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Inflammation driven activation of PI3K/Akt/Spl signaling pathway and
endogenous H,S production aggravate intestinal injury in severe acute

pancreatitis

TANG Ya, LIAO Ri-bin, XUE Li-wei, LIU Ying
( Department of Gastroenterology, The Second Affiliated Hospital of Guilin Medical University, Guilin 541100, China.
E-mail; liuying1009@ sina. com)

[ABSTRACT] AIM: To investigate the potential role of endogenous hydrogen sulphide ( H,S) in severe acute
pancreatitis (SAP). METHODS: A rat model of SAP was used to evaluate the role of H,S on intestinal motility by count-
ing the number of fecal pellets and the effect of H,S on the expression of inflammation-related molecule in intestine was in-
vestigated. The colonic muscle cells (CMCs) were treated with plasma of SAP rats, tumor necrosis factor-a (TNF-at) or
interleukin-6 (IL-6), and the expression of cystathionine-y-lyase ( CSE), cystathionine-B-synthase ( CBS), Spl and
PI3K/ Akt related proteins at mRNA and protein levels were determined by RT-qPCR, Western blot and immunohistochemi-
cal staining,respectively. The PI3K inhibitor LY294002 and the siRNA-Spl were used to suppress the activity of PI3K/
Akt/Spl signaling pathway. RESULTS: H,S facilitated an inhibitory effect on the intestinal motility and enhanced the in-
flammatory responses in SAP (P <0.05). The expression of CSE and CBS in CMCs was significantly increased after treat-
ment with TNF-a or IL-6 (P <0.05). Blockage of the PI3K/Akt/Spl signaling pathway remarkably inhibited the synthesis
of CSE and CBS in CMCs(P <0.05). CONCLUSION: Inflammation driven activation of PI3K/Akt/Spl signaling path-
way and endogenous production of H,S play a vital role in the pathogenesis of SAP.

[ KEY WORDS] Severe acute pancreatitis; Hydrogen sulphide; Inflammation; Intestine; PI3K/Akt/Spl signaling
pathway
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Table 1. Primer sequences of CSE, CBS and Spl for RT-qPCR

Name Sequence(5’-3") Product
(bp)

B-actin F: GGAGATTACTGCCCTGGCTCCTA 150
R: GACTCATCGTACTCCTGCTTGCTG

CSE F: TGATGACGAAGAGGAAGCAGG 127
R: GATGGCAGTGACAAAACGAGG

CBS F. TGAACCAGACGGAGCAAAC 248
R: GGGCAGGATGACCACACA

Spl F. GCCGCCTTTTCTCAGACTC 131
R: TTGGGTGACTCAATTCTGCTG

F. forward; R: reverse.
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Figure 1. The number of fecal pellets in the rats with different
treatment at different time points. Mean + SD. n =10.
* P <0.05 vs sham group; *P <0.05 vs SAP group.
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Figure 2. The concentrations of inflammatory cytokines in the plasma of peripheral venous blood by ELISA. Mean +SD. n=10. "P<

0. 05 vs sham group; *P <0.05 vs SAP group.
B2 ShEmKAEEFKFERER



- 1478 -

Sham

CSE ‘ i B

CBS

~
|

(O8]
1

|

(=)

Relative mRNA expression of CBS
[\S]

Sham SAP SAP+PAG

SAP SAP+PAG
s
v ; :.»-r;
C
@ 10 -
|®)
G
o *
£ £ =S
2
<
4_
g *
g
o 21
= S
E 0 T T T
Sham SAP SAP+PAG

Figure 3. Production of H,S synthesizing enzymes were induced by SAP. A the images of immunohistochemical staining ( x200) ;

B: the mRNA expression of CBS and CSE in colon of rats. Mean +SD. n=10. *P <0.05 vs sham group; *P <0.05 vs

SAP group.
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Figure 4. The protein levels of CSE, CBS (A) and PI3K/Akt/Spl (B) in colon of rats were determined by Western blot. Mean +
SD. n=5. *P<0.05 vs sham group; *P <0. 05 vs SAP group.
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Figure 5. Separation, culture and identification of CMCs( x200).
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Figure 6. The expression of inflammatory cytokines and PI3K/Akt/Spl signaling pathway related molecules in the CMCs treated with
5% plasma from rats with SAP, TNF-q or IL-6. A the relative mRNA expression of CSE, CBS and Spl was detected by
RT-qPCR; B: the results of Western blot for determining the protein levels of PI3K, p-PI3K, Akt, p-Akt; C: the results of

Western blot for determining the protein levels of Spl and CSE. Mean +SD. n=5. “P <0. 05 vs control group.
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Figure 7. The expression and distribution of CSE in the CMCs treated with SAP plasma, TNF-a or IL-6 ( x200).
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Figure 8. The protein levels of PI3K, Akt (A), Spl and CSE (B) in the CMCs treated with 1.Y294002 or si-Spl. Mean =SD. n =
5. *P<0.05 vs SAP group; *P <0.05 vs SAP + vector group.
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DAPI

er]ed

SAP+vector Vector

SAP+si-Spl

NA (B) as detected by immunofluorescence staining ( x200).

BRI TTER N LY294002 Sh3E LUK #34 Spl siRNA J§ CMCs i CSE HjRiZfM 5 1

(2 % X #]

Carter DC. Acute and chronic pancreatitis ; pathophysiolo-
gy and management[ M ]. Diseases of the Gastrointestinal
1997, 8.

Andersson R, Wang XD. Gut barrier dysfunction in exper-

Tract and Liver. 3rd ed.

imental acute pancreatitis| J]. Ann Acad Med Singapore,
1999, 28(1) :141-146.

Foitzik T. The enteral factor in pancreatic infection[ J ].
Pancreatology, 2001, 1(3) : 217-223.
Olson KR, Whitfield NL, Bearden SE,
a paradigm shift with a hydrogen

et al. Hypoxic
pulmonaryvasodilation ;
sulfide mechanism[ J]. Am J Physiol Regul Integr Comp
Physiol, 2010, 298( 1) :R51-R60.

Dombkowski RA, Naylor MG, Shoemaker E,

drogen sulfide (H,S) and hypoxia inhibit salmonid gastro-

et al. Hy-

intestinal motility: evidence for H2S as an oxygen sensor
[J]. J Exp Biol, 2011, 214 (Pt 23) :4030-4040.

Liu Y, Luo HS, Liang CB, et al. Actions of hydrogen sul-
fide and ATP-sensitive potassium channels on colonic hy-
permotility in a rat model of chronic stress[ J]. PLoS One,
2013, 8(2) :e55853.

Yin P, Zhao C, Li Z, et al. Spl is involved in regulation
of cystathionine gamma-lyase gene expression and biologi-
cal function by PI3K/ Akt pathway in human hepatocellular
carcinoma cell lines [ J]. Cell Signal, 2012, 24 (6):
1229-1240.

Rosado JO, Salvador M, Bonatto D.
trans-sulfuration pathway in cancer prevention and promo-
tion[ J]. Mol Cell Biochem, 2007, 301(1-2) :1-12.
Wang R. Hydrogen sulfide: the third gasotransmitter in bi-
ology and medicine[ J]. Antioxid Redox Signal, 2010, 12
(9) :1061-1064.

Li L, Bhatia M, Moore PK. Hydrogen sulphide-a novel

Importance of the

[11]

[12]

[14]

[15]

[16]

[17]

mediator of inflammation? [ J]. Curr Opin Pharmacol,
2006, 6(2) :125-129.

Tamizhselvi R, Moore PK, Bhatia M. Hydrogen sulfide
acts as a mediator of inflammation inacute pancreatitis: in
studies using isolated mouse pancreatic acinar cells[ J]. J
Cell Mol Med, 2007, 11(2): 315-326.

Wallace JL, Caliendo G, Santagada V, et al. Gastrointes-
tinal safety and anti-inflammatory effects of a hydrogen sul-
fide-releasing diclofenac derivative in the rat[ J]. Gastro-
enterology, 2007, 132(1); 261-271.

Tang GH, Wu LY, Liang WB, et al. Direct stimulation of
KATP channels by exogenous and endogenous hydrogen
sulfide in vascular smooth muscle cells[ J]. Mol Pharma-
col, 2006, 68(5) :1757-1764.

Standen NB, Quayle JM, Davies NW, et al. Hyperpolar-
izing vasodilators activate ATP-sensitive K* channels in
arterial smooth muscle[ J]. Science, 1989, 245(4914) .
177-180.

Nelson MT, Quayle JM. Physiological roles and properties
of potassium channels in arterial smooth muscle[ J]. Am J
Physiol, 1995, 268(4 Pt 1) . C799-C822.

Xu H, He Y, Yang X, et al. Anti-malarial agent artesu-
nate inhibits TNF-alpha-induced production of proinflam-
matory cytokines via inhibition of NF-kappaB and PI3 ki-
nase/ Akt signal pathway in human rheumatoid arthritis fi-
broblast-like synoviocytes [ J ]. Rheumatology ( Oxford),
2007, 46(6) : 920-926.

Lee CW, Lin CC, Lin WN, TNF-alpha induces
MMP-9 expression via activation of Src/EGFR, PDGFR/
PI3K/Akt cascade and promotion of NF-kappaB/p300
binding in human tracheal smooth muscle cells[ J]. Am J

Physiol Lung Cell Mol Physiol, 2007, 292 (3): L799-
1.812.

et al.

(RAERIE: s, 20R%)



