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Abstract: Objective To investigate the expression of thioredoxin (Trx) in the colonic mucosa of patients with diarrhea-predominant
irritable bowel syndrome (IBS-D) and constipation-predominant irritable bowel syndrome (IBS-C) , and to explore the pathogenesis of irrita-
ble bowel syndrome (IBS).Methods From January 2017 to April 2019, 16 patients with IBS-D and 16 patients with IBS-C in the gastroen-
terology department of PLA General Hospital were selected as the IBS-D group and the IBS-C group respectively, and 16 healthy volunteers
were selected as the control group. The mucosal tissues of cecum and sigmoid colon were collected by biospy and analyzed by immunohisto-
chemical staining, and the expression levels of Trx and Trx mRNA were observed by Western blot and fluorescence quantitative PCR. Results
Immunohistochemical staining revealed positive Trx expression in normal colonic glandular epithelial cells, crypt epithelial cells, epithelial
basement membrane, and stromal cells of lamina propria. Western blot showed that the expression levels of Trx in the cecum and sigmoid
colon of the IBS-D group and the IBS-C group were significantly higher than those of the control group (P <0.05). According to the fluores-
cence quantitative PCR results, compared with the control group, Trx mRNA expression levels in the cecal mucosa of the IBS-D group and
the IBS-C group were significantly down-regulated (P <0.05), while the expression levels of Trx mRNA in the sigmoid colon mucosa of the
IBS-D group and the IBS-C group were significantly up-regulated (P <0.01) . Conclusion The pathogenesis of IBS may be associated with
Trx-related oxidative stress, abnormal energy metabolism, and immune homeostasis imbalance.

Keywords : irritable bowel syndrome; thioredoxin; oxidative stress; immune homeostasis; metabolism;diarrhea type; constipation type

% 5 i 2 A 4E (irritable bowel syndrome, IBS) J&—
TR REPEN AT N R S RN, RN [ R AR
JE IR 5 RO G sl Bl 0 HEE 2D 1 S SO Y
i1 S FT R B (E A RS R 5 IR T SR
B, [ A K R AR R I A5 IR . IBS J2 T AL R
DRI 2 — , H R Sm AL H A A B . AWFSE /)
ZHAETT I AR N TR 202 5 s 3 X m] e v

[E£WAE] HEHRR:EE4 (30570822)
[BIS51EE] %=, E-mail : sunny301dde@ 126. com

VK BT FE Y B B2 AR X IR 5 Y 1BS ( diarrhea-predominant
IBS,IBS-D) £ 35 1 1E # N 45 W 2 B a8 13 #4706 b &k
B, w480 85 (thioredoxin, Trx ) 75 IBS-D g 35 4% iz v
FRFE o T BT Z A BN TR AL IR
H (104 DEIER 57N 12 kDa) ™ SR 4UE
T H 1A J5 i ( thioredoxin reductase , TrxR ) 14 J5 5 4 ik
Pz B B A — A% T R B R ( nicotinamide adenine dinucle-
otide phosphate , NADPH ) F1 i A, ik & 1 4 %81 ) i
(thioredoxin peroxidase , TrxP ) 4] i 42 il 40 il 14 J5 | &4k
AR ARG FE S AR AF )2 R B A AR i Trx R



686 BMERERE

J REG ANAT OPER SURG 2020,29(9)

http ://www. jjssxzz. cn

40, Trx RGN E BB R RS, Hol i
TR A0 T T A S A L P AR R, DR A
HALIE % A BRI RE™ . T EEAM Tl H1 T2,
Tex] A7 TR, 7 — 284 30 S0 80 &0 T 5% 450 120
Mk HR i T2 A FZbifdcorh™ L Trx B AL S
TP T 5 B DR ST 13 4 A a5, CGPC ( Cys-Gly-Pro-
Cys) ,2 PPt EBR &0 il i A 72 6 B B i3
BEREAL Ry e [m) o 3 I A% 25 5 R AR IS
Yo TP A Tox L TexR 7238 )5 5~ NAD-
PH BIfE I R i . Trx BAVE 2 I BE, (45 1 P4
(reactive oxygen species, ROS) ¥ %% . {1t 1 40 itd 9 1.
DNA & AL A 516 510 Trx 5 AP L5
(R I O, TR SR AP e s BRE 2R B 1E L B B
JEPERI AEIBAT PR S IR L O 1A AR G
SRS i Tex £ IBS S0 VR, A B
FEN R gl 21402~  Western blot Fl%¢ %€ #& PCR %
HE—BBAE Trx 72 1BS-D Hp )RR R 00, I 5] i b =
TEAF A Y IBS ( constipation-predominant IBS, IBS-C) %
JY 28 B v 1 SR AR X L, SR IBS 1 A AL
il S (BT 1 S AR

1 #R5EFZ®

1.1 ##

HERE 2017 45 1 % 2019 4F 4 F fif il 22 6 e B T
fEI T2 WR R 32 4] IBS 35, A4 Sk 7 75 8L 1BS
BEWEW . CREEmBEE41 2 . IR D 2w
PRUERZ I IBSH Hirr IBS-C (3% 16 {3154 IBS-C
A, B 8 B AF Y 37 ~48 X -1 (42.3 £5.2) %
IBS-D 2 #% 16 il i% N 1BS-D 41, B 4 %% 8 i, 4 i
38 ~44 % P34(40.5 +£3.2) & R FR{E R R IR 16 4]
Wl AL, B 2 & 8 i, AE % 39 ~ 48 X, 1Yy
(43.8 £3.5) % o ARWFITLMEIE R PR FEZ: 51 2341t
TE AN ABIESE X G2 25 A TRl 3
1.2 Fik
1.2.1 G gub2e e @it Ay a6 A&
TROIARALL 10% HIEE[E 52 , f1 B A0 3,4 wm JRiE 52
H o SP AUz it A—FU/NRPTA Trx (3L
#r 1:1 500, 1 [E 575 Abnova A /) B FIRE T 4 CUK
R, SR A 4T HRP FRic 9 E 50/ B TG (b
SR ERFA ) 37 CHEE 60 min; i FH 75 A 2 &2 4
1 min, 7K, ZHAE I, d e 3 R 5 J6BE T R
459, PBS 0B — B Mot IR S, 4558 B .
1.2.2 Western blot i 4 334 YR SCrk[ 1]
AR ICE B0 20 g AR IR H 285 15% 1Y

Y B, AR 20 we; — PO/ ERBT A Trx (R
1:500, H1[E 575 Abnova v w]) , EiREE 1 h; —Ht
HRP Fric iy EHi/ ML 1gG (1:2 000) Z I E 60 min,
FH ECL & A 32070 %o B i 47 J €8, 25 2R 43 Hr L) B-actin
B AFRIKENS B, N BioRad 24 w2 Quantity-
One AT 8T MG S0 BT o DU H BB 5% 25 Fl N
Z: B B-actin (R BEE 1:2 000) 1 B BEAE, 45 SR LA LU AE
(FEA KB/ M2 BOK AR F0R
1.2.3  #&6EE PCR #1 Trx mRNA 93k ¥
ST B ZH VR 200 WL JiTA 1 mL TRIzol , #2H( RNA;
Fi G S 1R B U WK RNA S8 il cDNA L A4
ERB KT, T 51975, EHESI 9.
5'-GCCTTTCTTTCATTCCCTC-3", F 5|4 :5 -TTCAC-
CCACCTTTTGTCC-3'; GAPDH 2| ¥ £ %1, s 9.
5'-TTGTCAGCAATGCATCCTGCAC-3', T % 5| #:
5'-ACAGCTTTCCAGAGGGGCCATC-3", B| ¥ iy I iff 3
R R F A M. RT-PCR &3 i AR R UF .
EFUETI45 0.25 pL, K@ ES K 7.5 pL, RT-
PCR Mix 10 uL,cDNA 2 uL, W 5K % 20 pl,
el WA 95 °C 5 min AE P 95 °C 30 s,iB k55 °C
30 s, $Ef#172 °C 30 5;60 °C 30 s(WEEEMIML) | 5
40 MEH . PGP 5L E i PCR X Bio-rad 1Q5
BAFHEAT 53 HT
1.3 %itzan

K SPSS 10. 0 Geit B AR A7 20 07, T 15 58 ik
MIEZS A3 A Ho 5 2255 1, 1T R DA 20 = R 2=
(x £5) FR VAR EECR ] ¢ Ku i, 240 Z () LAk
FHEA IR 2R J7 2253 0 3 R T Tukey $6:56 3047 2H N FOER,
BEAS Bl M IE 25 43 A WU R - Wilcoxon XURE AR K 56,
P<0.05hEZRAHGI#E XL, P <0.01 HEFAHHRE
EHEGIEE XL

2 #HR

2.1 Trx 8§ £ IR LT KA

Trex 7EXF REZH 25 1 iR b e 4 B B 3 B A% X5 A FH
PEFE , ISR IR 3 |, A )2/ 8] ST 240 A2 A
PE, SR Ry Eeds B0k (& 1a) . Trx £ IBS-D 4 %
IBS-C 21 2% iz % J5 s T b Jz 240 O P o0 b Bz 240
WML R BAE 58, R N IR A s R A
FWORL(JE 1b ~¢) o Trx 1 1BS S50 b K 240 il | s T
R 2 R AR S MR | B R A 3R AT L 5 B
B3R A b B R [ G )2 1] J5T 240 i A w0 B 2
ko HXTHRAIAH LG, IBS 451 R A B 2 i It b Bz 40
L I [ A7 )2 1) J5 ok 8 200 e P e 2 B B (1T 1)



BB F A%$2%E ]REG ANAT OPER SURG 2020,29(9)

http : //www. jjssxzz. cn 687

ar %M 4 45 7 45 I Trx 69 & ik (SP x 200) ; b: IBS-D 48 45 f7 45 B Trx 649 & ik (SP x 200) ;¢ IBS-C 40 45 B 46 Bt Trx 69 & ik
(SP x200) ;d:IBS # %4 By 465 Trx 694 3A (SP x400) , 4 M A6 £ R fmfefe Az T LM & (L& 4Tk P+ ), LR R 2 A
Pe( @ EFTKPTT) B AR T e IR AR 2R b (L & AT kPR

E1 SHEHENGERESLFERIX

2.2  Western blot # Trx /£ % W% 2502 69 £ 3k

Trx 7£ 1BS-D 4 2R &5 W (IBS-C 415 W b IR &5
Wy 3 35 5 F RF BRAL, 25 5 AT B B P G2 1 L
(P <0.01) ,Trx 75 IBS-D 415 4255k &5 T-X R4, 2%
SAEGTFEE L (P <0.05) , Trx TEXTHRLAM B W M 2
REE WA T T 22 5 (P >0.05) , WLEE 2.

AR IBS-D41 IBS-C#41

Bactin M
B p——"
B-actin m

2 e o
&

Lor 05 8 R4
. 4
08} # #

B

LRGN

Trx/B-actin

pogietail IBS-D4 IBS-C4
% o 5B LA P <0.05;#; 5 xF R 214, P <0.01
2  Western blot # il Trx fEZ5 G R IERIRIE

2.3 # k&% PCR &0 Trx mRNA #4g5f £ik 5

5% BRZH L4, Trx mRNA 78 IBS-D 20 5 W (1) 33k
B T, 2R AR g L (P <0.01) ,7E
IBS-CHEMESWTH, ERARITFEX
(P <0.05) ; 5% B4 L #5, Trx mRNA 7 IBS-D 25 Al
IBS-C 4 ZRG5 W 22 iR 4 0 s B, 25 S A W e 25
it L (P <0.01), L& 3,

3 it

Trx JEAE g A& A 5 H g T 7 A 20 0 B v 14 o 2
PR, 2 58 Bl A A JEU 5C 1 40 i A B A,

301

Trx mRNA/GAPDH
S & 8 X

(%)
T

papistiil IBS-C4
w . GBI kE P <0.05;#. 5Bk P <0.01
3 WHEE PCR &I Trx mRNA ZELEBRRHRIE
W RS AR AT fF ST
PERPA A NI K B G 2 L B A
RS BRI T 40 IX I, 5 HABH UM 1L, 1 25
T Tex, Tex {E ikl B RCAMMAERK AT, 50
I RE R A Ko Sido 51 K BLGE g AN [ 507 11
T ZMIAFAE Trx BRIR 225, IR A2 T 40 Trx
Ik, TANEIL T A0 Tex A, HEI -5 1450 &
BT A 2 T 240 b A0 i i T bk &2 40 7 A= 1 TL-2
IL-10Z24 %, Trx mRNA (175 5 35 GBI LRR e 5%
PRIl 05 2 BRI Y S i T 40 6 b )k 22
SRS L T AR HA T 7Y 507 B 5, 1569
Trx A RAEBORIAERT . B2 Trx BETEMR S8 N R
A% 40 M B 20 9 357 5E 40 0] IR T+ ( macrophage migration
inhibitory factor, MIF) B 7= A=, W I IE 0 T Trx DA 4 fift
Ju e (b T Az b AR 1 G 41 Sk
FERI, M IR S5 I R I Trx 65k F AL PRSI Fb
R b Bz A L, T IBS S5 IR b Kz 4 3 | 4
MR B 1A 2 110 o 240 A% T e 40 9 350 W 0, 327
IBS AI BEAFTE B AN A7 D , P2 M Trx DAAN R FL 3L
FIMIAZ IR . A2 E I Tex BYRLEE (AT e ik
BB G PEREIN B Feak Y L — I T A0k 4 B A
SO b B AR e A ST IR R, Tx TR0 AL R Y
BEAL M RTE PM, s 5 5 19 % B 1 (nuclear factor
kappa B, NF-«kB ) 1 {6 FI{E 58 S Hh e e 24 1T, BH I

IBS-DZH



658 BMERERE

J REG ANAT OPER SURG 2020,29(9)

http ://www. jjssxzz. cn

Trx LI ] NF-«B (9 DNA 2545 15 1 w] j % %
S A0 M R 5400 o ELBELIB T 07 i 2 5 filg i gt
Ik 1BS 45 i b 5 90 0 DR 13- WA 1T e R s o 3k —
HFFEUERT

AWTFEUESE , IBS F & 715 (1 P4 B S 1y 5 4%
o 286 R DA 240 f b L Mg SIS I 2 1 il L TS IR R E2
SRR FENAT S L T SRR AR A4 M K i
PERIE IgE {5 5 M RHEHE 5207, Trx BERZ ML R 40 i
3 WA IR AR I T 2K R A 1 S 5 ok SLRESEZ MR Trx
23k, BIEARTAE A . 5340, IBS f 4 I 8 AR
PEE SARALEAT . AWK B, IBS B2 45 A7 4
e VB AR A B AL B0 A AR SRR AR R ks SR T
Trx A[JE T EALEACE i AL A (G 515 5, %
W25 B 22 A B AT L AT, Tl a2 R LA
SN IBS P JIE AN KA

A B E A HAEE A ( thioredoxin-interacting
protein, TXNIP) /& Trx (%) IR 2 1, 8 i Fe 40 25
& T, M Tox 36 P, 3 BR TGP EOF T8 Trx 5 HA
{5 FLi & o TXNIP g2 — R LR E 1,
ST APRARAS A TR 2, VRV A ) A AR, BB S
Trx 2543 TR M A RO RE 2 12 . A 9T/l
TEFTA TAE A& B, IBS 25 17 Jb A 7 7040 T fide 1ty (18 4
il B WAL ) Feak S gAY . A
FER IR, PR SR ST A S AT ) T8 4 T o s e A T
B2 155 AT 1a(hypoxia-inducible factor 1o, HIF-1 o)
OSOARER (S 7R B IE R S A O, Tr-1
FEARE AT I HIF-1oc 36 P82 % HIF-1o 25 1K
SO HIF b S AR, HIF-1ow (3805 o mT 410 )
ROS, RZ AR 1BS S5 IH R LA % Trx Q4o 3
S HIF-1o @48 530 5 2 i — B T FE RS, Tre/
TXNIP 7 1BS i o i/ IR s 2t — 2B

Trx mRNA {2355 8 KRB —2, 3] 1BS
BB LRI Trx 7E5E SROKF- B R A28 4k, IBS L5 %
JRE Trx FERIGNN, W 375 FhEAR A B 713 0, Trx K
SPIRTESIVERSC . AWFSEHRIR, IBS Ko i K AL
DL AR S R A MR A 8 o Trx AE IBS i
TR S 0 i 3 G T 1, A MG S e A 1 18 S
A ERERIE S S A T, B i — P SR
TN AT RREA R A BR , #E— 25 1 RAEA (2R
SR AR R LB,

el

[ &% 30Hk]
[1] Zhang CY,Yao X,Sun G,et al. Close association between abnormal ex-

pressed enzymes of energy metabolism and diarrhea-predominant irrita-

ble bowel syndrome[ J]. Chin Med J ( Engl),2019,132(2).135 -
144. doi:10. 1097/CM9. 0000000000000003.

—
[}
[

Balsera M, Buchanan BB. Evolution of the thioredoxin system as a step
enabling adaptation tooxidative stress[ J]. Free Radic Biol Med,2019,
140(8) ; 28 —35. doi:10. 1016/j. freeradbiomed. 2019. 03. 003.

[3

[

Shao Y, Qi X,Xu X, et al. TGP attenuates endoplasmic reticulum stress
and regulates the expression of thioredoxin-interacting protein in the
kidneys of diabetic rats[ J]. Biosci Trends,2017,10(6) :489 - 495.
doi: 10.5582/bst. 2016.01188.

XML R AR SRR AW IR S NSRRI R
F[J]. HREE2£,2019,25(17) : 189 — 192. doi: 10. 3969/j. issn.
1009 -4393.2019.17.083.

[4

[In

[5] Zhao L,Li W,Zhou Y et al. The overexpression and nuclear transloca-
tion of Trx-1 during hypoxia confers on HepG2 cells resistance to DDP,
and GL-V9 reverses the resistance by suppressing the Trx-1/Ref-1 axis
[J]. Free Radic Biol Med,2015,82:29 —41. doi; 10. 1016/j. freerad-
biomed. 2015.01.014.

—
=)
[

Kruithof PD, Lunev S, Aguilar Lozano SP, et al. Unraveling the role of
thiosulfate sulfurtransferase in metabolic diseases[ J]. Biochim Biophys
Acta Mol Basis Dis,2020,1866 (6) :165716. doi: 10. 1016/]. bbadis.
2020. 165716.

[7] Li YY,Xiang Y, Zhang S, et al. Thioredoxin-2 protects against oxygen-
glucose deprivation/ reperfusion injury by inbibiting autophagy and
apoptosis in H9¢2 cardiomyocytes[ J]. Am J Transl Res,2017,9(3):
1471 - 1482.

—
oo
[l

Eriksson J, Gidlof A , Eriksson M, et al. Thioredoxin a novel biomarker of
post-injury sepsis[ J]. Free Radic Biol Med,2017,104 :138 - 143. doi:
10. 1016/j. freeradbiomed. 2017.01. 016.

(9] SRARME WRBH &, D W, 5. S T e A JBL S RTE AL 3L 5 i
LEIEEEIRIRI R K ()], bR 24 75,2020,9 (1) : 26 - 28.
doi;10.3969/]. issn. 2095 —3097. 2020. 01. 007.

[10] Espinosa B, Arnér ESJ. Thioredoxin-related protein of 14kDa as a

modulator of redox signalingpathways[ J]. Br J Pharmacol,2019,176
(4) :544 -553. doi:10. 1111/bph. 14479.

[(11] %l W, K. AR -1 SR mur st ], Ik
PRz ,2016,36 (4) 492 —494. doi: 10. 3978/]. issn. 2095 —
6959.2016.04.028.

[127] Sido B, Giese T, Autschbach F, et al. Potential role of thioredoxin in
immune responses in intestinal lamina propria T lymphocytes[ J]. Eur
J Immunol ,2005,35(2) :408 —417. doi:10. 1002/ eji. 200424500.

[13] Grabauskas G,Wu X, Gao J, et al. Prostaglandin E, , produced by mast
cells in colon tissues from patients with irritable bowel syndrome,
contributes to visceral hypersensitivity in mice[ J]. Gastroenterology,
2020,158(8) :2195 —2207. doi: 10. 1053/]. gastro. 2020. 02. 022.

[14] SNV, AT , BT 6 0 3 F 5 0 0L 00 Y BIF 5 3k i
(7] P EPEIEC i B 24275, 2017 ,9(5 ) :634 - 635.

[15] Zhu Z,ChenX,Sun J, et al. Inhibition of nuclear thioredoxin aggrega-

tion attenuates PM, s-induced NF-kB activation and pro-inflammatory

responses| J ]. Free Radic Biol Med,2019,130:206 - 214. doi: 10.

1016/]. freeradbiomed. 2018. 10. 438.



BMF K$2E ] REG ANAT OPER SURG  2020,29(9) http ://www. jissxzz. cn 689

- BHAR -

doi; 10. 11659/jjssx. 05E020006

Pax6 1 Wnt7a E/NBRARBPHWRIES T

x,.m ®,T %8 B.FT 4,75 8 GHHNERKEHZESIREEE, M 5 550004)

B OAN,B

[ ZE] B89 W Pax6 Al Wnt7a 75/ UM I P A I8 MR O, 0] Pax6 F1 Wnt7a fEMIRF IR ik X/DR
5N K AR Pax6 F1 Wnt7a ZEERR 51 IR T AR 015 B2 00T s 0 5 U0 7 10086/ BROIR BRBE PR T 25 254 s S e 4K
FHOR TN A 7 B I Pax6 F1 Wnt7a 7E/N AR P i Ik . SR /ANRAAN 0 TSR Pax6 F1 Wnt7a 25 H 2
SRS Rl IR L 90% , /N RN TR I fe e o HE e @ 8 1 IR /D A IR BREEZEHG . Pax6 1) G2 BH I 3R 70/ B
AR 2 A 20 A BRI A L, PR RIR AR 20N 77, 84% s Wt a 1 G 8 B 32 23R 70/ B IS4 2 O A I IS I, BRI PR e IA R 2
H63.51% , Z5ik  Pax6 Fl WntTa B7E/N AP 205, vl RES S AMIRAIIE

[ KR ] Pax6; WntTa; M5 ; /N A8 U) ik s S 2 AU -2 HOR s JiUa AR

[FESES] R329.2 [ X#EkIRIRREE] A [YiHBEH] 2020-05-06

Expression analysis of Pax6 and Wnt7a in mouse cornea
GAO Jie,MU Yao,XIANG Song,DING Ling,HU Rong, LI Hong,SU Min
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Abstract: Objective To observe the expression and distribution of Pax6 and Wnt7a in mouse cornea, and explore the relationship
between Pax6 and Wnt7a in the cornea. Methods The bioinformatic analysis were conducted on the amino acid sequence homology of Pax6
and Wnt7a from mouse ,human,rabbit and macaca mulatta. The paraffin section method was used to observe the morphological structure of the
eyeball wall of the mouse. The immunohistochemistry and the flow cytometry were used to detect the distribution and expression of Pax6 and
Wnt7a in the mouse cornea respectively. Results The amino acid sequence homology of Pax6 and Wnt7a proteins among mouse, human,
rabbit and macaca mulatta were more than 90% ,and the homology between mouse and human was the highest. HE staining results showed the
normal structure of eyeball wall in mice. The immunopositive of Pax6 was expressed on the cytoplasm and cell membrane of the entire layer of
the mouse cornea, and the positive expression rate was about 77. 84% . The immunopositive of Wnt7a was mainly expressed on the cell
membrane of the entire layer of the mouse cornea,and the positive expression rate was about 63.51% . Conclusion Both Pax6 and Wnt7a
are highly expressed in mouse cornea,which may be involved in the corneal formation.

Keywords: Pax6; Wnt7a;cornea;mouse ; paraffin sectioning ; immunohistochemistry ; flow cytometry
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