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[ Abstract ] Objective To investigate the role and physiological significance of transient receptor
potential vanilloid receptor 4 (TRPV4) in regulation of calcium influx in rat intestinal glial cells. Methods
The expression of TRPV4 at mRNA and protein levels and its localization were detected by RT-qPCR, Western
blotting and immunofluorescence assay in rat enteric glial cell line CRL-2690, rat intestinal epithelial cell line
IEC6 and human embryonic kidney cell line HEK293T. The CRL-2690 cells were divided into GSK1016790A
(GSK, TRPV4-specific agonist) group and GSK + HC067047 ( HC, TRPV4-specific inhibitor ) group,
hypotonic group and hypotonic+HC group, GdCl; group and GdCl;+HC group, and CaCl, group and CaCl,+
HC group, while the activity of TRPV4 channel was assessed by Fura-2 fluorescent probe and single-cell
fluorescent calcium ion assay. CRL-2690 cells were also divided into control group, GSK group and GSK+HC

group, and the level of cellular ATP release was measured by luciferin-luciferase assay, and the mRNA levels
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of inflammatory genes GFAP, IL-1B, IL-6 and IL-10 were detected by RT-qPCR. Results

TRPV4 was

expressed at mRNA and protein levels in rat intestinal glial cell line CRL-2690. GSK and low osmolarity

stimulation significantly enhanced intracellular calcium fluorescence intensity in CRL-2690 cells, which was
inhibited by HC (0. 430 38+0. 063 65 vs 0. 004 23+0. 005 78, P<0. 000 1). Calcium-sensing receptor
(CaSR) activation-induced Ca® influx was also inhibited by HC ( P<0. 05). Functionally, activation of

TRPV4 promoted ATP release, expression of EGC reactive proliferation marker, GFAP, and inflammatory

factors IL-1 B as well as IL-6, and inhibited the expression of anti-inflammatory factor IL-10 respectively. But

all these effects were inhibited by HC treatment ( P<0. 05). Conclusion

Activation of TRPV4 induces

extracellular Ca™ influx and promotes ATP release and expression of inflammatory cytokines in enteric glial

cell, which may be closely involved in the underlying mechanisms of bowel inflammation.

[ Key words ]

triphosphate ; inflammation

enteric glial cells; transient receptor potential vanilloid 4; Ca™ signal; adenosine

Supported by the General Program of National Natural Science Foundation of China (82270585, 81770524 ), the Chongging Talent Program (15014) and the
High-Tech Cultivation Program of Army Medical University (CX2019JS212). Corresponding author; XIAO Weidong, E-mail: xiaoweidong@ tmmu. edu. cn

Jo S A4 i ( enteric glial cell, EGC) /1 i 22 &
4; (enteric nervous system , ENS) [y 5&4#4 4y 2 — , T4
RAEMRES TV 8 2 W98 & KT . B HEShY)
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fiE, BRI, 2 I EGC 14T
SRR S TURA TR AT S AR B AR T
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TRPV4 3 2h 7 GSK1016790A . TRPV4 4 3t
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A] () ;CaCl, W 7 _Fi#EA T.(HE) ; ATP Kl i1
W AERZKPE) ;B4 0E% B HyClone (3E[H ) ;
DMEM S8 % 72 3 %) [ Gibeo (£ [H) ; Furo-2/AM [
H Invitrogen 23 W] (3£ ) ; 53¢ 7w A A 1 B % (Jb
50) 512 LRI B Thermofisher 23 ] (S ) 5 S 5E &
RT-qPCR F1 5 % s il £ 3 TaKaRa 2AE] ( HAS) o
1.2 ik

KB e o 40 A & CRL-2690 1 5 26 [&] ATCC 2
JLE , 55 3% U0 10% Jif 4 1M A 1% 5 -55 5 K 1)
DMEM @bl f sk, B T 5%CO, 1y 37 °C 41 IS¢ 46
SR
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1.3 3am 038 45 AR R B T R M E

¥ CRL-2690 4fifflid &4 Fh 5] 12 fLC K |, & T
5%CO, 1 37 CHIREFRAE 5 24 h
1.3.1  #0% TRPV4A Xz B AN Ca™ 155 A5 IR

e EGC IC F, 300 51 2 41 : DGSK (n=
26) ;QGSK+HC (n=26) ; A BRER 7 W (PSS) S P40
MC R, P 25 MC /- 1 5% B8 i 8% 37 3, SR )5 N2k Fura-2
LA R (acetoxymethyl , AM) [ 75 f# T 0. 01% F-127+
0. 1%DMSO 11 1E # A= HER W (PSS ) w1 1,37 C AR
BEYEHFE 50 min, SRJ57E PSS ak PSS+ HC067047 3
HYEZRA 15 min, ZJ5 R AIMUIC R 23 fEpk- R DMi8
BMERY S LR E=E B, H A PSS B PSS+
HCO067047 #5500 L, Bl 35 B 55 H 1015 1 40 i, 76 =
(22 °C) T 4R % CCD (ICCD200) AHALIC %
AT I L AR, LR )E, R =P A
GSK1016790A ( 2y & 0. 5 nmol/L) , f#i ] MetaFluor
AR R G SE WL 340 380 nm P& U T A1 & H Y
Fura-2 3G L3, H90 5% Nk ML IS 20 b 2 5%
BT 1) o) o = Y S
1.3.2 {K% (Hypotonic ) fl304F i R 40 M P Ca™ 5
SR HER EGC IC R, 34 A 2 4D
K& (n=35) ;OMRB+HC(n=29), [F LA S5 pmol/L
Fura-2 Z 4 H IR (AM) PSS 39 PG I% 7 50 min,
W H 45 R 5 I PSS Y UEE A 15 min, 4N bk Ze 2 4 iy
&R, BE A A PSS 7 500 pL, i ic 5% F(340/
380) TEIEHLFRA MM N Ca™ W JEAY AL (b, HELRF
FaJa , o4 PSS IR NGB 500 wL (KB WRE
B A 170 mOsm) |, ARSI EE R 3L LR A2, PRI HE T il
Hii ok PSS, 5k F(340/380) #t LRIk .
1.3.3 iS85 Z & (Calcium sensitive receptor,
CaSR) #475 J5 ZMES N i i Ca™ 3 18 HE % EGC 41
M€ s, 343 51 4 241: DGACL(n=9) ; @GdCl; +
HC(n=27) ;®CaCl,(n=25) ;@CaCl,+HC(n =30),
W] _F- 5% 7 4 i, H PSS 5 (PSS+HC067047 7K 1 17t
15 min, 40 | 3 22 258 40 I €@ F, i I CaSR % 3 7l
(GdCl, 5% CaCl,) il ic 5% F(340/380) 256 LE R 11
Ak

F(340/380) %) HLRENIEN Ca™ HIE AL, AF
(340/380) SAifs 259 I o A 2L F (340/380) d5e K AE Ik
FINZGHT F(340/380) JELZRAE . PSS #IR AL 7 (mmol/L) ;
140 Na* 5 K* .2 Ca™ 147 C1I” .10 HEPES #1 10 %%
B, pH=7. 4; KB % WAL % (mmol/L) : 70 Na" |5 K" |
2 Ca™ .77 CI” .10 HEPES #1 10 #5%j 8%, pH=7. 4,
1.4 RNA #3fe 528t % % PCR(RT-qgPCR)

{#i il RNAiso Plus i3] ( Cat. No. 9109, Takara,

Japan) 2 B4 20 M 2 RNA, {# i PrimeScript RT 2
4 (Cat. No. RO50A, TaKaRa, Japan) & i, cDNA
KI5 BB cDNA 9734 50 ng A Bk, {4 ] Step
One Plus 345 (Art. No. 272008342, Life Technologies,
USA) #1 SYBR® Premix Ex Taq Il i 7] £ ( Cat. No.
RR820A, TaKaRa, Japan) 47 RT-qPCR. 5 ££ &
¥R —=03 1, il -3- B2 Bt U ( Glyceraldehyde
3-phosphate dehydrogenase, GAPDH ) {E i N 2 £ A,
T 2745 X a2 iy 3 X e R AT AL, X S
GAPDH ik #t471H—4k, 37+ L) TRPV4 5 GAPDH
mRNA AP RN . 519 BT I 1,

#&1 RT-qPCRI|YFFISHEKE
514 JF51(5'—3")
¥%: CAAGGCTGTGGGCAAGGTCAT

GAPDH( Rat) N 153
R : GCCTGCTTCACCACCTTCTTG

Jr B /bp

i AACGGATTTGGTCGTATTGGG
GAPDH ( Human) 211
Ti%E: CCTGGAAGATGGTGATGGGATT

L3 : CAGCAAGATCGAGAACCGCCAT
TRPV4( Rat) X 80
T : CGAACTTACGCCACTTGTCCCT

Fii#: :CTACGGCACCTATCGTCACC
TRPV4( Human) ] 215
Fiif: TTAGGCGTTTCTTGTGGGTCA

3 : AGAGGAAGGTTGAGTCGCTGGAG
GFAP(Rat) 145
Fi#: AGAGCCGCTGTGAGGTCTGG

Fif: AATCTCACAGCAGCATCTCGACAAG
IL-18(Rat) N 98
. TCCACGGGCAAGACATAGGTAGC

F#7: ACTTCCAGCCAGTTGCCTTCTTG
IL-6( Rat) 110
Fi: TGGTCTGTTGTGGGTGGTATCCTC

L CTGCATAGAAGCCTACGTGACACTC
1L-10( Rat) i 137
Tt: ACGAGGTTTTCCAAGGAGTTGCTC

1.5 Western blot 247

4 21 M A W) R AR 10% B8 12% ) SDS-PAGE
e b1 85, I e B 2 R R R & S B (Polyvinylidene
fluoride, PVDF ) I ( Cat. No. ISEQO0010, Millipore,
USA) . = ¥ PVDF & T3 5% 4 g HE A 1Y
TBST £ P £ ] 60 min, Z )5 4571 —H1 T 4 C
[EVRIFH 9% : Bt TRPV4 ( Cat. No. ab39260, abcam ) £l
$t GAPDH ( Cat. No. 5174S, Cell Signaling Technology ) ,
FA —PURBELL B 1:1 000, HI TBST #hik 3 i,
i 10 min, 7£ % i T PVDF i 5 HRP 254 141 %
(Cat. No. 7074P2, Cell Signaling Technology) — il &
60 min, 3% 5% {k 2% & G ( Cat. No. 34094, Thermo,
USA) JH eI 405 S vy 2571 o
1.6 i 3t m

A RN T 35 mm FEFRILAY w98 1 B, 7230
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TH 4% Z W EERE E 15 min, J] PBS 353 3 I, &
S5 min, ZHAEAE IR T LS 0L £ ] 60 min, SR f5
F#t TRPV4 ( Cat. No. ab39260, abcam ) H7{& 5, GFAP
(Cat. No. sc-33673,SANTA CRUZ) 7 4 C P& 1
W HHHEAE PBS thykik 3 U5, HI Dylight 488 ( Cat.
No. BS10017, bioworld ) 8§ Alexa Fluor 647( Cat. No. A0468,
BRR) WL —PifEE R N E 60 min, &5, H
DAPI( Cat. No. C0021, Solarbio ) X £ i 1% %% {5, 10 min,,
FEAL SR AR 0 s (ZEISS 880, 78 ) FAiHe &,
1.7 ATP #%n|

T IO R -9 F B E vE (ATP KA &,
S0026, & -~ K ) Fi [ #7 1% ( VarioskanFlash, Thermo
Scientific, USA) , 4% MU ) & 0B 15 47, & H 40 M
AEFE 24 h 5 SRR SR 20 WL, FH TR 2 R9IE o
1.8 %its oM

R A GraphPad Prism 8. 0 22 &k {F 17 B4 4t
T A B R diE, e A Bl LA x+s Ron . 2 42T
() BRI AST FEAS ¢ S5, 22 41 22 [) Ll A5 D) R FH B
2R J7 22500 RgnsKifE: a=0.05,

2 #R

2.1 TRPV4 £ X R EGC Zmje & 64 %3k

BRI TRPVA 78 K R 5 ot 40 g &2 CRL-

DAPI

15 - =
é\%
2 i
Juj .
210
&
= 0.5
=
0- —=
i z
AR
EGC IEC6 293T
TRPV4(98x10°)— N
GAPDH(37x10°)— . . =
Ira
]
=

2690 K F/N b K 4 & TEC6 ( TRP VA BH 44Xt it 4
) A S AR 2 il 22 HEK293T (TRPV4 44 %) B 44t
Jil) Hr i 3235 7K . RT-qPCR (& 1A) Fll Western blot
(Bl 1B) 25 3 7R, TRPV4 7€ K BB i 41 s & CRL-
2690 FHFAMEXT 40 i & TEC6 Y45 33k, 1 76 B P Xt
M4 R HEK293T ARk, Fo e o Sl 25 21
1C) .75, TRPV4 7&K B BT 40 g &2 CRL-2690 5
EGC FRicEE 1 GFAP 7776 40 M 5t N 1 BH 14 4 8, 53 15
HILE AR L UESE T TRPVA 78K BB 5 4
Z CRL-2690 [f15k .,
2.2 TRPV4 FMHZAT 7142 EGC fmle N 45 R 1z 5

CRL-2690 4 ity R i 17 24 ¥y 4k 3L}, F340/380 K&
LAEBAR, 2GR KA (J 2A) s 40 A TRPV4
hF| GSK1016790A ( GSK, 0. 5 nmol/L) &, F340/380
LB 5 B R T i, 2 O o B B, 9% 0% 2l e (&
2B) ; 4if Jid fin A TRPV4 g 5 4 47 i 7] HC067047
(3 pmol/L) J& ,F340/380 %t L3R T g, 22 KA,
WA IR (E 2C) . DL B4R B (& 2D) , 41
B EUIR S, KB i I 40 g CRL-2690 41 ity Ji H
Ca™ W& BERLAR, 10 0 245 40 4 40 i TRPVA 54K 5 , 40 i
Py Ca™ e BE P b T, 52 kil TRPVA 35 4 2 4 il
X—IE,

TRPV4 GFAP Merge

— C

A B: RT-qPCR #= Western blot 4#7 TRPV4 £ CRL-2690 IEC6 % HEK293T % ¢ mRNA #=%& & K -F

1. CRL-

2690;2. TEC6;3: HEK293T;C . %95 3 b 3 &, 547 TRPV4A( 4 &) #= GFAP( 4 %,) & G £ CRL-2690 4m i ¥ 49 % ik

LikgAr  miataak DAPT i &

E1 BRI ZE CRL-2690 th TRPV4 fy&Kik(n=3)
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2.0 a

ik i
1.5
g b
2 1.0
% 05+
=n O-
" 1 2 3
F340/380 51 D

A3t EB20;B:GSK 28;C.GSK+HC #8;$F k=& 6Bk, D. b 3 A F LB E T 1. 584,22, GSK 41;3;
GSK+HC %H;a:P<0.000 1,5 xF @21k ;b P<0.000 1,%5 GSK 211tz

af

B2 ERFBAGEWNEMIAIERE CRL-2690 4K Ca™ 5 S HBETH (n=13)

2.3 Ab )% TRPV4 32w EGC bl Ca> 455 REBL HCO67047 & 43 BHIT[ (0. 030 57+0. 015 89) ws
J T HE— WA CRL-2690 40t TRPV4 1) Ca>  (0.020 67+0.006 91) ,P<0.000 1,[d 4], X £,

P BE, O FH PR A0 M PO Ca™ AR RGN T RN Ca™ {5 S0 Py B8 S & TRPV4 45

TRPV4 R 38 7 GSK il CRL-2690 4/ AN Sk,

) Ca™ 5 57280k, 45R BN, GSK BRIBRHLIIN Ca™ 5 2.5 TRPV4 /-5 CaSR #5549 EGC fafi sk Ca® A7

5, M KA S L fE B HCO67047 FT il i [ (0. 430 38+ O A5 U A CaSR 2 TRPVA f b7 8 4 2

SIS Ca” (13 GSK 21 1 TRPVA N

. o B S a3 RS T CaSR 5 5l ) GC (71 5A -
2.4 AR A% TRPV4 ¥ e EGC Zmfie, A Ca ’f'2+ C) % AILAh Ca® He i ( 18 5D~ F) il CRL-2690 4

N T ERA B CRL-2690 401y Ca™ 5 % 2 e 1 s
A Bt TROVA Sttt g T TR G R R PRI
a FHRAAN Ca™ 55 1T, % AE H B bk HC067047

Ca™ B4 RS K T A% 39% 5 FE ]384 ( hyposmolality e o 8
Hypo) X} CRL-2690 iy Ca™ {5 5 HI54M . 455 WK, R ELA (20 AR TRV AR

IR R Ca® 3 ot e 20 1 CoSRIRSHIOAIILAR Ca™ P

1.0 = 1.0 5 HC-067047 3 pmol/L
= —~
Z 08+ § 0.8 - 0.5
3,. S GSK 0.5 nmol/L
24 & =—— — 0.4
E’/J 0.6 = = 0.6 CaCl, 5 mmol/L %
= GSK 0.5 nmol/L. 2 —_— 2034
Ky — El% :
3 0.4 S 044 = 0.21
= = <
0.14
0.2 T T T 1 0.2 T T T 1 0 r
0 100 200 300 400 0 50 100 150 200 1 2
) /s A G B 2051 G

A: GSK #§ Ca”™ 455 ZAL; B HC A4 325 GSK # § Ca” 1535 AL Co ik 2 20 Ca™ 3 5 &Ae 1. GSK 45
2:GSK+HC 28 a:P<0.000 1,5 GSK 41rt4x

B3 HMpsEE Ca® &7 TRPV4 45543307 GSK #ili# CRL-2690 ffa/SA Ca {5224k (n=26)
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0.75=
0.75 4 HC-067047 3 pmol/L
2 . Hypo T 2 M 0.04
S . = - o = -
3 SR PSS Hypo
& & ~ 0.03
= = =)
T 0.65 = _ S 0.021
8 Q 0.65 g
= = <1 0.01 1
0.60 T T T i . 0.60 T T | 0
0 100 200 300 400 500 0 100 200 300 1 2
p_— A i1/ B ikl c
A KB HF Ca¥ 155 £ (n=35) ;B HC ML 2 BI85 FF Ca 125 T4 (n=29);C.I&5 4 5 &% +HC 4
Ca¥ (25 T ALER 1 ARS ;2 4%iB+HC 28;a: P<0.000 1,5 GSK 41bik
B4 BRI Ca™ BGHENMEESEER M CRL-2690 ff/Z4HAMA Ca™ (55T
0.9 7 GdCl; 5 mmol/L 0.9 4
2 = 0.4
S & 0.8
(% § HC-067047 3 pmol/L S 031
= Z 074 3dCL 5 mmol/L &
g g 5 GdCl; 5 mmo! é 021
= = I<e)
§ S m =
3 3 06 < 0.1
= 5] — a
PSS
0.5 T T 1 0.5 T T T T 1 0-
0 100 200 300 0 50 100 150 200 250 B 1 2
[/ A I /s A% C
0.8 = 0.8 4
’é o CaCl, 2 mmol/l, t%\ i HC-067047 3 pmol/L 0.5
Y <
g i
:E/‘ 0.6 \E(.,: 0.6 CaCl, 2 mmol/L % (O)i-
= = < 03
=05 = 057 £ 021 a
&) &)} ~
) - Y - <
S 04 2 04 011
0.3 T T T T 1 0.3 T T 1 0-
0 50 100 150 200 250 0 50 100 150 1 2
1] /s D i) /s E 215 F
A:GdCL, % Ca™ 125 B4 (n=9) ;B HC Fi4# 5 GdCl, #F Ca™ 155 T (n=27);C:2 41 Ca™ 13 5 AL Ib &k

1: GACl, #2;2:GdCl,+HC £8;a:P<0.000 1, 5 GdCl, 283k45;D; CaCl, # % Ca™ 15 % %4k (n=25) ;E.HC 4

395 CaCl, # % Ca® 125 T4 (n=30);F:2 40 Ca™ 1z % T AL tbdx

CaCl, Zrb3x
& 5

2.6 TRPV4 #t3h 73 EGC 4m it ATP #3%

C A ATP J2& EGC 2 5l 48 R S8 S AE S Y —
FhOCHEA BT, S 7 M ZEAE CRL-2690 4 i b i
TRPV4 REA(LHE ATP BEAL, (I PO R -POL R i
Rl GSK (0. 5 pmol/L) &b ¥R [ B 1] J& , 8% 37 2k vh
ATP )5 5 (] 6A) , EGC 1y ATP BRjHK 5 GSK
SEFRIHCIEAR G, TRPV4 1] 7] HCO67047 (S pumol/1.)
W RRAK T GSK B5- Y ATP Bl (18] 6B) . ix 4b4f
RLW], TRPVA T T8 9 ¥ & 5 30 EGC B i ATP 1)
A REE B Z —

1.CaCl, #1;2.CaCl,+HC #1;a.P<0.000 1,5

BTN Ca™ K GHNEE CaSR j5 CRL-2690 fi) Ca™ {5 S 254k

2.7 TRPV4 3 A4tk EGC 4m e % 92 B F & &

h T ik TRPVA J& 752 5 i i o 20 g xof
RAER9VEEE St GSK il 4 CRL-2690 4 Jfl 24 .48 h
J& ,RT-qPCR ¥:ll EGC S b P 38 A: hR i 9 GFAP  fi¢
RIHF IL-18 F1 1IL-6 LA Pt K HF IL-10 mRNA ik
Ak, 453 8, GSK Hil 3 24 .48 h 5] &g & I
GFAP IL-18 #1 IL-6 ik, M T IL-10 ik ; MizAE
HIRERE HCO67047 FHIKT (&1 7) . FH] TRPV4 JiiE %1k
Al figJE EGC 25 1738 RE KW A B EE AL
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3

3

= a
:{é 0.12
[=W

=

-

U A

A:GSK 0.5 pmol/L 222 )5 4w L 9F ATP 3R E E A (n=3)
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