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Purpose: To investigate the expression and possible role of Sirtuin1 or Silent mating–type information regulation 2 homolog-1 (SIRT1) in post-necrotizing enterocolitis stricture.

Materials and Methods: The expression characteristics of SIRT1 and TGF-β1 in post-necrotizing enterocolitis stricture were detected by immunohistochemistry. The siRNA-SIRT1 was used to inhibit the expression of SIRT1 in intestinal epithelial cells-6 (IEC-6), and qRT-PCR, WB, and ELISA were utilized to detect the changes of Transforming growth factor-β1 (TGF-β1), nuclear factor (NF)-κB, tumor necrosis factor-α (TNF-α), tight junction protein-1 (ZO-1), and vascular endothelial growth factor (VEGF) expressions. The IEC-6 cell proliferation and migration ability were tested via CCK8 kit and Transwell test. The expression of E-cadherin and Vimentin in cells was detected by immunofluorescence.

Results: The CRP, IL-6, IL-10, and IFN-γ in the serum of Necrotizing enterocolitis (NEC) intestinal stenosis patients were significantly higher than the reference values. The SIRT1 protein was under-expressed and the TGF-β1 protein was overexpressed in NEC intestinal stenosis tissue. And the expression of SIRT1 was negatively correlated with TGF-β1. At the time of diagnosis of NEC, the expression of SIRT1 decreased in children with respiratory distress syndrome and CRP level increased. After inhibiting the expression of SIRT1 in IEC6 cells, the expression levels of TGF-β1, Smad3, and NF-κB were decreased, and the expression of ZO-1 was also decreased. The proliferation and migration ability of IEC6 cells was decreased significantly, and the expression of E-cadherin and Vimentin proteins in IEC6 cells did not change significantly.

Conclusion: Promotion of intestinal fibrosis by inflammation may be the mechanism of post-necrotizing enterocolitis stricture. SIRT1 may be a protective protein of NEC. The probable mechanism is that SIRT1 can regulate intestinal fibrosis and can protect the intestinal mucosal barrier function to participate in the process of post-necrotizing enterocolitis stricture.
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INTRODUCTION

Necrotizing enterocolitis (NEC) is a multi-factorial illness with a common acute abdomen in neonates that mainly affects premature infants with major manifestations being intestinal inflammatory necrosis (1). The incidence of NEC is approximately 5–10% in very low–birth weight (VLBW) infants, and the incidence is highest in extremely low–birth weight (ELBW) infants (2). Owing to medical advancements in treating perinatal and premature infants, the survival of premature and low birth weight infants has improved significantly. Despite significant advancements in research and treatment of NEC, the incidence of complications on successful NEC treatment has increased owing to a boom in the number of premature and low birth weight babies. Intestinal stenosis, the most common complication of NEC, is a secondary change in intestinal tissue during the course of NEC that can occur after conservative treatment of NEC. Stenosis may occur in the distal intestinal canal after enterostomy of NEC. Proximal intestinal canal after enterostomy also can occur, but it is rarely seen in clinical practice (3). The incidence of NEC secondary intestinal stricture is 2.9–57%, mainly in the terminal ileum, ascending colon, and splenic flexure of colon, with colon stricture being the most common. The pathogenesis of NEC secondary intestinal stenosis is still uncertain due to the deposition of extracellular matrix (ECM) and abnormal expression of collagen fibers, which result in intestinal stenosis in cases of inflammatory reaction in the intestinal canal (4). Another potential mechanism is when mechanical compression of the intestinal duct by intraperitoneal adhesion triggers the ischemic injury of intestinal tissue. Our research was conducted to explain the molecular mechanism of NEC secondary intestinal stricture and to search for targeted proteins or genes that can effectively prevent or alleviate intestinal stricture.

Intestinal stenosis is one of the most evident symptoms of inflammatory bowel disease (IBD), mainly due to the repeated stimulation of chronic inflammation in intestinal tissue with intestinal fibrosis (5). Activation of inflammatory signal pathways and abnormal expression of fibrosis-related cytokines are the main molecular mechanisms of intestinal fibrosis. Transforming growth factor-β1 (TGF-β1) signal pathway activation is the most important pathway in the pathogenesis of intestinal fibrosis (6). Therefore, we speculated that TGF-β1 signaling pathway activation also appears in NEC secondary intestinal stenosis. Sirtuin1 or Silent mating–type information regulation 2 homolog-1 (SIRT1) is a histone deacetylase that curbs the release of inflammatory mediators and downsizes the activity of inflammatory factors in inflammatory responses that provide protective significance for cell damage. Studies have found that SIRT1 can curb inflammation and can downsize the occurrence and development of liver and kidney fibrosis (7, 8). In this research, the expression of SIRT1 in NEC secondary intestinal stenosis was initially obtained through experiments. The possible influence of SIRT1 on NEC secondary intestinal stenosis was explained by cytological experiments. Therefore, we put forward a hypothesis of low expression of SIRT1 protein and overexpression of TGF-β1 protein in NEC secondary intestinal stricture tissue, where SIRT1 and TGF-β1 expressions are negatively correlated. The low expression of SIRT1 may promote the occurrence of intestinal stricture secondary to NEC. SIRT1 has a protective effect on intestinal epithelial cells and can regulate the expression of inflammatory signaling pathways and related proteins to participate in the occurrence of intestinal stricture secondary to NEC. SIRT1 may be a target for relieving intestinal stricture secondary to NEC.



MATERIALS AND METHODS


Chemicals and Materials

Mice anti-human SIRT1 antibody (Abcam, ab110304, United States), rabbit Anti-Human Restructuring Anti-Smad3 (USA abcam, ab40854), rabbit anti-human nuclear factor p65(NF-κB p65) antibody C-20 (United States Santa Cruz Biotechnology, sc-372), rabbit anti-human TGF-β1 antibody V (United States Santa Cruz Biotechnology, sc-146), mouse monoclonal antibody tumor necrosis factor-α (TNF-α) (USA abcam, ab1793), mouse monoclonal antibody TNF-α (USA Abcam, ab1793), and rabbit anti-human ZO-1 antibody (United States Santa Cruz Biotechnology, sc-33725) were used. The CCK8 kit (Tongren Chemical, Japan), the vascular endothelial growth factor (VEGF)-ELISA kit (Elabscience, China), the gene sequence of siRNA-SIRT1 (Invitrogen Company, USA), the epithelial–mesenchymal transition (EMT) detection marker E-cadherin (USA abcam, ab40772), and Vimentin (USA abcam, ab92547) were used. All other reagents were used at an analytical grade.



Clinical Specimens

Inclusion criteria: No prior history of abdominal surgery or abdominal puncture. Patients with a definite diagnosis of NEC before surgery had intestinal stricture confirmed by gross observation during surgery, and intestinal stricture was confirmed by pathological specimens after surgery. Patients have complete clinical data including gender, gestational age, birth weight, preoperative blood routine, preoperative blood gas, and other information.

Diagnostic criteria of NEC: neonates, especially preterm infants, have clinical symptoms of feeding intolerance, vomiting, abdominal distension, hematochezia, and systemic infection. Radiographs of the abdomen showed dilatation and stiffness of the bowel and (or) pneumatosis of the intestinal wall and portal vein. Feeding intolerance, abdominal distention, and bloody stools were observed after 8–10 days of age. The pathognomonic findings on abdominal radiography were pneumatosis intestinalis, portal venous gas, or both (1).

Diagnostic criteria of NRDS: neonatal respiratory distress syndrome (NRDS), also known as hyaline membrane disease, is one of the most common respiratory diseases in neonates and is mainly caused by immature neonatal lung development and lack of pulmonary surfactant (PS). Clinical symptoms are characterized by respiratory distress and progressive aggravation that appear shortly after birth, usually with bruising and moaning as the first symptoms in clinical practice (9).

Exclusion criteria: patients with an unclear history of NEC, idiopathic perforation, sepsis not caused by NEC, and patients with intraoperative intestinal stenosis not identified as congenital Hirschsprung’s disease or suspected congenital Hirschsprung’s disease.

Anemia: Neonates with venous blood Hb ≤ 130 g/L within 1 week after birth, capillary blood Hb ≤ 145 g/L after birth < 100 g/L, can be diagnosed as anemia.

Sepsis: 1. Neonatal EOS: (1) Suspected diagnosis of any of the following within 3 days of age, ➀ abnormal clinical manifestations, ➁ mother with chorioamnionitis, ➂ premature birth with PROM ≥ 18 h. If there are no abnormal clinical manifestations, blood cultures are negative, and two consecutive non-specific blood tests with an interval of 24 h are < 2 positive, sepsis can be excluded. (2) The clinical diagnosis is clinically abnormal, and any one of the following conditions is met at the same time: ➀ non-specific blood test > 2 positive, ➁ cerebrospinal fluid test shows purulent meningitis changes, and ➂ pathogenic bacterial DNA is detected in the blood. (3) The diagnosis is confirmed as having clinical manifestations, and the culture of blood or cerebrospinal fluid (or other sterile cavity fluid) is positive. 2. Neonatal 1. OS: The clinical diagnosis and confirmed diagnosis are both > 3 days old, and other conditions are the same as those of neonatal EOS.

Neonatal asphyxia: Newborns should still be assessed for Apgar scores after birth, and umbilical artery blood gas analysis should be done immediately after birth in hospitals with secondary or higher levels or conditions. Apgar scores should be combined with blood gas results to make a diagnosis of asphyxia. (1) Mild asphyxia: Apgar score 1 min ≤ 7 points, or 5 min < 7 points, with umbilical artery blood pH < 7.2. (2) Severe asphyxia: Apgar score 1 min ≤ 3 points or 5 min < 5 points, with umbilical artery blood pH < 7.0.

According to inclusion and exclusion criteria, 43 patients with post-necrotizing enterocolitis stricture who were treated by neonatal surgery in our hospital from January 2019 to December 2020 were enrolled in our study. We selected the narrow bowel tissue of these children as the study objects and the marginal bowel tissue as the control. All experiments performed in the present study had been approved by the Ethics Committee of The Children’s Hospital Zhejiang University School of Medicine, and the ethical review number is 2021-IRB-048.



Immunohistochemistry Analysis (EnVision Two-Step Method)

Xylene dewaxing was done two times for 10 min each; anhydrous ethanol was added to the slices for 3 min two times; 95% ethanol was then added for 2 min two times; 80% ethanol was added for 2 min; 70% ethanol was added for 2 min; and for natural hydration, the sample was distilled and washed. Antigen repair: was performed at a high temperature and high pressure. The antigen repair solution (0.01 M Ethylene Diamine Tetraacetic Acid (EDTA) buffer solution, pH 9.0) was added to the slices for 2 min and 30 s after drying. These were kept warm for 4 min after the power was turned off, followed by flushing with water to room temperature. Then, they were washed in distilled water and a circle was made. A 3% H2O2 aqueous solution was used to block the endogenous peroxidase for 10 min. Three washes with phosphate-buffered solution (PBS) for 5 min followed. A proper amount of diluted primary antibody (the dilution ratio of SIRT1 and TGF-β1 was 1:150) was added, followed by incubation at 37°C for 60 min. The slices were rinsed with PBS for 5 min 3 times. The antibody against rabbit IgG-HRP polymer was incubated at 37°C for 30 min, then washed with PBS 3 times for 5 min each. The slices were incubated with a 3,3’-diaminobenzidine(DAB) chromogenic solution (pre-use configuration) for 1 min, and the reaction was manipulated under a microscope. Tap water flushing was used to terminate the reaction. The nuclei were restained with a Harris hematoxylin solution for 3 min (differentiation was confirmed), dehydrated with 95 and 100% ethanol, and transparent xylene, and sealed with neutral gum. Immunohistochemical positive results were yellow or yellowish-brown with a blue nuclear lining. The SIRT1 and TGF-β1 positive staining area was quantified using the average optical density (AOD) function in the ImageJ Analyzer software. AOD = IOD (Integrated Optical Density) SUM/Positive tissue area.



Cell Culture and Cell Transfection

The cell lines small intestinal epithelial cells (IEC-6) of SD female rats were purchased from ATCC cell bank. The IEC-6 cells were cultured according to the supplier’s recommendations. The IEC-6 cells were cultured in Dulbecco’s modified eagle medium (DMEM) supplemented with 10% fetal bovine serum, 1% penicillin/streptomycin, and 0.1 U/ml bovine insulin as described. SIRT1 was knocked down by siRNA in IEC-6 cells according to the manufacturer’s instructions. IEC-6 cells were seeded in 6-well plates, and then a specific SIRT1 siRNA and control negative (NC) siRNA were transfected with Lipofectamine RNAiMAX. After 48 h, total RNA of cells was extracted for qPCR detection.



Quantitative Real-Time PCR Analysis

Intestinal epithelial cells-6 (IEC-6) were inoculated into a 6-well cell culture plate at a density of 50,000 cells/well. RNA transfection occurred after 18 h for the NC group and the experimental group (siRNA-SIRT1). Two replicates were performed for each group. The dosages of Lipofectamine RNAiMAX and RNA used were 7.5 μl/well and 75 pmol/well, respectively. After 48 h of transfection, total RNA of cells was extracted for qRT-PCR detection (10). We constructed the siRNA gene sequence targeting SIRT1, and the gene sequence of SIRT1 is sense 5’-CAGGAAUCCAAAGGAUAAUTT-3’, and antisense 5’-AUUAUCCUUUGGAUUCCUGTT-3’. The qRT-PCR primer sequences are shown in Table 1. Relative mRNA levels were calculated based on the CT values, corrected for GAPDH expression, according to the equation: 2–ΔCT (ΔCT = CT gene of interest – CT of GAPDH) (11).


TABLE 1. The qRT-PCR gene sequences.
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Western Blotting Analysis

Intestinal epithelial cells-6 (IEC-6) were inoculated into a 6-well cell culture plate at a density of 50,000 cells/well. RNA transfection occurred after 18 h for the NC group and the experimental group (siRNA-SIRT1). Two replicates were performed for each group. The dosages of Lipofectamine RNAiMAX and RNA used were 7.5 μl/well and 75 pmol/well, respectively. After 48 h of transfection, proteins were obtained from those IEC-6 cells. To extract the total protein, the cell lysates were prepared by centrifuging at 12,000 rpm and 4°C for 10 min, and the supernatant was obtained. The total protein concentration was measured using the Bradford method, and the OD value was measured at 595 nm using an enzyme marker. The standard curve and the total protein concentration of the samples were calculated. According to the calculated total protein concentration, the total protein concentration of each group was adjusted with 1 × PBS; and 4 × SDS loading buffer was added and the mixture was heated for 10 min at 100°C. Then, it was centrifuged at 12,000 × g for 1 min and supernatant samples were collected. Samples were separated using 10% SDS-PAGE. The Tianneng VE-180 vertical electrophoresis tank was used to run the gel for 30 min at 80 V and 70 min at 120 V. The membranes were blocked with non-fat milk powder for 1–1.5 h at room temperature and then were incubated at 4°C overnight with the corresponding primary antibodies(SIRT1 1:1000 dilution, TGF-β1 1:1000 dilution, Smad3 1:1000 dilution, NF-κB p65 1:2000 dilution, TNF-α 1:1000 dilution, ZO-1 1:200 dilution). After being rinsed with TBST four times for 5 min each, the membranes were incubated with the secondary antibodies for 1 h at 37°C and then washed with TBST again, as previously described. Three replicates per sample were performed to exclude accidental results. The protein bands were visualized using an ECL chemiluminescence solution. The intensity of the immune-complexes was captured and analyzed using Image J software.



Vascular Endothelial Growth Factor Test

Intestinal epithelial cells-6 (IEC-6) were inoculated into two 24-well cell culture plates. RNA transfection occurred after 18 h for the NC group and the experimental group (siRNA-SIRT1). The experiment was done in duplicate per group. The dosages of Lipofectamine RNAiMAX and RNA used were 1.5 μl/well and 15 pmol/well, respectively. After 48 h of transfection, intracellular vascular endothelial growth factor (VEGF) and extracellular VEGF were determined using enzyme-linked immunosorbent assay kits according to the manufacturer’s instructions.



Cell Viability Assay

Intestinal epithelial cells-6 (IEC-6) were inoculated into 96-well plates at a density of 3,000 cells/well. RNA transfection occurred after 18 h for the NC group and the experimental group (siRNA-SIRT1). Each experiment was repeated three times per group. The dosages of Lipofectamine RNAiMAX and RNA used were 0.3 μl/well and 3 pmol/well, respectively. After 72 h of transfection, the medium of each well was replaced with DMEM complete medium containing 10% CCK8, and the plates were further incubated for 1 h. The absorption values at 450 nm were detected using an enzyme-labeling instrument.



Cell Proliferation Assay

Intestinal epithelial cells-6 (IEC-6) were inoculated into 24-well cell culture plates (1 × 105 cells/well). Cell transfection was the same as cell viability assay. The dosages of Lipofectamine RNAiMAX and RNA used were 1.5 μl/well and 15 pmol/well, respectively. After 48 h of transfection, 20,000 cells were collected and cultured in the upper chamber of a Transwell in 100 μl of medium with no serum. Three Transwell plates were used for each group. Medium containing 10% of serum (600 μl) was added to the lower compartment. After 24 h, the chamber was fixed with 4% paraformaldehyde, then the cells were gently removed from the upper membrane, and the cells in the lower membrane were stained with 4’,6-diamidino-2-phenylindole(DAPI). The cells of the stained lower membrane were photographed using a fluorescence microscope. Five fields of view were randomly selected for each compartment, using a 20 × objective lens. The cell number in each field of view was counted using cell counting software, and the average number counted in five fields per well was used for data analysis.



Epithelial–Mesenchymal Transition (EMT) Detection

IEC-6 cells were inoculated into 24-well cell culture plates at 3,000 cells/well. Cell transfection was the same as cell viability assay. Two experiments were done per group. The dosages of Lipofectamine RNAiMAX and RNA used were 0.75 μl/well and 7.5 pmol/well, respectively. After 48 h of transfection, the medium was discarded, the cells were washed once with PBS, and fixed with 4% paraformaldehyde for 30 min. The fixating solution was discarded, and a 0.5% Triton solution was added for 15 min. The Triton solution was discarded, and the cells were washed 3 times with PBS. The sealing solution 1% albumin from bovine serum (BSA) was added to the plate (100 μl/well), followed by sealing at room temperature for 1 h. The sealing liquid was discarded, and cells were washed 3 times with PBS. E-Cadherin and vimentin primary antibodies were diluted (1:200) and added to the plate of the corresponding group (100 μl/well), which was incubated at 4°C overnight. WB Antibody Diluent was discarded, followed by 5 washes with PBS. The FITC-labeled secondary antibody was diluted (1:200) and added to the plate (100 μl/well), and incubated at room temperature for 1 h. The secondary antibody Dilution Buffer was discarded, followed by 5 washes with PBS. DAPI solution was added to stain cells for 3 min, and pictures were taken using a fluorescence microscope.



Statistical Analysis

GraphPad Prism 7.0 and SPSS 23.0 were used for data analysis. All values are presented as the mean ± standard deviation (SD). Student’s t-test was used to compare means between groups. Data not conforming to a normal distribution were represented by M (Q1, Q3), and a Mann–Whitney U test was adopted. p < 0.05 indicated statistically significant differences.




RESULTS


Clinical Features of Children With Necrotizing Enterocolitis (NEC) Secondary Intestinal Stricture

Among the 43 children with NEC secondary intestinal stricture, 21 were boys and 22 were girls. There were 39 premature infants, 4 full-term infants, 28 cesarean sections, and 15 natural births. There were 36 low birth weight infants. The mean birth weight and gestational age of 43 infants with NEC secondary enterostricture were 1771 ± 92.31 g and 32.28 ± 0.48 w. The body weight at diagnosis of NEC was 2125 ± 69.20 g, and the interval between diagnosis of intestinal stenosis and diagnosis of NEC was 21.79 ± 1.89 days. The mean age of the first admission to our hospital was 29.67 ± 3.336 days, and the mean weight was 2,240 ± 69.86 g. The mean age and weight of children with NEC secondary intestinal stenosis at the time of operation were 46.4 ± 3.093 days and 2,590 ± 67.94 g, respectively.

Among the children with intestinal stenosis, 26 cases were premature infants who underwent cesarean section. In total, 16 cases of premature birth due to premature rupture of membranes, 4 cases of premature birth due to fetal intrauterine distress and fetal growth restriction, 5 cases of premature birth due to twin pregnancy, 3 cases of premature birth due to mother’s cholestasis, and 3 cases of premature birth due to placenta previa and placental separation. There are also other causes such as mother’s heart disease, pregnancy-induced hypertension, and severe eclampsia. During the analysis of the main causes of premature birth in children, we found that the main causes of preterm birth in children with intestinal stricture are premature rupture of membranes and intrauterine distress, twin pregnancy, maternal cholestasis during pregnancy, and placenta previa.

Postnatal Apgar score (1 min) was less than 4 in 2 cases, 5 cases with 5–6 points, 27 cases with 7–10 points, and 9 cases with unclear score. Postnatal Apgar score (5 min) was less than 4 in 0 cases, 1 case with 5–6 points, 33 cases with 7–10 points, and 9 cases with an unclear score. In total, 23 children were transferred to the NICU ward for treatment after birth. There were 10 infants diagnosed with neonatal asphyxia after birth, and 33 infants with no diagnosis of neonatal asphyxia. There were 15 infants diagnosed with neonatal respiratory distress syndrome after birth and 28 infants without respiratory distress syndrome. There were 21 infants with neonatal sepsis and 22 infants without a diagnosis of sepsis. There were 18 infants who required mechanical ventilation after birth, and 25 infants who were not mechanically ventilated. There were 11 children with congenital heart disease at the same time, and 32 children were not diagnosed with congenital heart disease. There were 22 children diagnosed with anemia during NEC, and 21 without anemia. There were 16 children who received a blood transfusion before surgery and 27 children who did not receive a blood transfusion.

When the children were diagnosed with NEC, 40 children had serum CRP ≥ 8.0 mg/ml, and 3 children had serum CRP < 8.0 mg/ml. During the duration of NEC, the mean value of serum CRP was 53.22 ± 6.56 mg/L, and the duration of continuous elevation of CRP was 11.74 ± 1.18 days. Among 43 patients, 16 children underwent flow cytometry during the period of diagnosis of NEC. The results of these cytokines were summarized and showed that IL-2, IL-4, and TNF did not increase and that IL-6, IL-10, and IFN-γ increased significantly. The specific values were IL-2 2.7 (2.4, 3.725) pg⋅ml–1, IL-4 2.5 (1.875, 2.775) pg⋅ml–1, IL-6 44.7 (19.5, 1485) pg⋅ml–1, IL-10 13 (6.725, 59.33) pg⋅ml–1, TNF 1.8 (1.425, 2.75) pg⋅ml–1, IFN-γ 23.75 (3.75, 49.78) pg⋅ml–1. The reference ranges for these cytokines are IL-2 (1.1–9.8 pg⋅ml–1), IL-4 (0.1–3.0 pg⋅ml–1), IL-6 (1.7–16.6 pg⋅ml–1), IL-10 (2.6–4.9 pg⋅ml–1), TNF (0.1–5.2 pg⋅ml–1), IFN-γ (1.6–17.3 pg⋅ml–1). Bell staging included 18 children with stage I, 23 with stage II, and 2 with stage III.

By summarizing the clinical characteristics of children with NEC secondary intestinal stricture, we found that the children with intestinal stricture were mainly premature infants and low birth weight infants. Hypoxia and inflammation may be the main risk factors for NEC intestinal stenosis in premature infants.

In this study, a total of 80 NEC secondary intestinal stricture patients treated by neonatal surgery in our hospital from June 2018 to October 2020 were counted, and only 3 patients underwent enterostomy, and there were no cases of death or abandonment of treatment. During the same period, 112 children underwent emergency necrotic bowel resection and enterostomy because of NEC, of which 10 patients died and gave up treatment. The time interval from diagnosis of NEC to emergency enterostomy is usually 1-2 days, the shortest is half a day, and the longest is 12 days. The average time interval of NEC enterostomy return was 96.21 days. The overall treatment effect of children with NEC secondary intestinal stricture was significantly better than that of children with NEC intestinal necrosis requiring enterostomy.



Pathological Features of Intestinal Stricture Secondary to Necrotizing Enterocolitis (NEC)

Intraoperative photographs of infants with NEC secondary intestinal stricture showed inflammatory changes in the intestinal tract, marked fibrous hyperplasia, and small intestinal lumen obstruction (Figure 1A). Hand E staining images of narrow intestinal tissue showed atrophy of mucosal layer, small intestinal lumen, obvious hyperplasia of submucosal fibers, and obvious infiltration of inflammatory cells (Figure 1B). Combined with the results of previous CRP elevation in these infants, we could preliminarily conclude that inflammatory response and fibrosis were the possible mechanisms of intestinal stenosis secondary to NEC.


[image: image]

FIGURE 1. The characteristics of pathological changes in post-necrotizing enterocolitis stricture. (A) Intraoperative photograph of post-necrotizing enterocolitis stricture tissue (the black arrow indicates the intestinal stenosis). (B) Comparison of H and E staining pictures of intestinal normal tissue and post-necrotizing enterocolitis stricture tissue (5 × 10 multiplying).




Expression Characteristics of Sirtuin1 or Silent Mating–Type Information Regulation 2 Homolog-1 (SIRT1) Protein in Intestinal Stricture Secondary to Necrotizing Enterocolitis (NEC)

The expression location of SIRT1 protein is mainly in the nucleus, with little expression in the cytoplasm, showing brownish red granules. Expressions of SIRT1 protein occur in mucosal layer (Figure 2A), submucosal layer (Figure 2B), and muscular layer (Figure 2C) of the intestinal wall tissue. Expression in the narrow section of the intestine was lower than that in the control group (Table 2). The SIRT1 protein expression in the mucosa and submucosa of the narrow intestine was lower than that in the control group, and the SIRT1 protein expression in the muscle layer was not significantly different between the two groups.


[image: image]

FIGURE 2. The expression characteristics of Sirtuin1 or Silent mating–type information regulation 2 homolog-1 (SIRT1) protein in post-necrotizing enterocolitis stricture tissue. (A) Expression of SIRT1 protein in the intestinal mucosal layer. (B) Expression of SIRT1 protein in the submucosal layer of the intestine. (C) Expression of SIRT1 protein in the muscularis of the intestine. (***Denotes the enterostenosis groups compared with the normal groups, n = 43, p < 0.001).



TABLE 2. The expression of Sirtuin1 or Silent mating–type information regulation 2 homolog-1 (SIRT1) and transforming growth factor-β1 (TGF-β1) proteins in the two groups of intestinal tissues.
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Expression Characteristics of Transforming Growth Factor-β1 (TGF-β1) Protein in Necrotizing Enterocolitis (NEC) Secondary Intestinal Stricture

The expression location of TGF-β1 protein is mainly in the cytoplasm with brownish-yellow granules. Expressions of TGF-β1 protein occur in the mucosal layer (Figure 3A), submucosal layer (Figure 3B), and muscular layer (Figure 3C) of intestinal wall tissue. In the narrow section of intestinal tissue, expression was lower than that in the control group (Table 2). The expression of TGF-β1 protein in the mucosa, submucosa, and muscularis of the narrow intestine was increased compared with that in the control group.
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FIGURE 3. The expression characteristics of transforming growth factor-β1 (TGF-β1) protein in post-necrotizing enterocolitis stricture tissue. (A) Expression of TGF-β1 protein in the intestinal mucosal layer. (B) Expression of TGF-β1 protein in the submucosa of the intestine. (C) Expression of TGF-β1 protein in the muscularis of the intestine. (***Denotes the enterostenosis groups compared with the normal groups, n = 43, p < 0.001).




Clinical Significance of Sirtuin1 or Silent Mating–Type Information Regulation 2 Homolog-1 (SIRT1) Protein and Transforming Growth Factor-β1 (TGF-β1) Protein Expression in Necrotizing Enterocolitis (NEC) Secondary Intestinal Stricture

According to the expression characteristics of SIRT1 protein and TGF-β1 protein in the mucosal layer, we selected the clinical characteristics of SIRT1 protein expression in the mucosal layer of intestinal tissue of 43 infants with NEC secondary intestinal stricture. There was no significant difference in the expression of SIRT1 protein in gender, delivery mode, premature birth, and low birth weight. The expression of SIRT1 protein was not affected by anemia, blood transfusion, sepsis, parity, NICU, mechanical ventilation, CHD, Apgar score (1 min), and neonatal asphyxia in 43 children diagnosed with NEC (Table 3). The expression of SIRT1 protein in NEC patients with NEONATAL distress syndrome was lower than that in infants without neonatal distress syndrome. The expression of SIRT1 protein was lower in infants with elevated CRP. BELL staging had no significant effect on SIRT1 protein expression (Table 3). The expression level of TGF-β1 protein in infants with BELL stage II was significantly higher than that in infants with BELL stage I (Table 3). Other factors had no significant effect on TGF-β1 protein expression (Table 3).


TABLE 3. The relationship between Sirtuin1 or Silent mating–type information regulation 2 homolog-1 (SIRT1) and transforming growth factor-β1 (TGF-β1) protein expression and clinical features in mucous layer of post-necrotizing enterocolitis stricture tissues.
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Combined with the clinical trial results, we could preliminarily conclude that intestinal fibrosis is the final pathological change of NEC secondary intestinal stenosis. TGF-β1 protein, an important cytokine related to fibrosis, is highly expressed in NEC secondary intestinal stenosis. Inflammation may be involved in the occurrence of NEC secondary intestinal stenosis. The expression of SIRT1 protein, which inhibits inflammatory response, was low in NEC secondary intestinal stricture and was negatively correlated with CRP expression. These results suggested that SIRT1/TGF-β1 signal pathway may be involved in the occurrence of NEC secondary intestinal stenosis.



Regulation of Sirtuin1 or Silent Mating–Type Information Regulation 2 Homolog-1 (SIRT1) Protein on Fibrosis-Related Proteins in Intestinal Epithelial Cells IEC6

Immunohistochemical results showed that SIRT1 protein expression was decreased in mucosal epithelial cells and that TGF-β1 protein expression was increased. Therefore, we speculated that SIRT1 protein in the INTESTINAL epithelial cells IEC6 could regulate the expression of fibrotic-related proteins. The expressions of SIRT1mRNA (Figure 4A) and protein (Figures 4B,C) in IEC6 were successfully inhibited by the siRNA method. The mRNA (Figures 4D–G) and protein (Figures 5A–E) expressions of TGF-β1, Smad3, and NF-κB decreased. TNF-α mRNA (Figure 4G) expression increased, and protein (Figure 5F) expression decreased. These results confirmed that SIRT1 can regulate the expression of fibrosis-related factors TGF-β1, Smad3, NF-κB, and TNF-α in intestinal epithelial cells.
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FIGURE 4. The effect of Sirtuin1 or Silent mating–type information regulation 2 homolog-1 (SIRT1) on the mRNA expression of fibrosis-related factors in intestinal epithelial cells 6 (IEC6). (A) After transfection of siRNA-SIRT1, the mRNA expression of SIRT1 decreased. (B,C) After transfection of siRNA-SIRT1, the protein expression of SIRT1 decreased. (D) After inhibiting the expression of SIRT1 in IEC6 cells, the mRNA expression of transforming growth factor-β1 (TGF-β1) decreased. (E) After inhibiting the expression of SIRT1 in IEC6 cells, the mRNA expression of Smad3 decreased. (F) After inhibiting the expression of SIRT1 in IEC6 cells, the mRNA expression of NF-κB p65 decreased. (G) After inhibiting the expression of SIRT1 in IEC6 cells, the expression of tumor necrosis factor-α (TNF-α) mRNA in the cells increased. (*Denotes the siRNA-SIRT1 groups compared with the NC groups p < 0.05, ** denotes p < 0.01, *** denotes p < 0.001, n = 3).
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FIGURE 5. The effect of Sirtuin1 or Silent mating–type information regulation 2 homolog-1 (SIRT1) on the protein expression of fibrosis-related factors in intestinal epithelial cells 6 (IEC6). (A,B) After inhibiting the expression of SIRT1 in IEC6 cells, the expression of transforming growth factor-β1 (TGF-β1) protein decreased. (A,C) After inhibiting the expression of SIRT1 in IEC6 cells, the expression of Smad3 protein decreased. (D,E) After inhibiting the expression of SIRT1 in IEC6 cells, the expression of NF-κB p65 protein decreased. (D,F) After inhibiting the expression of SIRT1 in IEC6 cells, the expression of tumor necrosis factor-α (TNF-α) protein in the cells decreased. (*Denotes the siRNA-SIRT1 groups compared with the control negative (NC) groups p < 0.05, ** denotes p < 0.01, ***denotes p < 0.001, n = 3).




Effects of Sirtuin1 or Silent Mating–Type Information Regulation 2 Homolog-1 (SIRT1) on Intestinal Mucosal Barrier Function

Tight junction protein-1 (ZO-1) and VEGF are proteins that maintain the stability of intestinal mucosal barrier function. After SIRT1 expression was inhibited, the expression of ZO-1 protein (Figures 6A,B) and mRNA (Figure 6C) in IEC6 cells decreased. After SIRT1 expression was inhibited, VEGF mRNA expression in IEC6 cells decreased (Figure 6D), and VEGF protein expression in cells increased (Figure 6E). There was almost no expression of VEGF protein in the cell culture medium, which was lower than the lower limit of the actual detection box. This confirmed that SIRT1 can regulate the expression of ZO-1 and VEGF to maintain intestinal mucosal barrier function.
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FIGURE 6. The influence of Sirtuin1 or Silent mating–type information regulation 2 homolog-1 (SIRT1) on related indexes of intestinal mucosal barrier function. (A,B) After inhibiting the expression of SIRT1 in intestinal epithelial cells 6 (IEC6), the expression of tight junction protein-1 (ZO-1) protein decreased. (C) After inhibiting the expression of SIRT1 in IEC6 cells, the expression of ZO-1 mRNA decreased. (D) After inhibiting the expression of SIRT1 in IEC6 cells, the expression of vascular endothelial growth factor (VEGF) mRNA decreased. (E) After inhibiting the expression of SIRT1 in IEC6 cells, the expression of VEGF protein in the cells increased. (F) After inhibiting the expression of SIRT1 in IEC6 cells, the cell proliferation ability was significantly reduced. (G,H) After inhibiting the expression of SIRT1 in IEC6 cells, the cell migration ability was significantly reduced. (*Denotes the siRNA-SIRT1 groups compared with the control negative (NC) groups p < 0.05, ** denotes p < 0.01, *** denotes p < 0.001, n = 3).


The proliferation and migration of intestinal epithelial cells are important factors to maintain the stability of intestinal mucosal barrier function. After inhibiting SIRT1 expression in IEC6 cells, the proliferation ability (Figure 6F) and migration ability (Figures 6G,H) of cells were significantly inhibited, which confirmed that SIRT1 plays a role in maintaining the proliferation and migration ability of epithelial cells and also participates in maintaining the intestinal mucosal barrier function.



Effect of Sirtuin1 or Silent Mating–Type Information Regulation 2 homolog-1 (SIRT1) on Epithelial–Mesenchymal Transformation (EMT) of Intestinal Epithelial Cells

Epithelial–mesenchymal transformation is one of the important mechanisms of intestinal fibrosis and is the main source of intestinal fibroblasts. Detecting the expression changes of E-cadherin and Vimentin, the marker proteins of EMT, is helpful to judge the occurrence of EMT. After SIRT1 expression was inhibited, there was no significant difference in the number and fluorescence intensity of E-cadherin (Figure 7A) and Vimentin (Figure 7B) protein-positive expression between the two groups. This suggests that SIRT1 may not be involved in the EMT of intestinal epithelial cells, but this result needs to be confirmed by more relevant experiments.
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FIGURE 7. The influence of Sirtuin1 or Silent mating–type information regulation 2 homolog-1 (SIRT1) on the expression of epithelial–mesenchymal transition (EMT) marker proteins in intestinal epithelial cells (IEC). (A) Immunofluorescence staining of E-cadherin protein in control negative (NC) groups and siRNA-SIRT1 group cells (10 × 10). (B) Immunofluorescence staining of Vimentin protein in NC groups and siRNA-SIRT1 group cells (10 × 10).


In summarizing the cytological experiment results, we can preliminarily find that SIRT1 can regulate the expression of fibrosis-related proteins in the intestinal epithelial cells to participate in the occurrence of intestinal fibrosis. SIRT1 can protect the proliferation and migration of intestinal epithelial cells and also can regulate the expression of ZO-1 and VEGF proteins, which are related to maintaining mucosal barrier function.




DISCUSSION

Intestinal injury caused by inflammatory response is one of the main mechanisms to stimulate the occurrence and development of NEC (12). Inflammation is an important factor in intestinal fibrosis. As a result, inflammatory response may be an important cause of intestinal stenosis in NEC. In the present study, 43 children with enterostricture presented a sustained rise in serum CRP during NEC development, indicating that inflammation is a risk factor for enterostricture secondary to NEC (13). H and E staining images presented obvious fibrous hyperplasia in the intestinal submucosa of the narrow segment. Immunohistochemical results indicated that TGF-β1 protein was overexpressed in narrow intestinal tissues. These pathological phenomena are similar to enterostricture caused by IBD (5, 6), signifying that enterofibrosis caused by inflammation may be the symptom of enterostricture secondary to NEC.

The immunohistochemical results illustrated that SIRT1 protein was less expressed in the mucosal layer and submucosal layer of the intestinal tissue in the narrow segment. The higher the serum CRP level in those NEC patients, the expression of SIRT1 protein was lesser. SIRT1 protein was negatively correlated with TGF-β1 protein expression in narrow intestinal tissues. The possible reason is that the downsized expression of SIRT1 protein in the NEC intestinal tissue leads to the decreased ability of SIRT1 to curb inflammatory response (14). SIRT1 acts to curb inflammatory response and alleviate NEC intestinal injury in the acute phase of NEC (15, 16). Therefore, an unbalanced inflammatory response in the development of NEC may contribute to the cultivation of fibrosis. Intestinal tissue will repair itself when it is injured by acute or chronic inflammation, and fibrosis is a key factor in the self-repair process (17). Intestinal inflammatory damage is the main pathological change of NEC. After NEC is treated, intestinal fibrosis initiates to repair NEC. Combined with the low expression of SIRT1 in NEC secondary intestinal stenosis tissues, it can be initially inferred that SIRT1 may be engaged in the regulation of inflammation and fibrosis.

Judging from some studies regarding renal fibrosis, it has been found that activation of SIRT1 can curb TGF-β1/Smad3 expression to alleviate fibrosis (18). Nonetheless, in vitro cell experiments indicated that the expressions of TGF-β1 and Smad3 also decreased after curbing the expression of SIRT1, which were opposite to the results of clinical specimens. The possible reason for such analyzes is that TGF-β1 is a protective factor during the occurrence and development of NEC. TGF-β1 and TGF-β2 in breast milk have protective effects on intestinal epithelial cells in premature infants, which can enhance the proliferation ability of intestinal epithelial cells, enhance the expression of tight junction proteins, such as ZO-1, maintain intestinal mucosal barrier function, and downsize NEC (19, 20). Intestinal stenosis in NEC is the result of the repair of intestinal inflammatory damage in the acute phase of NEC. The clinical treatment of children with secondary intestinal stenosis to NEC is more satisfactory than that of children in the acute phase of NEC. Therefore, the overexpression of TGF-β1 protein in the intestinal tissue of children with NEC secondary intestinal stenosis is not necessarily harmful.

Our study found that the expression of SIRT1 decreased with the progression of Bell’s staging, but the difference was not statistically significant. Analysis of possible reasons for this resulted in bias due to the small sample size. It is also possible that the children with Bell’s Stage I in this study retrospectively analyzed their clinical symptoms to determine the Bell staging, so there is a certain degree of subjectivity and bias. It is also possible that the expression of SIRT1 is also restored to a certain extent during the repair of intestinal injury, leading to biased results. This study also found that the expression of TGF-β1 in the intestinal tissue of children with Bell’s Stage II was elevated. Analysis of the possible reason is that the degree of inflammation and injury of intestinal tissue in children with Bell’s Stage II is more clear and serious. The repair process of damaged intestinal tissue was also more pronounced, and the high degree of fibrosis resulted in increased TGF-β1 expression.

In IEC6 cells, the expressions of TGF-β1, Smad3, and ZO-1 were downsized when SIRT1 expression was curbed, while other studies have found that TGF-β1 and ZO-1 can protect intestinal epithelial cells and intestinal mucosal barrier function during NEC (19, 20). Combined with our findings, we estimate that SIRT1 may be TGF-β1 and ZO-1 upstream gene that can enhance the expression of TGF-β1 and ZO-1 to protect intestinal epithelial cells and intestinal mucosal barrier function. The results of clinical specimen experiments and in vitro cell experiments were inconsistent. Thus, we presumed that the low expression of SIRT1 and the overexpression of TGF-β1 might be affected by the overexpressed NF-κB signaling pathway.

Studies indicated that the expression of SIRT1 is downsized in NEC necrotic intestinal tissue, which may be relevant to the activation of TLR4/NF-κB signal pathway in NEC intestinal tissue (16). Toll-like receptor 4 (TLR4) enhances the development of NEC by mediating NF-κB signaling pathway to enhance the expression of tumor necrosis factor-α (TNF-α), interleukin-1 (IL-1), and other inflammatory mediators (21). The expression of SIRT1 protein indicated low in NEC secondary intestinal stenosis, stating that the low expression of SIRT1 may be related to the activation of NF-κB signaling pathway. The protein of NF-κB P65 was significantly raised in fibrotic lung tissues while the pulmonary fibrosis was alleviated after curbing the protein expression of NF-κB P65, indicating that the raised protein content of NF-κB is closely related to fibrosis (22). SIRT1 can modify NF-κB P65 through deacetylation, thus reducing the activity of NF-κB P65 and curbing its transcription. SIRT1 also downsized the release of TNF-α, IL-6, and other inflammatory factors and alleviated the inflammatory response (23). NF-κB also regulates TGF-β1/Smad3 expression to enhance fibrosis (24). In the in vitro cell experiments, the expression of NF-κB p65 decreased, and the expression of TNF-α also changed after curbing the expression of SIRT1. This result is contrary to the previous research conclusion, signaling that SIRT1 and NF-κB p65 are related. Through the combination of the two separate results, we analyze the possible reasons for this phenomenon.

Sirtuin1 or Silent mating–type information regulation 2 homolog-1 (SIRT1) and NF-kB are two mutually antagonistic signaling pathways in metabolic and inflammatory mechanisms. SIRT1 can curb the transcriptional activation of NF-κB by deacetylating the Lys310 site of NF-κB P65/RelA, while NF-κB can reversely curb the expression of SIRT1 (23). NF-κB was able to suppress SIRT1 expression by triggering miR34a (23). Reactive oxygen species (ROS) can stimulate and activate the NF-κB signaling pathway to enhance inflammatory responses while NF-κB also can enhance ROS to enhance oxidative stress (25). ROS can oxidize the cysteine residues of SIRT1, enhance the degradation of SIRT1, and curb the expression of SIRT1 (26). NF-κB also enhances inflammatory responses by stimulating interferon-γ (IFN-γ) expression, which curbs SIRT1 expression in skeletal muscle (27). During the acute phase of NEC, inflammatory signaling systems, such as NF-κB, ROS, IFN-γ, IL-6, and TLR4, all raised with their expression (28). These signaling pathways may curb the expression of SIRT1 protein in the process of NEC. Our clinical results indicated that IL-6 and IFN-γ in the blood of children with NEC secondary intestinal stricture were raised to a certain extent during the acute phase of NEC. The expression of SIRT1 protein was lower in intestinal tissue of infants with neonatal respiratory distress syndrome during NEC. Combined with the conclusions of the above literature review, it can be concluded that the reason for the low expression of SIRT1 in NEC secondary intestinal stricture tissue was the curb on of the overexpressed NF-κB signaling pathway.

In theory, NF-κB p65 expression would raise after curbing SIRT1 expression in cells. However, the results of this study illustrated that after curbing SIRT1 expression in IEC6 cells, NF-κB p65 expression also decreased. The reason for such analysis is that NF-κB p65 in intestinal epithelial cells requires a variety of external factors, such as LPS, TNF-α, and hypoxia. NF-κB p65 was inactivated and only reflected protein expression in IEC6. SIRT1 can not only curb the activation of NF-κB p65 through deacetylation but also can stop the migration of NF-κB p65 in the cytoplasm to the nucleus. NF-κB p65 needs to enter the nucleus to be activated to enhance the inflammatory response. The qRT-PCR and WB adopted in this study located the changes of total mRNA and total protein in IEC6 cells, without distinguishing between the nucleus and cytoplasm, and did not detect the activity changes of NF-κB p65. The bias in choosing IEC6 cells to replace the NEC in vitro model also may be responsible for this result. Although IEC6 is one of the commonly used in vitro model cells for constructing NEC, IEC6 cannot fully reflect the real situation of human NEC in some functions and mechanisms (29). This mechanism requires other NEC models for an explanation.

The results show that the TNF was not elevated during acute NEC. Many studies found that the low expression of SIRT1 led to increased acetylation of NF-κB p65 in colitis models and promoted the inflammatory response. However, SIRT1 may not regulate the expression of TNF-α; on the contrary, overexpressed TNF-α can inhibit the expression of SIRT1 (30). The in vitro experimental data show that the TNF-a mRNA increased in SIRT1 knockdown (Figure 4), but the protein levels decreased (Figure 5). We hypothesized that SIRT1 may not be involved in the direct regulation of TNF-α in post-NEC intestinal stricture. This conclusion needs further verification.

Intestinal epithelial barrier dysplasia is an important mechanism in preterm infants prone to NEC. The proliferation and apoptosis, migration ability, and tight protein linkage of intestinal epithelial cells are important factors for maintaining the stable state of the epithelial cells. When NEC occurs, intestinal epithelial cells raise apoptosis, decrease proliferation ability, raise permeability, and decrease tight junction protein ZO-1 protein expression (31). After the homeostasis of intestinal epithelial cells is destroyed, the barrier dysfunction can result in intestinal damage while the repair of tissue damage is also an important process of fibrosis. Therefore, intestinal epithelial barrier dysplasia may be an important mechanism of NEC secondary intestinal stricture. SIRT1 is vital in maintaining the homeostasis of intestinal epithelial cells. Downsized SIRT1 expression can aggravate the occurrence of colitis (32). In this study, it was found that the proliferation and migration ability of cells was significantly weakened while the expression of ZO-1 protein was downsized after SIRT1 expression was curbed in IEC-6 cells, signifying that SIRT1 could enhance the proliferation and migration ability of intestinal epithelial cells and the expression of ZO-1 to maintain the homeostasis of intestinal epithelial cells and to protect the barrier function to downsize the damage of NEC. This may also be the mechanism that SIRT1 participates in the occurrence of NEC secondary intestinal stenosis.

The growth factor of vascular endothelial is highly expressed in pulmonary fibrosis, which is positively correlated with the degree of pulmonary fibrosis (33). In intestinal fibrosis, VEGF not only enhances the transformation of intestinal epithelial cells into mesenchymal cells and stimulates the secretion of fibrinogen by fibroblasts to aggravate intestinal fibrosis, VEGF also enhances the formation of microvessels and plays a role in the repair of intestinal injury to aggravate intestinal fibrosis (34). However, in renal fibrosis, VEGF can improve renal fibrosis by triggering vascular remodeling and reducing inflammation (35, 36). These studies demonstrate that VEGF is controversial in the mechanism of fibrosis. Research studies have found that VEGF is downsized in the development of NEC. This may be caused by prenatal inflammation leading to intestinal injury and downsized VEGF expression. Increased VEGF expression can enhance the repair of intestinal injury (37). Our research found that after SIRT1 expression was curbed in IEC-6 cells, the protein expression level of intracellular VEGF raised, but the mRNA expression of VEGF decreased. This signifies that SIRT1 can regulate VEGF protein expression in IEC-6 cells to participate in NEC, but the specific mechanism needs further explanation. The expression level of VEGF protein in the IEC-6 cell culture medium of the control group and sirNA-SIRT1 group was lower than the lower limit detected by the kit, indicating that intestinal epithelial cells hardly secreted VEGF protein. Epithelial–mesenchymal transformation (EMT) is another important process in the pathogenesis of intestinal fibrosis. It is the major source of intestinal fibroblasts. Research on the invasion and migration of lung cancer cells found that resveratrol, a SIRT1 agonist, could curb the occurrence of EMT to downsize the invasion and migration of lung cancer cells. The mechanism was related to SIRT1 regulating the expression of E-cadherin, a marker of EMT (38). It has also been found in renal fibrosis research studies that raised SIRT1 expression can curb TGF-β1 and Smad3 expression to downsize the occurrence of EMT (8). Our research found that the expression of E-cadherin and Vimentin did not change significantly after the expression of SIRT1 was curbed in IEC-6 cells, showing that SIRT1 may have no significant effect on the occurrence of EMT in IEC-6 cells. The possible reason is that EMT is not involved in the occurrence of NEC secondary intestinal stenosis, which needs to be confirmed by further studies.



CONCLUSION

Compared with the prognosis of children with NEC in the acute stage, the occurrence of intestinal stricture in NEC is not necessarily a bad outcome. It is the outcome of the repair of intestinal injury in NEC. In a sense, NF-kB p65 can enhance the expression of TGF-β1 and Smad3 to enhance intestinal fibrosis and also may be beneficial to the outcome of NEC. Therefore, we deduce that the role of SIRT1 in NEC secondary intestinal stricture is positive. On the one hand, SIRT1 can protect the proliferation and migration of intestinal epithelial cell and can enhance the expression of TGF-β1 and ZO-1 to protect intestinal epithelial cells. On the other hand, the low expression of SIRT1 lost the ability to curb NF-κB p65 so that the activation of NF-κB signaling pathway enhanced the occurrence of inflammatory response and intestinal fibrosis, and elevated the transition of NEC from the acute phase to the chronic phase. However, the specific mechanism of SIRT1 in NEC intestinal tissue still needs verification. The role of SIRT1 and NF-κB, TGF-β1, and other signaling pathways is the network, not point-to-point. The activity state of SIRT1 also depends on cells or the environment, on stage, or state of the disease.

Sirtuin1 or Silent mating–type information regulation 2 homolog-1 (SIRT1) and TGF-β1 are playing a role in suppressing inflammation in NEC. The mechanism may be that SIRT1 promotes the expression of TGF-β1 to inhibit the inflammatory response and promote the repair of intestinal epithelial cell damage. Reduced expression of SIRT1 in NEC children’s intestinal epithelium can result in a reduced ability of SIRT1 to promote TGF-β1 expression and aggravated inflammatory damage. On the other hand, the expression of TGF-β1 is regulated by a variety of signaling pathways, and the expression level increases during the process of intestinal inflammatory injury repair and development of intestinal fibrosis. Studies in ulcerative colitis have found that promoting the expression of TGF-β1 can repair damaged bowel and promote fibrosis progression. It is speculated that the elevated expression of TGF-β1 may be the result rather than the origin of intestinal fibrosis. Therefore, the signaling pathway that SIRT1 regulates TGF-β1 in NEC may depend on the immune status of intestinal tissue. The exact mechanism and balance of SIRT1’s regulation of TGF-β1 during NEC need to be further studied.

This research found the expression characteristics of SIRT1 in NEC intestinal stenosis and initially analyzed the possible mechanism of SIRT1. The results are innovative, which could expand the related research in the field of NEC, and help to further find the prevention or improvement measures of NEC secondary intestinal stenosis. However, the limitations of this research include a small number of clinical trial specimens, lack of immunohistochemical results of other fibrosis indicators, no NEC-related in vitro cell model, and no SIRT1 overexpressed cell model. Therefore, the experimental conclusions shall be finalized with further data and clinical figures. Animal experiments and more cytological experiments are needed to fully explain the specific regulatory mechanism of SIRT1 on NEC secondary intestinal stenosis.
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