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Effects of 7rpv4 editing on intestinal barrier and flora-metabolic
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Abstract: [Objective] Transient receptor potential vanilloid 4 (TRPV4), a non-selective cation
channel, is deeply involved in the physiological and pathological regulation of multiple organ
systems, while the comprehensive influencing mechanism of its mutation on animal intestines and
intestinal flora is not clear. This study explored the regulatory effects of Trpv4 exon 8 c.1491+1G>A
mutation on intestinal barrier integrity and flora-metabolic microenvironment in mice, aiming to
provide an experimental basis for analyzing the interaction mechanisms between host genes and
intestinal flora. [Methods| 7rpv4 exon § c.1491+1G>A gene-edited mice previously constructed in
our laboratory were taken as the research objects, and the expression levels of 7rpv4 and TRPV4 in
the intestinal tissue were determined by qPCR and Western blotting, respectively. Pathological
sections were prepared for observation of the structural changes of the intestinal tissue. The 16S
rRNA gene high-throughput sequencing was conducted to reveal the structural differences of
intestinal flora. Non-targeted metabolomics based on LC-MS was employed to examine the
changes of fecal metabolites, and the correlations between flora and metabolites were analyzed.
[Results] 7rpv4 editing led to the abnormal expression of 7rpv4 and TRPV4 in the intestinal tissue
of mice, which resulted in the structural abnormality of the intestinal tissue and the impairment of
intestinal barrier function. In addition, the gene-edited mice exhibited an imbalance in intestinal
flora, with significantly increased relative abundance of Bacteroidota, a significantly decreased
Bacillota/Bacteroidota (F/B) ratio, and reduced abundance of common commensal bacteria such as
Staphylococcus. Metabolomic analysis indicated that the gene-edited mice presented disordered
lipid metabolism and abnormalities in immune-related metabolites. The abundance of Bacteroidota
was positively correlated with lipid metabolites, while that of Desulfovibrio and Enterobacter was
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negatively correlated with lipid and immune metabolites. [Conclusion] 7ipv4 exon 8 ¢.1491+1G>A
gene-edited mice exhibited impaired intestinal barrier function, along with alterations in intestinal
flora structure and the metabolic microenvironment. This study provides basic data for elucidating
the interactions between specific gene mutations and the gut microbiota and offers theoretical
support for the development of diagnostic and therapeutic strategies for 7Trpv4-related diseases.

Keywords: Trpv4 editing; intestinal flora; 16S rRNA gene high-throughput sequencing; non-

targeted metabolomics

Wik B} 37 {4 FEL A A5 R 4 7Y (transient receptor
potential vanilloid 4, TRPV4) /& Trpv4 & H i
e P PE B B i s 1Y, A TR
FRAAZUMBELS, R BRI £
i 2 B GE i o R HESCHEAE RO, A, TRPVA
WIS 2R OG, DT A L AL I I A5
A, K A0

ULAFEK, TRPVA 1E i 18 A BE5 5 BEAIL ) 75
T AFFEAEITRA . 52K TRPVA BYH0E 25
We R b B 40 B i) B 4%, R EUW B A YR
BN, I 55 g 38 6 S R AR R AT A
(14 B A B U 3 A 3 3 1k B B IR AN 1
T8 G BE A BRSE BRI AT RE Rl A% i 1 TR R Y
HLFITRE . WLl , 78I 58 0 Py g 1 A v
TRPV4 1 5 & BTG w] Jn sl iz 18 B B 2 B P
fF > IR S AR g% A P I R RR L, T L
I R NN A T 7B =N R SR €7 A
Mihara %5UVRT Ye U AF 5 KB, TRPVA 1E
il b AR 5 R R S A, Rl
Ik 5 W Ji 285 B B 1Y) 5 R PR Rl TR
W18 E-HEE AR S IEMAE SRR

B W RE, WRR A IE A Y, s
Ml e e D RE . AR A S A AR L R, H
PR AR 5L R . BEIIR . IHIRR . H6SFAE
YR N ARy L 2 o EE MR RN, i
FRI, BRI 2R S 2 5 AT
NEJE L TR FR KB M il A S i A5 BIDIR S 25 D)
FASCIS20T gbAh o T8 B R B AR = 3 ik
M i e e b, TERRAEAR I AR AR L R
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B 1R R, Bl 7 A ) 2 AU S W
KE, BokBZHMRE T RRBETHE,
TRPV4 1 78 S AT SR e R 2, R4S
H A v AR A KB TRPVA 2845 5 48 1
% 9% (inflammatory bowel disease, IBD)ml X, i 27
GRS i B - B AR W DGR, (B IS
W] TRPV4 £ 1BD BB EH AL Ih R IA D
AR,

AR S8 5 T A FE T A Y e AR I st A
PR M T 30T TRPV4 exon 8 ¢.1491+1G>A
BroeAs . 3 HIFH CRISPR/Cas9 H5 AR K% 28 725 b
HESI AN EIRNRAL L, M T #5790 Tipvd exon 8
. 1491+1G>A 75 By e PH g b /N B AL, 32245
RIS 8% S0 Bl . B I E A
B e EERE b, ASARSE IR A T % I R 4
BN BRY b E O 5, R Tipvd exon 8
c.1491+1G>A 575 % I 18 B B D) e M e -1
HAERZE R Em R0 T TR A AR A A
YRR EY, HERRBENH AR RN, L
1A AR S 1 T TR L BRI AR

1 AR5

1.1 IR

1 B 52 56 25 L5 i CRISPR/Cas9 4% A il
%0 Trpvd exon 8 c.1491+1G>A F&[H gmiE /N,
G A8 451 (Hom) . 424 F(Het) AT A= AU
(WT) CSTBL/6J HEE/NER A 5 H, 15-18 &,
BT /INRA A TR E B K R e S
AR RGeS SR, il 23-24 °C,
MEEA 40%-60%, /NI H R . oK, &
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AR 12 he AHESE BT A 2l S5 30 SRASEE AR
EERIR2FLR W BT S, RN
GLMC202103279.
1.2 HARRE

B 15 H/NRRILHEE R AL 54 Hom 41 . Het 4H
MWT 24, K45 2, RS SINKE A
LA R PR B /N RS A 2 T
EP B, RESTEHIG, BFEA-80 °CIRFF. K
ERAMEFEATT, B m/ N NS ERE 1d, MRS
JREE I BALFE , EFT Ll UVORE , BRI E 2 Y
HLVE T-80 °CIEAF .
1.3 DNA {ZEVFNF

i E.Z.N.A.® Soil DNA Kit (Omega Bio-Tek
INFDRIBGE R ZH DNA, SRR 2% Brlgh
BER B IKAGIN DNA FOAERERIR R (Yt 40
16S rRNA 2 [H 11 38 H 71 ¥ (338F: 5'-ACTCC
TACGGGAGGCAGCAG-3'; 806R: 5-GGACTAC
HVGGGTWTCTAAT-3") #! [1] 16S rRNA 3 K 1)
V3-V4 X HAR =4, PCR W AZ (20 uL):
5xTransStart FastPfu %% W W 4 pL, dNTPs
(2.5 mmol/L) 2 pL, I, FUHE5I9(5 pmol/L)#%
0.8 uL, DNA itz 10 ng, ddH,O #MEZ 20 pL.
PCR S 2c1F: 95 °CHiAE M 3 min; 95 °CAEME:
30s, 55°CiEk 30s, 72 °CiEfi30s, 327 4
PEEE ; 72 °CZZEff 10 min, QuantiFluor™-ST
W aZOE & ARG TR E R, WAFEME,
FH 2% BB MESE IS DO ) 56 OC PR, e
fifi FH MiSeq I )34 SCHEA T B il )
1.4 qPCRENMBEEERARBEREDN
FRIKIKF

M/ BRI 1 2 RN 2 A R AR rh B B R FH T
qPCR 47 . 4141 5 RNA % Al TRIzol ¥ 2
B, &, SN 75% Lmiaife; 2
DNA {ifi FH 2 JL P 2H DNA 3R] & (R %
AR YR A BR A "D E . {8 NanoDrop
2000 W A% R Wk B )5, F% B BrightCycle
Universal SYBR Green qPCR Mix with UDG R

DR R AR A RA IR R AT
¥ . PCR X W & & (20 pL): BrightCycle
Universal SYBR Green qPCR Mix with UDG
10 pL, E. TSI (10 pmol/L) % 0.4 L,
DNA #4% 2 uL, ddH,O #ME % 20 uL., PCR Jx
NS A% . 95 °CCHIZE 1 3 min; 95 °CAEME: 5 s,
60 °CiR Kk 32's, 72 °CIEf 30's, 3L 40 PMEHF;
72 CCZSEAH 10 min, MOCTIWFHI WL 1. FF
AREARY RS 3 WHE K, JFi i i i th 4 46
PR . SR 27 R H AR R R
FFET 1(Bacteroidota) S ARXS F ik it
1.5 % B R ENiZE (Western blotting, WB)
ST A FRIA

/NI A LREA & PMSF /) Western/IP
LW AR, K EWEE 30 min 5, 4 °C.
12 000 r/min B§.0> 15 min, W& FWE®R . XM

=1 qPCR3|¥F%

Table 1 The sequences of primers for gPCR

Primer names Primer sequences (5'—3")

TRPV4-Q-FP*®  GAGACAAGTGGCGTAAGTT

TRPV4-Q-RP  TCCTGTGAAGAGCGTGAT
B-actin-Q-FP**!  GGCTGTATTCCCCTCCATCG
B-actin-Q-RP CCAGTTGGTAACAATGCCATGT
16S-F¢) CCTACGGGNGGCWGCAG

16S-R GACTACHVGGGTATCTAATCC
Bact934F?"! GGARCATGTGGTTTAATTCGATGAT
Bact1060R AGCTGACGACAACCATGCAG
Bac32FP% AACGCTAGCTACAGGCTT

Bac708R CAATCGGAGTTCTTCGTG
Enterobacter CATGACACCGGTGTTTCCCCAGT
cloacae-F

Enterobacter CGGTCGGTGAAGCCCAGAACCACTA
cloacae-R

TNF-0-F ATGTCTCAGCCTCTTCTCATTC
TNF-0-R GCTTGTCACTCGAATTTTGAGA
IL-1p-F?% CGTGCTGTCGGACCCATA

IL-1B-R GGTGTGCCGTCTTTCATTAC

IL-6-F) TTCTTGGGACTGATGCTGGT

IL-6-R CTCTGGCTTTGTCTTTCTTGTT
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BCA EE E F M, 4—WJE 5 A SDS-
PAGE loading buffer, 95 °CZ&4: 10 min, M55 &
7 1 (30 pg) 4 10% SDS-PAGE 73 & Ji L &
PVDF [ (Millipore 23 w]), IR &5 F] W 35 4]
20 min, PVDF &35l & —¥#i: Anti-TRPV4
ik (Abcam /A F], 1:2000), Occludin Polyclonal
antibody Pt 1 (Proteintech 2 #] , 1:5 000) Al
B-actin HTIAK (Proteintech /A 7], 1:5000), 4 °Cit
W . TBST ¥t 5 i A — $it (Abmart 23w ,
1:5000), FiRMFE 2 ho HJFMEH ECL &Gk
F 5, IH Imagel BAF M85 13 4515 IR FE(EL,
AT LI
1.6 HEFERIEBEKN Occludin FRiE

BUNREE A LAY 7, RS 20K
J& ., KUl R BT A IR 22 v i R T B
B . S A4 s & A #E T EE . A
Occludin —#7(1:200), T 4 °CR& LR it
B PRI M ESL R 1eG —PT, #OLFTE
50 min, %% f#i FH DAPT e i % 40 i A% 47 42
o, JFEKER A KDOG. BRI REREER
JEEIR
1.7 FARB-RLHE)RE

NI AL ZTE 4% Z R I [ E 48 h,
SRIG K A A 3. A2 5 & 4 um,
65 °CHLKE 3-4 h, HZH RS, RHBE S
BB A VR R, IR AR R P2 gy (i g
o, WK, FEHTPPER R B
1.8  PA[FIFTEE (alcian) et

BUNRMHAH 4% Z R E 48 h, &
FREE OB K . ANEM)E, Y 4 um JER]
Ao VIR E MRS 20K, BEJE KD R & T R
IR, AR T Y 30 min, gl
Jo . HZRBAK S e Ul DL A BR 2 R,
LM CEEBK . —HAREH, &EHPH®
g
1.9 fAE@iE e

XP/NEREEAT 12 h 2R B A BRG] B HHROK),
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Bifi J5 %o/ BRGEA T FITC-R SRBE RO E B AL PR, FF7E
W kSR AE AR K 4 he Gl ok IR BRI R e
0.8-1.0 mL ILEAEA, #E 30 min 5, B
W% 1:50 (137 :PBS)AY LL I H] PBS 22 i e o
PR B IS REAS A 96 fLAR, R BRSOk
ML 2O EoRE
1.10 B7iEEEE 16S rRNA EFE N F 547

K Uparse B EA7 751 0005 BRI LA
97% Y ] — 4 2 4 Wi 45 /E 73 28 51 9T (operational
taxonomic unit, OTU), #| /J RDP classifier®"
(http://rdp. cme. msu. edu/, version 2.11)%5 & Silva
16S rRNA %t K B 22 (v138) #E4T OTU Wy i 43
iR, BAABIEKE N 70%, HFTEAR
Py o3 2K T GeH R A Y TR S5 A 4 A
& F mothur %X 4 (http://www. mothur. org/wiki/
Calculators) {4 Chaol. Shannon §%(% o £ 4
PEFG Y, R B3 i Wilcoxon Bk FIAG K 4347 o
ZREPERY A ) 22 55 [ FH3E T Bray-Curtis #F 2§
BV ) S AL AR 43 BT (principal coordinates analysis,
PCoA) KIS [B] GU2E T 25 A AR, 45
# PERMANOVA = 250K 56 1 Wike A< 2 8] 3 A
VIRV a5 22 S e s SR ik
v # (linear discriminant analysis effect size, LEfSe)
437 (http://huttenhower.sph.harvard.edu/LEfSe)™],
7E LDA>3 H. P<0.05 5T, TII1xERK
e AN R 2 ) 22 S A B AR, R
PICRUSt2 (v2.2.0)3k £ i#£47 16S rRNA K Dyfig
T 43t
111 MR EEE LC-MS FEE R A ZF
2K il

fifi F LC-MS £/ FREEAE b g A . 2
W& (4% H 8 ACQUITY UPLC HSS T3
(100 mmx2.1 mm, 1.8 um; Waters A #)); sl
A K 95% K+5% MG (7 0.1% HR), Hish
0 B N 47.5% ZIE+47.5% SEREE+5% K& 0.1%
HIR); ik A 0.40 mL/min, #EFEE A 10 pL,
FEWRCH 45 °Co Buili 46 . MR A Mm% HL g
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AR HIE . R AR AR R R E S .
R 80% LI PR, EIfRER 20
— 2R T ARE(E 80% LA B RS G, AT
#h2S EREL O D 0 6 2 v e/ IMELIFURb 25 M),
SRR — 1 X R A S5 3 0 1% i 7 54 R AT I
—Ab, 1FRNH— )5 R . [FIRHER QC
FE A AH XT F5 7 Jf 722 (relative standard deviation,
RSD)>30% W48 &, FFHFATRTE LA R, 1535
LT IR B . BARSHnE 2.
FIH R 55 ropls £1(v1.6.2)% FiAb ¥ 5 A9 & AR
P 3E 47 M 5 /) = 3f ¥ F 1) 43 BT (partial least
squares-discrimination analysis, PLS-DA) M 1F 32 H¢
s — 35 ) 51l 43 M1 43 M7 (orthogonal partial least
squares-discrimination analysis, OPLS-DA), i} 3
2SI I 5E 45 A OPLS-DA R A A AR
i ¢ % %L J¥ (variable important in projection,
VIP)Yj Student’s ¢ K56 P (R H 2, dkhrife
i VIP>1 H P<0.05. FIH KEGG £44 % (https://
www.kegg.jp/kegg/pathway. html) X} fifi 2% H fit) 22 5+
P AT A B R, IS S5 EY
P, A4 A Python BX{4-41 scipy.stats F )&
B E AR S0, i ad Fisher A% A K6 56 077 € 5 5
B A BOCHK IR B V) B A WAz
112 Zitorth

AT 4 GraphPad Prism 9 431755045

xR RIESH
Table 2 Mass spectrometer

Description Parameters
Scan type/(m/z) 50-1200
Ion source gas 1/(psi) 50

Ton source gas 2/(psi) 50

Curtain gas/(psi) 35

Source temperature/°C 500

IonSpray voltage floating (+)/V 5 500
IonSpray voltage floating (-)/V -4 500

Interface heater on
Declustering potential/V 80
Collision energy/eV 40+20

AR AL o b, 2 Z ) AR
R 2R 5 22 43 #T (analysis of variance, ANOVA),
856 Tukey FE KL, LA P<0.05 NERAH
Gt A B AT, *3R P<0.05,
RN P<0.01, ***F IR P<0.001, **x*xRIR
P<0.000 1, ns (not significant)#7~ P>0.05,

2 ERH0
2.1 Trpv4 exon 8 c.1491+1G>A RT3
INRAAE R RN
2.1.1 Trpv4 exon 8 c.1491+1G>A KT Xt 1)z
FRBALELR Tipvd FRIZRIEN

MINE A L Z P SRR TR SE L) RNA
(Il 1A). qPCR 431 &8, 5 WT /NERAH I,
Trpv4 K& I 2 %5 21 (Het 2H A1 Hom ZH) /Y Trpv4
mRNA FiA7KF B EREAL(E 1B). [FEF, 256G
WB K450 WL, TRPV4 2 ARkt 5
5 mRNA KF[FEZ TR 1C, 1D), ik
SRR, Trpvd SR G/ A SUR e 5%
HIE# ) Trpvd mRNA, #E1 S 800 % TRPV4
EEMRB TR AEPRW, g/
S Trpv4 exon 8 ¢.1491+1G>A FEZEWIR T IEH 1Y
YA T, RO T AN T S HE B R
Lk, PR — AN 721 S LR 0 e oA
.
2.1.2 Trpv4 exon 8 c.1491+1G>A KX 1)
R LR AT S L5 TN BA B BE RO 220

BT WT /N, Trpvd FE R /N BR A0 45
Il V2 B B B IR A2, SRR
B5E, B TENTEE RIS ; 45
AP ARR A HE S AL . KSR, $E W
F (B 2A . 2B 2E). /NHALURAMR AN
[ FE A2 B 5E ), 3R 30 A B0t 0 /b K 2 i 53 Wb
hBESZF(K 2C. 2D, 2F), 4575118 5
Ui fesz 2 T4, fE@E I, Trpvd JEA
g /N LAl A T 10 I A 210 3 B R
(H 2G).
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A B
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| 28S RNA Het *
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= 100 kDa %
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Bl Trpvd exon 8 c.1491+1G>ARZE 3T INR AL LR Trpv4RIZHI RN

Figure 1

Effects of Tipv4 exon 8 c.1491+1G>A mutation on Trpv4 expression in intestinal tissues of mice. A:

RNA amplification bands (There should be three bands in the complete and nondegradable RNA electrophoresis
results); B: Expression of 7rpv4 mRNA in intestinal tissue of mice (**: P<0.01; ****: P<0.000 1); C: TRPV4

protein bands; D: Expression of TRPV4 protein in intestinal tissue of mice (****: P<0.000 1).

2.2 Trpvd exon 8 c.1491+1G>A KT S
B RImEEREEL
2.2.1 Trpv4 exon 8 c.1491+1G>A R X7
BRI

M iBw, Trpv4 FE P /N BRI B TR
HEEY A 6 B A AR T S I — o 1 A8 E
P HEFAREE(E 3A-3D). #T Bray-Curtis
15 B ) 2 A8 BR 43 AT (principal coordinates analysis,
PCoA) bR, Hi—F M (PCL) Al i 22.55% 1Y
ERELEM AT, Trpvd R mfadl S WT dHREAR
1t PC1 il B 2 B 85025, 2 ANOSIM £ 5
WES5Z 5T B B A g2 B 35 1 (R=0.36, P=0.002)
(1 3E); [AIRE, R R 22 4E RE 34T (non-metric
multidimensional scaling, NMDS)#t— 2 56 1IE 11X
— 2B HE SR 0.155 (<0.200, FIRIARL
RATEE) (181 3F), 3 HAEATE 4 =5 0] TP g
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Wi 4R, Trpvd B g LA AEAS B vh 3 A
TAHMRER, WT WA T AR, 3505
2 4 /) B 170 T T AR 448 ) A S BB A RN BRUR AR
THUE,
2.2.2  Trpv4 exon 8 c.1491+1G>A KT X} s
5 A7 B R A 4R R Y 52T

TETIKF L, ZEHFF ] (Bacillota) . 04T
I'1(Bacteroidota) 2N B 18 T A B LA 1] o
Horpr, Trpv4 JEDR gma 20 FUFT B 1] AR G = 1
T OWT 2, 12 AT RN T
(Pseudomonadota) R 2& B | ] (Actinomycetota) ')
XS FEAR T WT 41(18 4A). TEJmKF L,
Trpv4 Jk PR i 5 41 b oK 23 28 0 BRUAF R T R
(unclassified f Muribaculaceae). <. BR W J&
(Aerococcus) B X =F B T, 11 A 4 3K 1A R
(Staphylococcus) B AHXT = B W] i 25 R B (1] 4B).
it — 20 R H LEfSe 3B 77 2 7 2H 18] 1) bp 5 7k
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*k
ns 0.20 -
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0.10

Goblet cell of colon

0.05

Goblet cell of small intestine
FITC-glucan extranin serum/(ng/mL)

0.00
WT Het Hom WT Het Hom WT Hom

E2 Trpv4 exon 8 c.1491+1G>ARZT 3T )\ FREALE L S 50 Rz R BE A 2

Figure 2  Effects of Trpv4 exon 8 c¢.1491+1G>A4 mutation on intestinal tissue morphology and intestinal barrier
in mice. A: HE staining of colon tissue; B: Alcian staining of colon tissue; C: HE staining of small intestine
tissue; D: Alcian staining of small intestine tissue; E: Number of goblet cells in colon (¥***. P<0.000 1); F:
Number of goblet cells in small intestine (**: P<0.01; ns: P>0.05); G: FITC-glucan content in serum (**:
P<0.01).
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A 950~  Kruskal-Wallis H test for ACE index B ggp. Kruskal-Wallis A test for Chao index
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Trpv4 exon 8 c.1491+1G>A4 mutation causes changes in the metabolic spectrum of intestinal flora in
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Hom group with the WT group; F: Volcano plot of differential metabolites comparing the Het group with the WT

group.
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Figure 6 Effects of Trpv4 exon 8 c.1491+1G>A mutation on the function and metabolic pathway of intestinal

flora. A: Prediction and analysis of intestinal flora function; B: Analysis of differential metabolites between Tipv4

gene editing mice and WT mice; C: KEGG pathway enrichment analysis; D: GSEA enrichment analysis based on

metabolomics data; E: Spearman’s rank correlation analysis between significantly different genera and

significantly different metabolites; F: Co-occurrence network analysis of intestinal microbiota at the genus level.
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Figure 7 The effects of Tirpv4 gene editing on intestinal flora, inflammatory factors and barrier proteins were
verified by qPCR, Western blotting and immunofluorescence. A — C: The relative abundance changes of
representative genera Bacteroidota, Bacteroidales and Enterobacter cloacae in fecal samples; D — F: mRNA
expression levels of the inflammatory cytokines IL-1B, TNF-a and IL-6 in intestinal tissues show significant
differences among groups; G, H: Western blotting analysis shows that the tight junction protein Occludin is
significantly downregulated in the Het and Hom groups, with [B-actin used as the internal control; I:
Immunofluorescence staining of Occludin in colonic tissues. *: P<0.05; **: P<0.01; ***: P<0.001; ****;
P<0.000 1; ns: P>0.05.
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PGSR, AN Trpvd FN gt S 250N
SRz 40

TERp I T RESER T T, Trpv4 FE DR 4R/ R
M ZEARATBATT . BB B [ R 2 o 11 AR G 3 B
TR, MAFFRETTFERE B A% L, SR
FF BT -S5 FUFF 11 1T 09 EE 4 (/B &% 45 FH 1 P-4 1
BRI P AT Trpvs JEH /)N
S E R F/B LLEm/N, I HiZ F/B L
W ARt a5 IBD 3 r & 3t i 9 A8 b A —
U K Trpvs FE N g 0] S 250N R IE FH R
FaZSZEL, FTAES N IBD Y & XU . (E 9T
ERE, CAMIIIEY: TRPVA BT 0 5%
PO RE DS IR I 3 B e 5e 26 kI IBD (199
FEGEFE) X 5B A R—3, £V Trpvs 2
K 25 | & i R 2R L5 TRPV4 J#E Dfg
S Al REAEAE DR RIAE R, SR [FHESh IBD 1Y kA=
K WA, Trpv4 NGt/ NG HUFE B T TAH
KEHE. BT E M EERE LA, fEmiE
PR TR 2 Al S 30 226 4411 1 T B 2 78 A 2% R B0 TR
SBUR 82N /BIE NI ek S O D 1) /7B = B Bri R e
B, 51 % PRI Ge | RAE PR AR
FEHEWN Trpva JE SRR I Ao o BEAE K
P ARE A 2580 A9 il RS T B — 25 e
B ARAE A5, DT B 9 E 5 ot W 462 473 114 1E
TG

FEE IR A 2= o I S5 SR R, Tipve
e TR G /0N SR g S Q3 s 7 2 B, Hep
HRERR I 151 28 45 SRR P 0 AR X 3R 0k &
AR X — SRR, AR R A N A
W EA . B R e AR 2 2 S, T RE
FRE AR TR, SRT, S pE A AT
WA IR . VXS R A X RS KT
R, SRR HAT I S0 SN s W i
J5t % Ty i B A A Ve e AR FH U1 AT e SR LA KT
H A Gt 175 5 10 o T Tl o A R A AR e T
BLH . 245G KEGG i i & L ot iff — 20 L 3,
Trpv4 JE R Gt/ SR oA A e e A AR DG 38
PRI AR, FHAR N X KA R

AT RGEMEE AP R AR R A Y R
ML, W25 EirS51E 1% S
PR HARI SR T RE S & — RGN PR T RE 3
il Citoi PR CUESE, i 18 b F T i
S UANRT ER AU | EE NS T IR S )
ey ng EARPACHI R . AWEIT A 22
S 1B RS AU RO . S AU T T
XKJE . BimlEE . WirEE . BEkw s
Trpv4 5 R i 5 ) 8 25 O OCBEGAT R, SDURF TR 1)
FHOCERER FE S 16-72-10-5- T /S bR 55 2
NG 5T N2 SR o3 A i 3 0 35 TEAROG, A
IR s 5 i A S v S R T SR e A G
G B ARG, it E Mim ks S 1
L e IR S5 R 0 IR T R B S S5 A OC 43 18 A 2 E
G, 5 R 2 K SR A2t R oG
ARG FRB Tipvd exon 8 c.1491+1G>A FEH %
G T IR AL, EIE R

JUEARWIRE R T Trpvd JER SRR TS| &1
J 38 B IR . TR AS I AR R R, H
A T I E i — PR AWT . Jok, 4
HIESE 32 8 T 2 4 2 Ok AL,
1 20 B 8] 3 4 5 Dy g B ik S 56k BB PR G 2R
Ak AT FEA A 2 B B B ah 5 5 748 /1N B B B )
HE 5 TR A R ok AR, BUAE B 2SR A (fecal
microbiota transplantation, FMT)*% T A BT
PO E 2 i BRI PLAR . R, TR REACEE
Yy (s B AR TR & 5 il ik TRPVA A1 b R
552 5ht RS, ARERS LA
R SR S A I | O N == R LI B R U
TRPV4 24 BA 42 10 ff A R B i 5 S M S ]
PE, 456 T X LU 2 5 2 2 AR
WHE FE G, DT 4 AT A s 1 -G R -1 Rl
W 2% 1) sh A& BAEFRA > AL . 5 I8 3 i 5
BT 5 R R R AT RE X 2 ™ AR VR A5
R FOR 5] AP AR R AR T 5 28 R
Segy, DA SR A R Y AT LM S A5 R
AR,
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