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L5 LR A IR L S AL AR K R i P IS 3R B F o (TNF-o) & @ A5 6 (TL-6) JTL-10 /K- 5 4] X S L & 2m e el 08 =
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Effects of formononetin on the apoptosis of intestinal epithelial cells in rats with inflammatory bowel
disease by regulating the Hippo/YAP signaling pathway

XIE Dong', LIU Yuanyuan®, LI Zhengxiang', YUAN Hengjie', CAO Xiaocang’ (1. Dept. of Pharmacy, Tianjin
Medical University General Hospital, Tianjin 300052, China; 2. Dept. of Genetics, School of Basic Medical
Sciences, Tianjin Medical University, Tianjin 300070, China; 3. Dept. of Gastroenterology, Tianjin Medical
University General Hospital, Tianjin 300052, China)

ABSTRACT OBJECTIVE To investigate the effects of formononetin (FMN) on the apoptosis of intestinal epithelial cells in
inflammatory bowel disease (IBD) rats and its possible mechanism. METHODS IBD rat model was constructed by using
trinitrobenzene sulfonic acid (TNBS) induction. Forty-eight rats with successful modeling were divided into model group (normal
saline) , low-dose and high-dose FMN groups (20 and 40 mg/kg FMN), and high-dose FMN+YAP inhibitor Verteporfin (VTPF)
group (40 mg/kg FMN+10 mg/kg VTPF), with 12 rats in each group. Another 12 rats were set as the normal group (normal
saline). They were given drug/normal saline, once a day, for 7 consecutive days. After the last administration, the disease activity
index (DAI) of rats was calculated, and the colon length of rats in each group was measured. The pathological changes in the
colon tissue of rats were observed. The levels of tumor necrosis factor-a (TNF-a) , interleukin-6 (IL-6) and IL-10 in serum were
detected, and the apoptosis of intestinal epithelial cells was detected. The expressions of Yes associated protein (YAP), cleaved
cysteine-containing aspartate proteolytic enzyme 3 (cleaved-caspase-3), B-cell lymphoma-2 (Bcl-2) and Bcl-2 associated X protein
(Bax) were detected in colon tissue of rats. RESULTS Compared with the normal group, DAI score, the levels of TNF-a and IL-

6, the apoptotic rate of intestinal epithelial cells, and the expressions of cleaved-caspase-3 and Bax protein in the model group were

increased greatly (P<<0.05) ; the length of the colon was
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FHALIE S PR 2 W FIIAYT . E-mail : doccaoxc@163.com abnormal, with disordered arrangement and inflammatory cell

greatly decreased (P<<0.05), and the serum level of IL-10 and

the protein expressions of YAP and Bcl-2 were greatly reduced
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infiltration. Compared with IBD group, the above indexes of rats were improved significantly in low-dose and high-dose FMN
groups (P<<0.05), in dose-dependent manner (P<<0.05). VTPF significantly alleviated the effects of FMN on the above indexes of
IBD rats (P<<0.05). CONCLUSIONS FMN may promote the expression of YAP by inhibiting the Hippo/YAP signaling pathway,

thereby inhibiting apoptosis of intestinal epithelial cells in IBD rats.
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AR #E 2 (formononetin, FMN ) 28 [ 5 1€ IR K5
FEYIAR Y —Fh KR 2 BB G, PRI AR AR R o
WF5E & B, FMN HAT R AP He A Ji P e IAg .
PO AN FE 5 2R E ™, JF AT U2 A AR I 4 R 4475
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7~ , FMN 1] fig A5 3497 IBD [/EF . Hippo/Yes A ¢ #
1 (Yes associated protein, YAP ) {5 53 A2 8 45 41 g 34
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B R A RS, FET b, ACHi 5T $Ul3E i 37 IBD K B
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ABIEFE I F i 32 224 5 4245 Tanon 2500/2500R %!
HEI UG AL PR AR 45 (i R RERHE A BR/A ] ) . Synergy™
H1 B E§HR{Y (€ F Bio-Tek A 7)) \STELLARIS 5 Cryo !
o B RR B AER S (L) R FRAFAE,

1.2 FEHRBSEF

FMN Ji e 24 (28 oy 200 R AH €5 135 75 4G ) L i iy =
98% , 4it-5 XIYU-BP39060) 1 [ Jb 50 5 FRHE A= W RH
28 ) 3 YAP 411 4] 57 Verteporfin X} F& 5 (VTPF, 4f J&
99.26% , fit*5- HY-B0146 ) I [| 5% [l MedChemExpress 2%
A 3 =Tl KL A B 2 (trinitrobenzene sulfonic acid, TNBS;
5 P2297) Wy 1 3¢ [# Sigma 23 7] ; IR SR AE K F o (tu-
mor necrosis factor-ac, TNF-a) . FH 4l i1/ 2 6 (interleukin-
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6,1L-6) IL-10 5K 505 W B 52 (enzyme-linked immu-
nosorbent assay, ELISA ) iz 51| & (It 5 43 %I 7 JEM-08 |
JER-04JER-05) 210 [ -3¢ 7% £+ A M RHR AT IR 2
3 SRAAE-PHL (HE ) 44 65307 & . TUNEL 07 & (it
73517 C0105S ,C1086) W [ L1238 = KA AR A
BR 2> W) 5 2 U8 YAP, U) ) AU it K 2 H i 3 (cleaved
cysteine-containing aspartate proteolytic enzyme 3,
cleaved-caspase-3) . B 4 fif bk [ 97 2 (B-cell lymphoma-2,
Bcl-2) | Bel-2 4 5 X 25 1 (Bcl-2-associated X protein,
Bax) . H - 3-8 152 /It & il ( glyceraldehyde-3-phosphate
dehydrogenase, GAPDH ) —#7T FIBUAR i S AL W Bl b 12 1)
IEPT R S Bk 1 G (IgG) —Ht (it 5435 o 49128 |
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T YU PIRH B A BRA 7
1.3 ¥

A5 BT F 309 9 SPF 9% 6~8 J&l i (1) It ¢ SD K
fL, 360 H AT 180~220 g, I [ AL RERTPT AW
254 IR AL S A FHVF RTHIE S O SYXK (51) 2021-
0070, FIrA K BRI FRAE IR (22 +2) °C AR
40%~60% . J5- 7% 3¢ #5 6] % 12 h., i X\ SPF % 5h#) b
3R R RS TSR . ASBESEX s 1A
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2.1 AR IBDHERE T

JIA K EEEEAEK 24 h )5, I 1 5T 30 mg/kg 1K
U LG 2 B AT BRI, AR 5 B PIL 8 B 48 HOR B, SR
TNBS 755 177 20 7 IBD A R : LR FCE (
22 mm) WK FUILT TAb 4 A 29 8 em, 2 J5 4% TNBS 25 if
W (20 mg/kg) 5 TC/K &SR BUR A X K Bk AT
Wio AN 3 dE I BUETE Wl R IG,
WK B IBD BEAUA ) o R4y 12 H R BE I 4 1 1)
A PHER K, R IEH 2H (Normal 41) .
22 KROSBERY

A TE ALY 48 HK Bl i IR BEAIL & 7 3Rk 73
HIZH (IBD 4H) IGH] i FMN 41 (FMN-L41) =5 it FMN
41 (FMN-H 41 ) #1 = 5 5 FMN+YAP ) i 77 VTPF 41
(FMN-H+VTPF £ ), %41 12 5, FMN-L 41 .FMN-H 2
KB B B 20,40 mg/kg FMN (L) A= 33 K Sy 3%
FDS, I IR I TS 2 A AR A BER 7K s FMN-HA+VTPF 2 K
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FUBRME B 40 mg/kg FMN 4, if 75 1§ 15 7E 55 10 mg/kg
VTPF (LAA=EER K A 551D 1BD 2H \Normal 41K &K
T IR AR A BRER K . R 1K IESET d,
2.3 KR—MERMERERENIEEIES

KKy 24 hm , WLEEALHR BU — R ol A T
AFAL KA LA ST SRS Ye 45 | I K BB 16 s 48
% (disease activity index, DAD #7143 DAL AYIF43 b5
WEANF 1 20— R 1% ~5% , KABRAEL B fH
P 3 23— R B 6%~ 10% , RAFEFAEL . e BHAE ;
3 ——ARE TR 11%~15% , AR EL i BA 1 5 4
Gy —— R TR > 15%, HBUFGAE A HR 0] WL f# . DAI
P48, A K B TBD Jg e ™ 21
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LR W B T i, 2 )5 R AE T — 80 °CUKAR T 5 K
B 45 6 RRK RS I 80=2 1 T2 R P b k1T
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25 KREHALNREFTUNE

B o F 2 P - R RES I A 20E =, oF
P A A VIR (24 wm) )5, 73 B HE e (o, 4%
JEEIEEE N AR O B 2= AR
2.6 KRB TNF-a . IL-6.IL-10 7K F &3

K HIELISA VAR . BOR BRI i , AR 4l ELISA 7
SV B IR AT AR o AR 4SRN 45 2H R BRI v R
TNF-o . IL-6 . IL-10 7K -,
2.7 KRB RAmEATE RSN

K TUNEL Y a3k, 82,5750 R 45 i 41419)
FEAT i MK AL S, $ B8 TUNEL 387 & 07 vk A 7 3
YEFIAR YA . FEDSG RIMEE T REHLBEER 6 SRR T
NREE, BHA: R T 20 M 52 2 £ 08, Al A 52 0 2 05k
TR K B LR AR P8 TR T = fH M T
YHHIE B AN AL X 100% . 455 DL 6 LB IR TR 11y
HER
2.8 XREHAL D Hippo/ YAPEESEKEXERS
BATHEXEZERRER

K i Western blot 322 #6: 0 . BOR A7 A K R 25 T 41
41N RIPA 24 42 Bl 2 rh BB 1 o SR BCA 1
PEATER o B VRS T 12% T e SRR AN - R
N7 T P e s P, DK (P 200V, FL KIS E] 45 min) 4355,
PR 5% R CHL I 200 mA, 7 BREASH ] 40 min) 25 3R — 9
AR L, UL 5% B NE W5 83 34141 2 h; il A YAP  cleaved-

caspase-3 ., Bax . Bcl-2, GAPDH — #T ( #i B b i ¥
1:1000),4 °CHFF R4 VERE IS , IN AR LI AEHT e 1gG
THURR R 1:5 000) , FIEIFE 2 h Ve , A AL
2R IR Al B R B R B R B B B KR
. PLEWEASHNSEMA(GAPDH) &4 KR H
HHR B RE AR RIE K
2.9 FitFEFHIE

% JH GraphPad Prism 7.0 %4 x5 548 i 17 48 1140
Mro SCHGHBOE L X 5 2R, AR HUBCR PR 2 22
HT ARG LA T LSD-e A 46 . A6 /K vE 0=0.05,
3 H£R
3.1 FMN Xt KR —A% 155 & DALES B3 0E

Normal 41K A8l , BAF S, BAR 4, KEIE
# ; IBD 21K RS ZEBE  fifish , B R OB, B/ %,
1 B 5 ot o i S BH 4 s FMIN-L 2 \FMN-H 2 K i)
Kt BRI R 1B R, B RASACE, KMEWAT
ARG A ; FMN-H+VTPF 21 UK B & ek
ABE 2, BRASEHIAE . 5 Normal £H 45, IBD 2H K il
DAL V4 i 2 F+ 55 (P<<0.05) . 5 IBD 4 Fb %5, FMN-L
ZH .FMN-H 41 K F DAL 14334 i 3 F IR (P<<0.05) , H.
FMN 94 I H A 77 2 Ak PE (P<<0.05) . 5 FMN-H 41
b %, FMN-H+VTPF 41 K [ DAL ¥ 43 i % 7+ & (P<
0.05), DAIPE/TZERILE 1,

F1 BAHAKXKBEDANEDFEFKELLB (x+s)

413 DATER (=124 SRR (n=6)/cm
Normal 41 0.12£0.02 11.2410.82
IBD4 3651024 7702063
FMN-L4 242£0.19° 8.94£0.77
FMN-H# 1.23£0.15" 10.50£0.89*
FMN-H+VTPF 4 2274026 8.73£0.80°

a: 5 Normal 41 lL #5 , P<0.05; b: S5 IBD 4 L 4%, P<0.05;¢: 5
FMN-L4] [#5, P<<0.05;d: 5 FMN-H4 |14, P<<0.05,
3.2 FMN Xt KRE K ER RN

5 Normal 2 [t %%, IBD 2H K B85 1% K& I & A 8
(P<<0.05)., S5 IBD 4 L%, FMN-L 41 \FMN-H 41 K i)
S R B B 2 K (P<<0.05) , H FMN 945 FELA I
HARHPE(P<0.05), 5 FMN-H 41 H 4%, FMN-H+VTPF
2K SRS i 545/ (P<<0.05) . SR 1/ 1,
3.3 FMNXKREFAELRBFETHRIZ M

Normal 21 K FR&5 AR SN S B % HES 34 5%,
J R RS A8 TE R, R Wbt 9z R AE ML= . IBD 2H K
45 I H A A MBS 7 HESZETL , BRI 15197
MG, A K RAE A E . FMN-L 20 .FMN-H
2H R R 265 i 41 21 15 92 FNK Ml , 9% i 4 i 32 i) ik

M & o ZNT 0' = *mn &Wﬂm GE s Lem

A. Normal 2 B.1BD 4]

C. FMN-L4{

D. FMN-H#4{ E. FMN-H+VTPF 4{

Bl BHEXREHIUTEIE
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D, AR HE B R S5, e FMIN-H 20 R LAY 485 i 2H 21
S B 5 DR S O B . 5 FMIN-H 4H 4H [, FMN-H+
VTPF 2K FR45 i 4l U A HES 2501, 15057 S 7K e i

VE « ST Sk T S AN
B2 FAAREHALRRFEFZTHIRNEHME(HE
&)
3.4 FMNX} AR Mi%EH TNF-a IL-6 IL-10 7K A4
5§ Normal 41 o4, IBD £H K FRUAL T 1 TNF-a \ IL-6
JKSF- 2 8 2 FF 5 (P<<0.05) , TL-10 7K - i 3 AR (P<
0.05), 5 IBD 4 H4¢, FMN-L 44 . FMN-H £ K f I i
1 TNF-o IL-6 7K P45 i 25 IR (P<<0.05) , IL-10 7K~F-3
2 T (P<<0.05) , H FMN 894 FH B A 71 5 481 1
(P<<0.05)., 5 FMN-H4] L%, FMN-H+VTPF 41 K FifiL
W5 H TNF-a  IL-6 7K 34 i 2 T8 (P<<0.05) , IL-10 7K F-
P AR (P<<0.05) . 5L 2,
£2 H£AKKRIMEP TNF-o. IL-6. IL-10 7k F Lk &
(xts,n=12,pg/mL)

415 TNF-a IL-6 IL-10
Normal i 11758862 T43+944 3094442605
1BD# 353,06+ 19.06° 276.35425.36° 86.73£1025°
FMN-L4 2733042384 19537£21.80° 15788+ 1742
FMN-HAL 16028 £ 17.39" 10127£ 1365 280.36:+21.67
FMN-H+VTPF4] 25549+21.15° 185,39+ 15.40° 17345+ 19.89°

a: 5 Normal 41 I %8¢, P<<0.05;b: S IBD 4] L%, P<<0.05;c: 5
FMN-L4H 1458, P<<0.05;d: 5FMN-H4H L4, P<<0.05,
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3.5 FMN 3Kz - R 4HRA T A=

5 Normal 41[(4.15+0.89)% ,n="6] %%, IBD 41 K
U b Rz 40 T A [(33.36 £ 2.57)% , n=6] . & T 5
(P<0.05)., 5IBD 4 %, FMN-L £ . FMN-H 4 X fi
JW b Bz A0 M PR T3 [0 0 (24.21 £2.40)%  (13.73 &
1.44)% , n=6]3 i 3 5% (P<<0.05) , H.FMN (/E 1B
A AOHPE (P<<0.05) . 5 FMN-H 41 H#% , FMN-H+
VTPF 41K 5% LB A T3 [(23.18 £ 2.26) %, n=06]
TR (P<<0.05), 455-ULKI3,

100 pm -

A. Normal 4 B.IBD 4l
C.FMN-L4H D. FMN-H 4

E. FMN-H+VTPF 4]
T = Gl 1) 20 R R T
B3 HAKXRELREMARABTHRNAZHE(TUNEL
®e)

3.6 FMN 3K R 45 B 42 42 h Hippo/YAP 5 S B i 5
BETHXERFRIENZNG

5 Normal 4 %2, IBD 41 K Fl &5 i 41 21 cleaved-
caspase-3 . Bax £ H % ik /K ¥ 1 8 3% F 7= (P<<0.05) ,
YAP  Bel-2 # [ 1% K P 2 1 3% B iR (P<<0.05) . 5
IBD 41t % , FMN-L 41 . FMN-H 2 K B 45 7 41 21
cleaved-caspase-3 . Bax £ [ 5% ik 7K -1 I 2 [ A (P<
0.05) , YAP Bel-2 £ [ 3k /K P35 i 2 T (P<<0.05)
H FMN 4 F B AT 50 B (P<<0.05) . 5 FMN-H
ZH LE 8, FMN-H+VTPF 4] K B 45 1 41 21 cleaved-
caspase-3 ., Bax £ [ % 15 /K F 44 8 35 T 5 (P<<0.05)
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YAP Bcl-2 £ [1 2 35 K2 i 2 REIR (P<0.05) . 4%
[J—ILJIEI 4 \%%30

vAP SR ssses Shnes SEEED W 0.
cleaved-caspase-3 Wmm—" S S s— W ),
Bax s G SN e AN 20 (D:

Bol2 D e aay WD s 2 D:

GAPD! - -

A B C D E
A:NormalZH ; B: IBDZH ; C: FMN-L#H ; D: FMN-H4H ; E: FMN-H+
VTPF4H ,
4 BHAKREHEAL TS Hippo/YAPESERS AT
HEXERRIEMNBEIKE

*x3 BHHAKXKREIFAL G Hippo/YAPESEESET
HEXEERIEKELLR (x+5,n=6)

ik YAP/GAPDH  cleaved-caspase-3GAPDH ~ Bax/GAPDH  Bcl-J/GAPDH
Normal 41 0.760.08 0.23£0.02 035£0.04 0.90£0.09
IBD4 0.2410.02 087+0.09 093£0.09 0322003
FMN-L4] 0.53£005° 0.60£0.06° 0.72£0.07 0.58£0.06°
FMN-HAL 0.70£0.07* 0312003 043£0.04% 0.83£0.08"
FMN-H+VTPF 4] 0.58£0.06° 0.54£0.05° 0.66£0.07" 0.62£0.06°

a: 5 Normal 41 HL %7, P<<0.05;b: SIBD 4 L % , P<0.05;c: 5
FMN-L4 Hb#:, P<<0.05;d: 5SFMN-H4 Hb4s, P<<0.05,

4 g

F5E A B0, IBD 175 U J8 1) Hho O R 2 B I Bz ot
B, v K b R AR ) B S R T B R R B S
B8 S EZE R, FEIER L, OA KR T2
fift IBD (19 9 4k 52 i, {H By T LA 259 J5 45 5 R AN
RS2 Y7 O A ), e A 4R mIVE /S (e 4
PEGF HI7RUER KRR 25052677 1BD Y G

K FH TNBS 55 IBD 17 A= 2 2l 5256 v i F i
BT T A AL R ME B AU 26 IBD & o ik 72 FIHIL
", TNF-o,IL-6 \IL-10 J& 5 WL RAE R 7, 812
TR SERE K1 SR, 7E UCHRERLR BRIl i
TNF-a IL-6 (5 %35 , IL-10 I & E , SR BRI RN 45 1
SORE RN F M, AR H TNBS #57 KB IBD 5
o 750 oK, 5 Normal 2H H %58, IBD 4H K B DAT#¥47,
IfL 7% ' TNF-o IL-6 7K -, i b Bz iR -5, S5 a2l 2
FRJH T4 56 35 H cleaved-caspase-3 ., Bax 2 ik 7K -1 7
1o 45 IR B AR S 5 LT HP TL-10 ZKSF Al Bel-2 25 (H 3635
IKF- I RRAR s HE Y05 & B0, 25 i S A A5 S o
HEFIZAL, K 07 52, A R o 1 A 20
JO¥ . X Ui B2 TNBS i S5, KRB T 28 i
IBD 5 BEF A5 FIE AR , i —25IE 52 T IBD AR A K AL 4
B

FMN J&— e RSB T 1 S3 B R AR50
1 Wu SRS & B, FMN REAS 38 5o 10 i NLRP3 48 E /)N
AT B S X A TR I R 5 3 1/ N R 25 i R
HAYWER ; Yang %" WF5¢ & 31, FMN RE A% 18 12 )i />
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AR SN R I T RS, IR0 T 8 e e, o P g
g HAT —ERIRIPAE T o 2T, FMN X IBD Y52 ffF
FEBBEATHIE o AW FE R MK 5 77 B FMN 1 il IBD
KEUR %, 1BD K FUW DATPES>, 17 H TNF-o . IL-6
IO B F e I TR, 25 2l 23 cleaved-caspase-3
Bax £ [ R KK P BRAR s 45 1B A2 I i IL-10
I FNEE B HEU T Bel-2 3Rk KT+ HE Yo 8 )5 &
B, S 25975 7K I, 9 9 4 32 />, 44 i
HEG A ke 5 . X 4in FMIN i) g2 i ki i b Kz 2
AT PR AFRAAIAE IBD.,

Hippo/YAP & 5@ B fEALA SR B L & ARSI S
AT e o e b B SRR AT o YAP 2
Hippo/YAP {5 538 1% (1A% 0 K5~ , REAS 15 4t A% oAt
e R F 454G MG A shHE BL R 1956 5™, Hippo/YAP

S A7 B S S BOYAP TREERE AN, MICHF S K
IR, Hippo/ YAP {5538 B AE I 19 /17 5 B D e (47 1 7S
AN R A0 A e R RO G HE , YAP 3 FREAE AT
W b K A 3G 5E" . Deng SIS A, YAP i Kk
RS 14N A M I 0 R B 75 5 ) 45 W 98 /N B e 4 L
A FE MBS TEAWESE D, IBD 2 K Rl 45 I 4 21
YAP % 15 7K 45 Normal 41 R B¢ , 5 Yan 6 1) i 55 —
BGAFMN TS, K EZE A2 YAP R kK- Tt
o X ULH] FMN GBS (2 iE 25 i 21 21 YAP 3k, HE i
Pedtin bR AN SE . S T S0 E FMN X YAP ({2 i
VERT ABIESEAE F YAP 57 VTPF 5 % 5% 5 FMN B
FHIBD A, 455 /R, VIPF il 1 5 7 i FMN Xt
IBD K Bz - S A 0 T i 3o i £ L i B2 FMIN 7] g
il 15 41 1 Hippo/ YAP {5 53l 5 08 4% 1BD K Bl I fz 4
MIPE T

Zi L BTk , FMN AJ g8 i #1 ll Hippo/ YAP 15 518
% A HE YAP Y IK , JETT I IBD R B b B 40 e 4
T=o ARWFFER] N IBD MAYT AL L S % . SR
1M, AR WAFAE— LA JE . — J& % T Hippo/YAP 5 5
ES IR TFEAERA ARG L RN (I LAST 1/2,
TAZ %) (7K F- ; Z & FMN X IBD 952 0 7] BB A7 7E
MBLTH] AT IR R TIRER . AKZEE 0T West-
ern blot I 5 5 i 2 I P S5 HORARER AT o
SE Lk
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