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Abstract
BACKGROUND
Acute pancreatitis (AP) is an inflammatory disease in which the regulatory pathway is complex and not well understood. Soluble suppression of tumorigenicity 2 (sST2) protein receptor functions as a decoy receptor for interleukin (IL)-33 to prevent IL-33/ suppression of tumorigenicity 2L (ST2L)-pathway-mediated T helper (Th)2 immune responses.

AIM
To investigate the role of sST2 in AP.

METHODS
We assessed the association between sST2 and severity of AP in 123 patients enrolled in this study. The serum levels of sST2, C-reactive protein (CRP) and Th1- and Th2-related cytokines, including interferon (IFN)-γ, tumor necrosis factor (TNF)-α, IL-2, IL-4, IL-5 and IL-13, were measured by highly sensitive ELISA, and the severity of AP in patients was evaluated by the 2012 Atlanta Classification Criteria. 

RESULTS
Serum sST2 levels were significantly increased in AP patients, and further, these levels were significantly elevated in severe AP (SAP) patients compared to moderately severe AP (MSAP) and mild AP (MAP) patients. Logistic regression showed sST2 was a predictor of SAP [odds ratio (OR): 1.003 (1.001–1.006), P = 0.000]. sST2 cutoff point was 1190 pg/mL, and sST2 above this cutoff was associated with SAP. sST2 was also a predictor of any organ failure and mortality during AP [OR: 1.006 (1.003–1.009), P = 0.000, OR: 1.002 (1.001–1.004), P = 0.012, respectively]. Additionally, the Th1-related cytokines IFN-γ and TNF-α in the SAP group were higher and the Th2-related cytokine IL-4 in the SAP group was significantly lower than those in MSAP and MAP groups. 

CONCLUSION
sST2 may be used as a novel inflammatory marker in predicting AP severity and may regulate the function and differentiation of IL-33/ST2-mediated Th1 and Th2 Lymphocytes in AP homeostasis.
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Core Tip: Acute pancreatitis (AP) is an inflammatory disease in which the regulatory pathway is complex and not well understood. The interleukin (IL)-33/ suppression of tumorigenicity 2L (ST2L) functional pathway is involved in the pathological process of AP. Soluble suppression of tumorigenicity 2 protein (sST2) is a soluble receptor, which is released in the circulation acts as a decoy receptor by binding IL-33. However, sST2 as one of the most promising disease biomarker, has not been studied in the development of AP. In this study we studied the role of sST2 as an inflammatory marker for predicting the severity of acute pancreatitis.

INTRODUCTION
Acute pancreatitis (AP) is caused by activation of pancreatic enzymes induced by a variety of etiologies, resulting in autodigestion, hemorrhage, edema, and even necrosis of pancreatic tissue, with or without other organ function changes. The clinical severity of AP is related to its prognosis. Severe AP (SAP) has a poor prognosis, and can cause severe disorders of multiple organ functions, and the mortality can reach 30%[1]. Excessive activation of inflammatory cells and their cytokines is one of the main mechanisms of pathogenesis of AP. The development and outcome of AP are closely related to immune function[2]. Research on changes in inflammatory mediators in patients with different clinical severity of AP is important clinically. A better understanding of the regulatory inflammatory pathways in AP is beneficial for discovery of new therapeutic targets.
Suppression of tumorigenicity 2 protein (ST2) is a member of the interleukin (IL)-1 receptor family with transmembrane (ST2L) and soluble (sST2) isoforms. The ligand of ST2 is IL-33, which can produce nuclear signal transduction and immunomodulatory functions in various cells when combined with ST2L. IL-33 is mainly produced by epithelial and endothelial cells. After exposure to pathogens, stress or necrosis caused by injury, IL-33 can signal the presence of tissue damage to local immune cells, thereby acting as a danger signal or alarm protein[3]. ST2L can form a heterodimer with IL-1R-related protein, which is widely present in the membranes of mast cells, T helper (Th)2 cells, dendritic cells, basophils, and macrophages[4,5]. The importance and role of the IL-33/ST2L axis have been evaluated and confirmed in several inflammatory and cardiac diseases and cancer. sST2, as a soluble receptor that is released in the circulation, acts as a decoy receptor by binding IL-33, and, thus, sST2 is involved as the counterbalance/response on IL-33/ST2L axis activation by inhibiting its signal transduction through ST2L. 
The IL-33/ST2L functional pathway is involved in coxsackievirus B5 (CVB5)-induced pancreatitis[6]. Mice deficient in ST2L develop significantly more severe pancreatitis. Conversely, wild-type mice treated with recombinant IL-33 develop significantly lower viral titers, and pancreatitis is attenuated, indicating that IL-33/ST2L is involved in the pathological process of AP. SAP can cause severe disorders of multiple organ, including AP-related myocardial, kidney, or lung injury. In clinical studies, sST2 is recognized as an important marker for monitoring treatment in heart failure patients and higher sST2 is associated with worse right ventricular dysfunction and higher mean pulmonary and right atrial pressures[7-9]. sST2 is also recognized as an important prognostic marker in patients with kidney injury, where specific characteristics of sST2 enable better assessment of the risk of end-stage renal disease patients on dialysis[10]. It has been also found to be relevant in pulmonary diseases, sepsis, trauma, and gastrointestinal diseases[11-14]. sST2 can be used as a biomarker in heart, lung and kidney injury, and may also be served as biomarker in the severity of AP. However, sST2, as one of the most promising disease biomarkers, has not been studied in the development of AP.
The IL-33/ST2L pathway promotes CD4+ T-cell differentiation to an atypical Th2 phenotype[15]. CD4+ T cells play a major role in the pathogenesis of pancreatitis[16]. In this study, we investigated whether and how the IL-33/ST2L pathway was involved in AP in patients with different clinical severity of AP. 

MATERIALS AND METHODS
Patients
A total of 123 hospitalized AP patients were recruited between January 2018 and August 2020 in the Emergency Surgery Department, Emergency Internal Medicine Department, and Comprehensive Intensive Care Unit (ICU) in the First Affiliated Hospital of Zhengzhou University. Inclusion criteria for subject enrollment included: (1) age 18–90 years, (2) clinically and radiographically confirmed AP, and (3) syndrome onset < 24 h prior to study enrollment. Exclusion criteria were: (1) Pregnancy or patients with immunodeficiency, acute and chronic hepatitis, end-stage liver and kidney disease, malignant tumors, or trauma; (2) Patients who have used hormones or immunosuppressive agents within the past 3 mo; and (3) Patients with chronic pancreatitis. This study complied with medical ethics standards and was approved by the hospital Ethics Committee. All participants provided written informed consent.

Demographic and clinical data
Demographic and clinical data were collected, including age, sex, ethnicity, body mass index (BMI), etiology, and comorbidities. According to the 2012 Atlanta Classification Criteria, patients were divided into: (1) Mild AP (MAP): No organ failure and local and systemic complications; (2) Moderately severe AP (MSAP): Local and/or systemic complications and/or transient organ failure (< 48 h); and (3) SAP: Persistent organ failure (> 48 h), with or without local complications.

Measurement of serum sST2, interferon-γ, tumor necrosis factor-α, IL-2, IL-4, IL-5, IL-13 and C-reactive protein 
For serum preparation, peripheral venous blood samples (4 mL) were collected from each patient within 24 h after symptom onset and allowed to clot for 2 h at room temperature prior to centrifugation at 1500 rpm for 20 min. Serum was aliquoted and stored at -80 °C until further testing. The laboratory technicians were blinded to the baseline data and AP severity of the patients. Serum sST2 Levels were measured using a human sST2 ELISA kit (Elabscience, Wuhan, China). Serum C-reactive protein (CRP) and levels of Th1-cell-related inflammatory factors interferon (IFN)-γ, tumor necrosis factor (TNF)-α and IL-2 and Th2-cell-related inflammatory factors IL-4, IL-5 and IL-13 were measured in duplicate using an ELISA kit from Elabscience.

Statistical analysis
The Shapiro–Wilk test was used to test the normality of the data, and the Levene test was used to analyze the homogeneity of the data. Normally distributed measurement data are expressed as mean ± SE, and data were compared between groups by Student’s t test and analysis of variance. Non-normally distributed measurement data are represented by median and interquartile range [M (IQR)], and comparison of data between groups used the Kruskal–Wallis test, and the nonparametric Mann–Whitney U test was used for comparison between the two groups. The Z value was used for the statistic. Categorical variables were described as frequencies with percentages, and chi-square test was used to examine significant differences between categorical variables. The influence of serum sST2 levels on severity was assessed using univariate and multivariate binary logistic regression analysis, with significant confounding factors tested in the adjusted univariate analysis. Results were expressed as adjusted odds ratios (ORs) with the corresponding 95% confidence intervals (CIs). Optimal sST2 cutoff points were obtained using receiver operating characteristic (ROC) curve analysis. Additionally, IFN-γ, TNF-α, IL-2, IL-4, IL-5, and IL-13 data were logarithmically transformed for analysis. The relationships between sST2, IFN-γ, TNF-α, IL-2, IL-4, IL-5, and IL-13 and total length of hospital stay and ICU hospital stay were analyzed using Spearman’s rank correlation. P < 0.05 was considered statistically significant. All statistical analyses were performed using SPSS version 21.0.

RESULTS
Patient characteristics
We enrolled 123 patients: 55 (45%) with MAP, 37 (30%) with MSAP, and 31 (25%) with SAP. The etiology of AP was biliary stones (74.8%), alcohol (8.9%), laparoscopic retrograde cholangiopancreatography (1.6%), alcohol and biliary stones (8.1%) and metabolic factors (2.5%), drug-induced (0.8%), and idiopathic pancreatitis (3.3%). The etiology did not differ significantly among the groups. The incidence of acute pancreatitis with acute cholecystitis is 4.8%. Three patients had accompanying cholecystitis in the MAP group, one patient had cholecystitis in MSAP group, and two patients in the SAP group. There was no significant difference between the groups for cholecystitis. 
The BMI of the healthy control group was lower than that of the MAP, MSAP, and SAP groups, and the difference was significant (Z = -3.15, P = 0.002, Z = -3.16, P = 0.002, Z = -5.046, P = 0.000). There was no significant difference in BMI between the MAP and MSAP groups (Z = -2.27, P = 0.820). The BMI of the MAP and MSAP groups was lower than that of the SAP group (Z = -2.767, P = 0.006, Z = -2.452, P = 0.014, respectively).
In the MAP group, three patients had accompanying hypertension, three were complicated by diabetes, and three were complicated by coronary heart disease. In the MSAP group, two patients had hypertension, three were complicated by diabetes, and one was complicated by coronary heart disease. Two patients in the SAP group had hypertension, five were complicated with diabetes, and one with coronary heart disease. There was no significant difference between the groups for co-morbidity, hypertension, diabetes, and coronary heart disease. None of the 123 patients were taking immunosuppressive agents. After statistical analysis, there was no significant difference in age, gender, or ethnicity between the AP groups. Patients in the AP groups had no significant difference in age, gender, or ethnicity compared with the healthy control group (Table 1).

sST2 Levels elevated in SAP patients
To identify the involvement of the IL-33/ST2L pathway in AP, we examined expression of IL-33 and sST2 in the serum after AP. The level of IL-33 was extremely low in the blood of all AP patients. Almost all samples were under the detection limit of the IL-33 ELISA, and only seven patients showed higher values. In addition, the low, almost undetectable levels of IL-33 were unlikely to be associated with worsening clinical outcomes. Nevertheless, we tested the levels of sST2 at the same time. 
The sST2 content of the AP group and the healthy control group conformed to a normal distribution and uniformity of variance. We observed increased levels of sST2 in AP patients compared to healthy controls (1115.4 vs 211.1 pg/mL, t = 9.355, P = 0.000) (Figure 1). The sST2 value of the three AP groups did not conform to a normal distribution, and the nonparametric Kruskal–Wallis H test was used for comparison among multiple groups. The level of sST2 was significantly higher in the SAP group compared with MSAP and MAP groups (Z = -3.510, P = 0.000, Z = -7.305, P = 0.000, respectively). The level of sST2 in the MSAP group was significantly higher than in the MAP group (Z = -6.489, P = 0.000). The data are shown in Figure 2 and Table 2. The level of CRP in the SAP group was significantly higher than in the MSAP and MAP groups (Z = -5.634, P = 0.000, Z = -7.150, P = 0.000, respectively). The level of CRP in the MSAP group was higher than in the MAP group (Z = -2.891, P = 0.000) (Figure 3). This suggested that sST2 expression was increased in the SAP group, and that IL-33 signaling played a role in regulating the inflammatory response during AP.

sST2 has predictive value for severity of AP
We conducted a multivariate analysis to evaluate whether the relationship of sST2 with SAP was really independent. Logistic regression showed that sST2 levels at admission [OR: 1.003 (1.001–1.006), P = 0.000] was a predictor of SAP. With the ROC curve, the optimal cut-off value of serum sST2 levels as an indicator for prediction of SAP was projected to be 1190 pg/mL, which yielded a sensitivity of 90.3% and specificity of 76.1%, with the area under the curve 0.889 (95%CI: 0.829–0.949; P = 0.000) (Figure 4). 
sST2 was also a predictor of any organ failure and mortality during AP [OR: 1.006 (1.003–1.009), P = 0.000, OR: 1.002 (1.000–1.004), P = 0.012, respectively]. BMI and CRP were also predictors of SAP at admission [OR: 2.629 (1.075–6.429), P = 0.034, OR: 1.066 (1.031–1.101), P =0.002, respectively]. However, there was no value of BMI and CRP for predicting organ failure and mortality. sST2, CRP, age, BMI, and gender were not predictive of necrosis. The data are shown in Table 3. Furthermore, there was a significant correlation between the level of sST2 and total hospital stay and length of stay in ICU (r = 0.463, P = 0.000, r = 0.673, P = 0.000) (Table 4).

Relationship between levels of serum inflammatory factors of Th1 and Th2 cells and severity of AP
To further explore the biological mechanism of AP, we examined the production of Th1-related cytokines IFN-γ, TNF-α and IL-2 and Th2-related cytokines IL-4, IL-5 and IL-13 in the serum to clarify the role of the inflammatory process in the pathogenesis of AP. The concentration of inflammatory factors measured after logarithmic conversion was in accordance with the normal distribution. Statistical analysis showed that the serum levels of IFN-γ and TNF-α in the SAP and MSAP groups were higher than those in the MAP group, and the difference was significant. There was no significant difference in IFN-γ and TNF-α between the SAP and MSAP groups. IL-4 expression in the SAP group was significantly lower than that in the MAP and MSAP groups, but there was no significant difference between the MAP and MSAP groups. There was no significant difference in the expression of IL-2, IL-5 and IL-13 between the MAP, MSAP and SAP groups (Table 5). 
Expression of Th1-cell-associated inflammatory factor IFN-γ and TNF-α was positively correlated with the length of total hospital stay and total ICU stay, while expression of Th2-cell-associated inflammatory factor IL-4 was negatively correlated with the length of total hospital stay and total ICU stay (Table 4).

DISCUSSION
The results of our study showed that the levels of sST2 were significantly increased in SAP patients, and there were significant increases in Th1-related cytokines IFN-γ and TNF-α, and a decrease in Th2-related cytokine IL-4. This suggested an insufficient IL-33-driven Th2-type inflammatory response was involved in the pathophysiological process of AP. sST2 is a secreted form of the ST2 receptor and acts as a decoy receptor for IL-33, thus inactivating the functions of IL-33. sST2 expression increases in response to proinflammatory cytokines[17]. Our data were in line with a previous study showing elevated levels of sST2 in AP[18]. Importantly, in our study the levels of sST2 predicted the total hospital stay and length of stay in the ICU, as well as predicted organ failure and mortality during AP. These data support the findings of our study showing that SAP patients more frequently had higher serum levels of sST2 compared with MAP and MSAP patients, and that the early elevated levels of sST2 correlated with worsened outcome of AP. Thus, the normal function of IL-33 may be inhibited in AP.
SAP can cause severe systemic inflammation and multiple organ dysfunction. It is reported that endogenous danger signals, such as tissue damage or necrosis, and exogenous danger signals, such as microbial pathogens and endotoxins, can enhance the production of sST2 and stimulate the secretion of inflammatory cytokines, thereby weakening the immune response of organs exposed to the danger signals and leading to adverse outcomes[19]. It has been suggested that serum levels of sST2 are significantly increased in inflammatory diseases and serve as a prognostic biomarker of multiple organ dysfunction syndrome (MODS), cardiovascular events, heart failure, acute hypoxemic respiratory failure, and progression of kidney failure. A study based on cardiopulmonary resuscitation showed that plasma levels of sST2 were associated with higher risk of MODS and early death[20]. A role of sST2 in acute hypoxemic respiratory failure indicates that using sST2 concentrations to guide ventilator management may more accurately reflect underlying lung injury and outperform traditional measures of readiness for ventilator liberation[21]. Higher sST2 Levels predict mortality in severe sepsis[12]. These findings agree with our results showing that sST2 was a predictor of any organ failure and mortality during AP.
The IL-33/ST2L pathway has been shown to mediate the modulation of inflammation in different diseases by promoting Th2 response and inhibiting Th1 response[22,23]. Mice that lack IL-33 signaling develop significantly more severe pancreatitis[6]. Based on the regulatory effect of the IL-33/ST2 signaling pathway on Th1 and Th2 cells, we further measured the function of Th1 and Th2 cells in patients with AP. An important finding in our study was the relationship between Th1- and Th2-related cytokines and the severity of AP. Cytokine levels in Th1 cells in patients with SAP were significantly higher than those in patients with MAP and MSAP, and cytokines in Th2 cells in patients with MAP and MSAP were significantly increased compared with patients with SAP. In our study, we observed that both sST2 and the Th1 cytokines IFN-γ and TNF-α were increased and the Th2 cytokine IL-4 was decreased in SAP. We speculate that increased sST2 in SAP might cause increases in IFN-γ and TNF-α, and decreases in IL-4 by antagonizing the IL-33/ST2 signaling pathway, whereas this inference still needs to be verified by further animal research in the future.
The serum levels of Th1-related cytokines IFN-γ and TNF-α in the SAP group were higher than those in the MAP and MSAP groups, and expression of Th2-related cytokine IL-4 in the SAP group was significantly lower than in the MAP and MSAP groups. The expression of Th1-related inflammatory factors IFN-γ and TNF-α was positively correlated with the length of total hospital stay and total ICU stay, and Th2-cell-associated inflammatory factor IL-4 expression was negatively correlated with the length of hospital and ICU stays. The results suggested that Th1-cell-related immune response was an important factor that aggravated the development of AP, and Th2 cells might have a protective role in the development of AP. Our findings indicate that Th1 and Th2 cells were involved in cytokine-dependent pathways in severity of AP. The results proved that a change in immune response played an important role in the pathogenesis of AP.
In this study, we found an immune imbalance in patients with SAP. Th1-cell-related cytokines IFN-γ and TNF-α in the serum of patients with SAP were higher than those in patients with MSAP. We also found that the expression levels of Th1-cell-associated inflammatory factors IFN-γ and TNF-α were positively correlated with the length of total hospital stay and total ICU stay. This finding is consistent with the latest research showing that inflammatory factors play a consistent role in the pathogenesis of AP[24-26]. IFN-γ and TNF-α could stimulate B cells to produce antibodies, activate macrophages and CD8+ T cells, promote cell-mediated immunity and cytotoxic T cell responses[27], and could induce Th1 cell differentiation and inhibit Th2 cell proliferation. Previous research findings and the present study suggest that Th1 cells are involved in the pathogenesis of AP, especially in the development of SAP. Th1 cells exacerbate the pathophysiological process of AP by releasing Th1-related inflammatory factors.
In humans, serum concentrations of sST2 are increased in several diseases, such as heart disease, pulmonary disease, burn injury, and graft-versus-host disease[28-33]. Few studies have reported the influence of the IL-33/ST2 signaling pathway on the development of AP[6,34-36] and less attention has been paid to Th1 and Th2 cells in the pathogenesis of AP[24]. In this study, we found that the expression of the Th2-related cytokine IL-4 in SAP was significantly lower than that in MAP and MSAP. Expression of the Th2-related inflammatory factor IL-4 was negatively correlated with the length of hospital and ICU hospital stays, suggesting that Th2 cells are involved in the pathogenesis of AP with the tendency to improve symptoms of acute pancreatitis. Collectively, Th2 cells might have a protective effect in the development of AP, tending to delay its development.
Our research had some limitations. Firstly, the main limitation was the small sample size, which may have reduced the statistical power, the accuracy, and effectiveness of identifying true positive results. In future, the results need to be confirmed with larger sample sizes. Secondly, this study was a single-center study, which might have resulted in selection bias. Thirdly, in cases of pancreatitis combined with cholecystitis, cholecystitis might affect the results of the study. Fourthly, we did not examine the numbers of Th1 and Th2 cells. Finally, establishing the initial relationship between AP and elevated sST2 concentrations in our study is novel and useful, but it is necessary to determine the long-term predictive value of sST2 for the prognosis of AP in subsequent longitudinal studies.

CONCLUSION
In conclusion, sST2 may be used as a novel inflammatory marker in predicting AP severity and may regulate the function and differentiation of IL-33/ST2-mediated Th1 and Th2 Lymphocytes in AP homeostasis.

ARTICLE HIGHLIGHTS
Research background
The clinical severity of acute pancreatitis (AP) is related to its prognosis. Excessive activation of inflammatory cells and their cytokines is one of the main mechanisms of pathogenesis of AP. Research on changes in inflammatory mediators in patients with different clinical severity of AP is important clinically. The interleukin (IL)-33/ST2L functional pathway is involved in the pathological process of AP. Soluble suppression of tumorigenicity 2 (sST2) is a secreted form of the ST2 receptor and acts as a decoy receptor for IL-33. In this study, we investigated whether the sST2 could serve as a novel inflammatory marker predicting the severity of acute pancreatitis. 

Research motivation
In this study, the authors focused on the function of sST2 in predicting the severity of AP. The key issue to be solved is the association between IL-33/ST2L pathway and AP. The significance of solving these problems may constitute a new therapeutic target for regulating immune activation during the AP inflammatory storm. 

Research objectives
The objective of this study was to investigate the role of sST2 in AP.

Research methods
The authors assessed the association between sST2 and severity of AP in 123 patients enrolled in this study. The serum levels of sST2, C-reactive protein (CRP) and Th1- and Th2-related cytokines interferon (IFN)-γ, tumor necrosis factor (TNF)-α ,IL-2, IL-4, IL-5 and IL-13 were measured by highly sensitive ELISA and the severity of AP patients was evaluated by the 2012 Atlanta Classification Criteria.

Research results
The serum sST2 Level was significantly increased in AP patients and significantly elevated in severe acute pancreatitis (SAP) patients compared to moderate severe acute pancreatitis and mild acute pancreatitis patients. The cutoff point of sST2 at 1190pg/mL was associated with SAP.

Research conclusions
This study suggests that sST2 may be used as a novel inflammatory marker in predicting the severity of acute pancreatitis and that sST2 might regulate the function and differentiation of IL-33/ST2L mediated Th1 and Th2 lymphocytes in the homeostasis of acute pancreatitis.

Research perspectives
It is necessary to determine the long-term predictive value of sST2 for the prognosis of AP in subsequent longitudinal studies. Additionally, the role of IL-33/ST2L in acute pancreatitis needs to be further verified in both in vivo and in vitro experiments.
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Figure Legends
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Figure 1 Serum soluble suppression of tumorigenicity 2 level in acute pancreatitis patients and health control. AP: Acute pancreatitis; sST2: Soluble suppression of tumorigenicity 2.
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[bookmark: OLE_LINK590][bookmark: OLE_LINK591]Figure 2 Serum soluble suppression of tumorigenicity 2 level in acute pancreatitis patients. AP: Acute pancreatitis; MAP: Mild acute pancreatitis; MSAP: Moderately severe acute pancreatitis; SAP: Severe acute pancreatitis; sST2: Soluble suppression of tumorigenicity 2.
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Figure 3 Serum C-reactive protein level in acute pancreatitis patients. AP: Acute pancreatitis; CRP: C-reactive protein; MAP: Mild acute pancreatitis; MSAP: Moderately severe acute pancreatitis; SAP: Severe acute pancreatitis.
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Figure 4 Receiver operating characteristic curve demonstrating sensitivity as a function of 1 – specificity for predicting severe acute pancreatitis based on serum soluble suppression of tumorigenicity 2 levels. ROC: Receiver operating characteristic.

Table 1 Demographic and clinical data of acute pancreatitis patients and health controls
	
	MAP (n = 55)
	MSAP (n = 37) 
	SAP (n = 31) 
	Control (n = 42) 
	2/t
	P value

	Age, yr
	45.16 ± 1.74
	50.35 ± 2.54
	51.94 ± 2.42
	45.60 
± 1.75
	2.173
	0.093

	Gender
	
	
	
	
	4.418
	0.220

	Male 
	34 (61.8)
	21 (56.8)
	14 (45.2)
	18 (42.9)
	
	

	Female
	21 (38.2)
	16 (43.2)
	17 (54.8)
	24 (57.1)
	
	

	BMI, kg/m2
	25.63 (2.15)
	25.81 (1.97)
	26.54 (1.22)
	24.61 (2.09)
	28.518
	0.000

	Ethnicity
	
	
	
	
	1.7
	0.721

	Han nationality
	52 (94.5)
	36 (97.3)
	31 (100.0)
	41 (97.6)
	
	

	Minority
	3 (5.5)
	1 (2.7)
	0 (0.0)
	1 (2.4)
	
	

	Etiology
	
	
	
	
	9.374
	0.677

	Biliary stones
	45 (81.8)
	27 (73.0)
	20 (64.5)
	
	
	

	Alcoholic
	4 (7.3)
	4 (10.8)
	3 (9.7)
	
	
	

	ERCP
	1 (1.8)
	0 (0.0)
	1 (3.2)
	
	
	

	Metabolic
	1 (1.8)
	1 (2.7)
	1 (3.2)
	
	
	

	Mixed (alcohol + biliary stones)
	2 (3.7)
	3 (8.1)
	5 (16.2)
	
	
	

	Drug-induced idiopathic
	1 (1.8)
	0 (0.0)
	0 (0.0)
	
	
	

	Co-morbidity
	1 (1.8)
	2 (5.4)
	1 (3.2)
	
	
	

	Hypertension
	3 (5.5)
	2 (5.4)
	2 (6.5)
	
	0.044
	0.978

	Diabetes
	3 (5.5)
	3 (8.1)
	5 (16.1)
	
	2.691
	0.283

	Coronary heart disease
	3 (5.5)
	1 (2.7)
	1 (3.2)
	
	0.515
	0.860

	Cholecystitis
	3 (5.5)
	1 (2.7)
	2 (6.5)
	
	0.582
	0.747


Normally distributed continuous variables are represented by the mean ± SE, non-normally distributed continuous variables are represented by the median (interquartile range), and categorical variables are represented by the number of cases and percentages. AP: Acute pancreatitis; BMI: Body mass index; ERCP: Endoscopic retrograde cholangiopancreatography; MAP: Mild acute pancreatitis; MSAP: Moderately severe acute pancreatitis; SAP: Severe acute pancreatitis. 

Table 2 Levels of Serum soluble suppression of tumorigenicity 2 and C-reactive protein in different acute pancreatitis groups
	
	MAP (n = 55)
	MSAP (n = 37) 
	SAP (n = 31)
	2
	P value

	
	Median (IQR)
	Median (IQR)
	Median (IQR)
	
	

	sST2 (pg/mL)
	540 (385)
	1250 (700)b
	1890 (812)b,d
	74.899
	0.000

	CRP 48 h (mg/L) 
	59.37 (32.92)
	76.54 (31.79)b
	120.78 (56.66)b,d
	59.403
	0.000


bP < 0.001 vs mild acute pancreatitis group. 
dP < 0.001 vs moderately severe acute pancreatitis group. AP: Acute pancreatitis; MAP: Mild AP; MSAP: Moderately severe AP; SAP: Severe AP; sST2: Soluble suppression of tumorigenicity 2; CRP: C- reactive protein.

Table 3 Multivariate binary regressions in acute pancreatitis patients showing association between soluble suppression of tumorigenicity 2 levels on admission and severity, necrosis, organ failure and mortality
	Variables
	OR (95%CI)
	P value
	Variables
	OR (95%CI)
	P value

	MAP/MSAP and SAP
	Necrosis

	Age
	1.031 (0.969-1.097)
	0.330
	Age
	1.019 (0.990-1.049)
	0.209

	BMI
	2.629 (1.075-6.429)
	0.034
	BMI
	0.973 (0.695-1.362)
	0.847

	Gender
	1.096 (1.001-1.006)
	0.910
	Gender
	0.529 (0.234-1.198)
	0.127

	CRP
	1.066 (1.031-1.101)
	0.002
	CRP
	1.009 (0.995-1.023)
	0.209

	sST2
	1.003 (1.001-1.006)
	0.000
	sST2
	1.000 (0.999-1.001)
	0.837

	Any organ failure
	Mortality

	Age
	1.017 (0.963-1.074)
	0.546
	Age
	1.024 (0.967-1.085)
	0.411

	BMI
	1.407 (0.788-2.511)
	0.248
	BMI
	1.685 (0.731-3.883)
	0.220

	Gender
	0.246 (0.050-1.202)
	0.083
	Gender
	0.249 (0.040-1.563)
	0.138

	CRP
	1.030 (0.991-1.071)
	0.128
	CRP
	1.009 (0.987-1.032)
	0.415

	sST2
	1.006 (1.003-1.009)
	0.000
	sST2
	1.002 (1.000-1.004)
	0.012


AP: Acute pancreatitis; MAP: Mild AP; MSAP: Moderately severe AP; SAP: Severe AP; BMI: Body mass index; CRP: C-reactive protein; sST2: Soluble suppression of tumorigenicity 2.


Table 4 Correlation between serum inflammatory factor and total hospital stay and intensive care unit stay
	sST2/LN (Inflammatory factors, pg/mL)
	Total hospital stay
	Total ICU stay

	
	r
	P value
	r
	P value

	sST2
	0.463b
	0.000
	0.673b
	0.000

	LN (IFN-γ)
	0.430b
	0.000
	0.700b
	0.000

	LN (TNF-α)
	0.341b 
	0.000
	0.652b
	0.000

	LN (IL-2)
	-0.043
	0.638
	-0.082
	0.366

	LN (IL-4)
	-0.483b
	0.000
	-0.440b 
	0.000

	LN (IL-5)
	-0.123
	0.174
	0.062
	0.494

	LN (IL-13)
	-0.006
	0.946
	-0.139
	0.126


bP < 0.001. sST2: Soluble suppression of tumorigenicity 2; ICU: Intensive care unit; IFN-γ: Interferon-γ; TNF-α: Tumor necrosis factor-α; IL: Interleukin.

Table 5 Serum inflammatory factor levels in patients with acute pancreatitis
	LN (inflammatory factors pg/mL)
	MAP, mean ± SE
	MSAP, mean ± SE
	SAP, mean ± SE
	F
	P value

	LN (IFN-γ)
	1.98 ± 0.07
	2.57 ± 0.08b
	3.08 ± 0.07b
	53.393
	0.000

	LN (TNF-α)
	1.63 ± 0.04 
	2.07 ± 0.05b 
	2.33 ± 0.05b,d
	45.369
	0.000

	LN (IL-2)
	1.06 ± 0.05 
	1.05 ± 0.06 
	0.99 ± 0.05 
	0.362
	0.697

	LN (IL-4)
	1.02 ± 0.03 
	0.99 ± 0.04 
	0.64 ± 0.03b,d
	23.195
	0.000

	LN (IL-5)
	0.10 ± 0.05
	0.10 ± 0.07
	0.13 ± 0.08
	0.043
	0.958

	LN (IL-13)
	0.76 ± 0.03
	0.68 ± 0.06
	0.63 ± 0.07
	1.703
	0.187


Due to the logarithmic transformation of the data, some data are displayed as negative values. The data are expressed as mean ± SE. 
bP < 0.001 vs mild acute pancreatitis group. 
dP < 0.001 vs moderately severe acute pancreatitis group. AP: Acute pancreatitis; MAP: Mild AP; MSAP: Moderately severe AP; SAP: Severe AP; IFN-γ: Interferon-γ; TNF-α: Tumor necrosis factor-α; IL: Interleukin.


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]




[image: C:\Users\18810513029\Desktop\logo.png]

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: bpgoffice@wjgnet.com
Help Desk: https://www.f6publishing.com/helpdesk
https://www.wjgnet.com



[image: C:\Users\18810513029\Desktop\二维码.png]










© 2021 Baishideng Publishing Group Inc. All rights reserved.
[bookmark: _GoBack]
image3.png
P=0.00

P=0.00

P=0.00

200.00 4

50.00 1

150.00 4
100.00 4

(1/8ur)uonjenuaduod YD Wnisg

0.00 -

SAP

MSAP




image4.png
Sensitivity

1.0

ROC curve

0.8

0.6 4

0.4

0.2 4

0.0
0.0

0.2

T T
04 0.6
1-Specificity

T

0.8

1.0




image5.png
9

JSaishideng®




image6.png




image1.png
Serum sST2 concentration(pg/mlL)

3000.00

2500.00

2000.00

1500.00

1000.00

500.00

0.00

I

P=0.00

Health control

AP patients





image2.png
Serum sST2 concentration(pg/mlL)

3000.00

2500.00

2000.00

1500.00

1000.00

500.00

0.00

P=0.00

P=0.00

P=0.00

MSAP SAP






 


1


 


/ 


1


 


 


Name of Journal: 


World Journal of Gastroenterology


 


Manuscript NO: 


66604


 


Manuscript Type: 


ORIGINAL ARTICLE


 


 


Observational Study


 


Serum soluble suppression of tumorigenicity 2 as a novel 


inflammatory marker 


predict


s


 


the severity of acute pancreatitis


 


 


Zhang 


Y 


et al


. 


sST2 predict the severity of AP


 


 


Yan Zhang, Bo Cheng, Zhong


-


Wei Wu, Zong


-


Chao Cui, Yao


-


Dong Song, San


-


Yang 


Chen, Yan


-


Na Liu, Chang


-


Ju Zhu


 


 


Yan Zhang, Bo Cheng, Zhong


-


Wei Wu, Zong


-


Chao Cui, Yao


-


Dong Song, San


-


Yang 


Chen, Yan


-


Na Liu, Chang


-


Ju Zhu, 


Department of Emergency, the First Affiliated 


Hospital of Zhengzhou University, Zhengzhou 450052, Henan Province, China


 


 


Author contributions: 


Zhu CJ 


conceived and designed the study; Zhang Y, Cheng B, 


Liu YN and Wang QF performed the research; Wu ZW contributed the data acquisition; 


Zhang Y and Cui ZC conducted data analysis/interpretation; Song YD contributed 


statistical analysis; Zhang Y and Chen SY 


wrote the manuscript; All authors have read 


and approve


d


 


the final manuscript.


 


 


Supported by 


Henan Province Education Department for Henan Province University 


Key Scientific Research Project


, No.


 


20A320018 and 


No.


 


20A320064. 


 


 


Corresponding author: Chang


-


J


u Zhu, PhD, Chief Doctor, Chief Physician, Director, 


Doctor, Professor, 


Department of Emergency, the First Affiliated Hospital of 




  1   /  1     Name of Journal:  World Journal of Gastroenterology   Manuscript NO:  66604   Manuscript Type:  ORIGINAL ARTICLE     Observational Study   Serum soluble suppression of tumorigenicity 2 as a novel  inflammatory marker  predict s   the severity of acute pancreatitis     Zhang  Y  et al .  sST2 predict the severity of AP     Yan Zhang, Bo Cheng, Zhong - Wei Wu, Zong - Chao Cui, Yao - Dong Song, San - Yang  Chen, Yan - Na Liu, Chang - Ju Zhu     Yan Zhang, Bo Cheng, Zhong - Wei Wu, Zong - Chao Cui, Yao - Dong Song, San - Yang  Chen, Yan - Na Liu, Chang - Ju Zhu,  Department of Emergency, the First Affiliated  Hospital of Zhengzhou University, Zhengzhou 450052, Henan Province, China     Author contributions:  Zhu CJ  conceived and designed the study; Zhang Y, Cheng B,  Liu YN and Wang QF performed the research; Wu ZW contributed the data acquisition;  Zhang Y and Cui ZC conducted data analysis/interpretation; Song YD contributed  statistical analysis; Zhang Y and Chen SY  wrote the manuscript; All authors have read  and approve d   the final manuscript.     Supported by  Henan Province Education Department for Henan Province University  Key Scientific Research Project , No.   20A320018 and  No.   20A320064.      Corresponding author: Chang - J u Zhu, PhD, Chief Doctor, Chief Physician, Director,  Doctor, Professor,  Department of Emergency, the First Affiliated Hospital of 

