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Ethyl caffeate alleviates dextran sulfate sodium-induced colitis in mice by restoring

intestinal epithelial tight junctions via activating the Wnt/pB-Catenin pathway
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"Department of Clinical Laboratory, *Anhui Key Laboratory of Basic and Translational Research on Inflammatory Related Diseases, First
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Abstract: Objective To observe the effect of ethyl caffeate (EC) on intestinal barrier function in mice with dextran sulfate
sodium (DSS) -induced murine colitis and explore the possible mechanism. Methods Forty male C57BL/6 mice were
randomized into control group, DSS model group, and 3 EC groups treated with EC at 5, 10, or 20 mg/kg. Mouse models of
colitis were established bytreatment with 2.5% DSS for 7 days, and EC treatment was administered daily by gavage. Colitis
phenotypes were assessed by changes in body weight, disease activity index (DAI), colon length and histology.
Immunofluorescence staining and PAS staining were used to examine the changes in expressions of the tight junction proteins
ZO-1 and claudin-1 and goblet cells, respectively. The intestinal levels of inflammatory factors were detected by ELISA, RT-
qPCR and immunohistochemistry. Network pharmacology combined with Western blotting and Wnt inhibitor (IWR-1) was
used to verify the mechanism of EC for ameliorating colitis. Results Treatment with EC at 10 mg/kg significantly alleviated
DSS-induced colitis in the mouse models, reduced intestinal pro-inflammatory cytokines and MPO levels, increased goblet cell
counts, and restored ZO-1 and claudin-1 expressions and their membrane localization. Network pharmacology identified Wnt/
[-catenin and tight junction pathways as the core targets of EC, which activated the Wnt/B-catenin pathway by upregulating
WNT3A/p-catenin, and this effect was blocked by treatment with IWR-1. Conclusion EC ameliorates DSS-induced colitis in
mice by activating Wnt/f-catenin signaling to restore tight junction protein expressions and localization, thereby improving
intestinal barrier function, suggesting the value of EC as a novel candidate for treatment of inflammatory bowel disease.

Keywords: Ethyl Caffeate; inflammatory bowel disease; Wnt/3-Catenin pathway; intestinal epithelial tight junctions; intestinal

mucosal barrier; goblet cells
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1.1.2 XA E5ME

1.1.2.1 Az AHRA EC(HIARLY) ; B R IR
(DSS,MP Biomedicals) ; 2 IfiL i F1 85 FH (BSA, Sigma) ;
IWR-1(MCE) ; RIPA £ (2510490 o

1.1.2.2 XA & 54 RA HFARR-PL(HE) Y taik
& AB-PAS Je ik 5 & . CCK-8 il it LA K A&
P21 1) JR T AR (ZR TR ) 5 TR Ay R )
7€ (ELISA) ik 7l & (Hrik %F) ; TB Green 24t 4t ¥}
(Takara) ; RNA #2507 & (Vazyme ) ; BCA 5 1% &l
AR R,

1.123 #4545 hiE DMEM 538 5 K G 4 1 1%
(FBS,Gibco).

1.1.2.4 4tk BRIEHA CPUIA ZO-1, Claudin-1, LA
Kol F 304 1gG H&L (FITC) | Ll “E41 /) Bl 1gG H&L
(Alexa Flour®555)Hi4 (Abcam) ; S 2H AL LA MPO
Claudin-1 }&2 WNT i i A CHTAR WNT3A  B-catenin #7T
& (Proteintech) ; %3 GAPDH 4 & . HRP-8 15 (1111 2
P 1gG P HRP-H B 19 th 2 b/ B 1gG b ik
(ZSGB-BIO).,

1.1.2.5 FBAE  FO6EE BB (kK DMIS) 3L
%¢ 6 5 i PCR X (QuantStudio DX) . £ 1 fiE il A7 1%
(PerkinElmer Ensight) . 2 (45015 & OCHEIR LR &
4t (ChemiDoc MP) A3 #L (£k+ HistoCore Arcadia) .
B FHE1 (Olympus VS200) A i A #L (HistoCore
MULTICUT).,

1.2 E¥ik

1.2.1 DSS %/ #2485 5kt ARSI R HIBEH AR
FREIT RSB , 40 H/NRS> Jxt BE4L . DSS
FEAIZH (DSS 40 ) (EC A 34 (5 mg/kg) EC Hfil 4
(10 mg/kg) \EC & 7520 (20 mg/kg) ™ >, 8 H/4, £
AU 5 25T Fml e T . AR DSS 4 K45 EC 1
FiZH/ NG, 34 B RO BT AR B 3 850k 2.5% 1 DSS T
WK AR, B4 H B4 30 mL eI i A0 TR R , 4k
07 d ARSI L I R 254 T 100 Y
Hie, 4 EC41 T4 H 8:00~10: 00 #HATH#E 5 4424 , 4 2hiAk
G —R0.1 mL/H . FEXF25 g BT /N X0 45 245
8914 0.125.0.25.0.5 mg, 25 T 100 L B4
V) TR IT N 1% DMSO JEK 5 99% A= BEER K TR
Bro XTREL1E DSS AL 7E A R[] 5 15 S AR 7
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1.2.3 HE#= AB-PAS % &, 25204 TR /R DAk E
48 hi7 , 4 TBST MR VLT K BRF 5 YL , b5 R
o R R VR AR AL B AR, S s 2E i SN2 R
F RN R R, 22 PBS IR T M izl P RE L BRIR A
Y, B As i n 8 ORI RN 2 s B i 2, R
BAGME JGLL 2 CRIK HORER Ak
WS, HVE3 pm ERAL) R, # HE 5 AB-PAS 41
RSB EUA e R, B R R B R PG 42 A
A4k, IR FH UL 53925 (0~4 43 ) W AR R B A 744k
WAL AB-PAS Jeta 3t i fo {5 Bl b U R AR RIS i
THEL 400 5B T AR AR i, S A PPl i B B e 4
e

1.2.4 ELISA#m ¥ g B F%& & 2k K-F SEipd8is
FEo N S5 2Y)E , T 12 000 r/min 53K 25,0 15 min,
W 5 WOIT T -20 CORFE . o 2L 5200 ™ A% 3 1
ELISA XA GHETR R T Bbn (SR I 25 A LI S
Ao 15, B TR S5 A FEARA LD R T 1L-6 5
TNF-o [ W

1.2.5 RT-qPCR M Z K =N mRNA #£ K -F

1.2.5.1 RNA#IRLE cDNA & $EEZH S A kEA
(AR RN I HE Hv 32 fe 2 BRG] S 1 I 5 52 R B
SN, il % cDNA % H .

1.2.52 PCR¥ ¥ 5 K W &k 54 ffi ] TB Green
Premix Ex Taq IR £ , 38 i3 SCH 26 e & PCREZAR
25 AL S AMEREASH TL-6 5 TNF-o ) mRNA F4
SR KAF- , I N 240 A A v i e B AH DG A5 (ZO-1
Claudin-1) ) mRNA Fik7K -, PCRY IERRFIREN
95 CHAEM:30 5595 ‘CAME 10 5.60 “CiE 2k 30 s, i 42 40
AMIEER . B BFE D KK PR 22 A S vk ik
AFONE , SEERRT IS |03 A T A (R 1)
1.2.6 #IRpAesd g erom B A LA ) A,
T70 CHE [ , Bl FSARUGHA Tht B 52 BB
T A AR SEEE A e R
TR Lol mAeR —4(MPO, 1:200) X (Claudin-1,
1:500) ,4 CF A &5 , & il & 5 PBS UEI 31K,
5 min/IR, IR AL BEbRIC R —hi. Z42DAB I
R J5 , R AR Z I MM T E YL, i Yesb ol

®1 51%F75
Tab.1 Primer sequences for RT-qPCR

Gene name  Gene ID Primer sequences (5'-3")
IL-6 16193 F:TCTATACCACTTCACAAGTCGGA
R:GAATTGCCATTGCACAACTCTTT
TNF-a 21926 F:CAGGCGGTGCCTATGTCTC
R:CGATCACCCCGAAGTTCAGTAG
Z0-1 21872 F: TTCACAGAGCAGCGACAACT
R: TCTGCTGGAGTAGGCTACGA
Claudin-1 100771737 F: AAAGCACCGGGCAGATACAA
R: TCATGCCAATGGTGGACACA
GAPDH 14433 F:TGGCCTTCCGTGTTCCTAC

R:GAGTTGCTGTTGAAGTCGCA

JE MR 2 BB FETERE IR K L — PR 2 WAL B, S5 J FH bk
PR TE Ao B R SERUE 5 B Olympus 3% /- F Y
RAEA L M EUR , T Je Zem B A, B2 RE AL
B 6 5k R, A Imaged ) 2 FHAE X 3k

1.2.7 Caco-2 %8 i CCK-8 4% Caco-2 Il & i %
70% I}, 28 JCBY 2T I AL T HA 4% 6 10%/mL % 4%
FhF 96 fLb . FRAMIERAL A BEIR 65%~T75% i), B RREs %
F PBSYERHIR . A ANRIAREE EC BY355755 100 L/
LA S E S, AbFE24 05, I CCK-8 1,10 pL/
fL,37 CIFE 1~4 h, WO A, 00 AHHENE J14% DA
A AT 7 (%) =(A s A /(A A )
100%.

1.2.8 9% 3% k3 €45 Caco-2 20l ' FiE %G
Fak #AL

1.2.8.1 @ape)e i #l&  JREHH AR A K] Caco-2 41
J, B O S I DMEM B53% 3, 42 22 T i B4
MBS 5 53 3 41 X 2 DSS#EAI4H (2% DSS) \EC
ZH (10 wmol/L) , Jo I bt I B A LI F Tl 6 LA (4
L) A 2 mL AR, B SR A AR 5504
37 °C.5% CO,}57% R AN IR 90% Ze A7 I, 4% 73 2H fin
MNHHR 259 T

1.2.82 #& LIS dJE, TR FRE, PBSTEL 2
K, 4% 2 B W EE [ 72 15 min, 0.2% Triton X-100 i i
10 min, 5% BSA £ [4] 1 ho i il —$t (ZO-1, 1: 200;
Claudin-1,1:400) ,4 CHF & R, il 5 PBS PR 31K,
TINAZEE = Hi [ 114 % 1gG H&L(FITC) , 1:1000; 111
4/ 1gG H&L (Alexa Flour®555) ,1: 1000; DAPI
(1 wg/mL) Y% |, RO & 5 vk A, w s i
FLRUA  Imagel i TG B K E A L .

1.2.9 M52 5547 @i PubChem ZRHUMMERE 2,
fi& (Ethyl Caffeate) i) SMILES 73 7454 , 5% A SEA Fil
Super-PRED 7E4k R4 TV AERE 25 . SEA{UIR R A
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25 (HUMAN) #55, # BRIA B (E-value<le-5) i 1t 5
Super-PRED 1% 3E & 15 [£>0.6 A briE . 4 UniProt
PR A S 0 0F o M @ 2 W e M AR I . KR
GeneCards, CTD %% 45 2 4 WU “ R IE M W %~
(Inflammatory bowel disease) fHJCHEH LB L 5 £
SEEGHARE . FIFH Venny 2.1 FEXHE 2] 3502545
S SCHE LA, s ff o GBS . 4L 1% % STRING
V- MR R EAE(PPD NS . (EEE S 25,8
i DAVID T Ei#47 KEGG il #% S GO TIRg (AE Py 72 |
SrFIIRe AR o ) AR ST, SR R ATk

1.2.10 Western blotting #-i]

1.2.10.1 & @i 5 SEACK & A & A g
il 70 B 791 7% RIPA 24 W 47 %44#% , 13 000 r/min £5.0>
15 min, 8 FIEW; AIAEAS 22 PBS Bk 2 k5 L T
T8 RIPA vK I 24f#% 30 min, T4 “CZ&1F F 12 000 r/min
250 10 min, M

1.2.102 Z a4 @it BCA LN EEHKE, InA
5xSDS _FREGE R, 4295 “CHNIVl R (AR ME /02 T
-80 CIAfERTH

1.2.10.3 w4 ARHE H AR U 4 T e il i
LR R 2> B E 76 200 VEEIE R, B K 30 min 23 25 45
Fl s Z 05 K 8 5L 5% 2 4 W BN b 9 PVDF i I,
400 mA fHE FLR AR 35 min.

1.2.10.4 FARMEF S1ml 5% BEIE UK -TBST % i &)
160 min,4 ‘CIFE—Pi(ZO-1, %, 1:1000;Claudin-1,
i, 1:2000; WNT3A, fUIE, 1:500; B-catenin, LI,
1:5000) % N2 GAPDH (4, 1:2000) 3% . TBST ¥k
JIE 3 YR (5 min/YR) , A HRP 30 (HRP-{H B A9 1L 241
/N IEG, 1:3000), R E 1 he ECLALZE LG
14 Image) B/ A5 H LR B
1.3 %itF o4

AHGE R FH SPSS 26.0 70 A5t . 155 LAy
BbrRifE 2230 ARYE AT G L FH (R 30 sl 25 73 B ik
TrAlE AL, P<0.05IA 2 HA G HEE L.

2 R
2.1 EC TR T M4 DSS #5890 A4 iy K e k

2 DSSETE /N BT RIS R S 1
L5 AAEIR UEW] DSS 175 5 I 45 I KA AR )
oS G o A R AR T T 4 A R, EC T SRR B
10 mg/kg i W45 R BAUEEET . 75557 K, EC-10
ZH /N B B 5l 26.34+0.28 g, 5 T DSS 2H (P<0.05,
El1A) ,DATIESr 1 3.63+0.52 F& % 2.14+0.35(P<0.05,
EI1B) 2k FE AR a4 R 2k
SCHGHAE 10 mg/kg A EC THGfE . #—P455 R, EC
THUAl %% DSS 175 S 145 146 (P<0.05, K1 1C.D).

A 304 —e—Control —g—DSS C 61 D 12 -
—e—EC-5 ==@==EC-10 %
28 9 _ 2
EC-20 .= 4 £
~ =1 Q
2 264 ) = # *
."E:D - —— = ‘§ # i 2
o 244 7 o - o ;"‘:?2;:-‘-:-.,3_. ; = 5} =
= * +—3 2 2 g 4]
2 #ou L2 e
- # s A @]
20 T 04 0
1 2 3 4 5 6 7 -
Control DSS EC-5 EC-10 EC-20
Treatment time (day) Control DSS EC-10
C Control DSS EC-10

B 1 ECTFFIRIEER DSSFESHI/NREFAEIR

Fig.1 Ethyl caffeate (EC) alleviates dextran sulfate sodium (DSS)-induced
colitis symptoms in mice. A: Body weight alterations in mice from the
Control, DSS model, EC-5 mg/kg, EC-10 mg/kg, and EC-20 mg/kg groups. B:
Disease activity index (DAI) scores of the 5 groups. C: Representative colonic
images of the mice. D: Mouse colon length measurements (cm). *P<0.05 vs
Control; “P<0.05 vs DSS.
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2.2 BCIRERL W42 IR B AR A% 5 ) K e K-
/NEREEIA A HE Y8 S AR FEFREE 43 i/ ,EC
TR IS DSS 5T S A A AT AR , HA
AL I SR AEVE 7 (P<0.05, I 2A) . G2tk
P B 5D B E 5500 R, DSS A R

A Control DSS

AT

4l MPO 15 7K Tt 51 (P<0.05, 81 2B) ,EC THin 43
AN MPO By 7K . RT-qPCR 5 ELISA 6l 45 5
7, DSS 2 45 7 Fh AR & - (TNF-a. . IL-6) [) mRNA
K FE HK TR (P<0.05,812C D) , 4 EC TR , #
IR (P<0.05,/82C.D).
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Fig.2 EC attenuates colonic pathology and inflammation in mice with DSS-induced colitis. A: Histological analysis and
inflammation scoring of mouse colons using HE staining. B: MPO immunohistochemistry and the average optical density
(AOD) in the 3 groups. C: TNF-« and IL-6 protein concentrations in colonic mucosa quantified using ELISA. D: Relative mRNA
expression of TNF-a and IL-6 in colonic mucosa measured by RT-qPCR. *P<0.05 vs Control; “P<0.05 vs DSS.

2.3 EC %% DSS# -5/ S S 45

/NS IALH Y AB-PAS Y i 7, S50 HRAT Fb A
DSS 41/ ERA B P AR A AL 55 2 AL i 7 EC T
WG , A g4 DSS 41 2 717 (P<0.05, K1 3A) .
Gl Ak gl R R, SRR A HE , DSS 2/ &S i aH
211 Claudin-1 A FHPERIAES W W55, HHAE R T
6 1] 8 A7 pl R DO P 32 S 0 P 3 A7 e 72 S AN
(A EBCAE BEEHOIR 737, 8 28 T e A () S S M R
2 ECAbHE , Claudin-1 YA /K- B 017, 25 1
fZEALARATS 2 kst | F0BT St 90 A i ) i 2 4k
(oA B T A e AR LI B (P<0.05,
E3B).
2.4 EC LiAMmAsIE % ZE BT A4

i 11 Western blotting £ {71 , 55 %% % 2 5 Bl 4y

F Claudin-1,Z0-1 7£ DSS L Zi5 T, L EC 15,
PR ER [ A /K [T, Hr % B 4 7K SF- (P<0.05,
[l 4A), RT-qPCRZ5RFIRE /R  EC T T AT e dEI7 AR
ZH 4 Claudin-1.Z0-1 mRNA 357K F F iR (P<0.05,
4B).
2.5 M2hFihik

43 BT EC 2038 1 bt B i VE AL, BCEC 5 R AE
P 7% (IBD) i 52 45 L [ 350 4~ (Venny [ ; € 5A)
4 H 5 A STRING #¥s 244 2 85 1 i BAE M 4% (PPI,
K15B). KEGG M GO Yihe s 4o ras =M, EC =
IBD FOVE 7T E-5 Wnt/B-catenin 18 jif A "5 %5 7 4253 i
Y (EI5C.D).
2.6 EC*+Caco-2 Zmfit. .9 B

S WIE ECAE A9 20 F-HLiI , LA Caco-2 4 i A 14
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Fig.3 EC improves DSS-induced intestinal barrier dysfunction. A: AB-PAS staining of mouse colon and goblet cell counts. B: Claudin-1
expression (immunohistochemical staining) and the average optical density (AOD). *P<0.05 vs Control; *P<0.05 vs DSS.
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Fig.4 EC upregulates expression of intestinal mucosal tight junction proteins. A: Western blotting of
Z0O-1 and claudin-1 expression in colonic mucosal tissues. B: Relative mRNA expression levels of ZO-1
and claudin-1 in colonic mucosa determined by RT-qPCR. *P<0.05 vs Control; *P<0.05 vs DSS.

HSNIFFENT 4, 1 SR ] CCK-8 BE3IE B EC X 41 Jifd 1) 75
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Fig.7 EC improves DSS-induced barrier structure disorder in Caco-2 cells. A: Relative mRNA expression levels of ZO-1
and claudin-1 in Caco-2 cells detected by RT-qPCR. B: Western blotting of ZO-1 and claudin-1 protein expressions in
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