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Necrotizing enterocolitis (NEC) is a severe inflammatory necrosis of the distal small intestine/colon that primarily

affects preterm or very low birth weight infants after the introduction of enteral feeds. Epigenetic alternation in the

immature intestine, such as changes in DNA methylation and long non-coding RNA (lncRNA) patterns, may

contribute to increased risk of NEC. 
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1. Introduction

Necrotizing enterocolitis (NEC) is a severe inflammatory necrosis of the distal small intestine/colon that primarily

affects preterm (less than 32 weeks’ gestation) or very low birth weight (VLBW: <1500 g) infants after the

introduction of enteral feeds. NEC is characterized by hyperosmolar injury and intestinal ischemia, which reduce

the integrity of the epithelial barrier that is evident by peritonitis, hemodynamic instability, abdominal

tenderness/cellulitis, acute feeding intolerance, bacteremia and abdominal distension . The aetiology of NEC is

not clear, but it is thought to be related to several factors, including pre-eclampsia, aberrant bacterial colonization

(e.g., infection), premature rupture of the membranes, placental abruption, intrauterine growth restriction, LBW,

patent ductus arteriosus, sepsis and anemia . Early gut microbial dysbiosis is also implicated in disease

pathogenesis, in which the gut microbiota composition of preterm infants with NEC is characterized by reduced

abundances of Bifidobacterium, Firmicutes and Bacteroidetes and increased abundances of Prevotella,

Clostridioides, Staphylococcaceae, Proteobacteria, Enterobacteriaceae, Rothia, Streptococcus and Blautia 

.

Pregnancy and lactation perform a crucial role in shaping the composition of infant gut microbiota, which is

influenced by a range of pre-and post-natal factors, such as antibiotic exposure, lactation stage, gestational age,

mode of feeding/delivery, diet and body mass index (BMI) . Maternal diet during pregnancy and lactation

has been linked to an increased risk of developing obesity and asthma in the infant’s early years of life  and

the mechanisms underlying such effects are postulated to be the alterations in maternal/infant gut microbiota

and/or milk microbiota . A high-fiber diet during pregnancy and lactation increases SCFAs production 

. SCFAs are essential for differentiation of helper T cells (Th1, Th2) by their binding to G-protein coupled

receptors (GPCRs), including free the fatty acid 2/3 receptor (FFAR2, FFAR3) present in the colon, thereby
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maintaining gut homeostasis and regulating inflammation by reducing the expression of pro-inflammatory cytokines

. Higher levels of SCFAs detected in breastmilk may enhance the neonatal anti-inflammatory immune

responses by inducing factor fork head box protein 3 (FOXP3 ) regulatory T (T ) cell differentiation in the gut .

Breastmilk is a source of secretory IgA immunoglobulin A (SIgA) and IgA-producing antibody-secreting cells

(ASCs), which regulate early gut microbiota maturation and immunity by binding to SCFA-producing

Bifidobacterium and Lactobacillus, resulting in reduced NEC-related inflammation in preterm infants . It has

been suggested that infant feeding with probiotics-supplemented formulas and solid/complementary foods alter gut

microbiota composition during the first years of life . Evidence from randomised controlled trials (RCTs)

has shown that NEC-specific treatments, such as oral lactoferrin combined with probiotics and parenteral/oral

supplementation with arginine, reduce the disease risk . Probiotic supplementation with

Bifidobacterium and Lactobacillus strains, prebiotics (e.g., HMOs), synbiotics (mixtures of probiotics and

prebiotics), long chain polyunsaturated fatty acid (PUFA) and bovine colostrum were also demonstrated by a large

number of human RCTs, to be effective preventive strategies for NEC, which are thought to modulate the immune

response and increase the abundance of beneficial gut microbes . Breastfeeding has been

demonstrated to have a protective role against NEC due to its potential to promote the colonization of commensal

bacteria and decrease the susceptibility to gut dysbiosis in premature infants .

2. Epigenetics and Inflammatory Biomarkers in NEC

Epigenetic alternation in the immature intestine, such as changes in DNA methylation and long non-coding RNA

(lncRNA) patterns, may contribute to increased risk of NEC. Epigenetic changes are attributed to prenatal and

postnatal factors (e.g., microbiome, intrauterine infection and enteral feeding) that may affect intestinal

function/structure and cause upregulation of pro-inflammatory cytokines . DNA methylation changes in

cytosine-phosphate-guanine dinucleotides (CpG) regions of NEC-related genes are related to disease risk. For

example, high levels of CpG methylation in the DNMT3A, TNT2/3, TNIP1, GALNT6 and HNF4 genes have been

identified in stools and colons of premature infants with NEC . An association of CpG methylation in the

cytokine Oncostatin M (OSM) with NEC has also been observed, which can induce intestinal inflammation . The

hypermethylation of four genes (MPL, KDM6A, ZNF335 and RASAL3) has been reported in the intestine of

neonatal NEC, which is associated with lymphocyte proliferation and intestinal epithelial permeability . Analyses

of CpG methylation positions in the intestinal epithelial cells of neonatal NEC revealed a significant

hypermethylation in five genes (toll-like receptor 4; TLR4, ENOS, EPO, DEFA5 and VEGFA) at three sites .

Overexpression of micro-431 (miR-431) in the intestinal tissues of neonatal NEC results in significantly inhibited

FOXA1 and HNF4A and increased pro-inflammatory (e.g., interleukins IL-6, IL-8, IL-10, LGR5, tumor necrosis

factor-α; TNF-α and PRKCZ) gene expression in response to lipopolysaccharide (LPS) stimulation . lncRNA

influences the expression of mRNAs in the intestine tissues of neonatal NEC by upregulating expression levels of

IL-6, IL-1β and TLR4 after LPS exposure, which induces activation of peroxisome proliferator-activated receptors

(PPARs) and phosphatidylinositol-3 kinase/serine-threonine kinase (PI3K-AkT) signaling pathways, suggesting that

lncRNA contributes to NEC pathogenesis .
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NEC is characterized by decreased FOXP3  T  cell levels and gut expression of transforming growth factor β

(TGF-β). Infants with NEC displayed elevated levels of nitric oxide (NO) and high cytokine expression levels with

pro-inflammatory effects (e.g., Nuclear factor- B; NF- B, tumor necrosis factor-α; TNF-α, interferon; IFN-γ, IL-6, IL-

8, IL-10, IL-1β) induced by LPS and produced by the cells of the adaptive immune system in response to

colonization by pathogenic bacteria (e.g., Staphylococcus spp., and Clostridium spp.), thereby disturbing the

integrity of epithelial tight junctions . An experimental study has shown overexpression of TLR2

and TLR4 receptor-mediated IL-8 mRNA expression in the immature intestine of neonatal NEC . Data from a

human NEC experiment showed that pro-inflammatory cytokine expression of IL-1β, IL-1A, IL-6, TNF-α and IL-36

isoforms IL36A were increased in epithelial cells, whereas cytokines IL-37 and IL-22, which are considered

protective, were decreased . Evidence from an experimental study showed that IL-17F expression and its

related pro-inflammatory C-X-C motif chemokines ligand 8 and 10 (CXCL8, CXCL10) are upregulated in the

intestine of neonatal NEC . A case–control study demonstrated higher levels of TNF-α, IL-8, IL-1β and lower

levels of TGF-β, FOXP3  T  and IL-10 in the ileum of surgical NEC patients compared with matched controls

(patients with spontaneous intestinal perforation/congenital intestinal atresia) . Another case–control study

showed that the levels of serum TNF-α, IL-6 and intestinal fatty acid-binding protein (I-FABP) were higher in NEC

patients than non-NEC counterparts . In a recent experimental study, preterm newborns displayed increased

mRNA expression of fecal cytokines IL-1α/β, IL-7 and IL-12p40 . This suggests that preterm infants with NEC

display intestinal inflammation with markedly increased pro-inflammatory cytokines and chemokines, in which DNA

methylation and lncRNA as epigenetic mechanisms are involved.
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