot
S Vav2 {46 T i Racl J436 HF 1 5% W Vav2 78
HUVEC Z4ED)8E, 75 i — 400 F i Racl-GTP Jif 4%
T 2R 1% ZEAENT TR

ZE LTI AT KB Vav2 g5 LA ¢. 701C >
T:p. P234L fig 8 Vav2 & [1)F 51, %0 Vav2 113
ik, A Vav2 fig it HUVEC BE58 3T 88 AR 1 RE T,
L5874 AT e M e AR Vav2 B 145 4 10E T 52 i T Ui
Racl Ji6 MAEA LA FE Vav2 TJREAE . Vav2
£ HUVEC HiyIh R Vav2 XTI R & il RE % %
B, P234L 287N} Vav2 TREMYRZ A n] fE 2 T B0 i
BREWISH RS BUME 458 58 Y CHD k4,
HHEAARYLHIAE FEiE— 098 . ARBFIE N L4 2574
SH ) CHD & AEML LA BN RS0 2 W 4R Ik dk— 4
PR o

& % 3wk
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Mendelian Randomization Exploring the Causality of Trimethylamine N-oxide and
Its Precursors with Venous Thromboembolism

LI Mengyi, LIU Yingjie, QI Lingyao, QIN Dimao

( Electrocardiogram and Blood Pressure Research Laboratory, The Affiliated Hospital of Southwest Jiaotong University,
School of Medicine, The Third People’ s Hospital of Chengdu, Cardiovascular Diseases Research Institute of Chengdu,
Chengdu 610031 , Sichuan , China)

[ Abstract] Objective Recently, although more and more researchers have focused on the relationship of trimethylamine N-oxide
(TMAO) and its precursors with venous thromboembolism ( VTE ) , the association between them in previous studies remains unclear.
Therefore , a two-sample Mendelian randomization( MR) was used to explore a causal association of TMAQO and its precursors with VTE risk,
including deep vein thrombosis( DVT) and pulmonary embolism. Methods 1In this study, summary statistics of TMAO and its precursors,
DVT, and pulmonary embolism were obtained from several extensive genome-wide association studies. Our primary analyses were conducted by
inverse-variance weighting method , complementary with the other four sensitivity analysis( MR-Egger, MR pleiotropy residual sum and outlier
test, Maximum likelihood ,and weighted median) . Finally,the Bonferroni corrected significance level with P =0.012 5(0. 05 divided by 4 risk
factors) was used,and a potential association was considered when the P-value was between 0. 012 5 and 0. 05. Results Gene prediction
reported that for every 1 unit increase in TMAO concentrations,, the relative risk of DVT increased by 0.08% (OR =1.000 8,95% CI 1.000 4 ~
1.001 2,P =0.001 3) and for every 1 unit increase in choline concentrations, the relative risk of DVT may increase by 0. 06% ( OR =
1.000 6,95% CI 1.000 1 ~1.001 2,P =0.042 0). Conclusion This MR analysis supports a potential causal effect of TMAO and choline
on DVT, suggesting lowering their levels may reduce DVT risk.

[ Key words] Trimethylamine N-oxide ; Choline ; Venous thromboembolism ; Deep vein thrombosis ; Pulmonary embolism ; Mendelian

randomization

T Tk A4 14 2E ( venous thromboembolism, VTE ) £, ( pulmonary embolism, PE) , 5% 4.0 AILEE A8 I 26 1 2 )5
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