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Abstract. Neonatal necrotizing enterocolitis (NNEC) is a 
disease characterized by intestinal inflammation and ischemic 
necrosis. Despite progress having been made during decades 
of research, details regarding its pathophysiology remain 
to be elucidated. It is known that abnormal expressions of 
TNF‑α‑induced protein 8‑like 2 (TIPE2) can be observed in 
several diseases. However, the expression of TIPE2 in necro‑
tizing enterocolitis (NEC) rats has not been examined before. 
The present study aimed to describe the expression pattern of 
TIPE2 and its role in NNEC pathogenesis. An NEC rat model 
was generated and used in the present study. All rats were 
sacrificed when the phenotype developed and the intestine 
between the lower end of the duodenum and the ileocecal were 
collected for further study. Hematoxylin and eosin, and immu‑
nohistochemical staining, reverse transcription‑quantitative 
PCR and western blotting analysis were used to examine the 
expression of TIPE2. The results showed that the average 
body weight was significantly decreased in the NEC group 
compared with the control group along with a significant 
decrease of TIPE2 expression. However, the expressions of 
phosphatidylinositol‑3‑kinase (PI3K) and serine/threonine 
kinase AKT were significantly increased in NEC rats. The 

correlation analysis showed that the expressions of TIPE2 and 
PI3K were negatively correlated with a correlation coefficient 
of ‑0.797. To further determine the association between TIPE2 
and PI3K/AKT pathway, two groups of wild type Sprague 
Dawley rats were infected with recombinant adenovirus 
Ad‑V and Ad‑TIPE2 respectively. The results showed that the 
expression of TIPE2 was significantly increased among rats 
in the Ad‑TIPE2‑infected group (OE group) compared to the 
ones from the Ad‑V‑infected group (NC group). However, 
the mRNA and protein expressions of PI3K and AKT were 
significantly decreased in Ad‑TIPE2‑infected rates. The 
difference of each index between OE and NC groups was 
statistically significant. The present study showed that the 
expression of TIPE2 was downregulated in NEC rats. TIPE2 
might be involved in the pathogenesis of NEC by activating 
the PI3K/Akt signaling pathway.

Introduction

As an acute necrosis inflammatory bowel disease, neonatal 
necrotizing enterocolitis (NNEC) primarily affects preterm 
infants. An epidemiology study shows that it is the most 
common gastrointestinal emergency in the neonatal intensive 
care unit (1) and is characterized as a worldwide epidemic 
disease that accounts for significant neonatal mortality and 
morbidity (2,3). It has been estimated that the incidence of 
necrotizing enterocolitis (NEC) is 1‑3 patients per 1,000 live 
births and ~90% of all cases occur in preterm infants. Despite 
advances in perinatal and neonatal care have been achieved in 
past decades, NEC remains a leading cause of morbidity and 
mortality in preterm infants, with mortality rates as high as 
30% (4,5).

To the best of the authors' knowledge, several impor‑
tant factors including prematurity, intestinal immaturity, 
hypoxia‑ischemia, colonization with pathogenic bacteria and 
formula feeding participate in bowel injury and intestinal 
inflammation. All the aforementioned factors can result 
in epithelial injury and intestinal tissue damage, including 
necrosis and apoptosis of intestinal tissue  (6). However, a 
number of details regarding the pathogenesis of NEC remain 
to be elucidated.

Previous studies revealed that TIPE2 might promote tumor 
growth and progression. More specifically, Zhu et al (7) found 
that the expression of TIPE2 was reduced in gastric cancer 

Deciphering the role of TNF‑α‑induced protein 8‑like 2 in the 
pathogenesis of necrotizing enterocolitis in neonatal rats

JUAN LUO1,  SHENGLIN YU1,  JIALONG XU2,  XIAOGANG SUN2  and  RUOYI WANG2

1Department of Neonatology, Children's Hospital of Soochow University, Suzhou, Jiangsu 215003; 
2Department of Pediatric Surgery, The Second Hospital of Shandong University, Jinan, Shandong 250033, P.R. China

Received August 11, 2022;  Accepted June 23, 2023

DOI: 10.3892/etm.2023.12142

Correspondence to: Professor Shenglin Yu, Department 
of Neonatology, Children's Hospital of Soochow University, 
92 Zhongnan Street, Suzhou, Jiangsu 215003, P.R. China
E‑mail: wm1971@sina.com

Professor Ruoyi Wang, Department of Pediatric Surgery, The 
Second Hospital of Shandong University, 247 Beiyuan Street, Jinan, 
Shandong 250033, P.R. China
E‑mail: wangruoyi1974@163.com

Abbreviations: H&E, hematoxylin and eosin; IHC, 
immunohisto‑chemical; LPS, lipopolysaccharides; NNEC, neonatal 
necrotizing enterocolitis; PI3K, phosphatidylinositol‑3‑kinase; 
PMSF, phenylmethylsulfonyl fluoride; SD, Sprague Dawley; TIPE2, 
TNF‑α‑induced protein 8‑like 2

Key words: neonatal necrotizing enterocolitis, TNF‑α‑induced 
protein  8‑like  2, phosphatidylinositol‑3‑kinase, serine/threonine 
kinase AKT, pathophysiological process

https://www.spandidos-publications.com/10.3892/etm.2023.12142


LUO et al:  DOWNREGULATION OF TIPE2 AND ITS POSSIBLE PATHWAY IN NEONATAL RATS WITH NEC2

while Liu et al  (8) demonstrated that TIPE2 is minimally 
expressed in human glioma tissues and cell lines. In inflam‑
matory and autoimmune diseases, Wang et al (9) found that 
Pseudomonas aeruginosa infection could reduce expression of 
TIPE2 in mouse corneas. Zhou et al (10) demonstrated that the 
expression of TIPE2 was downregulated in a collagen‑induced 
arthritis model, which was accompanied by the occurrence 
of arthritis. However, Lou et al (11) showed that TIPE2 defi‑
ciency reduced inflammatory responses in a murine acute 
colitis model by enhancing immune responses to commensal 
bacteria. Therefore conflicting results have been reported 
regarding the expression of TIPE2 in different diseases.

The phosphoinositide 3‑kinases (PI3Ks) are a conserved 
family of signal transduction enzymes  (12,13). PI3Ks and 
its downstream serine/threonine kinase AKT (also known 
as protein kinase B) serve important roles in regulating cell 
activation, inflammatory responses, chemotaxis and apop‑
tosis (13). It has been proved that modulation of certain PI3K 
isoforms may elicit beneficial effects, while activating other 
PI3K isoforms may result in pathology changes (14).

In the present study, the expression of TIPE2 and 
PI3K/AKT pathway proteins were examined by using a rat 
model of NEC. Further mechanism study was conducted using 
wild type neonatal SD rats that were infected with recombi‑
nant adenovirus Ad‑TIPE2.

Materials and methods

Animals. Neonatal Sprague Dawley (SD) rats (3 days old: 
45  rats, 20 of which were used in the follow‑up experi‑
ments; and 14 days old, 17  rats, 10 of which were used in 
the follow‑up experiments) were obtained from the Animal 
Experiment Center of the Second Hospital of Shandong 
University. The ambient temperature was 22±3˚C, and the 
humidity was 40‑80%. The 3‑days‑old rats were adapted in 
cages with a 12‑h light/dark cycle for 2 days, The 14‑days‑old 
SD rats were randomly divided into two groups (OE group 
and NC group). After 3 days of normal feeding, rats in the 
OE group were transfected with TIPE2‑overexpressing 
adenovirus, while rats in the NC group were transfected with 
NC virus. After 7 days of feeding under the same conditions, 
the rats were sacrificed for further experiments. The present 
study was approved by the Animal Experiment Center of 
the Second Hospital of Shandong University (Shandong, 
China; approval no. KYLL‑2022LW103). All animal‑related 
procedures complied with the Guide for the Care and Use of 
Laboratory Animals published by the National Institutes of 
Health (no. 85‑23, revised 1996).

Main reagents and antibodies. Polyclonal antibodies 
against TIPE2 (cat.  no.  15940‑1‑AP) and β‑actin (dilu‑
tion, 1:500; cat.  no.  Biotin‑60008) were purchased from 
ProteinTech Group, Inc. Pan‑AKT rabbit pAb (dilu‑
tion, 1:1,000; cat.  no.  A18120) and phosphorylated (p‑)
AKT1‑S473+AKT2‑S474+AKT3‑S472 rabbit mAbs (dilu‑
tion, 1:1,000; cat. no. AP1208) were obtained from ABclonal 
Biotech Co., Ltd. Polyclonal antibodies against PI3‑kinase 
p85α/γ (dilution, 1:1,000; cat. no. AP71896) and PI3‑kinase 
p85α(p‑Tyr607) (dilution, 1:1,000; cat. no. AP67697) were 
provided by Abcepta. HRP‑conjugated secondary antibody 

(H+L) (cat.  no.  BL003A) and bovine serum albumin V 
(cat.  no.  BS114‑100g) were obtained from Biosharp Life 
Sciences. RIPA lysate (tissue/cell, cat. no. R0020) [including 
phenylmethylsulfonyl f luoride (PMSF)] was purchased 
from Beijing Solarbio Science & Technology Co., Ltd. 
Phosphorylase inhibitor 100X (cat.  no.  SW105‑02) and 
protease inhibitor cocktail 100X (cat. no. SW107‑02) were 
obtained from Seven Biotech [Saiwen Innovation (Beijing) 
Biotechnology Co., Ltd.]. Tissue RNA Purification Kit 
Plus (cat.  no.  EN‑RN002plus) was supplied by Yeasen 
Biotechnology (Shanghai) Co., Ltd. Evo M‑MLV RT Kit with 
gDNA Clean for qPCR II (cat. no. AG11711) was provided 
by Accurate Biology. 2X Universal SYBR Green Fast qPCR 
Mix (cat.  no.  RK21203) was purchased from ABclonal 
Biotech Co., Ltd.

Experiment design and model establishment. The 3‑day‑old 
rats (weight 6‑7 g) were randomly divided into two groups: 
i) Control group (control, n=10) without any intervention and 
ii) NEC group (NEC, n=10). The NEC model was established 
as described previously (15). Briefly, the NEC model was 
established by artificial feeding, hypoxia‑cold stimulation 
and intraperitoneal injection of lipopolysaccharides (LPS). 
All animals were kept in specified facility with 28‑30˚C 
and 45‑65% humidity. Rats in the experimental group were 
artificially fed with the formula substitute of rat milk (16) 
[4.60 g infant formula, 8 g protein powder and 50 ml lipid 
emulsion (C14‑24) every 100 ml] and 0.2 ml of the formula 
was given to each rat at every 4 h interval (q4h) within the 
first 24 h and 0.3 ml was given to each rat at q4h during 
24‑48 h while 0.4 ml was given to each rat at q4h for the 
last 24 h before experiment. NEC rats were placed in a box 
with pure nitrogen at 5  l/min for 7 min when the oxygen 
concentration in the oxygen concentration control box was 
0‑0.5% and then the NEC rats were quickly transferred 
into a refrigerator at 4˚C for 7 min for cold stimulation. 
After cold stimulation, 2 mg/kg LPS (2 mg/ml dissolved in 
normal saline) was intraperitoneally injected once a day for 3 
consecutive days. Subsequently, suckling rats were returned 
to the incubator for rewarming and artificial feeding was 
continued. Hypoxia‑cold stimulation was carried out every 
12 h at 10 a.m. and 10 p.m., respectively, for 3 consecutive 
days. Rats in the control group were placed in the same cage, 
being suckled by the mother. All control rats were intraperi‑
toneally injected with an equal amount of saline, once a day 
for 3 consecutive days. After 72 h, all rats were fasted for 
12 h before being sacrificed with carbon dioxide euthanasia, 
and the volume displacement rate of CO2 used for euthanasia 
ranged from 30‑70% of the chamber volume per minute.

Adenovirus injection detection. Adenovirus was purchased 
from OBiO Technology (Shanghai) Corp., Ltd. Grouping of 
experimental animals and virus infection: The 14‑day‑old 
rats (weight 30‑40 g) were randomly divided into two groups: 
i) control group (control, infected with NC virus group, NC 
group, n=5) and ii) intervention group (infected with TIPE2 
over‑expression virus, OE group, n=5). After being anesthe‑
tized with isoflurane (the induction dose used for anesthesia 
was 3‑4% and the maintenance dose was 2.0‑2.5%), SD 
rats of the two groups were injected with NC virus and OE 
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virus at multiple points in the ileum, respectively. Then the 
abdominal were closed and the rats were kept on normal 
feeding for 7 days. After 7 days, the rats were sacrificed 
with carbon dioxide euthanasia and the volume displace‑
ment rate of CO2 used for euthanasia ranged from 30‑70% 
of the chamber volume per minute. Then the ileum tissues 
were removed for further experiments. After the rats were 
injected with the virus, seven rats showed decreased activity, 
shortness of breath and finally succumbed due to respiratory 
arrest. It was suspected that the cause of their mortality may 
be viral intolerance.

Sample collection and processing. Midline laparotomies were 
performed on rats in a sterile environment. The intestinal tube 
between the lower end of the duodenum and the ileocecal 
was collected after isolating the mesentery and blood vessel. 
Subsequently, a 3‑cm longitudinal section was made at the 
terminal ileum which was further divided into upper and 
lower segments. The upper segment was stored in 10% neutral 
formalin and the lower segment was snap‑froze in liquid 
nitrogen and stored in ‑80˚C before experiment.

General observation. The general status of rats were observed 
and recorded on a daily basis. Detailed documentations of 
the changes were as previously described (17). During the 
modeling process, it was found that the general conditions of 
the rats in the model group were: No weight gain or loss, little 
activity or crouching immobility, low response to stimula‑
tion, feeding difficulties, diarrhea, black stool, and some rats 
exhibited bloody stool. The general morphology of intestinal 
tissues were evaluated after laparotomy and the presence of 
enteric cavity pneumatosis, necrosis, or hemorrhage was 
visually checked.

Hematoxylin and eosin (H&E) staining. The intestinal tissues 
were fixed in 10% neutral buffered formalin and embedded in 
a paraffin block (room temperature) before sectioning at 3 µm. 
After being dewaxing in xylene twice (at room temperature, 
5‑10 min each time), the sections were rehydrated at room 
temperature with an ethanol series (100, 95, 85 and 75%), 
for 3 min per gradient, and then soaked in distilled water 
for 2 min. The sections were stained with hematoxylin dye 
solution at room temperature for 20 min. The sections were 
differentiated with differentiation solution for 1 min at room 
temperature. The sections were then dehydrated, sealed with 
neutral gum and observed with an OLYMPUS BX53 light 
microscope (original magnification, x200).

Immunohistochemical (IHC) staining. Briefly, 3 µm sections 
were prepared for IHC staining. After deparaffinization and 
rehydration, the sections were put into a pressure cooker 
containing EDTA (pH 9.0) for antigen retrieval. Next, 3% 
hydrogen peroxide was added to inactivate endogenous 
peroxidase. Subsequently, the sections were successively 
incubated with the aforementioned primary and secondary 
antibodies and rinsed with PBS repeatedly. The primary 
antibody was added at 4˚C overnight, used at 1:500 dilution, 
and the horseradish peroxidase (HRP)‑labeled secondary 
antibody (dilution, 1:500) was added at room temperature for 
30 min. Finally, the nuclei were restained with hematoxylin for 

1‑2 min and then the tissue sections were sealed with neutral 
gum. Images of five non‑overlapping fields per section were 
randomly taken using an OLYMPUS BX53 light microscope 
(original maginification, x200). The IHC staining and image 
analysis were carried out blindly.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Total RNA was extracted from tissue 
samples (<50 mg) using the Tissue RNA Purification Kit 
Plus according to the manufacturer's instructions. Purified 
RNA was reversely transcribed into cDNA using the Reverse 
Transcription System (Evo M‑MLV Reverse transcription kit 
with gDNA Clean for qPCR II; Hunan Aikerui Biological 
Engineering Co., Ltd.) and the RT‑qPCR was performed using 
the 2X Universal SYBR Green Fast qPCR Mix. Briefly, after 
an initial denaturation step at 95˚C for 3 min, the amplifica‑
tions were carried out with 40 cycles at a melting temperature 
of 95˚C for 5 sec and an annealing temperature of 60˚C for 
30 sec, followed by a melting curve analysis at 95˚C for 15 sec, 
60˚C for 1 min and 95˚C for 1 sec. Data were collected by 
CFX Manager Software (Bio‑Rad Laboratories, Inc.) and 
expressed as quantification cycle (Cq) values. The samples 
for RT‑qPCR analysis were evaluated using a single predomi‑
nant peak as quality control. The relative expressions of the 
target genes were calculated using the 2‑∆∆Cq method (18) and 
GAPDH and β‑actin were adopted as the housekeeping gene. 
RNA extraction, cDNA synthesis and qPCR were performed 
according to the manufacturer's protocols, and all the experi‑
ments replicated three times. The primer sequences were as 
follows: TIPE2: Forward primer 5'‑TCC​AAG​GCA​CAA​CGG​
GTG​A‑3' and reverse primer 5'‑GGC​GAA​ATC​GTG​TAG​CCA​
GAG‑3'; PI3K: Forward primer 5'‑CAA​TCC​AGA​AAC​GCC​
TCA​CT‑3'and reverse primer 5'‑GCA​GCC​TCT​ATG​GCA​ATC​
A‑3'; AKT: Forward primer 5'‑TAC​CTG​AAG​CTA​CTG​GGC​
AAG​GG‑3' and reverse primer 5'‑CGG​TCG​TGG​GTC​TGG​
AAT​GAG‑3'; GAPDH (for the front experiments): Forward 
primer 5'‑GCA​CCG​TCA​AGG​CTG​AGA​AC‑3' and reverse 
primer 5'‑TGG​TGA​AGA​CGC​CAG​TGG​A‑3'; β‑actin (for the 
later experiments): Forward primer 5'‑CAC​CCG​CGA​GTA​
CAA​CCT​TC‑3' and reverse primer 5'‑CCC​ATA​CCC​ACC​
ATC​ACA​CC‑3'.

Western blotting analysis. The aforementioned TIPE2 
was used at 1:1,000 dilution, and aforementioned 
HRP‑conjugated secondary antibody (H+L) was used at 
1:10,000 dilution. Total protein was extracted using lysis 
buffer containing 20 mmol/l Tris‑HCl, pH 7.4, 150 mmol/l 
NaCl, 1% TX‑100, 1 mmol/l EDTA, pH 8.0 and 1 mmol/l 
phenylmethylsulfonyl fluoride (PMSF). Protein concentra‑
tion was determined using a Micro BCA protein kit (Pierce; 
Thermo Fisher Scientific, Inc.). Equal amounts of proteins 
(30 µg) were loaded on 10% gels to perform sodium dodecyl 
sulfate‑polyacrylamide gel electrophoresis (SDS‑PAGE) 
before transferring onto PVDF membranes. Membranes 
were blocked with 5% defatted milk in Tris‑buffered saline 
(TBS) containing 0.1% Tween‑20 at room temperature for 
1 h and then incubated with primary antibodies including 
anti‑TIPE2, anti‑p‑Akt, anti‑Akt and anti‑β‑actin (ABclonal 
Biotech Co., Ltd.) and anti‑PI3K and anti‑p‑PI3K (Abcepta) 
overnight at 4˚C. Subsequently, the blots were rinsed and 
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incubated with horseradish peroxidase (HRP)‑conjugated 
secondary antibodies (room temperature, being rocked 
on a shaker for 1  h slowly). The immunoreactive bands 
were visualized using chemiluminescence ECL detection 
reagents (cat. no. BL520A; Biosharp Life Sciences) and actin 
was used as the loading control. ImageJ 1.51j8 software 
(National Institutes of Health) was used for analysis.

Statistical analysis. Data were shown as mean ± standard 
deviation (SD). The distribution was assessed with the 
Shapiro‑Wilk test. Comparisons between two groups were 
performed using the unpaired t‑test and a P‑value <0.05 
was considered statistically significant. Pearson's correlation 
analysis and linear regression analysis were performed with 
two variables (the index of TIPE2 and p‑PI3K) in the NEC 
group, where TIPE2 was using as the independent variable and 
p‑PI3K as the dependent variable. All statistical analyses were 
performed using the GraphPad Prism 8.0 (Dotmatics).

Results

Establishment of NEC rat model. At the beginning of modeling, 
the rats showed varying degrees of excretion of yellow‑green 
mucus with diarrhea, dark belly, abdominal distension and 
weight loss, followed by vomiting, disappearance of group 
reaction, decreasing activity and sluggish reactions. These 
symptoms gradually aggravated. Table I showed the weight 
changes of the rats in the NEC group. The average body weight 
was significantly decreased in the NEC group compared to the 
control group (P<0.05).

Expression of TIPE2 was decreased in NEC rats. First, H&E 
staining was used to assess the ileocecal intestinal tissue 
damage. As shown in Fig. 1, rats in the NEC group presented 
with surface mucosal ulceration with necrosis. In addition, 
moderate or severe separations of submucosal and lamina 
propria commonly existed in the tissue, accompanied by 
moderate inflammatory cell infiltration and villi edema. Next, 
the expression of TIPE2 was examined by IHC staining. The 
immunoreactivity of TIPE2 was predominantly identified 
in infiltrating mononuclear cells in lamina propria and in 
epithelial cells to a lesser level. Fig. 2 showed the number of 
TIPE2‑positive mononuclear cells in both groups.

Expressions of TIPE2, PI3K and AKT at mRNA level. 
RT‑qPCR showed that the expression of TIPE2 mRNA was 
significantly reduced while the expressions of PI3K and AKT 

Table I. Weight changes of the two groups in 3 days.

	 Weight, g
	 Number	    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 Weight
Group	 of rats	 Day 1	 Day 2	 Day 3a	 change, g

Control	 10	 6.9±0.1	 7.0±0.1	 7.1±0.2	 +0.2
NEC	 10	 6.6±0.6	 6.4±0.6	 6.2±0.6 	 ‑0.4

aP<0.05 vs. control group.

Figure 1. Hematoxylin and eosin staining of the intestinal mucosa morphology 
of the two groups. (A) The morphology of intestinal mucosa in the control 
group. (B) The morphology of intestinal mucosa in the necrotizing entero‑
colitis group: Intestinal tissue shows severe submucosal and lamina propria 
separation, with moderate inflammatory cell infiltration and villous edema. 
Scale bar, 100 µm.

Figure 2. Expression of TIPE2 in the two groups by immunohistochemical 
staining. (A) Expression of TIPE2 in the control group. (B) Expression of 
TIPE2 in the necrotizing enterocolitis group: the immune activity of TIPE2 
was predominant in infiltrating mononuclear cells in lamina propria. By 
observation, the number of TIPE2‑positive mononuclear cells was signifi‑
cantly reduced in the necrotizing enterocolitis group compared with the 
control group. Scale bar, 100 µm. TIPE2, TNF‑α‑induced protein 8‑like 2.
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were significantly increased in the NEC group compared to 
the control group (P<0.05). Fig. 3 showed the relative expres‑
sion levels of TIPE2, PI3K and AKT.

Protein expressions of TIPE2, pan‑PI3K, pan‑AKT, p‑PI3K 
and p‑AKT. Western blotting analysis showed that the rela‑
tive protein expression of TIPE2 in the NEC group was 
significantly decreased compared to the control group, while 
the relative expressions of p‑PI3K, p‑Akt, pan‑PI3K and 

Figure 3. Comparison of relative expression of TIPE2, PI3K and AKT at mRNA level in NEC and the control group. The expression level of (A) TIPE2 mRNA, 
(B) PI3K mRNA and (C) AKT mRNA in NEC and the control groups. TIPE2, TNF‑α‑induced protein 8‑like 2; PI3K, phosphatidylinositol‑3‑kinase; NEC, 
necrotizing enterocolitis.

Figure 4. Expressions of TIPE2, pan‑PI3K, pan‑AKT, p‑PI3K and P‑AKT 
at the protein level. (A) Representative western blots of TIPE2, pan‑PI3K, 
pan‑AKT, p‑PI3K and P‑AKT expression in NEC rats and control 
groups. (B,C,D,E,F) The comparison of relative expression of (B) TIPE2, 
(C) pan‑PI3K, (D) pan‑AKT, (E) p‑PI3K and (F) p‑AKT in NEC rats and 
control groups. TIPE2, TNF‑α‑induced protein 8‑like 2; PI3K, phosphati‑
dylinositol‑3‑kinase; p‑, phosphorylated; NEC, necrotizing enterocolitis.

Figure 5. Relationship between TIPE2 and p‑PI3K in the NEC group. From 
the linear regression analysis of TIPE2 and p‑PI3K in the NEC group, TIPE2 
was shown to be negatively correlated with p‑PI3K (correlation coefficient: 
‑0.7971). TIPE2, TNF‑α‑induced protein 8‑like 2; PI3K, phosphatidylino‑
sitol‑3‑kinase; NEC, necrotizing enterocolitis.
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pan‑Akt were significantly increased in the experimental 
group compared to the control group, as demonstrated by 
Fig. 4. Correlation analysis indicated that the protein expres‑
sion of TIPE2 was negatively correlated with the expressions 
of p‑PI3K with a coefficient factor of ‑0.797 (P=0.0058). 
Linear regression analysis of these two parameters showed 
that the regression coefficient factor was ‑1.153 (Fig.  5). 
This finding suggested that the TIPE2 might participate in 
the pathogenesis of NEC through regulating the PI3K/AKT 
signaling pathway.

Expression of the mRNA and major proteins of PI3K/AKT 
pathway in Ad‑TIPE2‑infected ileum. After adenovirus infec‑
tion, TIPE2 expression in Ad‑TIPE2‑infected ileum was 
significantly increased, indicating successful infection 
Fig.  6. Then the follow‑up experiments were conducted. 
Both RT‑qPCR and western blot assay demonstrated that 
the expression of TIPE2 was significantly increased in 
Ad‑TIPE2‑infected ileum compared with Ad‑V‑infected ileum, 
while the expressions of PI3K and AKT at the mRNA and 
protein level in Ad‑TIPE2‑infected ileum were significantly 
decreased. And the differences of each index between the two 
groups were statistically significant (Figs. 7‑9).

Discussion

To the best of the authors' knowledge, this was the first study 
that showed that the expression of TIPE2 at both mRNA and 
protein levels in a NEC rat model was decreased compared 
with a control group. Meanwhile, the expressions of PI3K 
and AKT at the mRNA level in the NEC group were signifi‑
cantly increased and the protein expressions of pan‑PI3K, 
pan‑Akt, p‑PI3K and p‑Akt in NEC rats were also signifi‑
cantly increased, compared to the controls. According to 

the correlation analysis, our data showed that the expression 
of TIPE2 was negatively correlated with the expression of 
p‑PI3K(r =‑0.797).

Figure 7. Comparison of TIPE2 mRNA, PI3K mRNA and AKT mRNA 
expression between Ad‑TIPE2‑infected group (OE) and Ad‑V‑infected 
group (NC). Relative expression of (A) TIPE2, (B) PI3K and (C) AKT at 
mRNA level in Ad‑TIPE2‑infected group and Ad‑V‑infected group. TIPE2, 
TNF‑α‑induced protein 8‑like 2; PI3K, phosphatidylinositol‑3‑kinase; NC, 
negative control, a group of adenoviruses without TIPE2 overexpression; OE, 
TIPE2 overexpression group.

Figure 6. TIEP2 was significantly overexpressed in the OE group. TIPE2, 
TNF‑α‑induced protein 8‑like 2; NC, negative control, a group of adenovi‑
ruses without TIPE2 overexpression; OE, TIPE2 overexpression group.
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TIPE2 belongs to the TNF‑α‑induced protein  8 
(TNFAIP8) family, which also includes members such as 
TNFAIP8, TIPE1 and TIPE3 (19). As aforementioned, TIPE2 
has been identified as a tumor suppressor in multiple malig‑
nancies and its expression is significantly downregulated in 
a number of inflammatory and autoimmune diseases. TIPE2 
over‑expression can inhibit proliferation, epithelial‑mesen‑
chymal transition and migration. The depletion of TIPE2 
can cause severe inflammatory and autoimmune diseases, 
such as hepatitis B, systemic lupus erythematosus, asthma, 
collagen‑induced arthritis and experimental stroke (20‑23). 
However, a previous study showed that TIPE2 deficiency 
could reduce inflammatory responses in a murine acute 
colitis model  (11). Consistently, the present study found 
that the expression of TIPE2 was minimally expressed 
in NEC rat model. In other words, when NEC occurs in 
newborn rats, the body may reduce the expression of TIPE2 
to prevent further activation of immune system to contain the 
inflammation.

PI3K and its downstream AKT both serve essential roles 
in regulating cell proliferation and survival as well as cell 
homeostasis (14). PI3K is an enzyme complex composed of 
4 known isoforms (α,β,γ and ζ) and a catalytic p110 subunit. 
PI3K catalyzes the conversion of phosphatidylinositol 4,5 
biphosphate PI(4,5)P3 to PI(3,4,5)P3. A number of proteins, 
such as phosphoinositide‑dependent kinase‑1 (PDK1), PDK2 
and AKT, can interact with PI(3,4,5)P3. It has been known 
that PDK activates AKT by phosphorylation of Ser308 

and Thr473 (13). Studies have reported that the PI3K/AKT 
signaling pathway serves a protective role in myocardial 
ischemic injury, rotavirus‑induced diarrhea and fulminating 
polymicrobial sepsis (14,24,25). However, Camps et al (26) 
reported that blocking PI3Kγcould reduce inflammation 
and joint damage in murine models of arthritis. In addi‑
tion, Oudit et al (27) found that PI3Kγ participates in the 
pathogenesis of maladaptive cardiac hypertrophy, whereas 
PI3Kα and βserve important roles in regulating physiologic 
stimuli that result in adaptive hypertrophy. Thus, different 
PI3K isoforms seem to serve significantly different roles 
under both physiological and pathological conditions. In 
the current study, mRNA expressions of PI3K and AKT 
as well as phosphorylation of PI3K and AKT were signifi‑
cantly increased in NEC rats. These results indicated that 
the PI3K/AKT pathway might be activated in NEC to reduce 
the inflammation and increase the susceptibility of rats 
to sepsis.

To further confirm the association between TIPE2 and 
PI3K/AKT pathway, wild type rats were infected with 
recombinant adenovirus Ad‑V and Ad‑TIPE2 respectively. 
The results showed that the expression of TIPE2 was signifi‑
cantly increased in Ad‑TIPE2‑infected rats, compared to 
controls. However, the phosphorylation of PI3K and AKT 
were significantly decreased in Ad‑TIPE2‑infected rats and 
the differences of each index between the two groups were 
statistically significant. All the data suggested that TIPE2 
might be involved in the pathogenesis of NEC by activating 
the PI3K/AKT signaling pathway.

The data from the present study showed that TIPE2 
was involved in the pathogenesis of NEC by activating the 
PI3K/Akt signaling pathway and its expression was down‑
regulated in NEC rats. These findings not only provide an 
improved understanding of the pathogenesis of NEC but also 
shed light upon identifying novel therapeutic targets.
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