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Abstract

AIM: To assess the impact of Arpin protein and tight junction (TJ) proteins in the intestinal mucosa on bacterial translocation in patients with severe acute pancreatitis (SAP).

METHODS: Fifty SAP patients were identified as study objects and then classified into two groups according to the presence of bacterial translocation (BT) in the blood [i.e., BT(+) and BT(-)]. Twenty healthy individuals were included in the control group. BT was analyzed by polymerase chain reaction, colonic mucosal tissue was obtained by endoscopy and the expression of TJ proteins and Arpin protein was determined using immunofluorescence and western blotting.

RESULTS: Bacterial DNA was detected in the peripheral blood of 62.0% of patients (31/50) with SAP. The expression of TJ proteins in SAP patients was lower than that in healthy controls. In contrast, Arpin protein expression in SAP patients was higher than in healthy controls (0.38 ± 0.19 vs 0.28 ± 0.16, P < 0.05). Among SAP patients, those positive for BT showed a higher level of claudin-2 expression (0.64 ± 0.27 vs 0.32 ± 0.21, P < 0.05) and a lower level of occludin (OC) (0.61 ± 0.28 vs 0.73 ± 0.32, P < 0.05) and zonula occludens-1 (0.42 ± 0.26 vs 0.58 ± 0.17, P = 0.038) expression in comparison with BT (-) patients. Moreover, the level of Arpin expression in BT (+) patients was higher than in BT (-) patients (0.61 ± 0.28 vs 0.31 ± 0.24, P < 0.05).

CONCLUSION: Arpin protein affects the expression of tight junction proteins and may have an impact on BT. These results contribute to a better understanding of the factors involved in bacterial translocation during acute pancreatitis.
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Core tip: Tight junctions (TJs) are the structural basis for the intestinal epithelial barrier. Increased intestinal permeability caused by variations in TJ proteins may result in bacterial translocation (BT) and there is evidence that BT may contribute to infection and sepsis. However, the detailed mechanisms for BT remain unknown. Recent work has identified an Arp2/3 interacting protein called Arpin, which was shown to restrict the rate of actin polymerization and control cell migration. Our research shows that Arpin protein affects the expression of TJ proteins and may have an impact on BT.

Deng WS, Zhang J, Ju H, Zheng HM, Wang J, Wang S, Zhang DL. Arpin contributes to bacterial translocation and development of severe acute pancreatitis. World J Gastroenterol 2015; 21(14): 4293-4301  Available from: URL: http://www.wjgnet.com/1007-9327/full/v21/i14/4293.htm  DOI: http://dx.doi.org/10.3748/wjg.v21.i14.4293 
INTRODUCTION

Infection and sepsis are severe complications contri​buting to most late deaths in patients with severe acute pancreatitis (SAP)[1,2]. The organisms responsible for infection in cases of SAP are thought to be common enteric bacteria[3,4], which has generally been supported by animal experiments[5]. Bacterial translocation (BT) from the gut is the most widely accepted mechanism for the pathogenesis of infection and sepsis in SAP[4-6]. BT is defined as the passage of indigenous bacteria (or their products) colonizing the intestine through the intestinal mucosal barrier to the mesenteric lymph nodes and other distant sites[7]. The following three major factors have been proposed as promoters of BT: impairment of intestinal barrier function; alterations in gastrointestinal microflora; and deficiencies in host immunity[8]. During SAP, the structure and function of the intestinal mucosa are damaged, leading to gut barrier dysfunction[1,5]. The intestinal mucosal barrier is established by the intestinal epithelial barrier and distribution of microbial flora[9,10] and is composed of tight junctions (TJs) between intestinal epithelial cells. These TJ proteins form and regulate the paracellular pathway[11-13]; however, the detailed mechanism for this function remains unknown. Recent work has identified an Arp2/3 interacting protein called Arpin that restricts the rate of actin polymerization and is the latest component in the steadily expanding protein repertoire shown to control cell migration[14]. In the current study, we found that Arpin may contribute to BT occurrence and development through the regulation of TJs.
TJs, which are the structural basis of intestinal epithelial barrier, are comprised of the following 4 types of transmembrane proteins: occludin (OC), claudins (CLs), junctional adhesion molecules and tricellulin. CLs and OCs are the most prominent of these proteins[14]. Zonula occluden (ZO) proteins are linked with the main transmembrane proteins and form the CL-ZO protein interactions that are essential for TJ formation[15]. Extensive evidence has identified the Arp2/3 complex as an actin polymerizing complex localized to the tight junction[16]. Cell migration requires the generation of branched actin networks that power the protrusion of the plasma membrane in lamellipodia[17]. These structures are major sites of actin filament nucleation and typically display highly nonlinear kinetics, meaning that they are sharply defined in both space and time[18]. The Arp2/3 complex is the molecular machine that nucleates these branched actin networks by binding to the side of an existing filament and initiating branch formation[17,19]. The resulting two new filaments can then each be split again, creating a natural feed-forward mechanism, limited only by the supply of components, such as the Arp2/3 complex, actin monomers and activators, most of which diffuse from the cytoplasm[20]. Dang et al[14] reported that Arpin is a negative regulator of Arp2/3 activity and that cells utilize Arpin to fine-tune actin nucleation activity at the leading edge of the lamellipodium to steer the cell. These authors also performed a bioinformatics search for proteins containing a highly conserved carboxy-terminal Arp2/3 binding motif. The classical Arp2/3 binding domain consists of an amphipathic а-helix, sometimes referred to as the coil region, which binds to the barbed end groove of Arp2, followed by a short acidic motif with a highly conserved tryptophan residue at position-1 or -2 relative to the carboxyl terminus[21]. The acidic motif is thought to bind to Arp3[22]. The newly identified protein, Arpin, contains a prototypical acidic motif and through binding to the Arp2/3 complex, Arpin inhibits actin filament nucleation, thereby functioning as a competitive Arp2/3 inhibitor[14].

MATERIALS AND METHODS
Patients

This prospective observational study included 50 patients with SAP who were admitted to the Affiliated Hospital of Medical College, Qingdao University and Jinlin Hospital, Nanjing University between January 2012 and September 2013. Patients were recruited if the onset of upper abdominal pain was within 48 h of admission. The diagnosis of SAP was made during the first 12 h of admission, based on the presence of acute upper abdominal pain, serum amylase and/or lipase levels greater than three times the upper limit of normal, and the results of contrast-enhanced CT[23]. SAP was defined according to the Atlanta clinical criteria[23]. The severity of the disease was assessed using Acute Physiology and Chronic Health Evaluation (APACHE)-Ⅱ criteria[24]. Patients were treated on the basis of standardized protocols of interdisciplinary management, including gastrointestinal decompression, intravenous (iv) fluids, nutritional support and/or organ system support. The patients received antibiotic prophylactic treatment within 48 h after SAP onset that continued until unequivocal clinical improvement. Patients with one of the following clinical findings were included in the study: (1) local complications (pancreatic necrosis, pancreatic pseudocyst, pancreatic abscess); (2) organ failure; (3) APACHE-Ⅱ score > 8; (4) Ranson criteria > 3; (5) Balthazar CT grading Ⅱ or above; and (6) clinical course in the first 3 d showing colonic involvement, severe abdominal distention and colonic irrigation treated by endoscopic decompression. Patients with any of the following were excluded from the study: (1) concurrent sepsis or pancreatic infection or peripancreatic infection caused by a second disease; (2) patients with acute or chronic gastrointestinal diseases; (3) patients sent directly to the intensive care unit for multiorgan failure; (4) post-endoscopic retrograde cholangiopancreatography or traumatic or operative pancreatitis; and (5) pregnancy, malignancy, immunodeficiency or moribund patients regardless of cause within 48 h prior to enrollment. Twenty healthy volunteers were recruited and acted as controls. The controls were in good health and had no history of either pancreatic or gastrointestinal disease. This study was approved by the Human Subjects Institutional Committee of Affiliated Hospital of Medical College, Qingdao University. Written informed consent was obtained from the participants.

Sample collection

During the first 3 d, the SAP clinical course with colonic involvement presenting with severe abdominal distention was treated with colonic irrigation and decompression with endoscopy, during which colonic mucosal tissue was obtained. Isolation of colonic mucosal cells was performed as described previously[11]. The specimens were separated into two small pieces, placed in RIPA buffer (Tris, NaCl, deoxycholic acid, Triton-X-100, sodium dodecyl sulfate, complete proteinase inhibitor mixture; Roche, Mannheim, Germany) and homogenized. Meanwhile, peripheral venous blood samples were obtained and 2 mL of blood was used to detect bacterial DNA. Samples of colonic mucosal tissue and peripheral venous blood were obtained at the same time for the control group.

DNA extraction and PCR amplification

Bacterial DNA was detected as described previously[25]. Briefly, 200 L plasma was incubated in lysozyme-proteinase K buffer for 2 h and placed into QIAamp Spin Columns (Qiagen, Hilden, Germany). A broad range polymerase chain reaction (PCR) for the amplification of a conserved region of the 16S ribosomal RNA prokaryotic gene was carried out using the following universal primers: 5’-AGAGTTTGATCATGGCTCAG-3’ and 5’-ACCGCGACTGCTGCTGGCAC-3’. The primers were located at positions 7-27 and 531-514 [Escherichia coli (E. coli) numbering]. The total PCR volume was filtered with QIAquick Spin Columns (Qiagen) to remove the remaining primers and analyzed by 2% agarose gel electrophoresis and ultraviolet visualization. The final product was purified by precipitation with ethanol acetate and analyzed with an ABIPRISM 310 Automated Sequencer (Applied Biosystems, Foster City, CA, United States). Sequences obtained were compared with the database of the National Center for Biotechnology Information (http://www.ncbi.nih.gov). DNA extracted from E. coli was used as a positive control and sterile water and PCR mixtures (without template) were used as negative controls. The limit of detection of the method was evaluated. One colony from a culture of E. coli was diluted up to 100000-fold in sterile water and DNA isolation from 200 mL of each dilution was performed. The yield and purity of DNA were measured by reading the optical densities at 260/280 nm, respectively. From each sample, 2 L was used for PCR. 

Immunofluorescence 

Immunofluorescent staining was carried out for Arpin, OC, CL-2 and ZO-1 in the obtained specimens. After blocking endogenous peroxidases activity to reduce nonspecific binding, slides were incubated in 1% bovine serum album for 30 min. After washing in phosphate-buffered saline, primary antibodies (rabbit anti-human Arpin antibody, rabbit anti-human CL-2 antibody: Zymed Laboratories, San Francisco; rabbit anti-OC antibody: Santa Cruz Biotechnology, Santa Cruz, CA, United States; mouse anti-ZO-2 antibody: BD, Heidelberg, Germany) were applied according to the dilutions advised by the manufacturers. Isotype staining assured specific staining results. Slides were then incubated with goat anti-rabbit Alexa546 or goat anti-mouse Alexa546 secondary antibody (Molecular Probes/Invitrogen, Karlsruhe, Germany). Nuclei were stained with 40, 6-diamidino-2-phenylindole in a mounting medium (Vectashield, Vector Laboratories). Immunofluorescent-stained sections (high-power fields) were visualized with a microscope at the indicated magnifications using fluorescent light (Axiovert, Zeiss, Goettingen, Germany).

Western blotting

Western blotting analyses were undertaken according to standard protocols using the following primary antibodies: rabbit anti-human Arpin antibody (1:250 dilution; Sinopharm Chemical Reagent Beijing Co.Ltd), rabbit anti-CL-2 (Zymed), mouse anti-OC (clone 19, 1:250 dilution; BD, San Diego, CA, United States) and mouse anti-ZO-2 (clone 1, 1:250 dilution; BD, San Diego, CA, United States). Membranes were blocked at room temperature for 1 h in Tris buffer saline containing 0.05% Tween 20 (TBS-T) and 5% non-fat dry milk. Nitrocellulose membranes were incubated with primary antibodies for 1 h at room temperature under slight agitation. The specific of staining was confirmed using the corresponding isotype controls. Equal loading was ensured by staining with mouse anti-b-actin antibody (clone C4, 1:3000 dilution; Chemicon, Temecula, CA, United States). After washing, the horseradish peroxidase (HRP)-conjugated secondary antibody (goat anti-rabbit IgG-HRP, 1:8,000; goat anti-mouse IgG-HRP, 1:3000 dilution; BD, San Diego, CA, United States) was added accordingly and the membrane was incubated for an additional hour under gentle shaking. Proteins were detected using the ECL-Plus Western Blotting Detection System (Amersham Life Science, Braunschweig, Germany). Protein bands were quantified by densitometry using Image-Pro Plus 6.0 (Media Cybernetics, MD, United States).

Statistical analysis

Continuous variables are expressed as the mean ± SD. Categorical variables are expressed as frequencies or percentages. Significant differences in basal characteristics between groups were analyzed using the 2 test for categorical data and the 2-sample t test for quantitative data. The associations between Arpin and CL-2 expression in post-BT SAP, the BT ratio and APACHE-Ⅱ scores were determined by linear regression analysis using Pearson’s test. One-way analysis of variance (ANOVA) was applied to compare parametric variables between the three aforementioned groups. P < 0.05 (two-sided) was considered significant. All analyses were performed using SPSS version 18.0 (SPSS, Chicago, IL, United States).

RESULTS

Patient characteristics

The clinical features of the SAP patients and healthy controls are shown in Table 1. No significant difference was noted in gender or age between groups (P > 0.05). However, statistically significant differences were found in the Ranson score and APACHE-Ⅱ score between SAP patients and healthy controls (P < 0.05).

BT ratio in different groups 

Fragments of bacterial DNA were detected in 31 of the 50 patients with SAP (62.0%) and in 1 of 20 healthy (5.0%) controls, showing significant differences between patients and healthy controls (P < 0.001). A representative photograph of a DNA agarose electrophoresis gel is shown in Figure 1. In patients with an APACHE-Ⅱ score greater than 16 points, bacteria were detected in 15 patients (85.3%) (Figure 2A). For patients with an APACHE-Ⅱ score of 12-14 points, DNA was identified in 68.5%. Only five of the patients (45.5%) with an APACHE-Ⅱ of score 12-14 points showed evidence of bacterial DNA, which was significantly decreased compared to those with a score greater than 12 points (P < 0.01). The prevalence of bacteremia was positively correlated with the APACHE-Ⅱ scores of patients with SAP (r = 0.7502; P < 0.05) (Figure 2B), suggesting a potential association between bacteremia and the severity of disease.

Arpin and TJ protein expression

As shown in Figure 3, compared to BT (-) SAP patients, increased levels of Arpin expression were detected in tissue samples obtained from BT (+) SAP patients detected by immunofluorescence staining. Arpin protein was primarily detected between epithelial cells in the epithelium of BT (+) SAP patients. The TJ proteins, which were detected throughout the mucosa, were clearly decreased in BT (+) SAP patients, whereas more granular staining was observed in whole epithelial cells in samples from BT (+) SAP patients. Western blot analysis confirmed these differences between the groups and the details are shown in Table 2 and Figure 4. The expression levels of Arpin were 0.31 ± 0.24 in the SAP-BT (-) group and 0.61 ± 0.28 in the SAP-BT (+) group and this difference was statistically significant (P = 0.003). SAP-BT (+) patients also showed a higher expression level of CL-2 (0.64 ± 0.27 vs 0.32 ± 0.21, P = 0.005) and a lower expression level of OC (0.73 ± 0.32 vs 0.61 ± 0.28, P = 0.023) and ZO-1 (0.58 ± 0.17 vs 0.42 ± 0.26, P = 0.012) compared to SAP-BT(-) patients. Moreover, we found that the higher expression of Arpin protein in the colonic mucosa was significantly (r = 0.421, P = 0.032) associated with a higher level of CL-2 expression in SAP-BT (+) patients (Figure 5).

DISCUSSION

In this study, SAP patients with colonic involvement were treated with endoscopy and an endoscopic biopsy was collected. In addition, peripheral blood was collected to detect bacterial DNA. Our results demonstrated a high prevalence of bacteremia in patients with SAP, indicating that the presence of circulating bacteria and their specific distribution are associated with the severity of pancreatitis. These conclusions are in accordance with the results of previous studies[26]. Bacterial translocation from the gut has been considered a central mechanism underlying the development of pancreatic infections and necrosis[27,28], although the detailed mechanism remains unknown. In this study, we also found that SAP-BT (+) patients showed higher levels of Arpin and Cl-2 expression than SAP-BT (-) patients, whereas ZO-1 and OC expression was lower in SAP-BT (+) patients. Moreover, we found that the expression of Arpin protein was also correlated with that of CL-2 protein in SAP-BT (+) patients. However, we could not determine the detailed mechanism of Arpin action and additional studies with improved methods are needed to explore this issue in the future. 

Based on our results, we speculate that Arpin acts on cytoskeletal proteins of the TJ. TJs play a structural role in the regulation of intestinal permeability and may be important for BT. TJs are cell-cell adhesion structures in mucosal epithelial cell sheets and can migrate to maintain the function of the intestinal mucosal barrier[28,29]. In our research, we show that high expression of Arpin is correlated with low TJ expression in the mucosal epithelium, which suggests that Arpin acts as a competitive inhibitor of the Arp2/3 complex. To date, many proteins have been identified as components of the TJ and understanding their architectural organization and interactions is critical to understanding the biology of this barrier. CL-2, OC and ZO-1 are the most prominent proteins in TJs and their coupling to the TJ cytoskeleton is required for assembly of the junction and maintenance of the barrier[13]. In our study, the altered expression of these proteins provided important information about the function of Arpin protein. One common feature of physiological and pathological alterations of the barrier is changes to the junction-associated actin cytoskeleton. Unsurprisingly, the number of cytoskeletal proteins at the junction is large. Because Arpin was shown to act as an actin-polymerizing protein localized to TJs[14], this protein is a prime candidate for a local inhibitor, given that it functions as a competitive inhibitor of actin filament nucleation and has been shown experimentally to contribute to the collapse of lamellipodia. The absence or dysfunction of TJ protein is not sufficient to destroy the barrier and trigger pathogenesis, indicating a failure of the mechanism of the intestinal epithelial barrier and other processes. In cells subjected to ultraviolet irradiation, high temperature, osmotic pressure and a variety of stresses such as inflammation, the Rac signaling pathway is activated, which can activate downstream Arpin. Arpin then inhibits the Arp2/3 complex, leading to the formation of F-actin (produced by polymerization of inactive G-actin). When Arpin expression is elevated, inhibition of the Arp2/3 complex is enhanced, F-actin polymerization is reduced and the cytoskeleton rearranged. As our research shows, Arpin influences a variety of proteins such as CL-2, which may lead to TJ protein opening and barrier destruction. Thus, we can infer that Arpin is a negative regulator of Arp2/3 activity and that cells utilize Arpin to fine-tune actin nucleation activity at the leading edge of the lamellipodium to disrupt TJ proteins in intestinal permeability.

However, the present study had certain limitations. Due to a lack of technical assistance, we could not visualize the relationship between Arpin and TJ protein. Thus, more effective methods are needed to explore this topic more thoroughly in the future.

In summary, Arpin contributes to BT occurrence and development by disrupting the cytoskeletal proteins of TJs in patients with SAP.

COMMENTS

Background

Infection and sepsis are severe complications contributing to most late deaths in severe acute pancreatitis (SAP). In most patients, infection is caused by gram-negative bacteria, suggesting failure in the gut barrier function, and the intestinal epithelial barrier is composed of tight junctions (TJs) between intestinal epithelial cells. However, the detailed mechanism remains unknown. Recent work has identified an Arp2/3 interacting protein called Arpin, which restricts the rate of actin polymerization and is the latest component in the steadily expanding protein repertoire that controls cell migration. Extensive evidence has shown that protein regulates the Arp2/3 complex and TJs, promoting epidermal barrier formation. However, there were few reports about the research on intestinal mucosa. Thus, the authors undertook further investigations about the roles of the Arpin protein in the gut barrier of SAP patients.

Research frontiers

TJs are considered among factors affecting the decision of the permeability of intestinal mucosa, with the intestinal epithelial barrier the first line of defense. Pure TJ protein expression is absent or dysfunctional but is not enough to destroy the barrier and disease, showing that there are other damage mechanisms of the intestinal epithelial barrier. In September 2013, the Duke University Medical Center reported the Arp2/3 complex in the role of the epidermal barrier, living and cell culture, and found that a lack of Arp two-thirds complex causes TJ protein expression level to be decreased and that zonula occludens-1 TJ form is flawed. For the first time, it was confirmed that the Arp2/3 complex maintains skin TJ formation and its function has important significance. The effect of TJs and the potential significance of the Arp2/3 complex in the intestinal epithelial barrier has not been further discussed in the literature.

Innovations and breakthroughs

SAP intestinal epithelial barrier damage, actin cytoskeleton and intestinal epithelium appear to be researched rarely and how skeletal actin changes in intestinal epithelial permeability increase the role of the mechanism is unclear. This is the first report about detecting Arpin proteins in the intestinal mucosa and the authors found that Arpin proteins relate to the function of intestinal mucosa, speculating that Arpin open TJs in intestinal mucosa, leading to bacterial translocation.

Applications

Arpin affects the intestinal epithelial barrier in SAP and opens TJs and TJ protein changes in the SAP regulatory mechanism of intestinal epithelial barrier damage, in order to provide a new way for revealing the pathogenesis and prevention of SAP associated intestinal epithelial barrier dysfunction. Further studies are needed to clarify the detailed mechanisms involved. 
Terminology

The newly discovered and reported proteins in 2013 are distributed in the intestine, pancreas and elsewhere. Arpin is implicated in cell movement and inflammation. The preliminary data suggest that the expressions of Arpin in SAP associated enterogenous infection changed but the mechanism needs to be further studied. Therefore, the authors put forward the hypothesis that the increase of Arpin opens the intestinal epithelial TJ, the reduced expression of TJ protein changes and Arpin affects the intestinal epithelial barrier function. To test this hypothesis, the roles of Arpin in SAP by means of SAP patients with the methods of Western blot and immunofluorescence were explored. The aim of the study was to clarify the mechanism of SAP associated intestinal epithelial barrier injury through open TJ and TJ protein changes caused by Arpin, in order to provide a new way for revealing the pathogenesis and prevention of SAP associated intestinal epithelial barrier dysfunction. 

Peer-review

This report provides valuable insight into the pathophysiological mechanisms of bacterial translocation in the setting of acute pancreatitis. This is an area that remains in many ways a clinical and scientific unknown entity. The authors offer a comprehensive research method to answer the research question. Bacterial translocation is a main issue in the clinical management of severe acute pancreatitis. In this challenging scenario, molecular research could be an aid to clinicians and surgeons for a better management and in the staging of new severity predicting factors.
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FIGURE LEGENDS

Figure 1  Agarose gel electrophoresis results from polymerase chain reaction. Lane 1, DNA marker; lane 2, positive control (Escherichia coli), lanes 3 to 8 and approximately 545 bp band corresponding to lane 3, Escherichia coli; lane 4, Staphylococcus aureus; lane 5, Klebsiellapneumoniae; lane 6, Staphylococcus epidermidis; lane 7, Streptococcus pneumoniae; lane 8, Enterococcus faecalis; lane 9 to 10, negative controls.
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Figure 2  Percentage of bacterial translocation among patients with different severities of illness (A) and the prevalence of bacteremia was positively correlated with the APACHE-Ⅱ score in patients with severe acute pancreatitis. A: According to the APACHE-Ⅱ score; B: r = 0.7502, P < 0.0001 vs control. APACHE: Acute Physiology and Chronic Health Evaluation.
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Figure 3  Expression of Arpin and tight junction proteins in the colonic mucosa of SAP-BT (-) patients and SAP-BT (+) patients (representative immunoblot). SAP: Severe acute pancreatitis; BT: Bacterial translocation.
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Figure 4  Arpin and tight junction proteins expression. A: Arpin expression; HC vs SAP-BT (-), P = 0.325; HC vs SAP-BT (+), P = 0.015; B: Zonula occludens-2 expression; HC vs SAP-BT (-), P = 0.012; HC vs SAP-BT(+), P = 0.023; C: Claudin-2 expression; HC vs SAP-BT (-), P = 0.032; HC vs SAP-BT (+), P = 0.027; D: Occludin expression; HC vs SAP-BT (-), P = 0.038; HC vs SAP-BT (+), P = 0.019. All performed one-way ANOVA. SAP: Severe acute pancreatitis; BT: Bacterial translocation; HC: Healthy control.
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Figure 5  Relationship between Arpin and claudin-2 expression in severe acute pancreatitis-BT (+) patients. Pearson test, r = 0.421, P =0.003. BT: Bacterial translocation.
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Table 1  Characteristics of subjects and healthy controls


�
SAP�
HC�
P value�
�
Gender (M/F)�
31/19�
13/7�
0.0821�
�
Age (yr)�
  55.0 ± 12.3�
55.0 ± 5.2�
0.7532�
�
Ranson score�
  4.3 ± 1.8�
  2.0 ± 1.8�
0.0322�
�
APACHE-Ⅱ score�
15.0 ± 5.8�
  4.5 ± 2.1�
0.0292�
�
1Pearson’s two-test; 2Two-sample t-test. HC: Healthy control; SAP: Severe acute pancreatitis; APACHE: Acute Physiology and Chronic Health Evaluation.





Table 2  Arpin and tight junction proteins expression


�
HC (n = 20)�
SAP�
�
�
�
Total (n = 50)�
BT(-) (n = 19)�
BT(+) (n = 31)�
P value1�
�
Arpin�
0.28 ± 0.16�
0.38 ± 0.19�
0.31 ± 0.24�
0.61 ± 0.28�
0.003�
�
Zonula occludens-1�
0.89 ± 0.46�
0.48 ± 0.23�
0.58 ± 0.17�
0.42 ± 0.26�
0.038�
�
Claudin-2�
0.73 ± 0.32�
0.49 ± 0.19�
0.32 ± 0.21�
0.64 ± 0.27�
0.021�
�
Occludin�
0.85 ± 0.36�
0.68 ± 0.21�
0.73 ± 0.32�
0.61 ± 0.28�
0.010�
�
1SAP-BT (-) vs SAP-BT (+), one-way ANOVA. Data are expressed as mean ± SD. HC: Healthy control; SAP: Severe acute pancreatitis.
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