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TRPV4 deficiency exacerbates colorectal cancer progression in mice by remodeling

gut microbiota and promoting secretion of inflammatory factors

FENG Yunxuan, FENG Xiaojie, CHENG Lulu, WANG Yingjie, JIANG Jiao, XI Changqi, WANG Xiang, XU Fen,
TANG Bo Department of Gastroenterology, Second Affiliated Hospital, Army Medical University (Third Military
Medical University), Chongqing, China

[Abstract] Objective Host genes regulate the composition and function of gut microbiota, thereby
influencing the development of colorectal cancer (CRC). This study aims to investigate the mechanisms by
which host gene TRPV4 deficiency exacerbates CRC in mice through remodeling gut microbiota and promoting
inflammatory cytokine secretion. Methods ~TRPV4 knockout (TRPV4™") mice were used to establish a CRC
mouse model induced by dextran sodium sulfate (DSS) and azoxymethane (AOM). Male TRPV4™" and wild-
type mice (6 to 8 weeks old) were stratified by body weight and randomly divided into TRPV4™ group (n=7)
and WT group (n=7). The mouse model of CRC was established through a single intraperitoneal injection of
10 mg/kg AOM on day 1 of week 1; from day 7, drinking water containing 1. 5% DSS for 7 consecutive days,
followed by 2 weeks of regular water, with this DSS treatment cycle being repeated for 3 times; a second
intraperitoneal injection of 10 mg/kg AOM on day 1 of week 6. CRC progression was assessed with tumor
number, size, burden, colon length, spleen weight, colonic morphology (HE staining) and pathological score,
and immunohistochemical detection of proliferating cell nuclear antigen (PCNA). Additionally, male TRPV4 ™"
and wild-type mice (6 to 8 weeks old) were stratified by body weight and randomly divided into antibiotic
cocktail (ABX)-TRPV4 ™" eroup (n=5) and ABX-WT group (n=5). The ABX mixture was used to deplete the
gut microbiota to evaluate the microbiota-dependent effects of TRPV4 on CRC. Fecal samples were collected
from the TRPV4™ group (n=19) and WT group (n=21) before modeling, and then subjected to 16S rRNA
sequencing to determine the effect of TRPV4 gene on mouse gut microbiota. RNA sequencing was performed
on mouse colonic tissue; Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis was used to examine
enrichment of differentially expressed genes, and fecal bacteria-cell co-incubationexperimentswereconducted
in vitro. Results The TRPV4" group exhibited significantly increased tumor incidence (P=0.037 9),
tumor burden (P=0. 000 3), histopathological score (P<0.000 1), and PCNA-positive rate (P<0. 000 1), and
shorter colon length (P=0.001 2) compared with the WT group. After ABX treatment, no significant
differences were observed between the TRPV4™ group and WT group in tumor incidence, tumor burden, colon
length, histopathological score, or PCNA positive rate (P>0.05). 16S rRNA sequencing demonstrated that
TRPV4 deficiency reshaped the gut microbiota structure, with significant differences in 3 diversity between
the TRPV4™ and WT groups (P=0. 001) and distinct microbiota composition profiles. Colon tissue RNA-seq
results revealed 218 significantly upregulated and 152 downregulated genes in TRPV4”" mice. KEGG
pathway enrichment showed that differentially expressed genes were significantly enriched in cytokine
signaling pathways and TNF signaling pathways. [In witro co-incubation results demonstrated that the
transcription levels of TNF-a (P<0.000 1), IL-1B (P<0.000 1), and IL-23 (P<0. 000 1) were significantly
upregulated in TRPV4™™ microbiota-cell co-cultures. Conclusion The gut microecology formed by TRPV4
deficiency may exacerbate CRC by promoting the secretion of inflammation-related cytokines.

[Key words] TRPV4; colorectal cancer; gut microbiota; cytokines
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2t H W98 (colorectal cancer, CRC) 42— Fp i J§ T
S5MpEE I b A0 R R R TR AL R G RH
DL G Z — . CRCOZABRERS 3 K A g (Y
YT B AT S BRI ) , 2020 4F K0 2R F A 343
B FE S 3 LA 2 . CRC R v [ A e e
KRR 3N L LR K R R 32 RN
L, A4 3545 By BV AR T 2 (AN P
FUEJE ) PR35 2 % ChnaCo 38T J7) LUK o 38 T A 0
9% O A (O B A2 285 2 U LR 7 Tl A2 ) 0 5
BLAD s

UTAER, Jon T8 TR A5 4 B R A R Z R Y O
F P AR ST Gl . TR 2R A AT Al
k45 B A B SR R E I g A0 (A
Fusobacterium nucleatum 1 Escherichia coli) 1Y) & £E , iX
S TR o R O PR EORE OGO T B E T T b A
JEL, 55 e R Bl IR R I R AT AR
S, B TR A CRC MR R 55 1) B 220 R 0, T
SR LS B R S A T B LA DR

BEAEA T 4GE , 15 35K 5 CRC I C R 2 24k
FEY, ¥ Ko ast 1 A8 S 38 i XURS: A% 5380 18 S i B 5l i
AR SRPE VRS, DL RS T W A ) AR )
{3 CRCHERE " Horl, 4 2 5508 5 il e o
AR AR ELAE 2 CRC R R 1 G HERR Y o WFSE s, 16 2
FE PR R 38 A2 99 (40 Ruminococcaceae Rl Veillonella )
Z AR DRI, X SEAH ELAE o K 2L S R e S 1
B, 00 B 38 S 9 18 e B L 4 0 A AT
B R A2 R B B T VO R R B 4
(TRPV4) & — 80 30 375 M A PE £V BH B8 -3 18, e W)
i Schultz (Nat Cell Biol 2: 695-7022000) F1 Liedtke
(Cell 103:525-5352000) 40 A 5 41 BA T+ 2000 44
B o TRPVABAEREN N R —Fh SR 732K, th— &
AN a]  RECDO  ARS 2 e il TR 1 pHL, 9 B
JZ R R R e B R TRPVA
I 32 1A (CaSR) HesE i, 2 5 85 5 1Y I 15 58 T %
PR 2% , 5 1035 485 e J T e AU B R M OET . 2
CRC ", TRPV4 I 7] 14 15 240 I 77 3% , 40 8 HE 3 44 mT L
TR ORI B e YT T R o E i = 1
TRPVA TE4E5 1 i b i UIVE AT AF A I 491 an
TEJAENE R (B PSS I 56 ) ek T B
FERUEALR 19 OB A A

AHEFE AT TRPVA FE R B /N B, 308020 4 SR
12 &l (dextran sodium sulfate, DSS) + & 1k 18 & W ¢
(azoxymethane, AOM) 5 T /)N B & A 45 B W s /B 0
CRC I HERL, W1 AAR 5 A £ 2R TRPVA XS CRC A2

RIERYFZMR , IFHE— 2D PRIT TRPVA X i 18 T 145 44 28
i BN A S R 25 A0 B I X CRC K AR R RS
18 75 FL 4% CRC B AL, O 1 32 6 D - 1 Al A
W2 - B e A A i i 22 1) A AR B FH SRR B A 5 T
T6], R JRAE AR SCE, B i (0 T D)7 S Ao

1 #R57F%®

1.1 EZ&Ei&XA

AOM ¥4 H 3¢ [ Sigma-Aldrich 23 7] ; DSS 14 H 3¢ [#
MP Biomedicals 2~ Al ; T B RIERE: AN EHZR
BB R R e A TR TR () I
%y 45 FR 23 7] ; RNAiso PLUS I  H A TaKaRa 23 7 ;
PrimeScript RT & /] & W A H 7K TaKaRa 2 7] ; 2X
Universal SYBR Green Fast qPCR Mix i B [ 2% X
ABclonal 22 &] .
1.2 %%
1.2.1 SCsh® 4anm 6~8 s MR 20~22 ¢
T TRPVA™ /N B WT /N R (g [ F80ll A R4 24
A ) FEBR B B S 56 sh 9 Hh o (1) SPF 4 sl ) 52 56 25 1F
1725 . a2k VR ) B 41 Y (bone marrow-derived
macrophages , BMDMs) 5% H 6~8 Ji] iy |14 it i 20~22 ¢
M C57BL/6J /N B (W) 11 42 25 2 R AE W B BR A
Al o TR /NRIIAE SPF A F R 3%, L0 = B e
12 h B JE T, (21+1)°CE L, (45+5) %A X HRE
WEFE AR /N BT [ R K, 52506 5 ok
S TRURE A BRI LA DR /L sh 9K R o AR5 T v L 1
E ot STIRY/ R e 2 N VSN oI L7 O g (s
A7 B E(AMUWEC2019330) , 5256 48 2 57 52
B Sl YA AR ) LA K S 55 2l 4 B R A I i ) S5 AR
KHE o
1.2.2  AOM/DSS /I B 0 fy ) 7t AT ST
AOM/DSS 5 5 1) 45 FL W A R, AT R FH 4 1R o ot
O3 )2 5 BEHL I RE 2 BEFR 6~8 JH W IEYE TRPV4 JE 4
B /N BB A RU/INRR, 438 TRPVA™ 41 (n=7) \WT 41
(n=7) . ABX-TRPV4™" #H (n=5) ABX-WT 4 (n=5), T
551 JE A 1 R IE S 40 10 mg/kg AOM 1R, 557K
FHELET AET & 1. 5% DSSIRK K HkoK 2
HAS DSS A H S FREER 3 L A 6 RS 1 R
WG E ST 10 mg/kg AOM1 IR . AT A /NERAESS 11K
AOM {5 )5 1955 14 A AL BE
1.2.3 P E AR (antibiotic cocktail , ABX ) S2 56

ABX-TRPV4™ 4 1 ABX-WT 2l (n=5) /N5 1
RRTLI200 pL A9 IRE S EH BT SAHAER,
A4 HE I (200 merkg) B 25 R A2 £k (200 mg/kg) |
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R B 2 (200 mg/kg) AT 8 2R (100 mg/kg) , FFLE
1l 5 138, /NRPOK AR & = AR ER (1 ¢/L) |
IR (1 g/L) R ERR (1 g/LFDT R (500 mg/L)
B2 REH 1K,

1.2.4 BMDMsHfila 55U ARREE C57BL/6]
ANER, B REN R AR SR S BT 5% LT K TR B
& AT TAES B S e 5 188, ZBRILA
RAEaRHA . BeE JRBBCETE S 75% LB R
MLPYIZ L S min, FEH IR PBS 129 S min, Z2FRFR 1 4
[LES G = g = WL U U O A o B i @ S
VB L R A 75 B A e R R T e 3 Uk, L
ZHMERENLOEREIANE R . S5 mL B R &
HEAN LKL, 2870 pom 20 L6 2ok 07, 5% 22 15 mL 250
.1 500 r/min 5.0 5 min, 3 FIE o AL AN i 2 fig
Vo T R S IS FRE S min, BRI 10 mL 7K PBS
PEP .4 °C. 1500 r/min B0 5 min, 5 1T, A0S B
E 20 A 5 e a7 S R AR .

1.3 %7k

1.3.1 16S RNASEFMF W4 TRPVA ™ (n=19)
L WT(n=21)/N CRC & BT FEME , FAEAEATE T 0K
FA1 N Wiz % B AT R BOR R A A R W
PO o >R Fl CTAB/SDS ¥ 45 Bt/ Iy B 3% i 5 3 A 41
DNA, {fi F#F 5918 (barcode ) B 45 5 1 51 5 5 AS [F]
X 31 16S rRNA/18S rRNA/ITS 3£ M 17414 . i
TruSeq® DNA PCR-Free £ 7 i % & # & (TruSeq®
DNA PCR-Free Sample Preparation Kit, Illumina, USA) ,
Fie BT 3 7 A IO A DU Y SRR IR S &R 51 i
i F mailto: Qubit@2.0 %% )¢ it
(Thermo Scientific) #1 Agilent Bioanalyzer 2100 & 4 7
il SCJE i i, 7E Mlumina NovaSeq “F 5 254700 5 , 42 A%,
250 bp Xt ) P 152 B o AR 3 ME — 19 25 JE 4 (barcode)
PR3 B3 B B A FEAS IRl DI R SR IE A A5 | )
JE 50 E 4T # W7 . A FLASH #00F (V1. 2.7, http:/
cch. jhu. edu/software/FLASH/) & F- X iy 132 B o i
UCHIME 5332 4% b5 % 5 2 2% 0408 2 (Silva $040E
https ://www. arb-silva. de/) # 17 FbXF, LA I 5 %
G, R G KB AT, e 2R3 bR 26 (effective
tags) o ZH )DL 34T A 22 5 20 B >R FH 2t 0l o3 A 2%
[ K/N(linear discriminant analysis effect size, LEfSe) , 1%
SE 28 L 23 Bt (LDA) 75 73 (Log,,) =2. 5 4 i 5 1k
B 1A .

1.3.2 RNAWF KA BUNRESmA,
AL B AR BRI A BR 2 W i 4T RNA Y 43
H1o RNA 57 2 i2f Agilent 2100 2= 4 43 M AL 317 1
W A RNA I Y SCRE, ER G AR TS, AN [R] SC R4 IR

(index codes) .

A Rk BE K B bR T MLECHE & 89 5 5K pooling 5 H
Ilumina NovaSeq 6000 i 17l & . Wl J¥ k Bt &
CASAVA i 3R 551 5 Ak k¢ 50 B 4 (reads) o i FH
HISAT2 (v2.0.5) M # S L H A i R 51, I A
HISAT2 (v2. 0. 5) % B %F K ¥fii clean reads 5 % I 3 [A
ZH X, fdH DESeq2 #4 (1. 20. 0) #4724~ Fh 4
G Z ) 22 5 &3R50 o d 1] Benjamini Al Hochberg
()77 I R AL IE A5 PAE LS il iR R B . KIE)R
P {H (padj) <0. 05 H.llog2 (fold change)| =1 & A &
EMERRIANBE ., BT clusterProfiler (3. 8. 1) %k
52 B 22 5 R LR A GO & 4B AT, O 0 A vfE
padj<0. 05, ffi H clusterProfiler (3.8. 1) #& {4 7 ¥t
KEGG il i b 22 5 RN LA W G T & 5.
1.3.3  SERE & R A BEEE OV (RT-gPCR) M
TR - 44 1t 095 5 52 50 P i 4 A B8 S 9 BMDMs, fif
RNAiso PLUS (%25 :9109, TaKaRa, Kusatsu, H 4% )
B A RNA. R ] PrimeScript RT i 7 & (% 5 .
RRO47A, TaKaRa, Kusatsu, H 4% ) & /i ¢cDNA. RT-
qPCR S {ifi FH 2X Universal SYBR Green Fast qPCR
Mix ($25 : RM21203, ABclonal , 587, 8 ) #5 3 B 43
# 17 . RT-qPCR 43 #r il & ABI 7000 RT-PCR % 4t
(Applied Biosystems) #E4 T, JEIFR AN R « 97 0 A8 P L 8
95 °C, 3 min; #4745 MEIR AR 95 °C,5 s, 1R k/
FEIELE 60 °C,32 so mRNA ZMH7 % FH 274 ik it A7
FFLANIE T B AR AL . R SR A9 51 0751 : TNF-a
iF i : CAGGCGGTGCCTATGTCTC, 2 [i] : CGATCAC-
CCCGAAGTTCAGTAG; IL-1B 1F 1] : GAAATGCCACCT-
TTTGACAGTG, S [i] : TGGATGCTCTCATCAGGACAG ;
11-23 iF [f] : CATGCTAGCCTGGAACGCACAT, JZ [f] :
ACTGGCTGTTGTCCTTGAGTCC ; 18S iF [ : TTTGTTG-
GTTTTCGGAACTGA , i In] : CGTTTATGGTCGGAACT-
ACGA.,
1.3.4 HLURE~ S50 ntr 4ihdss
LI ) H R4 HE Qe 60, JEAR 8 Scik' " r i A T
A=V . AL A Ul il KAk
R % wh R B B 25 , LA 3% HL0-BH B Y I i 41
P, L E s B . HEWI R T4 CFE—diid
W, 155 BUR L A AL AR iC —BUR N, DAB 8, 95
AN YA
1.4 %it5 54

& H] GraphPad Prism 8. 0. 2 #4417 5 1 2% 41
By, o B BERE DL xes 28, PO 4L [H] 88K H Shapiro-
Wilk 6 56 DA B8 1E 257, 18 S 508 R FH I S7 FEAS ¢
K56 , A 1IE S 50E % F Mann-Whitney U K56, P<0. 05
INhZESBA SRR
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2 #R

2.1 TRPV4 3B Bk Hm Bl AOM/DSS #5690 R4 A
W %
HARE TRPVA BE TR 45 B i etk e h A
FH , ASHF 98 R FE AOM/DSS 5 5 TRPVA4 J IR B /)N B
K WT/NRAEH CRC. AR EmUs , 7655 14 Ji ¥
INERE SR AE LA T g DAL (1 1A) o SEBRZE R IR,
5 WT % B 4140 L, TRPVA™ /N BR i i % AE % (P=
0. 037 9) i K/INP=0. 001 6) Jifgg 171 £ (P=0. 000 3)
SR, TZSIA KB (P=0. 001 2)BA B 4% (WE 1B~F).,
HE Y& (0,25 L B 7%, TRPVA ™20 26 I 0 I 2% 1) IR o L &
RAFHETZ . BMEVREZBANZE (K 16) .
TRPV4 A LYRELE P53 (P<0. 000 1) i T WT4H
(E1G) . A Hras 8o, TRPV4 4] PCNA

AOM 59, 15% 15% Sacfice
DSS DSS | pbss
w g
TRPV4"- g
Weeks [ T T T T T T 1
0o 1 2 4 5 7 8 14 A
P=0.037 9 P=0.0016 P=0.000 3
. 8 - 5 20
4 € B £
g6 il P E 15
g3 . 2 -
23T fo
S 2 aga s ) 5 5 ae
§ 00® § 1 g ﬁy
Fo T T o | T F o T T
N N b
& & - <& v
& & &
B\ D R E K F
WT

A: Flowchart of modeling procedure of colorectal cancer (CRC) mice; B: Gross images of the colon;

analyses of colon length, tumor numbers, size and load between the TRPV4

HE

PCNA

FH 4 40 Jifd 451 (P<0. 000 1) 8 3% = F WT 4L (& 16) .
A, TRPVA™ /N LAk 2 3 9 iR (P=0. 002 5)
(K 1H) . 255320, TRPVA 3L K B 2 i 7 AoM/
DSS 5314/ B2 B -
2.2 ME AR LRI TRPVA R R B % F 509 4

EAMBRE

RARGE TRPV4 FE PR B I CRC 2 75 4K i 18
BRE , AN WF 9T R T B AR 0 BT 5k (ABX) LUV
TRPV4™FIWT 2 41/ U i B RE, [Fl i 2EFF AOM/DSS
W5, 27 CRCEHIBERL (18] 2A) . SR 45 R Wow | 78
ABX AL S, TRPVA™ 415 WT 24 2 8] i & A= % i
JEE /N Mg 1 ey | 5 B A R RN I B A 1Y) 22 SN K
(P>0.05) (K 2B~F, K 2H) . fEAB1% 1 WA o1k
TR K A U BREE4 (P>0. 05) L TC B E 2 5 (F26) .
o e ALAL 20 M /R, ABX AL B S A9 TRPVA™ 5 WT /)N
L2 [B] PCNA P 40 B He 1 (P>0. 05) 1% A B 35 25 5+

P<0.0012

Colon length/cm

Histological Score

PCNA positive cells/%

&Q‘

C to F: Statistical

7" and WT mice; G: Histological analysis of colon

tumors was shown by HE staining and statistical analysis of histological score (Upper). Immunohistochemical assay of

proliferating cell nuclear antigen (PCNA) and percentages of PCNA-positive tumor cells (Down) ; H: Gross images of the

spleens from the 2 groups of mice

1 TRPV4ERREIKE WT/NRAOM/DSS ESEEMMBHRBERAAFER (n=7)

Figure 1 Phenotypic and histological differences in colorectal tumors induced by AOM/DSS in TRPV4™ and WT mice (n=7)
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(F12G). G DL 45 R FRW], TRPV4 L PR 38 5 AR
A E BRI T R E T CRC I E A KR
2.3 TRPVA " IR LWIT /DR IpiE AR S M AM
BAFER B £S5+
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ATFFHEAT 16S rRNA FLRU 35307, LAVEAG AL 2Z [1] iz
TEERHE S, KO TRIHACE(P=0. 11).Chaol(P=0. 12).
Fisher alpha (P=0. 16) 1 Shannon index (P=0. 58) & 43
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(P=0. 001 3)3 Fl i A X = BE 7 2 2 [H] 477 B 25 22
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U0 TEL BRI R A 1 S ZH AT A ik 22 5%, TRPV4 ] B
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A: Flowchart of ABX treatment in colorectal cancer (CRC) mice; B: Gross images of the colon; C to F: Statistical analyses of

colon length, tumor numbers, size and load between the ABX-TRPV4™™ and ABX-WT mice; G: Histological analysis of colon

tumors was shown by HE staining and statistical analysis of histological score (Upper). Immunohistochemical assay of

proliferating cell nuclear antigen (PCNA) and percentages of PCNA-positive tumor cells (Down) ; H: Gross images of the

spleens from the 2 groups of mice
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Figure 2 Phenotypic analysis of colorectal cancer tumors in TRPV4~~ and WT mice following antibiotic ABX treatment (n=5)
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