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Necrotizing enterocolitis (NEC) is a prevalent 
and challenging-to-predict inflammatory 
intestinal disease in newborns, resulting from 
the complex interplay of multiple factors. These 
factors encompass preterm birth, formula 
feeding, abnormal colonization of intestinal 
microbiota, intestinal mucosal ischemia, 
infection, and dysbiosis.1,2 Relevant statistical 
data indicate that NEC primarily affects 

premature and low-birth-weight infants. The 
incidence rate among preterm infants ranges 
from 5% to 7%, while it reaches between 4% 
and 13% in premature newborns weighing 
less than 1500 grams. Furthermore, NEC 
remains a leading cause of mortality.3-5 As a 
leading cause of mortality and morbidity in 
neonatal intensive care units, NEC exhibits 
a high mortality rate ranging from 15% to 
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ABSTRACT

Background. Necrotizing enterocolitis (NEC) is a prevalent and challenging intestinal disease in premature 
infants, lacking a specific pathogen consistently associated with its occurrence. Effectively preventing and 
treating NEC to reduce mortality rates remains a significant contemporary challenge. The present study aimed 
to explore the correlation between microRNA-149 gene polymorphism and NEC in premature infants in a 
Chinese Han population.

Methods. The expression levels of serum miR-149 were determined using reverse transcription-quantitative 
polymerase chain reaction (RT-qPCR). Polymorphism detection of the miR-149 gene rs2292832 polymorphism 
was performed by polymerase chain reaction. Multivariate logistic regression analysis was employed to 
investigate the association between the rs2292832 polymorphism and risk factors for NEC in preterm infants.

Results. General clinical data were compared between 102 preterm infants diagnosed with NEC and 263 preterm 
infants without NEC. Significant differences were observed in gestational age and birth weight. However, no 
significant differences were found in antenatal steroid use, sex, or feeding patterns between the two groups. The 
expression level of serum miR-149 was significantly reduced in premature infants with NEC, and there were 
differences in the allele frequency of the miR-149 rs2292832 polymorphism between the NEC group and control 
group. Specifically, the T allele and TT genotype of rs2292832 were associated with an increased susceptibility 
to NEC. Furthermore, both gestational age and the rs2292832 polymorphism showed a significant association 
with NEC risk, with the rs2292832 polymorphism of miR-149 being identified as the most prominent risk factor 
for NEC development in preterm infants.

Conclusions. The rs2292832 gene polymorphism of miR-149 may potentially exert an influence on susceptibility 
to NEC.
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30%.1,6 Additionally, children afflicted by this 
disease often encounter adverse prognostic 
factors such as neurodevelopmental delay, 
growth disorders, and intestinal dysfunction. 
These complications not only significantly 
escalate healthcare costs but also profoundly 
impact the long-term quality of life for these 
children.7 However, despite extensive research 
on clinical risk factors associated with NEC 
occurrence thus far no specific pathogen 
has been consistently linked to enterocolitis 
development. Our understanding regarding the 
pathogenesis of NEC remains limited. Relying 
solely on clinical risk factors fails to elucidate 
individual variations in susceptibility to or 
severity of NEC among preterm infants. This 
indicates the involvement of genetic risk factors 
in disease pathogenesis.8 The potential genetic 
predisposition for NEC is gradually gaining 
recognition with expectations that genetic 
investigations will provide novel insights into 
its pathogenesis.

MicroRNAs (miRNAs) are a class of small, 
highly conserved non-coding RNAs that play 
a crucial role in regulating various cellular 
and metabolic pathways by binding to target 
mRNAs and modulating the expression 
of candidate proteins. Single nucleotide 
polymorphisms (SNPs) within miRNA 
sequences or their binding sites can potentially 
disrupt the interaction between miRNAs and 
mRNA targets, leading to dysregulation of gene 
expression.9 Consequently, SNPs in miRNAs 
have been implicated in the pathogenesis of 
numerous diseases. Previous studies have 
demonstrated significant downregulation of 
miR-149 in preeclampsia placenta10, with lower 
levels correlating with disease severity and 
potential diagnostic utility for preeclampsia.11 
MiR-149 is also involved in trophoblast cell 
proliferation, migration, and invasion12, while 
its reduced expression level in preeclampsia 
placenta regulates trophoblast cell behavior.13 
Moreover, decreased levels of miR-149-
5p contribute to impaired angiogenesis in 
HUVEC cells.14 Additionally, overexpression 
of miR-149-5p can alleviate brain ischemia/
reperfusion (I/R) injury by targeting Notch2. 

Gene polymorphisms play a pivotal role in the 
pathogenesis of various diseases.15

The investigation of candidate genes associated 
with the occurrence and progression of NEC 
can provide insights into the molecular 
mechanisms underlying NEC. In the Korean 
population, it has been observed that the TT 
genotype (T>C, rs2292832) of miR-149 is linked 
to an increased risk of spontaneous abortion.16 
Conversely, the C allele of rs2292832 in miR-
149 may confer protection against gastric 
mucosal atrophy.17 Furthermore, in an Iranian 
population using a recessive inheritance model 
(TT/(TC+CC)), a significant association between 
the rs2292832 variant in miR-149 and colorectal 
cancer susceptibility has been identified.18 
Additionally, studies have demonstrated 
decreased expression levels of serum miR-
149-5p in patients with inflammatory bowel 
disease.19 However, the impact of the rs2292832 
polymorphism site in miR-149 on preterm 
infants’ susceptibility to NEC remains unclear.

This study aimed to further investigate the 
impact of miR-149 rs2292832 polymorphism on 
NEC by detecting differences in genotype and 
allele frequencies between preterm infants with 
and without NEC, providing novel insights for 
early diagnosis and treatment of NEC.

Materials and Methods

Study participants

In this study, 102 preterm infants diagnosed 
with NEC and admitted to the neonatal 
intensive care unit (NICU) of Women and 
Children’s Hospital of Ningbo University were 
selected as the NEC group based on inclusion 
and exclusion criteria. Simultaneously, a total of 
263 preterm infants admitted to our hospital’s 
NICU who did not develop NEC were selected 
as the control group. The NEC group included 
infants with gestational ages ranging from 28 
to 36 weeks, while the control group included 
infants with gestational ages ranging from 28.3 
to 36.6 weeks. General patient data including 
sex, gestational age, antenatal steroid use, 



Qiu H, et al Turk J Pediatr 2025; 67(2)﻿: 144-152

The Turkish Journal of Pediatrics ▪ March-April﻿ 2025146

birth weight, and feeding characteristics were 
recorded. The inclusion criteria specifically 
required: (1) Neonates younger than 28 days; 
(2) Clear diagnosis of NEC according to Bell 
staging diagnostic standards with a stage 
greater than II. Exclusion criteria mainly 
included: (1) Presence of congenital intestinal 
malformations; (2) Gastroenteritis; (3) Inherited 
metabolic disorders; (4) History of hypoxia or 
asphyxia; (5) Pneumonia, intestinal atresia, 
Hirschsprung’s disease or other conditions; (6) 
Incomplete medical records or death within 
a few hours after admission; (7) Sepsis. To 
exclude infants with sepsis, we identified 
cases based on clinical symptoms, signs, and 
laboratory findings. Specifically, if an infant 
exhibited fever or hypothermia, lethargy, 
tachypnea, tachycardia, and other clinical 
manifestations, along with laboratory evidence 
such as abnormal white blood cell counts (either 
increased or decreased), elevated C-reactive 
protein levels, and positive blood cultures, 
the case was classified as sepsis. Infants 
diagnosed with sepsis were excluded from the 
study because sepsis can significantly impact 
intestinal function and systemic inflammatory 
response, potentially confounding the accurate 
assessment of the relationship between miR-
149 gene polymorphisms and NEC. To ensure 
a more precise investigation of the association 
between the target gene polymorphism and 
NEC, we opted to exclude these cases.

This study has been approved by the Women 
and Children’s Hospital of Ningbo University 
Medical Ethics Committee (Ethics No. 2019-
ky-042, Ethics Approval Date: 2019-6-22) and 
informed consent forms have been signed by 
all newborn guardians. All procedures adhere 
to the principles outlined in the Helsinki 
Declaration.

Isolation of DNA and genotyping

After the diagnosis of NEC, peripheral blood 
samples (0.5 ml) were collected from infants 
in both the control group and NEC group 
within 24 hours of admission, and placed in 
EDTA anticoagulation tubes. Subsequently, 

the blood samples were stored in epoxy resin 
tubes and kept at -80°C. The control group 
underwent blood sampling during the 42-day 
routine physical examination. Blood samples 
from both groups were uniformly analyzed 
within one week following the blood draw. 
Total DNA extraction and PCR amplification 
were performed using the QIA amp DNA 
Blood Mini Kit 51104 (cat No. 51304) (Qiagen, 
Germany), while Primer 5.0 software was 
utilized for primer design. This study focused 
on a specific SNP of the miR-149 gene, namely 
rs2292832. The PCR reaction conditions were 
as follows: pre-denaturation was performed at 
95°C for 3 minutes; denaturation was carried 
out at 94°C for 30 seconds; annealing occurred 
at 55°C for 30 seconds, with a total of 35 cycles; 
subsequently, extension took place at 72°C for 
30 seconds, followed by a final extension step 
at the same temperature lasting for 10 minutes. 
The amplified products were identified through 
agarose gel electrophoresis. Sanger sequencing 
was employed to determine the sequence of the 
amplified products. Finally, SNP typing analysis 
was conducted using Seq-Man software.

Quantitative real-time PCR (RT-qPCR)

The total RNA of miR-149 was extracted 
individually, followed by reverse transcription 
into cDNA using the cDNA as a template 
for RT-qPCR amplification. Subsequently, 
the resulting cDNA was amplified using the 
Roche Light Cycler® 96 instrument and reverse 
transcription reagents. The expression level of 
miR-149 was analyzed by RT-qPCR, and the 
relative gene expression level was calculated 
using the 2−ΔΔCt formula to reflect the multiplex 
change of miR-149 gene expression. U6 served 
as an internal control for miR-149.

Statistical analysis

Data processing was performed using SPSS 
16.0 statistical software in this study. The effect 
size analysis (input: effect size w = 0.3, alpha 
error probability = 0.05, power (1-beta error 
probability) = 0.95, df = 5) indicated that the 
required sample size for calculation was 220. 
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Quantitative data were presented as mean 
± standard deviation, while qualitative data 
were expressed as percentages (%). Student’s 
t-test was employed for comparing two groups 
of quantitative data, and the χ2 test was used 
for comparing two groups of qualitative data. 
Additionally, unconditional logistic regression 
analysis was conducted to investigate the 
association between gene polymorphisms 
and the susceptibility and severity of NEC. 
Statistical significance was defined as P < 0.050.

Results

The general clinical characteristics of NEC 
individuals

This study enrolled a total of 102 preterm infants 
diagnosed with NEC and 263 preterm infants 
admitted to the NICU without NEC. Our actual 
sample size was 365, resulting in a power of 
99.8%, which provides high confidence in our 
results. In terms of gestational age, the NEC 
group included infants with gestational ages 
ranging from 28 to 36 weeks, while the control 
group included infants with gestational ages 
ranging from 28.3 to 36.6 weeks. The NEC 
group had an average gestational age of 32.5 
± 2.9 weeks, while the control group had an 
average gestational age of 33.4 ± 2.3 weeks, 
demonstrating a significant difference between 
the two groups (P = 0.003). Regarding birth 
weight, the NEC group had an average birth 
weight of 2040 ± 206 g, whereas the control 
group had an average birth weight of 2120 ± 
213 g; these values also exhibited a significant 
difference (P = 0.001). The antenatal steroid 
use was similar in both groups (P = 0.702). 
There was no substantial disparity in the sex 
ratio between the two groups (P = 0.529). 
Furthermore, there was no notable variation in 
feeding characteristics, whether breastfeeding, 
formula feeding, or both—between the two 
groups (P > 0.050, Table I). The onset of NEC 
in preterm infants was about two weeks after 
birth.

The genotype and allele frequencies of miR-149 
rs2292832 gene polymorphisms

The distribution of allele and genotype 
frequencies of the miR-149 rs2292832 
polymorphism in NEC patients is summarized 
in Table II. Analysis of the rs2292832 genotype 
revealed a significant association between the 
T allele and NEC onset, with a high occurrence 
frequency of 77.45% (χ2 = 10.527, 95% CI = 1.848 
[1.271-2.686], P = 0.001). Conversely, the C allele 
showed a relatively lower association, occurring 
at a frequency of only 22.55%. Within the NEC 
group, there was a relatively higher frequency 
of homozygous TT genotype (62.75%) than the 
control group (45.25%), while heterozygous 
mutant genotype CT and recessive homozygous 
CC genotypes had lower frequencies in this 
group (29.41% and 7.84%, respectively) than the 
control group (39.54% and 15.21%, respectively). 
In summary, the T allele of rs2292832 genotype 
was associated with an increased risk for NEC 
susceptibility compared to the relatively low 
genetic predisposition observed with the C 
allele (Table II).

The rs2292832 locus constituted a significant 
risk factor for the development of NEC in 
premature infants

The association between miR-149 rs2292832 
and the risk of NEC in premature infants was 
further investigated using multivariate logistic 
regression analysis. In this analysis, gestational 
age showed a significant association with NEC 
risk (odds ratio [OR] = 0.574, 95% CI 0.348-0.947, 
P = 0.030. However, birth weight, antenatal 
steroid use, sex, and feeding did not show a 
significant association with NEC risk (P > 0.050). 
On the other hand, the genotype rs2292832 
polymorphism exhibited a significantly 
positive association with NEC risk (OR = 4.009, 
95% CI 1.517-10.597, P = 0.005, Table III). The 
forest plot visually demonstrates that the miR-
149 rs2292832 polymorphism was the most 
prominent risk factor for NEC development in 
preterm infants (Fig. 1).
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The expression level of miR-149 was 
downregulated in individuals with NEC

RT-qPCR analysis was employed to assess 
miR-149 expression levels in individuals from 

both groups and revealed that serum miR-
149 expression level was significantly reduced 
in NEC compared to controls (Fig. 2A). To 
investigate the association between miR-

Table III. Multivariate logistic regression analysis of risk factors for NEC in preterm infants.

Variables
Multivariate analysis

OR 95% CI P value
Gestational age 0.574 0.348-0.947 0.030
Birth weight 1.186 0.717-1.964 0.507
Antenatal steroid use 0.834 0.454-1.532 0.559
Sex 1.208 0.756-1.930 0.430
Feeding 0.965 0.547-1.701 0.902
Rs2292832 4.009 1.517-10.597 0.005
CI, confidence interval; NEC, necrotizing enterocolitis; OR, odds ratio.

Table II. The genotype and allele frequencies of miR-149 rs2292832 gene polymorphisms.
Genotype / Allele NEC (n=102), n (%) Control (n=263), n (%) χ2 OR (95%CI), median (Q1-Q3) P 
Genotype
CC 8 (7.84) 40 (15.21) - 1 -
CT 30 (29.41) 104 (39.54) 0.700 1.442 (0.610-3.412) 0.403
TT 64 (62.75) 119 (45.25) 5.940 2.689 (1.187-6.091) 0.015
Allele 
C 46 (22.55) 184 (34.98) - 1 -
T 158 (77.45) 342 (65.02) 10.527 1.848 (1.271-2.686) 0.001
CI, confidence interval; NEC, necrotizing enterocolitis; OR, odds ratio.

Table I. The clinical information of two study groups.
Characteristics NEC (n=102) Control (n=263) P values
Gestational age, weeks, mean±SD 32.5 ± 2.9 33.4±2.3 0.003
Birth weight, grams, mean±SD 2040 ±206 2120±213 0.001
Antenatal steroid use, n (%) 0.702

Yes 84 (82.4) 212 (80.6)
No 18 (17.7) 51(19.4)

Sex, n (%) 0.529
Male 53 (51.96) 127 (48.29)
Female 49 (48.04) 136 (51.71)

Feeding type, n (%) 0.943
Breastmilk 39 (38.24) 96 (36.50)
Formula 31 (30.39) 84 (31.94)
Both 32 (31.37) 83 (31.56)

Time of diagnosis, week, mean±SD 1.83±0.42
NEC, necrotizing enterocolitis; SD, standard deviation.
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149 gene polymorphism locus rs2292832 
and preterm infants with NEC, we further 
examined expression levels across different 
genotypes within both the NEC and control 
groups. The results demonstrated that within 
both groups, the homozygous CC genotype 
exhibited significantly higher miR-149 
expression levels than the mutant TT + TC 
genotype did; moreover, this gap in miR-149 
expression level between CC genotype and 
mutant TT + TC genotype appeared more 
pronounced within the NEC group compared 
to controls (Fig. 2B). These findings suggested 
the potential association between miR-149 gene 
polymorphism locus rs2292832 and NEC might 
be related to its mediation in miR-149 levels.

Discussion

In this study, the expression level of serum miR-
149 was significantly lower in preterm infants 
with NEC, and the allele frequency of the miR-
149 rs2292832 polymorphism differed between 
the NEC and control groups. Specifically, the 
T allele and TT genotype of rs2292832 were 
associated with an increased susceptibility to 
NEC. NEC is a severe gastrointestinal disorder 
with significant implications in the neonatal 
period, often necessitating urgent surgical 
intervention and posing a grave threat to 
life.20 Khasawneh et al.21 have highlighted that 
preterm infants constitute the primary high-risk 
group for developing NEC. Despite extensive 
research efforts, the pathogenesis of NEC 
remains elusive; however, given its variable 
severity among newborns, genetic factors may 
play a pivotal role in its onset. Notably, CPS1 
T1405N polymorphism may be associated 
with the risk of NEC in preterm infants22, and 
functional variants of the CPS1 gene may be 
associated with NEC susceptibility.23 Our study 
aimed to investigate polymorphisms associated 
with NEC and elucidate potential mechanisms 
underlying this condition to facilitate the 
development of personalized treatment 
strategies.

Fig. 2. Expression level of miR-149. A. Expression of miR-149 was reduced in the necrotizing enterocolitis group. 
B. Expression levels of different genotypes of rs2292832.
***P < 0.001. NEC, necrotizing enterocolitis.

Fig. 1. Forest map analysis of risk factors for 
necrotizing enterocolitis (NEC) in preterminfants.
OR, odds ratio.
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Investigating candidate genes associated with 
the occurrence and progression of NEC can 
provide insights into the molecular mechanisms 
underlying NEC. This study aimed to explore the 
relationship between a genotype polymorphism 
(rs2292832) in the miR-149 gene and NEC. The 
study included 102 preterm infants with NEC 
and 263 infants without NEC hospitalized 
during the same period. The analysis of clinical 
data revealed a significant association between 
gestational age and birth weight in both the 
NEC group and the control group, as indicated 
by our findings. The results revealed significant 
associations between gestational age, rs2292832 
polymorphism, and NEC risk. Furthermore, the 
miR-149 rs2292832 polymorphism emerged as a 
prominent risk factor for NEC development in 
preterm infants. Additionally, serum levels of 
miR-149 were significantly reduced in children 
with NEC, consistent with previous research 
findings, indicating decreased expression of 
serum miR-149-5p in patients with inflammatory 
bowel disease.19 In both the NEC group and 
control group, the homozygous CC genotype 
exhibited significantly higher expression 
levels of miR-149 compared to mutant TT + 
TC genotypes; moreover, this difference was 
more pronounced within the NEC group than 
in controls. Previous studies have linked miR-
149 TT (T > C, rs2292832) to an increased risk of 
spontaneous abortion16, while suggesting that 
the C allele of miR-149 rs2292832 may confer 
protection against gastric mucosal atrophy.17 
In the Chinese Han population, carrying 
the TT genotype or T allele for rs2292832 
polymorphism in the miR-149 gene has been 
found to elevate gastric cancer risk.24 Similarly, 
the TT genotype has been associated with the 
clinical stage of nasopharyngeal carcinoma.25 
Moreover, Iranian population studies have 
shown an association between the TT genotype 
of rs2292832 in miR-149 and coronary artery 
disease.26 Additionally, they have found a 
significant correlation between the recessive 
genetic model TT / (TC + CC) for mir-RS299832 
and cancer susceptibility.18 After analyzing 
the rs2292832 genotype, it was observed that 
the allele T exhibits a significant association 

with the onset of NEC, while the proportion 
of heterozygous mutant genotype CT and 
recessive homozygous CC genotype in the NEC 
group was relatively small. Therefore, it can be 
inferred that the T allele of rs2292832 genotype 
was linked to an increased susceptibility to 
NEC, whereas the C allele demonstrates a 
comparatively lower association. These findings 
suggest that rs2292832 genotype polymorphism 
may be implicated in NEC risk, with individuals 
carrying the T allele or TT genotype being more 
susceptible to NEC.

Gene polymorphism can influence gene 
expression and function. In individuals 
with the rs2292832 genotype, those carrying 
the TT genotype demonstrate an increased 
susceptibility to NEC. This association may 
be attributed to the downregulation of miR-
149 expression mediated by the TT genotype. 
Additionally, studies have demonstrated 
decreased expression levels of serum miR-
149-5p in patients with inflammatory bowel 
disease.19 This also coincided with our research 
findings regarding the lower expression level 
of miR-149 in NEC individuals. MiR-149 has 
been extensively reported in the literature for 
its involvement in various biological processes 
such as cell proliferation, apoptosis, and 
inflammatory response.27 Dysregulated miR-
149 expression could potentially compromise 
intestinal mucosal barrier function and 
exacerbate inflammatory responses, thereby 
heightening the risk of NEC. These studies 
provided compelling evidence supporting our 
conclusions while further emphasizing the 
intricate relationship between genotype, miR-
149, and NEC. It is proposed that miR-149 may 
play a significant role in the pathogenesis of 
NEC.

However, this study has several limitations. 
Despite previous research indicating that 
breastfeeding confers a protective effect against 
NEC28, our study did not observe a significant 
association between feeding methods and the 
risk of NEC. This discrepancy may be attributed 
to the relatively smaller sample size, which 
lacked sufficient statistical power to detect 
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the subtle influence of feeding methods on 
NEC risk. Although we endeavored to match 
relevant factors between the control and NEC 
groups, unexplained variables may still have 
influenced the results. Additionally, fetuses in 
the control group were generally more mature 
than those in the patient group, possibly due 
to the samples primarily originating from 
a single hospital with limited capacity for 
preterm infants. The relatively small sample 
size of the included standard samples may also 
contribute significantly to this deviation. This 
difference underscores the higher likelihood 
of NEC development in preterm infants with 
smaller gestational ages. Moreover, this study 
focused on the relationship between the miR-
149 gene rs2292832 polymorphism and NEC 
susceptibility but did not analyze genetic 
variations associated with different stages of 
NEC or provide data on other inflammatory 
issues, intestinal perforation, or patient 
prognosis. Future studies should expand the 
sample size to explore genetic differences in 
these areas and provide more evidence for 
accurate diagnosis and treatment of NEC in 
preterm infants.

In conclusion, miR-149 rs2292832 polymorphism 
may be implicated in NEC. Specifically, the 
T allele of rs2292832 exhibited a significant 
correlation with NEC morbidity, and within 
NEC patients, there was a relatively high 
prevalence of individuals carrying the T allele 
and TT genotype.
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