Gastroenterology

Baishideng Publishing Group Inc



Jaishideng®

Contents Weekly Volume 27 Number 18 May 14, 2021

EVIDENCE REVIEW

2054  Role of microbial dysbiosis in the pathogenesis of esophageal mucosal disease: A paradigm shift from acid
to bacteria?
D'Souza SM, Houston K, Keenan L, Yoo BS, Parekh PJ, Johnson DA
REVIEW

2073  Immune disorders and rheumatologic manifestations of viral hepatitis
Maslennikov R, Ivashkin V, Efremova I, Shirokova E
MINIREVIEWS

2090  Neurological manifestations of hepatitis E virus infection: An overview
Jha AK, Kumar G, Dayal VM, Ranjan A, Suchismita A

2105  Stroma-targeting strategies in pancreatic cancer: Past lessons, challenges and prospects
Polani F, Grierson PM, Lim KH

2122  Magnetic resonance imaging-based artificial intelligence model in rectal cancer
Wang PP, Deng CL, Wu B

2131  Remaining issues of recommended management in current guidelines for asymptomatic common bile duct
stones
Saito H, Kadono Y, Shono T, Kamikawa K, Urata A, Nasu J, Imamura H, Matsushita I, Tada S
ORIGINAL ARTICLE
Basic Study

2141  Alleviation of acute pancreatitis-associated lung injury by inhibiting the p38 mitogen-activated protein
kinase pathway in pulmonary microvascular endothelial cells
Zhang XX, Wang HY, Yang XF, Lin ZQ, Shi N, Chen CJ, Yao LB, Yang XM, Guo J, Xia Q, Xue P

2160  Partially hydrolyzed guar gum attenuates non-alcoholic fatty liver disease in mice through the gut-liver
axis
Takayama S, Katada K, Takagi T, lida T, Ueda T, Mizushima K, Higashimura Y, Morita M, Okayama T, Kamada K,
Uchiyama K, Handa O, Ishikawa T, Yasukawa Z, Okubo T, Itoh Y, Naito Y
Retrospective Cohort Study

2177  Factors influencing the failure of interferon-free therapy for chronic hepatitis C: Data from the Polish
EpiTer-2 cohort study
Janczewska E, Kotek MF, Lorenc B, Klapaczynski J, Tudrujek-Zdunek M, Sitko M, Mazur W, Zarebska-Michaluk D,
Buczynska I, Dybowska D, Czauz-Andrzejuk A, Berak H, Krygier R, Jaroszewicz J, Citko J, Piekarska A, Dobracka B, Socha
L, Deron Z, Laurans £, Biatkowska-Warzecha J, Tronina O, Adamek B, Tomasiewicz K, Simon K, Pawtowska M, Halota W,
Flisiak R

WJG | https://www.wjgnet.com I May 14,2021 | Volume?27 | Issuel8 |



World Journal of Gastroenterology
Contents
Weekly Volume 27 Number 18 May 14, 2021
Retrospective Study
2193  Totally laparoscopic total gastrectomy using the modified overlap method and conventional open total
gastrectomy: A comparative study
Ko CS, Choi NR, Kim BS, Yook JH, Kim MJ, Kim BS
2205  Radiofrequency ablation vs surgical resection in elderly patients with hepatocellular carcinoma in Milan
criteria
Conticchio M, Inchingolo R, Delvecchio A, Laera L, Ratti F, Gelli M, Anelli F, Laurent A, Vitali G, Magistri P, Assirati G,
Felli E, Wakabayashi T, Pessaux P, Piardi T, di Benedetto F, de'Angelis N, Bricerio J, Rampoldi A, Adam R, Cherqui D,
Aldrighetti LA, Memeo R
Clinical Trials Study
2219  Responses to faecal microbiota transplantation in female and male patients with irritable bowel syndrome
El-Salhy M, Casen C, Valeur J, Hausken T, Hatlebakk JG
Observational Study
2238  Standard vs magnifying narrow-band imaging endoscopy for diagnosis of Helicobacter pylori infection and
gastric precancerous conditions
Cho JH, Jeon SR, Jin SY, Park S
Bishidengs WIG | https://www.wjgnet.com I May 14,2021 | Volume27 | Issue18 |



World Journal of Gastroenterology

Contents
Weekly Volume 27 Number 18 May 14, 2021

ABOUT COVER

Editorial Board Member of World Journal of Gastroenterology, Ferenc Sipos, MD, PhD, Senior Lecturer, Head of
Department, Department of Internal Medicine and Haematology, Semmelweis University, Szentkiralyi Street 46,
Budapest H-1088, Hungary. sipos.ferenc@med.semmelweis-univ.hu

AIMS AND SCOPE

The primary aim of World Journal of Gastroenterology (WJ]G, World | Gastroenterol) is to provide scholars and readers
from various fields of gastroenterology and hepatology with a platform to publish high-quality basic and clinical
research articles and communicate their research findings online. WJG mainly publishes articles reporting research
results and findings obtained in the field of gastroenterology and hepatology and covering a wide range of topics
including gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, gastrointestinal
oncology, and pediatric gastroenterology.

INDEXING/ABSTRACTING

The WJG is now indexed in Current Contents®/Clinical Medicine, Science Citation Index Expanded (also known as
SciSearch®), Journal Citation Reports®, Index Medicus, MEDLINE, PubMed, PubMed Central, and Scopus. The 2020
edition of Journal Citation Report® cites the 2019 impact factor (IF) for W]G as 3.665; IF without journal self cites:
3.534; 5-year IF: 4.048; Ranking: 35 among 88 journals in gastroenterology and hepatology; and Quartile category:
Q2. The W]G's CiteScore for 2019 is 7.1 and Scopus CiteScore rank 2019: Gastroenterology is 17/137.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: [i-Hong Iin; Production Department Director: Yun-Xiagjian Wu; Editorial Office Director: Ze-Mao Gong.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastroenterology https:/ /www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1007-9327 (print) ISSN 2219-2840 (online) https:/ /www.wijgnet.com/bpg/Getlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
October 1, 1995 https:/ /www.wignet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Weekly https:/ /www.wignet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Andrzej S Tarnawski, Subrata Ghosh https:/ /www.wjgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

http:/ /www.wjgnet.com/1007-9327/ editotialboard.htm https:/ /www.wijgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
May 14, 2021 https:/ /www.wjgnet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com https://www.wjgnet.com

Bishidengs WIG | https://www.wjgnet.com 111 May 14,2021 | Volume27 | Issue18 |


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
http://www.wjgnet.com/1007-9327/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

World Journal of
Gastroenterology

Submit a Manuscript: https:/ /www.f6publishing.com World | Gastroenterol 2021 May 14; 27(18): 2141-2159

DOI: 10.3748 / wjg.v27.i18.2141 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE
Basic Study

Alleviation of acute pancreatitis-associated lung injury by inhibiting
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BACKGROUND

Previous reports have suggested that the p38 mitogen-activated protein kinase
signaling pathway is involved in the development of severe acute pancreatitis
(SAP)-related acute lung injury (ALI). Inhibition of p38 by SB203580 blocked the
inflammatory responses in SAP-ALIL However, the precise mechanism associated

; ) with p38 is unclear, particularly in pulmonary microvascular endothelial cell
and literature search; Shi N, Chen (PMVEC) injury.
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a biochemical analysis; Zhang XX, ~ To determine its role in the tumor necrosis factor-alpha (TNF-a)-induced inflam-
Xia Q and Xue P wrote and revised ~ mation and apoptosis of PMVECs in vitro. We then conducted in vivo experiments
the manuscript; All authors have to confirm the effect of SB203580-mediated p38 inhibition on SAP-ALIL

read and approved the final
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manuscript. METHODS

In vitro, PMVEC were transfected with mitogen-activated protein kinase kinase 6
Supported by National Natural (Glu), which constitutively activates p38, and then stimulated with TNF-a. Flow
Science Foundation of China, No. cytometry and western blotting were performed to detect the cell apoptosis and
81873107, No. 82004154 and No. inflammatory cytokine levels, respectively. In vivo, SAP-ALI was induced by 5%
81573766; and Science and sodium taurocholate and three different doses of SB203580 (2.5, 5.0 or 10.0 mg/kg)
Technology Planning Program of were intraperitoneally injected prior to SAP induction. SAP-ALI was assessed by
Sichuan, No. 2019YFS0259. performing pulmonary histopathology assays, measuring myeloperoxidase

activity, conducting arterial blood gas analyses and measuring TNF-q, interleukin
Institutional animal care and use (IL)-1p and IL-6 levels. Lung microvascular permeability was measured by
committee statement: The study determining bronchoalveolar lavage fluid protein concentration, Evans blue
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extravasation and ultrastructural changes in PMVECs. The apoptotic death of
pulmonary cells was confirmed by performing a terminal deoxynucleotidyl
transferase-mediated dUTP nick end labeling analysis and examining the Bcl2,
Bax, Bim and cle-caspase3 levels. The proteins levels of P-p38, NFxB, IkB, P-signal
transducer and activator of transcription-3, nuclear factor erythroid 2-related
factor 2, HO-1 and Myd88 were detected in the lungs to further evaluate the
potential mechanism underlying the protective effect of SB203580.

RESULTS

In vitro, mitogen-activated protein kinase (Glu) transfection resulted in higher
apoptotic rates and cytokine (IL-1p and IL-6) levels in TNF-a-treated PMVECs. In
vivo, SB2035080 attenuated lung histopathological injury, decreased inflammatory
activity (TNF-a, IL-1pB, IL-6 and myeloperoxidase) and preserved pulmonary
function. Furthermore, SB203580 significantly reversed changes in the bronchoal-
veolar lavage fluid protein concentration, Evans blue accumulation, terminal
deoxynucleotidyl transferase-mediated dUTP nick end labeling-positive cell
numbers, apoptosis-related proteins (cle-caspase3, Bim and Bax) and endothelial
microstructure. Moreover, SB203580 significantly reduced the pulmonary P-p38,
NFxB, P-signal transducer and activator of transcription-3 and Myd88 levels but
increased the IxB and HO-1 levels.

CONCLUSION
p38 inhibition may protect against SAP-ALI by alleviating inflammation and the
apoptotic death of PMVECs.

Key Words: Acute pancreatitis; Acute lung injury; Pulmonary microvascular endothelial
cells; P38; SB203580; Apoptosis

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We explored the role of the p38 mitogen-activated protein kinase pathway in
the tumor necrosis factor-alpha-induced inflammation and apoptosis of pulmonary
microvascular endothelial cells in vitro and verified the effect of SB203580-mediated
p38 inhibition on severe acute pancreatitis-related acute lung injury in rats. p38
mitogen-activated protein kinase overactivation promoted tumor necrosis factor-alpha-
induced inflammatory cytokine expression and pulmonary microvascular endothelial
cell apoptosis in vitro. SB203580 improved severe acute pancreatitis-related acute lung
injury by downregulating P-p38, NFkB, P-SATA3 and Myd88 and upregulating IxB
and HO-1, which alleviated inflammation and apoptotic cell death in rats.

Citation: Zhang XX, Wang HY, Yang XF, Lin ZQ, Shi N, Chen CJ, Yao LB, Yang XM, Guo J,
Xia Q, Xue P. Alleviation of acute pancreatitis-associated lung injury by inhibiting the p38
mitogen-activated protein kinase pathway in pulmonary microvascular endothelial cells. World
J Gastroenterol 2021; 27(18): 2141-2159

URL: https://www.wjgnet.com/1007-9327/full/v27/i18/2141.htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i18.2141

INTRODUCTION

Acute pancreatitis (AP), a common gastrointestinal disease, ranges from a self-limiting
disease to a severe condition with high mortality. The overall mortality rate is approx-
imately 2%[1], while the mortality rate of severe AP (SAP) with distant organ
dysfunction increases to 37%-50%[2]. To date, the pathogenesis of SAP has not been
completely clarified, and no specific pharmacological therapies for SAP or its
associated organ failure are available. The management of AP is mainly limited to
supportive care. The lung is the most vulnerable organ in patients with SAP. Acute
lung injury (ALI) or its more severe form, acute respiratory distress syndrome, is
reported to occur in 10%-25% of patients with AP and accounts for up to 60% of AP-
associated deaths[3,4]. Therefore, the identification of an effective therapy for AP-
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associated ALI is still urgently needed to decrease AP mortality.

ALI secondary to SAP is clinically and histologically indistinguishable from other
indirect (sepsis, trauma or burns) or direct (e.g., toxins or infection) insults to the
lungs[5]. ALI is characterized by disruption of the alveolar capillary barrier, which
increases endothelial and epithelial permeability, decreases lung compliance and
impairs gas exchange[6]. Multiple biological processes are involved in the mechanisms
of endothelial permeability, such as cytoskeletal rearrangements, assembly/
disassembly of cell junctions and survival/death[7-9]. Pulmonary microvascular
endothelial cells (PMVECs) line the interior of blood vessels and are an essential part
of the blood and tissue microenvironment. They are major actors responding to insults
related to ALI[10,11]. PMVECs are the main targets of humoral and cellular mediators
during injury[12] and actively produce proinflammatory cytokines, increase the levels
of adhesion molecules and secrete prothrombotic substances, promoting injury by
transforming to a prothrombotic and proinflamma-tory phenotype to further activate
the immune and hemostatic systems[4,8]. PMVECs are likely to be the first-line
responders in efforts to prevent the development of SAP-associated ALI. Therefore,
modulation of pulmonary vascular homeostasis is crucial for the successful treatment
of AP-associated ALIL

p38 mitogen-activated protein kinase (p38 MAPK), a member of the serine/
threonine kinase family, is ubiquitously expressed. It plays an important role in
diverse processes including endocytosis, gene transcription, cell proliferation, cytokine
production, apoptosis and cytoskeletal redistribution[8]. Therefore, unsurprisingly,
p38 MAPK is involved in many cascades that result in the development of mild AP
with limited pancreatic injury to SAP with ALL In an experimental AP model, p38
MAPK activation was observed in the lungs as early as 2 h after model establish-
ment[13], while p38 MAPK inhibitors (SB203580 or CNI-1493) alleviated pancreatic
and pulmonary injury, limited cytokine increases and improved survival[14-16].
Currently, the precise mechanism by which the p38 MAPK signaling pathway
regulates SAP-related ALI is unclear, particularly PMVEC injury. In this study, we
overactivated p38 MAPK to define its role in the tumor necrosis factor-alpha (TNF-a)-
induced inflammation and apoptosis of rat PMVECs in vitro and then investigated the
effect of SB203580, a specific p38 MAPK inhibitor, on SAP rats with ALI in vivo.

MATERIALS AND METHODS

Cell culture

Rat PMVECs were obtained from the BeNa Culture Collection (338210, Beijing, China).
Cells were identified according to staining with rat anti-factor VIII and binding of
FITC-labeled lectin (Sigma, United States)[17]. The cells were cultured in DMEM
(Thermo Fisher, United States) supplemented with 100 mL/L fetal bovine serum (BI,
Australia), 50 U/mL penicillin and 50 pg/mL streptomycin (Thermo Fisher, United
States). PMVECs were maintained at 37 °C in a humidified atmosphere with 950 mL/L
O, and 50 mL/L CO,.

Mitogen-activated protein kinase kinase 6 (Glu) recombinant adenovirus

construction and transduction

The MAPK pathway is comprised of three sequential dual-specificity kinases, and
MAPK kinase (MKK) 6 is highly selective for p38 activation. Overexpression of
activated MKK 6 (Glu) constitutively activates p38 MAPK[18,19]. Lentiviruses carrying
either no inserted sequence (null) or the MKK 6 (Glu) gene were constructed by Wuhan
PeptBio company limited China. PMVECs were infected with the lentivirus at a
multiplicity of infection of 10 in the presence of 5 pg/mL polybrene (Sigma, United
States). After lentivirus infection, MKK 6 (Glu)-overexpressing cells and control cells
were obtained via puromycin (2 pg/mL) screening and analyzed using western
blotting. When the cells reached 70%-80% confluence, they were treated with TNF-a
(20 ng/mL) for the indicated times and then used for the subsequent analyses.

Flow cytometry

PMVEC apoptosis was assessed using an Annexin V-FITC/PI kit (4A Biotech, China).
Briefly, PMVECs were detached using trypsin, washed with cold PBS, pelleted and
resuspended in binding buffer. Then, 10 pL of Annexin V was added, and they were
incubated for 5 min in the dark. After mixing with 5 pL of propidium iodide, the cells
were analyzed using a flow cytometer (BD Biosciences, United States).
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Animals

Adult male Sprague-Dawley rats (n = 25, 210-230 g) were purchased from the Experi-
mental Animal Center of Sichuan University (Chengdu, China). The animals were
housed at 22-25 °C on a 12 h day-night cycle and fed standard rodent chow and tap
water ad libitum for 1 wk of acclimation. The animal experiments performed in this
study were conducted in accordance with the National Institutes of Health Guide for
the Care and Use of Laboratory Animals. The protocol was designed to minimize pain
or discomfort to the animals and approved by the Animal Ethics Committee of West
China Hospital of Sichuan University.

Induction of the SAP model and experimental groups

After fasting for 12 h, the SAP model was established by biliary-pancreatic duct
injection of 50 g/L sodium taurocholate (Sigma, United States, 1 mL/kg) using a
micropump at a speed of 0.2 mL/min[20]. In the sham group, the rats received the
same volume of saline instead of sodium taurocholate. All rats received a saline
injection subcutaneously to compensate for fluid loss during the surgery (20 mL/kg
body weight). The rats were randomly divided into the SO group, SAP group and SAP
+ SB203580 group. The SAP + SB203580 group was further divided into low-dose
(SB2.5 group), middle-dose (SB5 group) and high-dose (SB10 group) subgroups
according to the dose of SB203580 (2.5 mg/kg, 5.0 mg/kg and 10.0 mg/kg,
respectively, n = 5). SB203580 (Selleck, United States) was intraperitoneally
administered before model establishment. The rats were sacrificed 12 h after model
induction, and samples were harvested rapidly for subsequent analysis.

Arterial blood gas analysis

At the end of the experiment, arterial blood samples were collected by cardiac
puncture. A blood gas analysis was performed to detect the partial pressure of oxygen
(PaO,) and oxygen saturation (SaO, Cobas b 123 Analyzer, Roche, Switzerland).

Bronchoalveolar lavage fluid collection

After opening the chest, the right lung was ligated. Bronchoalveolar lavage fluid
(BALF) was collected through slow and careful lavage of the left lung with 2 mL of 4
°C PBS. Then, the fluid was centrifuged at 500 g for 5 min. The supernatant was
collected and stored at -80 °C until the analyses of the protein concentration and
cytokine levels.

Histological examination and terminal deoxynucleotidyl transferase-mediated dUTP

nick end labeling staining

The pancreas and lung were fixed with 40 g/L formaldehyde for 24 h. The tissues
were then embedded in paraffin, and continuously sliced at a 5 mm thickness for
staining with hematoxylin and eosin. The pancreatic and pulmonary histological
assessment was performed and scored by two pathologists using a microscope at 200 x
magnification[21,22]. For the assessment of the apoptosis of lung tissue, terminal
deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL) staining was
performed with a commercially available In Situ Cell Death Detection Kit (Roche,
Mannheim, Germany) according to the manufacturer’s instructions.

Measurements of cytokines and BALF protein concentrations

Concentrations of TNF-aq, interleukin (IL)-13 and IL-6 in the serum and BALF were
evaluated using ELISA kits according to the manufacturer’s instructions (R and D
Systems, United States). The BALF protein concentration was determined using a BCA
kit (Thermo, United States).

Lung microvascular permeability analysis

Evans blue extravasation was used to quantify the capillary permeability in the lungs.
A 10 g/L Evans Blue solution (20 mg/kg, Sigma-Aldrich, United States) was injected
into the tail vein 1 h before exsanguination. PBS was used to flush the remaining Evans
blue from the pulmonary vascular system. After the complete removal of blood, the
left lung was removed, weighed, homogenized in formamide and incubated at 37 °C
for 24 h. Finally, the supernatant was quantified spectrophotometrically at 620 nm.

Myeloperoxidase activity
Pulmonary myeloperoxidase (MPO) activity was measured using the method
described by Dawra et al[23]. Briefly, lung tissue was homogenized in phosphate
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buffer (100 mmol/L, pH 7.4) at 4 °C and centrifuged to pellet the tissues. The samples
were then resuspended in phosphate buffer (100 mmol/L, pH 5.4) containing protease
inhibitors, 5 g/L hexadecyl trimethyl ammonium bromide and 10 mmol/L EDTA and
subjected to three rapid freeze-thaw cycles. The suspension was sonicated and
centrifuged to obtain the supernatant. Twenty microliters of the supernatant were
incubated with 200 pL of phosphate buffer (pH 5.4) containing 5 g/L hexadecyl
trimethyl ammonium bromide and 2 mmol/L 3,3,5,5-tetramethylbenzidine for 3 min
at room temperature followed by the addition of 50 pL H,O,. The difference in the
absorbance of this assay solution between 0 min and 3 min was measured at 655 nm at
37 °C with a microplate reader (BMG LABTECH, Germany). MPO activity was
calculated from a human MPO standard curve, normalized to the protein concen-
tration and reported as mU/mg protein.

Western blotting

Lysates from PMVECs or lung tissues were extracted with RIPA lysis buffer (Abcam,
United Kingdom) supplemented with protease inhibitors (Roche, Germany). The total
protein concentration was quantified using a BCA kit (Thermo, United States). The
same amounts of protein were separated on 10% or 12% SDS-PAGE gels and
transferred to a polyvinylidene fluoride membrane. Membranes were blocked with 50
g/L nonfat milk for 2 h at room temperature and subsequently incubated with the
following primary antibodies overnight at 4 °C: P-p38 (1:2000), NFxB (1:1000), IxB
(1:1000), cleaved caspase-3 (cle-casp3, 1:1000), P-signal transducer and activator of
transcription-3 (P-STAT3, 1:1000), myeloid differentiation factor 88 (Myd88, 1:1000),
nuclear factor erythroid 2-related factor 2 (Nrf2, 1:1000), Bax (1:1000) and Bim (1:1000)
from CST, United States; IL-1p (1:1000), heme oxygenase-1 (HO-1, 1:1000) and BcI2
(1:1000) from Abcam, United States; and TNF-a (1:1000), IL-6 (1:1000) and p-actin
(1:1000) from Proteintech, China. After rinsing with Tris-buffered saline containing
Tween 20 (10 min, x 3), the membranes were incubated with a secondary goat anti-
rabbit (1:5000, Proteintech, China) or a goat anti-mouse IgG-HRP antibody (1:10000,
Proteintech, China) for 1-2 h at room temperature. Finally, after washing, the
membranes were imaged using a chemiluminescence detection system (Bio-Rad,
United States) and analyzed with Image Lab software.

Transmission electron microscopy

A 2 mm? peripheral specimen was fixed with 25 mL/L glutaraldehyde for 2 h and then
washed with 0.1 mol/L phosphate buffer (PH 7.4, 10 min x 3). After fixing the samples
with 10 mL/L osmium tetroxide for 2 h, the specimens were dehydrated through a
graded series of ethanol solutions and acetone and embedded in Epon 812 (Sigma,
United States). Ultrathin sections were cut with an ultramicrotome (Leica, Germany).
Finally, the sections were stained with uranyl acetate and lead citrate and examined
using a JEM-1230 transmission electron microscope (JEOL, Japan).

Statistical analysis

All statistical tests were performed using SPSS 20.0 (SPSS, United States) by a
biomedical statistician. Data are presented as the mean + SE for continuous variables
or frequencies and percentages for categorical variables. Data were analyzed using
one-way analysis of variance or the Kruskal-Wallis test. A P value of < 0.05 was
considered statistically significant.

RESULTS

Overactivation of p38 MAPK aggravates TNF-a-induced apoptosis and inflammatory

cytokine expression in PMVECs

We overexpressed a constitutively activated MKK6 (Glu) in PMVECs, which was
confirmed to over activate p38 MAPK (Figure 1A). Then, the cells were incubated in
the absence or presence of TNF-a. Flow cytometry analysis showed TNF-a induced
apoptosis in both null and MKK (Glu) cells. Compared with the null groups, the
apoptotic rate was significantly higher in the MKK (Glu) group treated with TNF-a
(Figure 1B and 1C). Meanwhile, the levels of inflammatory cytokines (IL-6 and IL-1p)
were also significantly upregulated in the MKK (Glu) cells (Figure 1D and 1E).

SB203580 attenuates pancreatic damage in SAP rats

Representative images of hematoxylin and eosin staining of the pancreas were shown
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kinase (Glu) transfection constitutively activated p38 mitogen-activated protein kinase in pulmonary microvascular endothelial cells; B: Apoptotic rate in null and
mitogen-activated protein kinase kinase (Glu) pulmonary microvascular endothelial cells stimulated with or without tumor necrosis factor-alpha for 24 h; C:
Representative images of flow cytometry analysis for apoptosis; D: The expression level of interleukin-6 in each group; E: The expression level of interleukin-1p in
each group. Data are expressed as mean * SE of 3-4 samples per group; P < 0.05; °P < 0.01. IL: Interleukin; MKK: Mitogen-activated protein kinase kinase; TNF-a:
Tumor necrosis factor-alpha.

Jaishideng®

in Figure 2A. Except for slight pancreatic edema, no obvious changes indicative of AP
were observed in sham-operated animals. Sodium taurocholate induced typical
histopathological changes associated with AP, including diffuse edema, marked
neutrophil infiltration, intrapancreatic hemorrhage and acinar cell necrosis. The
histopathological scores were all significantly increased (Figure 2B-F). All three tested
doses of SB203580 (2.5, 5.0 and 10.0 mg/kg) alleviated injury to the pancreatic tissues
(all P <0.05). We explored the difference in the therapeutic effect among the three
different doses; compared to the SB2.5 group, 10.0 mg/kg SB203580 further
significantly decreased the histopathological inflammatory infiltration, necrosis and
total scores (Figure 2B, 2D and 2F).
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Figure 2 Effects of SB203580 on pancreatic histopathological changes and histopathological severity scores. A: Representative hematoxylin
and eosin images of pancreatic sections (magnification 200 x); I: Sham group; II: Severe acute pancreatitis (SAP) group; Ill: SAP + SB2.5 group; IV: SAP + SB5
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histopathology scores in different groups; Data were expressed as mean + SE; 2P < 0.05 vs sham group; °P < 0.05 vs SAP group; °P < 0.05 vs SAP + SB2.5 group.
SAP: Severe acute pancreatitis.

SB203580 alleviates lung injury in SAP rats

The histopathological changes in the pulmonary tissues were shown in Figure 3A. In
SAP rats, lung damage was characterized by neutrophil infiltration, thickened alveolar
walls, intra-alveolar hemorrhaging and alveolar collapse. The histopathological scores
were also significantly increased (Figure 3B-D). These changes were accompanied by
significantly increased IL-1 and TNF-a levels in the BALF and serum (Figure 4A-D)
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Figure 3 Effects of SB203580 on pulmonary histopathological changes and histopathological severity scores. A: Representative hematoxylin
and eosin images of pulmonary sections (magnification 200 x); I: Sham group; II: Severe acute pancreatitis (SAP) group; Ill: SAP + SB2.5 group; IV: SAP + SB5
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and pulmonary MPO activity (Figure 4E) and a decreased PaO, (Figure 4F). There was
no change of SO, in the SAP rats (Figure 4G). At the same time, western blotting
analysis also confirmed increased levels of inflammatory cytokines (IL-1, TNF-a, IL-6)
in the SAP group compared with the sham group (Figure 4H-J). SB203580 treatment
alleviated the histopathological injuries and scores, decreased the levels of inflam-
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matory factors (IL-1, TNF-a, IL-6 and MPO) and preserved PaO,. Among the three
doses tested, SB203580 at 10.0 mg/kg consistently and significantly reduced all
histopathological and biochemical severity indices with the highest efficiency.

Protective effects of SB203580 on capillary injury

The permeability of the PMVECs was evaluated in vivo by measuring the BALF
protein concentration and Evans blue accumulation in the lung tissue. Quantitative
analysis showed a significant increase in these two parameters in SAP rats, which were
suppressed by SB203580 cotreatment (Figure 5A and 5B). They further decreased after
treatment with increasing SB203580 doses. The microstructure and integrity of the
endothelium were evaluated using transmission electron microscopy. In the sham
group, the lung tissues showed a normal capillary endothelium, as evidenced by an
intact capillary basal membrane, dense endothelial cell-cell junctions and continuous
and clear delineation between cells (Figure 5C). In the SAP group, capillary endothelial
dissolution and rupture were noted. In addition, low electron density clouds with an
irregular thickness indicating basal membrane edema, increased vacuolization, loose
cellular junctions, swollen cellular organelles and nuclear degeneration were often
observed. In contrast, the swelling and injury of endothelial cells were partially
alleviated in lungs from SB203580-treated rats. After treatment with 10.0 mg/kg
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SB203580, no obvious rupture of endothelial cells or red cells extravasating from the
vessels were observed.

SB203580 inhibits apoptosis in the lungs of SAP rats

TUNEL staining was used to examine cell death in lung tissues. Cell apoptosis in the
lung tissues was assessed by the colocalization of TUNEL-green and DAPI-blue
staining. A prominent increase in the number of positively stained cells was observed
in the SAP group compared to the sham group, indicating a higher apoptotic rate
(Figure 6A). Treatment of SAP rats with SB203580 significantly decreased the number
of apoptotic cells, and the greatest inhibitory effect was observed in rats treated with
10.0 mg/kg SB203580. Proteins regulating the apoptotic signaling pathways were
examined using western blotting to further confirm the cell death pathway. As shown
in Figure 6B-E, although no change in the antiapoptotic protein Bcl2 was observed, the
levels of the proapoptotic proteins Bax, Bim and cle-caspase3 were upregulated in the
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SAP group compared to the sham group. SB203580 treatment reversed the changes in
the levels of these proteins in the SAP group in a dose-dependent manner.

SB203580 protects against ALI by regulating proinflammatory and proapoptotic
signaling pathways

Levels of the P-p38, NFxB, IxB, Nrf2, HO-1, P-SATA3 and Myd88 proteins were
detected in the lungs for further evaluation of the protective mechanism of SB203580.
Figure 7 showed increased levels of P-p38, NFxB, P-SATA3 and Myd88 but decreased
levels of IxB, Nrf2 and HO-1 in the SAP group compared with the sham group.
Intriguingly, SB203580 reversed the changes in the levels of these proteins, reducing P-
p38, NFxB, P-SATA3 and Myd88 levels but increasing IxB and HO-1 levels compared
with the SAP group. However, except for P-p38 and HO-1, the improvement of these
parameters was not positively related to the dose of SB203580. In addition, SB203580
slightly increased the level of Nrf2, but the difference was not statistically significant
(Figure 7E).

DISCUSSION

Although the mechanisms of ALI/acute respiratory distress syndrome following SAP
have not been completely elucidated, an increasing number of studies have described
PMVEC injury and dysfunction as prerequisites for ALI[24]. The PMVECs are
activated, participate in host defenses and result in increased microvascular
permeability and damaged lung function[8,25]. Regardless of the etiology, an
exaggerated inflammatory response is widely accepted to play a vital role in the
transition of AP into a systemic disease[26]. Various inflammatory mediators have
been related to AP severity and they induce their own or other mediators” secretion
through a positive feedback mechanism, leading to amplification of the inflammatory
cascade[27]. TNF-a was discovered to play a role in the early phase and cause the
activation and injury of endothelial cells, functioning as a key promoter of the
development of SAP-ALI[28]. In the present study, TNF-a was used to mimic SAP-
related PMVEC injury in vitro.

p38 is activated by various insults, including cytokines, while the activation of p38
MAPK inevitably induces the expression of proinflammatory cytokines[29]. In our
study, TNF-a induced higher levels of inflammatory cytokines (IL-13 and IL-6) in
PMVECs with p38 overactivation (Figure 1D and 1E). These results further confirmed
a positive role for the p38 MAPK signaling pathway in regulating cytokine expression.

According to previous studies, p38 MAPK is involved in both survival and
apoptosis pathways. It promotes anti- or proapoptotic effects in a cell type and
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Figure 7 Effect of SB203580 on proinflammatory and proapoptotic signaling pathways. Representative Western blotting analysis results for protein
expression in pulmonary tissue; A: P-p38; B: NFkB; C: IkB; D: HO-1; E: Nrf2; F: P-STAT3; G: Myd88. Data are expressed as mean + SE; P < 0.05 vs sham group; ®
P < 0.05 vs severe acute pancreatitis group; °P < 0.05 vs severe acute pancreatitis + SB2.5 group; °P < 0.05 vs severe acute pancreatitis + SB5 group. Nrf2: Nuclear
factor erythroid 2-related factor 2; STAT3: Signal transducer and activator of transcription-3.
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stimulus-specific manner in endothelial cells. For example, one group reported that
SB203580 inhibited p38 MAPK and then decreased the endothelial cell apoptosis
stimulated by TNF-a and cycloheximide[30], while another group illustrated that
SB203580 enhanced endothelial cell apoptosis triggered by TNF-a alone[31]. It was
reported that endothelial cells are relatively resistant to TNF-a, which induce only
modest or no cell damage[31,32]. Then, we chose to overexpress activated MKK 6
(Glu) to constitutively activate p38 MAPK in PMVECs. Flow cytometry analysis
revealed apoptotic cell death in null PMVECs stimulated with TNF-a, and MKK 6
(Glu) transfection resulted in a significantly higher apoptotic rate (Figure 1B). This
finding indicated that persistent activation of p38 MAPK promotes TNF-a-induced
PMVEC apoptosis. However, SB203580 pretreatment conversely aggravated PMVEC
injury in this study (data not shown) and did not alleviate cell apoptosis. This
discrepancy may be attributed to the extent or duration of p38 MAPK activation[33].
Rapid and transient p38 activation modulates inhibitors of the apoptosis protein
family to prevent TNF-a-induced apoptosis[31], while sustained activation leads to
apoptosis through the phosphorylation and downregulation of Bcl-x, [30]. Therefore,
SB203580 may exert a beneficial effect to maintain an appropriate level of p38 MAPK
activity.

Many small-molecule inhibitors targeting p38 MAPK, such as SB203850, CNI-
1493[34], SB202190[35], RW]-67657[36] and UM101[37], have been tested in various cell
injury or disease models. In AP, the p38 MAPK signaling pathway is involved not only
in pancreatic acinar injury[20,38] but also in injury to distant organs (lung, liver,
kidney, gut and placenta)[39-43]. SB203850 is a pyridinyl imidazole derivative that
competes for ATP binding, and the inhibition of p38 MAPK has been shown to
attenuate the severity of AP and its related distant organ injury[14,15,39,44]. In the
present study, we treated SAP rats with SB203580 to investigate its protective effect on
SAP-associated lung injury and the potential underlying mechanisms. As shown in
Figure 2, SB203580 significantly alleviated pancreatic histopathological damage in SAP
rats. Furthermore, it alleviated lung histopathological injuries (Figure 3), decreased the
levels of inflammatory factors (IL-1f3, TNF-a, IL-6 and MPO, Figure 4) and preserved
PaO,, consistent with previous reports[14,15]. Based on these results, SB203580
effectively decreased the inflammatory response in rats with SAP-ALIL In addition, by
analyzing three different doses of SB203580, we observed a dose-dependent
improvement in the therapeutic effects, as 10.0 mg/kg was the most effective.

Although apoptosis is regarded as a protective mechanism, excessive apoptosis is
harmful to the alveolar capillary membrane and pulmonary function. As the first-line
responder to systemic injurious factor insults, damage to endothelial cells is detected
earlier than damage to epithelial cells[45]. PMVEC damage results in lung injury,
which in turn promotes the secretion of inflammatory mediators to destroy PMVECs
in individuals with SAP[46]. In the present study, increased Evans blue extravasation
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and BALF protein concentrations revealed increased capillary permeability in SAP
rats. Moreover, transmission electron microscopy analysis directly confirmed capillary
endothelial dissolution and rupture in the lung (Figure 5). Finally, the results of the
TUNEL and western blot analyses (Figure 6) suggested that an increased number of
apoptotic cells was involved in the pathological process of SAP-ALIL. However,
SB203580 significantly reversed the changes in Evans blue accumulation, BALF protein
concentration, TUNEL-positive cells, apoptosis-regulated proteins and endothelial
microstructure, providing evidence for the underlying protective effects of p38 MAPK
inhibitors on endothelial cell apoptosis.

Because p38 MAPK is a proximal initiator of signal transduction, various substrates
are directly or indirectly activated by p38 MAPK, permitting it to perform a wide
range of functions[29,47]. The biological consequences of p38 MAPK inhibition are
complicated by interactions with other signaling pathways. p38 MAPK was reported
to have a dual function in regulating Nrf2/HO-1 signaling[48,49]. HO-1 possesses
cytoprotective properties, including anti-inflammatory, antioxidant and antiapoptotic
activities. NFxB, which is downstream of p38 MAPK, represses Nrf2 transcriptional
activity[50,51], while HO-1 inhibits proinflammatory mediators through the
inactivation of NFxB[52]. STAT3 is activated by p38 MAPK, transferring signals to the
nucleus and regulating gene expression[53,54]. MyD88 is considered a classical
proinflammatory and proapoptotic upstream signaling adaptor molecule of p38
MAPK][55]. While the mechanism underlying the effects of SB203580 must be further
elucidated, the levels of these key proteins involved in inflammatory, oxidative and
apoptotic signaling pathways were measured. In the present study, SB203580
treatment reversed the increased levels of P-p38, NFxB, P-STAT3 and Myd88 and
decreased levels of IxB and HO-1 in the SAP group (Figure 7). Therefore, the
protective effects of p38 inhibition via SB203580 were likely partially attributed to the
inhibition of pulmonary proinflammatory and proapoptotic signaling pathways.

CONCLUSION

In conclusion, p38 MAPK overactivation promoted TNF-a-induced inflammatory
cytokine expression and PMVEC apoptosis in vitro. The inhibition of p38 MAPK with
SB203580 protected against SAP-ALI by alleviating inflammation and apoptotic cell
death in rats. Therefore, SB203580 may alleviate SAP-ALI by inhibiting the proinflam-
matory and proapoptotic effects of the p38 MAPK pathway on PMVECs. These results
suggest the possibility of applying p38 MAPK inhibitors as treatments for SAP-ALI in
the clinical setting.

ARTICLE HIGHLIGHTS

Research background

Acute lung injury (ALI) is the main reason for the high mortality of patients with
severe acute pancreatitis (SAP). Injury and dysfunction of pulmonary microvascular
endothelial cells (PMVEC) are considered prerequisites for ALI. The p38 mitogen-
activated protein kinase (p38 MAPK) signaling pathway is involved in the
development of SAP-related ALI. However, the precise mechanism by which p38
MAPK regulates PMVEC injury in SAP-related ALI is unclear.

Research motivation

To date, no specific pharmacological therapies for SAP associated ALI are available.
Elucidating the mechanism of PMVEC injury regulated by p38 MAPK is expected to
help identify new treatments for SAP-associated ALL

Research objectives

To determine the role of p38 MAPK in the tumor necrosis factor-alpha-induced injury
of PMVECs in vitro and to explore the effect of SB203580-mediated p38 inhibition on
SAP-ALI in vivo.

Research methods
In vitro, PMVECs were transfected with MAPK kinase 6 (Glu) and stimulated with
tumor necrosis factor-alpha to detect cell apoptosis and inflammatory cytokine levels.
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In vivo, SAP-ALI rats were treated with three different doses of SB203580 (2.5, 5.0 or
10.0 mg/kg). Blood, bronchoalveolar lavage fluid and tissue samples were harvested
to assess cytokine levels, blood gas analyses, histopathological changes, myeloper-
oxidase activity, bronchoalveolar protein concentration, Evans blue extravasa-tion,
apoptosis and ultrastructural changes of PMVECs. Then, the mechanism underlying
the effects of SB203580 was also detected in the lungs.

Research results

In vitro, MAPK kinase (Glu) transfection resulted in higher apoptotic rates and
cytokine levels in TNF-a-treated PMVECs. In vivo, SB2035080 attenuated lung
histopathological injury, decreased inflammatory activity and preserved pulmonary
function. Furthermore, SB203580 significantly reversed the microvascular
permeability, the increase in the number of terminal deoxynucleotidyl transferase-
mediated dUTP nick end labeling-positive cells, the increased expression of apoptosis-
related proteins and the endothelial microstructure changes. Moreover, SB203580
significantly reduced pulmonary P-p38, NFkB, P-SATA3 and Myd88 levels but
increased the IxB and HO-1 levels.

Research conclusions

p38 inhibition may protect against SAP-ALI by alleviating inflammation and the
apoptotic death of PMVECs.

Research perspectives

In this study, p38 MAPK overactivation promoted PMVEC injury in vitro, while p38
inhibition protected against SAP-ALI in vivo. These results suggest the potential of
applying p38 MAPK inhibitors as treatments for SAP-ALI in the clinical setting.
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