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Abstract: Background: Necrotizing enterocolitis (NEC) is an acquired disease, which mainly occurs in premature 
infants or sick newborns. microRNA (miR), as a common non-coding RNA in recent years, is found in many diseases. 
In this research, miR usefulin NEC is analyzed by GEO. Method: The differentially expressed miRs in NEC were 
screened by analyzing GSE68054, and miR-200a-3p in IEC-6 cells induced by lipopolysaccharide (LPS) and serum 
of NEC children were detected by qRT-PCR. The role of miR-200a-3p in LPS-induced IEC-6 cells was tested using 
CCK-8, PI dyeing, and inflammatory cytokine detection. The direct downstream molecules of miR-200a-3p were 
identified using TargetScanHuman and verified by luciferase reporter gene assay. The mechanism of action was 
explored using western blot. Results: miR-200a-3p in IEC-6 treated with NEC and LPS was significantly decreased. In 
vitro experiments revealed that miR-200a-3p mimetic could inhibit IL-6 and TNF-α in IEC-6 cells induced by LPS and 
reduce the positive rate of PI. In addition, it was determined that receptor-interacting protein kinase 1 (RIPK1) was 
a downstream molecule of miR-200a-3p, and overexpression of RIPK1 could aggravate LPS-induced IEC-6 injury, 
while miR-200a-3p mimics could alleviate the overexpression of RIPK1. miR-200a-3p mimics inhibited the elevation 
of necrosis-related molecules and the interaction between RIPK1 and RIPK3 in LPS-induced IEC-6 cells. Conclusion: 
miR-200a-3p can protect intestinal epithelial cells from LPS injury by inhibiting inflammation and necrosis mediated 
by RIPK1, which provides a possible target for NEC.
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Introduction

Necrotizing enterocolitis (NEC) is the most com-
mon cause of death in neonatology. Clinical 
statistics show that the mortality of NEC is 
about 20~30% [1, 2]. There are many risk fac-
tors for the development of NEC, among which 
premature birth, bacterial colonization and the 
management of formula food are common [3, 
4]. NEC damages the digestive system of new-
borns greatly, which can cause shock, acidosis 
and jaundice in severe cases [5]. Providing ade-
quate parenteral nutrition and maintaining the 
balance of water, electrolytes, acids, and bases 
are important strategies to improve NEC [6]. 
Although the disease has been effectively con-
trolled at present, NEC is still a main cause of 
premature infant morbidity and death [7]. 
Therefore, it is particularly crucial to explore the 

mechanism of NEC and find latent diagnostic 
and therapeutic targets.

miR (microRNA) is a non-coding RNA with 
18-24nt, which is an important part of the  
non-coding RNA [8, 9]. miR can regulate the 
downstream mRNA by pairing with complemen-
tary sequences of downstream targeted mRNA 
[10]. Studies [11-13] have shown that miR is 
involved in a variety of acute and chronic dis-
eases, inflammation, cancer, infection, and 
organ damage. An early study reported that the 
inhibition of miR-124 improved the develop-
ment of NEC [14]. In this research, we tested 
the difference of GSE68054, and found that 
miR-200a-3p in NEC was inhibited. miR-200a-
3p, as an early discovered miR, has been 
reported to be involved in inflammatory reac-
tions. Therefore, we speculate that miR-200a-
3p may be involved in NEC.

http://www.ajtr.org
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Cell death is a basic process that controls body 
development and homeostasis by regulating 
the number of cells and eliminating damaged 
or infected cells [15]. Receptor-interacting  
protein kinase 1 (RIPK1) is a multi-domain pro-
tein containing N-terminal kinase domain, inter-
mediate domain and c-terminal death domain 
(DD) [16]. Recent studies have revealed that 
there is a relationship between RIPK1 and 
apoptosis. For example, RIPK1 can counteract 
ZBP1-mediated necrosis, thus inhibiting inflam-
mation [17]. Other studies have shown that 
RIPK1 is a key regulator of inflammation and 
cell death [18]. In this study, we have found that 
miR-200a-3p has a targeted binding site with 
RIPK1, so we speculate that miR-200a-3p may 
participate in NEC by regulating RIPK1.

Lipopolysaccharide (LPS), as an effective com-
ponent of the outer cell wall of the Gram-
negative bacteria, has been proven to be an 
inducer of NEC [19]. The mechanism of miR-
200a-3p in NEC was investigated by construct-
ing NEC models in vivo and in vitro, aiming to 
provide reference strategies for NEC.

Methods and materials

GEO (Gene expression omnibus) analysis

We logged in to https://www.ncbi.nlm.nih.gov/
gds, downloaded the Series Matrix File(s) in 
GSE68054, and obtained GPL16384 annota-
tion file to annotate miR. A total of 12 samples 
were collected from the chip, including 4 NEC 
samples, 4 spontaneous intestinal perforation 
(SIP) cases and 4 intestinal tissues form the 
infant who received surgical treatment. Patients 
with NEC and infants who received surgical 
treatment were selected to collect intestinal 
tissue samples for analysis, and limma (thresh-
old, Log fold change =1, P=0.05) was used to 
analyze the differentially expressed miRs and 
visualize volcano map, and then pheatmap was 
used to visualize the heat map.

Clinical data

Twelve children with NEC from January 2018  
to May 2019 were selected as the research 
group (RG), and 12 healthy newborns during 
the same period were collected as the control 
group (CG). Inclusion criteria: The mother of  
the child was aged 23-30 years old and a  
primipara; The mother did not have diseases 

such as infection and malignant tumor; The 
delivery time was within 37-41 weeks. Exclu- 
sion criteria: The child was unable to cooperate 
with the experimental tests; The child had con-
genital defects after birth. This study con-
formed to the Medical Ethics Committee 
(ZJ1706841F), and the informed consent of all 
children was signed by their guardians. Peri- 
pheral blood of children was collected, placed 
at room temperature for 30 min, and centri-
fuged at 3000 rpm for 10 min. The supernatant 
was obtained, and then placed at laboratory for 
testing.

Cell cultivation

The intestinal epithelial cell line IEC-6 was 
obtained from ATCC (Manassas, VA), and cul-
tured in modified DMEM (Gibco, Grand Island, 
NY) including 10% FBS (Gemini, West Sacra- 
mento, CA) at 37°C with 5% CO2. 100 μg/ml of 
LPS (Sigma, St. Louis, MO) was used to induce 
the cells and construct the NEC model in vitro.

Establishment of animal model

Twenty male C57BL/6 mice (1 week old) were 
obtained from Charles River (Wilmington, MA). 
The mice were grouped into the control group, 
NEC, miR-NC+NEC, and miR-200a-mimics + 
NEC. All mice were breast-fed, and the mice in 
the control group were given enema of normal 
saline. As Yu and Chen et al. [20, 21] suggest-
ed, the mice in the NEC group were treated with 
artificial formula feeding combined with hypox-
ia and cold stimulus. Control group: Five neona-
tal rats were fed by the mother rats and clys-
tered with normal saline (0.2 ml) (all rats were 
lightly anesthetized with 5% chloral hydrate 
before enema). NEC model group: Five mice 
were reared artificially and exposed to hypoxic 
cold stimulation. One hour before hypoxic cold 
stimulation, the normal saline (0.2 ml) was 
used for enema once a day. miR-NC+NEC: Five 
mice were raised artificially and exposed to 
hypoxic cold stimulation. One hour before 
hypoxic cold stimulation, they were fed with 
breast milk and miRNA NC (0.2 mL), once a  
day. miR-200a-mimics + NEC: Five mice were 
raised artificially and exposed to hypoxic cold 
stimulation. One hour before hypoxic cold stim-
ulation, they were fed with breast milk and miR-
200a-mimics (0.2 mL), once a day. In the case 
of abdominal distention, abdominal wall discol-
oration, hematochezia, or other clinical symp-
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toms, the animals were executed 96 h later, 
and ileum tissue and blood samples were ta- 
ken for further analysis. The death scheme  
was carbon dioxide inhalation, followed by cer-
vical dislocation. The collected samples were 
frozen by liquid nitrogen for testing, and the 
remaining samples were stored in the refrigera-
tor at -80°C.

Cell transfection

miR-200a-3p mimeics (5’-UAACACUGUCUGGU- 
AACGAUGU-3’), anti-miR-200a-3p and miR-NC 
(5’-UUCUCCGAACGUGUCACUGUU-3’) were con-
structed. si-RIPK1 (5’-GAAUGAGGCUUACAACA- 
GTT-3’) and si-NC (5’-AAUUCUCCGAACGUUCA- 
CGU-3’) were constructed to reduce the expres-
sion of RIPK1. In addition, pcDNA3.1-RIPK1 
overexpression plasmid and control (pcDNA3.1) 
were constructed. All primer sequences were 
synthesized by GenePharma. Transfection was 
carried out using Lipofectamine 3000 (Invi- 
trogen, USA).

qRT-PCR detection

Total RNA was obtained using TRIzol reagent 
(Ambion, USA). Reverse transcription was per-
formed with PrimeScript™ RT kit (Takara, 
Dalian, China), and cDNA was collected for 
amplification. PCR amplification was performed 
with PowerUp™ SYBR™ Green Master Mix and 
ABI 7500 (ABI, Foster, CA, USA). PCR reaction 
system was as follows: 5× PrimeScript® Buffer 
4 μl , PrimeScript® RT Enzyme Mix I 1 μl , RT 
Primer Mix 1 μl , Genome Removal Solution 10 
μl. RNase-free ddH2O was used to complete to 
20 μL. PCR reaction conditions were as follows: 
pre-denaturation at 95°C for 5 min, denatur-
ation at 95°C for 10 s, annealing at 55°C for 30 
s and extension at 72°C for 34 s. U6 and 
GAPDH were internal references of miR and 
RIPK1, and 2-ΔΔCt was applied to test mRNA 
[22]. Primer sequences are shown in Table  
1.

staining was performed to observe the changes 
of intestinal tissue in mice. Ten most represen-
tative visual fields were randomly selected and 
observed under a high-power microscope 
(×400) to select representative pictures. The 
degree of intestinal injury was determined 
using the score of intestinal histopathology in 
mice, and a score more than 2 points was con-
sidered NEC. The classification was as follows: 
0: normal, no damage; 1: slight submucosal 
and/or lamina propria separation; 2: moderate 
separation of submucosa and/or lamina pro-
pria and/or edema in submucosa and muscular 
layer; 3: severe separation of submucosa and/
or lamina propria and/or severe edema of sub-
mucosa and muscular layer, and shedding of 
regional villi; 4: loss and necrosis of villi.

Evaluation of inflammatory cytokines

IL-6, IL-1β and TNF-α (Mlbio, China) in cells and 
intestinal tissues were tested using ELISA. The 
method was as follows: The tissues were added 
into appropriate amount of normal saline, 
mashed, and centrifuged at 1000×g for 10 
minutes, and then the supernatant was ob- 
tained. After dilution, 50 μl of the standard was 
added to the reaction well, and 50 μl of the 
sample to be tested was added to the reaction 
well. The biotin-labeled antibody (50 μl) was 
added. The plates were sealed, and then they 
were mixed and incubated at 37°C for 1 h. The 
plates were washed, and 80 ul of streptavidin-
HRP was added to each well, mixed, and incu-
bated at 37°C for 30 min. The plates were 
washed, and 50 μl of substrate A and B were 
added to each well, shaken and mixed gently, 
and incubated at 37°C for 10 min out of light. 
The enzyme-labeling plate was taken out, and 
50 μl of the termination solution was added 
immediately. Then, the results were deter- 
mined immediately. The OD value of each well 
was measured with a microplate reader at 450 
nm.

Table 1. Primer sequences
Gene Upstream sequence (5’-3’) Downstream sequence (5’-3’)
miR-200a-3p TAACACTGTCTGGTAACGATGT CATCTTACCGGACAGTGCTGGA
RIPK1 CCAGCCTCAGCATAGCACCT ACCCCAAGGGGAGCCATAAC
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
GAPDH GCTTCGGCAGCACATATACTAAAAT CGCTTCACGAATTTGCGTGTCAT

Hematoxylin and eosin 
(H&E) dyeing

The collected intestinal tis-
sues were fixed with 10% 
neutral formaldehyde, em- 
bedded in paraffin, and cut 
into 3 μm sections. H&E 
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Evaluation of cell activity

MTT (3-(4,5)-Dimethylthiahiazo (-z-y1)-3, 5-di- 
phenytetrazoliumromide) (Abcam, USA) was 
applied to test the cell activity. The transfected 
cells were collected, adjusted to 6*104/cell, 
inoculated into 96-well plate, and cultivated for 
24 h. Then 20 μL MTT solution (5 mg/mL) was 
added and set for 4 h. 150 μl of DMSO was 
added to accelerate the dissolution. Micro-
plate reader (BioTek, Winooski, VT, USA) was 
applied to test the absorbance at 570 nm.

Evaluation of apoptosis

The apoptosis was tested using flow cytometry 
(BD Biosciences, Heidelberg, Germany) and 
TUNEL dyeing (Shanghai Yeasen BioTechnolo- 
gies Co., Ltd., China, Alexa Fluor 640). Annexin 
V-PI kit (Invitrogen, Life Technologies, USA) was 
applied to test the apoptosis of IEC-6 cells. The 
cells were washed with PBS and re-suspended 
in binding buffer. A 5 μL of Annexin V-FITC and  
5 μL of PI were added to cell suspension (400 
μL) and cultivated for 30 min at 4°C in the dark. 
The apoptosis was monitored by FACSCalibur 
flow cytometry (BD Biosciences) and detected 
by FlooJo7.6. The apoptosis of NEC tissues was 
evaluated using DeadEnd TM fluorescent 
TUNEL kit. The operation steps were carried  
out according to the research of Chen et al. 
[21].

WB detection

Transfected cells and mouse tissues were col-
lected, the protein concentration was tested 
using BCA protein kit, and the separated  
protein samples were loaded into SDS-PAGE 
12% gel with the same protein concentration, 
and then electrophoresed on Bio-Rad Mini-
PROTEAN 3. Subsequently, the samples were 
transferred with nitrocellulose membrane and 
sealed at room temperature (PBS containing 
0.05% Tween and 5% skimmed milk powder)  
for 1 hour. Primary antibodies RIPK1 (1:500, 
Abcam, USA) and GAPDH (1:1000, Abcam,  
USA) were added and cultivated at 4°C over-
night, washed with PBS-tween, and added with 
secondary antibodies for 1 h. ECL (Amersham 
Biosciences Corp., Piscataway, NJ) was applied 
to test the protein bands, and Quantity One was 
applied for quantification.

Double luciferase reporter

The three major untranslated regions (3’-UTR) 
of RIPK1-wt and RIPK1-Mut of RIPK1 were 
cloned and inserted into the downstream of 
luc2 firefly luciferase of pmiRGLO vector, and 
then co-transfected with miR-200a-3p-mimics 
into IEC-6. After 48-hour transfection, the cells 
were lysed and luciferase activity was tested 
using Dual Luciferase Assay Kit (Stratagene,  
La Jolla, CA, USA). Luciferase activities of fire-
flies and sea renilla were tested using micro-
plate reader, which was standardized by sea 
renilla luciferase.

Statistical analysis

All data were represented as Mean ± SD. Prism 
package was applied for statistical analysis 
and figure visualizing. The differences between 
the two groups were compared by Student 
t-test, and the multiple groups comparison  
was conducted by ANOVA, and then Tukey back 
testing was conducted. If P<0.05, the differ-
ence was considered significant.

Result

miR-200a-3p decreased in NEC

The differentially expressed miRs of NEC in 
GSE68054 were first tested, and miR-200a-3p 
was found to be downregulated (Figure 1A, 
1B). Then, in order to verify miR-200a-3p in 
NEC, we found that the expression of miR-
200a-3p in NEC children’s serum was signifi-
cantly lower than that in the control group by 
qRT-PCR (Figure 1C, P<0.001). In addition,  
miR-200a-3p in IEC-6 cells and NEC animal 
models induced by LPS also decreased (Figure 
1D, 1E, P<0.01), suggesting that miR-200a-3p 
may be involved in NEC.

Increase of miR-200a-3p promoted the activ-
ity of IEC-6 cells and inhibited apoptosis and 
inflammation

To investigate the role of miR-200a-3p in NEC, 
we constructed miR-200a-3p-mimics plasmid 
and transferred it into LPS-induced IEC-6 
(Figure 2A, 2B, P<0.01). MTT assay revealed 
that the activity of IEC-6 cells transfected with 
miR-200a-3p-mimics was significantly higher 
than that of miR-NC (Figure 2C, P<0.01),  
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Figure 1. Relative expression of miR-200a-3p in NEC. A. Limma analysis of differential miR volcano map in 
GSE68054 (n=6). B. Pheatmap analysis of differential miR volcano map in GSE68054 (n=6). C. qRT-PCR was ap-
plied to test miR-200a-3p in serum of NEC children (n=24). D. qRT-PCR was applied to test miR-200a-3p after IEC-6 
was induced by LPS (n=6). E. qRT-PCR was applied to test miR-200a-3p in intestinal tissue of NEC animal model 
(n=12). **indicates P<0.01; ***indicates P<0.001.
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and the apoptosis was inhibited (Figure 2D, 
P<0.01). In addition, ELISA revealed that the 
concentration levels of IL-6, IL-1β and TNF-α in 
IEC-6 cells after transfection of miR-200a-3p-
mimics were significantly lower than those in 
miR-NC (Figure 2E-G, P<0.01), indicating that 
miR-200a-3p could effectively inhibit LPS-
induced IEC-6 apoptosis and inflammatory 
reaction.

Increase of miR-200a-3p improved intestinal 
tissue damage and inflammatory response in 
NEC mice

miR-200a-3p expression in NEC in vitro model 
was tested and NEC mouse model was con-
structed. Through H&E staining, we found that 
we successfully constructed the NEC model. 
Compared with the control group, the patho-
logic changes of mice in the NEC and miR-
NC+NEC groups showed severely necrotic 
intestinal tissue with increased number of 
inflammatory cells, but the intestinal tissue 
damage in miR-200a-3p-mimics+NEC group 
improved and the number of inflammatory cells 
declined compared with the NEC group and 
miR-NC+NEC group (Figure 3A). In addition,  
the NEC scores of miR-200a-3p-mimics+NEC 
group were significantly lower than those of 
NEC group and miR-NC+NEC group, indicating 
that miR-200a-3p-mimics could improve intes-
tinal tissue injury (Figure 3B, P<0.05). TUNEL 
detection also suggested that most of the 
nuclei in the NEC and miR-NC+NEC groups were 
red and strongly positive, but were faint in the 
miR-200a-3p-mimics+NEC group (Figure 3C). 
In addition, the changes of inflammatory fac-
tors concentration in the intestinal tissue of 
NEC mice were tested. The levels of IL-6, IL-1β, 
and TNF-α inflammatory factors in other groups 
were increased significantly compared with  
the control group, but those in miR-200a-3p-
mimics+NEC group were lower compared with 
NEC group and miR-NC+NEC group (Figure 
3D-F, P<0.05), indicating that miR-200a-3p 
could improve intestinal tissue damage and 
inflammatory reaction in NEC mice.

miR-200a-3p regulated RIPK1 in a targeted 
manner

In order to further determine the potential 
mechanism of miR-200a-3p, we predicted the 
miR downstream of miR-200a-3p. Through 
analysis, we found that there was a targeted 
binding site between RIPK1 and miR-200a-3p. 
To verify the binding between them, we found 
that the fluorescence activity of RIPK1-WT was 
inhibited by miR-200a-3p-mimics through dou-
ble luciferase reporter detection (Figure 4A, 
4B, P<0.05). Furthermore, qRT-PCR detection 
revealed that RIPK1 in NEC children’s serum 
was higher than that in the control group (Fi- 
gure 4C, P<0.001), and correlation analysis 
suggested that there was a negative correla-
tion of miR-200a-3p with RIPK1 (Figure 4D). In 
addition, WB detection also revealed that 
RIPK1 protein in IEC-6 cells induced by LPS  
and NEC animal model was significantly elevat-
ed, but RIPK1 protein in tumor tissues of NEC 
mice was inhibited after miR-200a-3p-mimic 
intervention (Figure 4E, P<0.05), suggesting 
that miR-200a-3p could target RIPK1.

Increase in RIPK1 reversed the growth func-
tion and inflammatory response of miR-200a-
3p to IEC-6

At the end of the study, we constructed RIPK1 
overexpression vector to determine the rela-
tionship between miR-200a-3p and RIPK1, and 
then transfected pcDNA3.1-RIPK1 into IEC-6 
cells to further observe cell function (Figure 5A, 
5B, P<0.01). Compared with pcDNA-3.1-NC, 
IEC-6 cells transfected with pcDNA3.1-RIPK1 
were significantly inhibited in viability and  
had more apoptosis (Figure 5C, 5D, P<0.01). 
Furthermore, it was found that the concentra-
tion levels of IL-6, IL-1β, and TNF-α inflam- 
matory factors in IEC-6 cells transfected with 
pcDNA3.1-RIPK1 were significantly elevated 
compared with pcDNA-3.1-NC. However, the 
above results were reversed when miR-200a-
3p-mimics and pcDNA3.1-RIPK1 were co-trans-
fected into IEC-6 cells (Figure 5E-G, P<0.01). 

Figure 2. miR-200a-3p inhibited LPS-induced apoptosis and inflammation of IEC-6 and promoted cell growth. A. 
qRT-PCR was applied to test miR-200a-3p in the plasmid after constructing miR-200a-3p-mimics (n=9). B. qRT-
PCR was applied to test miR-200a-3p in IEC-6 cells after transfection of miR-200a-3p-mimics (n=6). C. MTT assay 
was applied to test the activity of IEC-6 cells induced by LPS after transfection of miR-200a-3p-mimics (n=6). D. 
Flow cytometry was applied to test the change of apoptosis rate of IEC-6 induced by LPS after transfection of miR-
200a-3p-mimics (n=6). E. ELISA was applied to test the concentration level of IL-1β in IEC-6 induced by LPS after 
transfection of miR-200a-3p-mimics (n=6). F. ELISA was applied to test IL-6 concentration in IEC-6 induced by LPS 
after transfection of miR-200a-3p-mimics (n=6). G. ELISA was applied to test TNF-α concentration in IEC-6 induced 
by LPS after transfection of miR-200a-3p-mimics (n=6). **indicates P<0.01.
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Figure 3. miR-200a-3p improved intes-
tinal tissue damage and inflammation 
in NEC mice. A. H&E stain confirmed 
damage of miR-200a-3p-mimics to 
intestinal tissue in NEC mice (n=5). 
B. Evaluation of animal model after 
intervention with miR-200a-3p-mimics 
by NEC score (n=20). C. TUNEL was 
applied to test intestinal apoptosis of 
NEC mice after miR-200a-3p-mimic in-
tervention (n=5). D. ELISA was applied 
to test the concentration level of TNF-α 
in intestinal tissue of NEC mice after 
intervention with miR-200a-3p-mimics 
(n=5). E. ELISA was applied to test IL-
1β concentration in intestinal tissue of 
NEC mice after intervention with miR-
200a-3p-mimics (n=5). F. ELISA was 
applied to test IL-6 concentration in in-
testinal tissue of NEC mice after miR-
200a-3p-mimic intervention (n=5). 
*indicates P<0.05; **indicates P<0.01; 
***indicates P<0.001.
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Figure 4. miR-200a-3p regulated 
RIPK1 in a targeted manner. A. Tar-
get binding site of miR-200a-3p and 
RIPK1 (n=12). B. Double luciferase 
reporter analysis of miR-200a-3p 
and RIPK1 target binding (n=24). C. 
qRT-PCR was applied to test RIPK1 in 
serum of children with NEC (n=24). 
D. Pearson test was applied to test 
the correlation between RIPK1 and 
miR-200a-3p (n=6). E, F. RIPK1 pro-
tein in NEC models in vivo and in vitro 
was tested using WB (n=12). *indi-
cates P<0.05; ***indicates P<0.001.
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Our results suggested that miR-200a-3p par-
ticipated in NEC development by regulating 
RIPK1, which can be used as a therapeutic 
target.

Discussion

NEC, a common neonatal acute necrotizing 
enteritis, has no cure in the clinic at present. 
Moreover, the mechanism of NEC is still under 
exploration. In this research, we found that 
miR-200a-3p in NEC was significantlylower by 
differential analysis of chips and qRT-PCR 
detection. After up-regulating miR-200a-3p, 
RIPK1 was inhibited, cell activity was improved, 
and the inflammatory reaction was inhibited, so 
it is a possible target for NEC.

Studies have shown that [23, 24] miR regul- 
ates innate immunity, tumor formation, prolif-

eration, and differentiation, and inflammation 
in humans. It is reported that miR participates 
in intestinal physiologic and pathologic pro-
cesses by regulating the intestinal immune or 
inflammatory response [25, 26]. In this study, 
we first screened out the differentially ex- 
pressed miRs of NEC through the GEO data-
base. As an early discovered miR, miR-200a-3p 
plays a regulatory role in the development of 
many diseases. For example, miR-200a and 
miR-200b inhibit inflammation by targeting 
ORMDL3 to regulate ERK/MMP-9 in asthma 
[27]. In addition, Xue et al. [28] revealed that 
miR-200-3p inhibits the proliferation of diabet-
ic retinopathy cells and reduced apoptosis by 
blocking TGF-β2/Smad. In this study, miR-
200a-3p in serum of children with NEC and in 
vitro cell models of NEC was significantly 
decreased, and miR-200a-3p overexpression 
could inhibit the occurrence of an inflammatory 

Figure 5. miR-200a-3p regulated RIPK1 to promote NEC cell activity and inhibit inflammatory reaction. A. qRT-PCR 
was applied to test RIPK1 after constructing pcDNA3.1-RIPK1 vector (n=12). B. qRT-PCR was applied to test RIPK1 
after pcDNA3.1-RIPK1 was transfected into IEC-6 (n=6). C. MTT cells were applied to test the activity changes in 
IEC-6 after co-transfection (n=12). D. Flow cytometry was applied to test the change in apoptosis of IEC-6 after 
co-transfection (n=12). E. ELISA was applied to test the concentration level of IL-1β in IEC-6 after co-transfection 
(n=12). F. ELISA was applied to test the concentration level of IL-6 in IEC-6 after co-transfection (n=12). G. Detection 
of TNF-α concentration level in IEC-6 after co-transfection by ELISA. **indicates P<0.01 (n=12).
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reaction in NEC cells and mice and increase 
cell activity.

RIPK1 is a member of serine/threonine protein 
kinase receptor interacting protein (RIP) family 
[29]. The protein encoded by this gene acts in 
inflammation and cell death in response to tis-
sue injury and pathogen recognition, and it is a 
part of developmental regulation [30]. RIPK1 
antagonizes necrotic sagging mediated by 
ZBP1 and inhibits inflammation [31]. RIPK1 
and RIPK3 kinases promote death-indepen-
dent inflammation through Toll-like receptor  
4. However, recent studies have shown that 
RIPK1 is regulated by miR-141-3p to improve 
NEC [32, 33]. In our research, online prediction 
analysis revealed that there was a targeted 
aggregation site between miR-200a-3p and 
RIPK1, and RIPK1 was highly expressed in 
serum of children with NEC . This was negative-
ly correlated with miR-200a-3p, suggesting 
that there may be a targeted relationship 
between RIPK1 and miR-200a-3p, which was 
further verified by double luciferase reporter 
analysis. Further, we found that miR-200a-3p-
mimics effectively inhibited RIPK1 protein in 
IEC-6 cells and NEC animal models induced by 
LPS. Therefore, miR-200a-3p could regulate 
RIPK1. At the end of the study, in order to verify 
the role of miR-200a-3p on NEC by adjusting 
RIPK1, a rescue experiment was carried out in 
an in vitro cell model. It was found that miR-
200a-3p-mimics could reverse the inhibitory 
effect of pcDNA3.1-RIPK1 on IEC-6 cells, 
reduce apoptosis, and alleviate inflammatory 
reaction, making it a possible target for NEC.

Although this study has revealed the mecha-
nism of miR-200a-3p in NEC, there are still 
some shortcomings. First, we only used one 
kind of cell line for in vitro study, and it is unclear 
whether this is specific. Secondly, the number 
of children with NEC was small, and the correla-
tion analysis results may be biased. Finally, it is 
not clear whether low miR-200a-3p was caused 
by other factors. Therefore, we hope to collect 
more samples, supplement the inclusion and 
exclusion criteria, increase more experimental 
samples, and improve our research conclu-
sions in the follow-up exploration.

In sum, miR-200a-3p has low expression in 
NEC and can reduce the development of NEC 
by regulating RIPK1, which may be a target in 
NEC.
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