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BACKGROUND AND PURPOSE 

MiR-29b-3p shows important roles in regulating apoptosis and inflammation. However, its 

effects on intestinal ischemia-reperfusion (II/R) injury have not been reported. Thus, the 

purpose of this study was to investigate the functions of miR-29b-3p on II/R injury for 

exploring drug targets to treat the disease. 

EXPERIMENTAL APPROACH: 

The in vitro hypoxia/reoxygenation (H/R) model on IEC-6 cells and in vivo II/R model in 

C57BL/6 mice were used. The methods of Western blotting and dual luciferase reporter 

assays, mimic and siRNA transfection tests were applied to assess the effects of miR-29b-3p 

on II/R injury via targeting TRAF3. 

KEY RESULTS 

H/R process decreased cell viability, and promoted inflammation and apoptosis in IEC-6 cells, 

and II/R procedure also promoted intestinal inflammation and apoptosis in mice. The 

expression levels of miR-29b-3p were significantly reduced in H/R- induced cells and 

II/R-induced intestinal tissues of mice compared with control group or Sham group, which 

directly targeted TRAF3. Decreased miR-29b-3p level markedly increased TRAF3 

expression via activating TAK1 phosphorylation level, increasing NF-ĸB (p65) level to 

promote inflammation, up-regulating BAX expression and down- regulating Bcl-2 expression 

to trigger apoptosis. In addition, miR-29b-3p mimic and TRAF3 siRNA in IEC-6 cells 

markedly suppressed apoptosis and inflammation to alleviate II/R injury via inhibiting 

TRAF3 signal.  

CONCLUSIONS AND IMPLICATIONS 

Our results showed that miR-29b-3p played a critical role on II/R injury via targeting TRAF3, 

which should be considered as one potent drug target to treat the disease. 
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Abbreviations: TRAF3, tumor necrosis factor receptor (TNFR)-associated factor 3; TAK1, 

TGF-α-activated kinase 1; BAX, Bcl2-associated X; DMSO, dimethyl sulphoxide; FBS, fetal 

bovine serum; DMEM, Dulbecco's minimum essential medium; HE, hematoxylin-eosin; II/R, 

intestinal ischemia-reperfusion; H/R, hypoxia-reoxygenation; IL-1β, interleukin-1 beta; IL-6, 

interleukin-6; TNF-α, tumor necrosis factor alpha; MODS, multiple organ dysfunction 

syndrome; SIRS, systemic inflammatory response syndrome; NC, negative control; NF-ĸB, 

nuclear factor ĸB; PBS, phosphate buffered solution; TUNEL, TdT-mediated dUTP nick end 

labeling. 

 

What is already known 

●MiR-29b-3p plays important roles in apoptosis and inflammation. 

What this study adds  

●MiRNA-29b-3p reduces intestinal ischemia/reperfusion injury through suppressing 

apoptosis and inflammation via targeting of TRAF3 

What is the clinical significance 

●MiR-29b-3p/TRAF3 signal should be developed as an efficient drug target for clinical 

diagnosis and treatment of II/R injury. 
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INTRODUCTION  

Intestinal ischemia/reperfusion (II/R) injury is closely related to mesenteric ischemia, 

hemorrhagic shock and organ transplantation (Enyindah -Asonye et al., 2017; Liu et al., 

2015; Zhou et al., 2017; Matsuo et al., 2018). Intestinal ischemia can cause cell damage and 

provoke epithelial barrier dysfunction during reperfusion, resulting in systemic 

inflammatory response syndrome (SIRS), multiple organ dysfunction syndrome (MODS) 

and death (Duranti et al., 2018; Impellizzeri et al., 2016; Feng et al., 2017). Thus, 

exploration of potent drug targets for the prevention and treatment of II/R injury is 

necessary. 

Previous studies have reported that inflammation, oxidative stress and cell apoptosis are 

associated with II/R injury. Reperfusion of intestinal ischemic can cause the release of 

pro-inflammatory mediators and reinforce the injury (Feng et al., 2017). Excessive reactive 

oxygen species (ROS) can cause cell apoptosis, destroy intestinal epithelial homeostasis and 

induce cell death (Filpa et al.,2017). Many evidences have revealed that cell apoptosis is one 

major mode of cell death caused by II/R (Ikeda et al., 1998; Wen et al., 2012; Li et al., 2017), 

and uncontrolled inflammatory response is an important mechanism to cause SIRS. Thus, 

exploration of drug targets in inhibiting inflammation and apoptosis is very important to 

mitigate II/R injury. 

MicroRNAs (miRNAs) as the important regulators can lead to RNA degradation and/or 

inhibition of protein synthesis (Liu et al., 2016; He et al., 2018; Hu et al., 2018). Recent 

studies have shown that some miRNAs including miR-378, miR-351-5P and miR-665-3p 

play important roles in regulating II/R injury (Li et al., 2017; Hu et al., 2018; Li et al., 2018). 

MiR-378 can protect II/R injury via inhibiting intestinal mucosal cell apoptosis (Li et al., 

2017). Restraint of miR-351-5p can alleviate II/R-induced intestinal oxidative stress, 

inflammation and apoptosis via targeting mitogen activated protein kinase 13 and sirtuin-6 

(Hu et al., 2018). Inhibition of miR-665-3p can inhibit inflammation and apoptosis in II/R via 

targeting autophagy related gene 4B (Li et al., 2018). Thus, exploration of novel miRNAs in 

adjusting II/R injury for development of drug targets is important. 

One miRNA named miR-29b belongs to miR-29 family, which includes miR-29a, 

miR-29b and miR-29c. Recent studies have revealed that miR-29b play important roles on 

some diseases (Zhou et al., 2018; Langsch et al., 2016), which can prevent 

doxorubicin-induced myocardial apoptosis by targeting BAX (Jing et al., 2018), inhibit 

high-mobility group box 1/toll-like receptor 4 signal on liver fibrosis (Zhang et al., 2017), 
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inhibit breast cancer via targeting ten-eleven translocation1 (Wang et al., 2017), and alleviate 

IgAN pathogenesis via targeting cyclin-dependent kinase 6 (Xing et al., 2014). However, 

there have no papers to report the effects of miR-29b-3p on II/R injury.  

Tumor necrosis factor receptor-associated factor (TRAF) family contains seven members 

in mammals (Inoue et al., 2000), in which TRAF3 (tumor necrosis factor receptor-associated 

factor 3) is a crucial signal transducer in interferon regulatory factor (IRF), nuclear factor 

kappa B (NF-κB) and apoptotic signal pathways (Qu et al., 2017; Hu et al., 2016). TRAF3, 

ubiquitously expressed in brain, lung, heart, spleen and liver, is the target gene of some 

miRNAs including miR-322, miR-455 and miR-214 (Gu et al., 2015; yao et al., 2016; Rehei 

et al., 2018). Overexpression of miR-322 can ameliorate high glucose-induced injury on 

neural stem cells via targeting TRAF3 (Gu et al., 2015). MiR-455 can inhibit neuronal cell 

death by inhibiting TRAF3 in cerebral ischemic stroke (Yao et al., 2016). Depression of 

miR-214 can significantly restrain osteosarcoma cell invasion and migration via targeting 

TRAF3 (Rehei et al., 2018). However, the roles of TRAF3 on II/R injury remain unknown. In 

addition, the effects of miR-29b-3p on II/R injury via targeting TRAF3 have not been 

reported in our best knowledge.  

Thus, the aim of the present work was to investigate the molecular mechanisms of 

miR-29b-3p on II/R injury via targeting TRAF3 for explorating drug target to prevent and 

treat the disease.  

MATERIALS AND METHODS 

Chemicals and materials 

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) was provided by 

Roche Diagnostics (Basel, Switzerland). Lipofectamin2000, TransZolTM, Trans- Script® 

All-in-One First-Strand cDNA Synthesis SuperMix for qPCR (One-Step gDNA Removal), 

TransStart® Top Green qPCR SuperMix were purchased from Beijing TransGen Biotech Co., 

Ltd. (Beijing, China). SanPrep Column MicroRNA Mini-Preps Kit, MicroRNA First Strand 

cDNA Synthesis Kit and MicroRNAs Quantitation PCR Kit were purchased from Sangon 

Biological Engineering Technology & Services Co., Ltd. (Shanghai, China). 

Double-Luciferase Reporter Assay Kit was purchased from Promega Biotech Co., Ltd. 

(Beijing, China). Tissue Protein Extraction Kit was purchased from KEYGEN Biotech. Co., 

Ltd. (Nanjing, China). The bicinchoninic acid (BCA) protein assay kit, cell lysis buffer and 

phenylmethanesulfonyl fluoride (PMSF) were obtained from Beyotime Institute of 

Biotechnology (Jiangsu, China). Sodium dodecyl sulfate (SDS), hydroxymethyl 

尹连红
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aminomethane (Tris) and 4′,6′-Diamidino-2- phenylindole (DAPI) were obtained from Sigma 

(St. Louis, MO, USA). MiR-29b-3p mimic and TRAF3 (RRID: Addgene_44035) siRNA 

were purchased from RiboBio. Co., Ltd (Guangzhou, China). TRAF3 plasmids were 

purchased from GeneCopoeia, Inc (USA). 

Cell culture and hypoxia/reoxygenation (H/R) model 

Rat intestinal epithelial IEC-6 cells (RRID: CVCL_0343) obtained from Shanghai 

Institutes for Biological Sciences (Shanghai, China) were cultured in an atmosphere 

containing 5% CO2 and 21%O2 at 37°C with Dulbecco’s Modified Eagle’s Medium (Gibco, 

California, USA) which supplemented with 1%penicillin/streptomycin, 10%FBS. Culture 

medium was replaced every two or three days in all experiments. IEC-6 cells incubated in PBS 

were transferred to an incubator (Thermo Fisher Scientific, Inc. USA) containing 5%CO2 and 

1%O2 balanced with 94%N2 at 37°C for 4 h. Then, the cells were cultured under normal 

conditions for 0, 120, 720 and 1440 min to achieve reoxygenation. The cells in control group 

were receved as the same treatment as the cells in H/R group except that the culture condition 

was controlled by an incubator (NUAIR, America) with 5%CO2 and 21%O2 at 37°C. Cell 

viability and morphology of each control group were the same, and therefore, only one 

control group was given in the present work.  

Cell viability assay 

IEC-6 cells were inoculated into 96-well plates at a density of 5-10× 104cells/mL, and 

H/R experiments were carried out on the next day (n = 6). 15 μL of MTT solution (5 mg/mL) 

was added to every well at the end of H/R process. After 4 h of incubation at 37°C under light 

avoidance condition, the medium was replaced by 150 μL of DMSO and the optical density 

(OD) value at 490 nm was recorded using a POLA Rstar OPTIMA muti-detection microplate 

reader (BioRad, San Diego, CA, USA). 

Animals and II/R-induced intestinal injury model  

Forty male C57BL/6J mice (RRID: IMSR_JAX:000664) weighing 18-22 g (6-8 weeks 

old) were supplied by the Experimental Animal Center at Dalian Medical University, Dalian, 

China (SCKK: 2018-0003) and all experimental procedures were carried out accordance with 

People’s Republic of China Legislation Regarding the Use and Care of Laboratory Animals 

and approved by the Animal Care and Use Committee of Dalian Medical University. Animal 

studies are reported in compliance with the ARRIVE guidelines (Kilkenny et al., 2010; 

McGrath and Lilley, 2015). All animal studies complied with the principle for replacement, 

refinement or reduction (the 3Rs). The mice were randomly divided into five groups (n = 8): 
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Sham group and II/R groups (45 min of ischemia and reperfusion for 30, 90, 720 and 1440 min). 

All animals were group-housed with 2-3 mice per cage on a 12 h light/dark cycle in a 

temperature -controlled (25 ± 2°C) room with free access to water and food. Before the 

experiment, all mice were fasted for 24 h, but the water was supplied. The animals were 

anesthetized with intraperitoneal injecting 1.0-1.25 g/kg of 10% urethane in 0.9% saline (w/v) 

(Sigma-Aldrich, USA), and all mice were kept under anaesthesia during the periods of surgery. 

In Sham group, the wound was closed after finding the superior mesenteric artery by 

laparotomy. In II/R groups, the abdominal cavity was opened, superior mesenteric artery and 

its adjacent tissues were cautiously isolated and clamped with a microvascular clip for 45 min 

to cause ischemia, and then the clip was gently removed to allow reperfusion for 30, 90, 720 

and 1440 min. After the procedure, surgical incision was sutured with sutures. During the 

process, the mice were placed on a warming plate and sacrificed after the injury. Then, the 

whole intestines were obtained and stored at -80°C, which were used for the test. 

Histopathological examination 

Intestinal tissues of mice were fixed by 4% paraformaldehyde, embedded in parafflin, 

sliced 5 μm thickness sections, and stained with hemato-xylineosin (H&E). Images of the 

stained sections were obtained using a light microscope (Nikon Eclipse TE2000-U, Japan) with 

200× magnification. II/R-induced mucosal injury was evaluated according to the Chiu′s score. 

Injury was scored in a blinded fashion from 0 to 5 on a scale based on the described method 

(Feinman et al., 2010; Tackett et al., 2019). The experiment was carried out by the researchers 

blinded to each group of animals (n = 8). 

TdT-mediated dUTP nick end labeling (TUNEL) assay  

TUNEL assay was executed using the assay kit (Beijing TransGen Biotech Co., Ltd., 

China) following the manufacturer’s instructions. In vivo, the paraffin tissue sections were 

dewaxed with xylene and washed with PBS. Then, the tissue samples were permeated with 

0.5% Triton-100 and incubated with 50 μL of TUNEL reaction mixture for 1 h at 37°C under 

light avoidance and humid condition. Finally, the tissue sections were washed with PBS, 

permeated with 0.5% Triton-100 and closed with cover glass. In vitro, H/R-treated IEC-6 cells 

in 24-well plates were washed with PBS, fixed with 4% paraformaldehyde for 20 min and 

permeated with 0.5% Triton-100. Then, 150 μL of TUNEL reaction mixture was added into 

the plates for 1 h at 37°C under light avoidance. Finally, the images were captured by a 

fluorescent microscopy (Olympus, Japan) with 200 × magnification and analyzed by the 

ImageJ Software (National Institutes of Health, USA). The counting of the cells was carried 
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out in a blinded fashion. 

Detection of miR-29b-3p levels in vivo and vitro 

Total miRNA samples were extracted from intestinal tissues and IEC-6 cells using 

SanPrep Column MicroRNA Mini-Preps Kit according to the manufacturer’s protocol. The 

purity of the extracted miRNA was determined using Micronucleic Acid Protein Analyzer 

(Biochrom, USA), and the reverse transcripttion polymerase chain reaction (RT-PCR) was 

carried out using a microRNA First Strand cDNA Synthesis Kit following the manufacturer's 

instructions with a TC-512 PCR system (TECHNE, UK). The levels of miR-29b-3p were 

determined (n = 5) using MicroRNAs Quantitation PCR Kit and ABI 7500 Real Time PCR 

System (Applied Biosystems, USA) according to the manufacturer's instructions. The primers 

of miRNAs are given in Supplemental Table S1. U6 (Sangon Biological Engineering 

Technology & Services Co., Ltd., China) was used for normalization of miRNAs. 

Dual-luciferase reporter assay 

TRAF3 cDNAs containing the putative (wild-type, TRAF3-WT) or mutated binding site 

for miR-29b-3p was synthesized and then cloned into a pmiR-report vector. Mutations in 

miR-29b-3p binding site were generated from 5'-GGTGCTA-3' to 5'- CCACGAT-3' 

(TRAF3-Mut1), 5'-TGGTGCT-3' to 5'-ACCACGA-3' (TRAF3-Mut2) or at both binding sites 

(TRAF3-Mut3). For the assay, IEC-6 cells were co-transfected with miR-29b-3p mimic and 

TRAF3-WT, miR-29b-3p mimic negative control (NC) and TRAF3-WT, miR-29b-3p mimic 

and TRAF3-MUT1, miR-29b-3p mimic NC and TRAF3- MUT1, miR-29b-3p mimic and 

TRAF3-MUT2, miR-29b-3p mimic NC and TRAF3-MUT2, miR-29b-3p mimic and 

TRAF3-MUT3, miR-29b-3p mimic NC and TRAF3-MUT3 in 24-well plates. After 24 h of 

transfection, the luciferase activity was assessed (n = 5) by the kit using Dual-Light 

Chemiluminescent Reporter Gene Assay System (Berthold, Germany), which was normalized 

to firefly luciferase activity. 

Co-transfection tests of miR-29b-3p mimic and TRAF3 overexpression plasmid 

IEC-6 cells were inoculated into 6-well plates. The experiments were divided into control 

group, miR-29b-3p mimic NC and TRAF3 overexpression plasmid NC co- transfection group, 

TRAF3 overexpression plasmid single transfection group, miR- 29b-3p mimic and TRAF3 

overexpression plasmid co-transfection group. Lipofectam- ine2000 was dissolved in DMEM 

and the solution was equilibrated at room temperature for 5 min to produce solution A. 

MiR-29b-3p mimic (or miR-29b-3p mimic NC) (50 nM) and TRAF3 overexpression plasmid 

(or TRAF3 overexpression plasmid NC) (400 ng/mL) were separately dissolved in DMEM to 
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produce solution B (or D) and C (or E). Then, D and E solutions were mixed with solution A 

to produce solution F. The solution C was mixed with solution A to produce solution G. B and 

C solutions were mixed with solution A to produce solution H. F, G and H solutions were 

balanced at room temperature for 20 min. IEC-6 cells were transfected with F, G and H 

solutions for 5 h at 37°C, and then changed with fresh medium and cultured in normal 

conditions. After 24 h of transfection, the mRNA level of TRAF3 was assessed by real-time 

PCR assay, and the protein level of TRAF3 was also detected by Western blotting assay (n = 

5).  

Immunofluorescence assay 

In vivo, the paraffin tissue sections were dewaxed and blocked with 3% BSA- PBS for 1 h 

at room temperature, and incubated in one humidified box overnight at 4°C with anti-TRAF3 

with 1: 100 dilution. On the next day, the samples were incubated with Alexa 

fluorescein-labeled secondary antibody for 1 h at 37°C, and stained with DAPI (1 μg/mL) for 

5-10 min in the dark conditions. In vitro, IEC-6 cells were fixed with 4% paraformaldehyde 

for 20 min after H/R process, and the following steps were performed as the same as tissue 

sections described above. Finally, a fluorescent microscopy (Olympus, Japan) with 200 × 

magnification was used to capture the images. 

Quantitative real-time PCR assay 

Total RNA samples were extracted from intestine tissues of mice and IEC-6 cells using 

TransZol, which were then reverse transcribed into cDNA using the kit of TransStart Top 

Green qPCR SuperMix according to the instructions. qRT-PCR was performed on a CFX96 

PCR system (Bio-Rad Laboratories, USA) with SYBR Green Master Mix. The forward (F) 

and reverse (R) primers of RNA are given in Supplemental Table S2. The levels of mRNA 

were normalized to β-actin, and the relative level was analyzed using the 2-△△Ct method (n = 

5). 

Western blotting assay  

Protein samples from intestinal tissues of mice and IEC-6 cells were extracted using RIPA 

lysis buffer containing protease and phosphatase inhibitors. The protein concentrations of the 

samples were determined using the assay kit following the manufacturer’s protocol. The 

samples were separated on SDS-PAGE (8%-12%) gel, transferred to PVDF membranes 

(Millipore, USA), blocked with 5% dried skim milk (Boster Biological Technology, China) for 

2 h at room temperature, and incubated with primary antibodies (listed in Supplemental Table 

S3) overnight at 4°C. After addition of anti-rabbit or anti-mouse secondary antibody for 2 h at 
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room temperature, the expression levels of the proteins were detected by enhanced 

chemiluminescence method and the results were photographed with a ChemiDoc™XRS 

Imaging System (Bio-Rad Laboratories, USA). Intensity values of the relative protein levels 

were normalized to β-actin (n = 5).  

Mimic transfection of miR-29-3p in vitro 

Lipofectamine2000 was diluted with DMEM, which was equilibrated for 5 min at room 

temperature. In addition, miR-29-3p mimic and mimic negative control were separately 

dissolved in DMEM. 50 nM of miR-29b-3p mimic and its negative control as the transfection 

concentrations were used (Zheng et al., 2019; Sun et al., 2018). Each solution was combined 

with Lipofectamine2000 transfection reagent according to the manufacturer's protocol. 

Afterwards, the solution was gently mixed to form liposomes for 20 min. IEC-6 cells 

transfected with the transfection mixture were maintained for 5 h at 37°C, and then changed 

with fresh medium and cultured in normal conditions for 24 h, which were subjected to 4 h of 

hypoxia and 120 min of reoxygenation. The items of cell apoptosis, miR-29b-3p expression 

level, and the mRNA or protein levels of TRAF3, IL-1β, IL-6, TNF-α, TAK1, p-TAK1, 

NF-ĸB, BAX, Bcl-2 were determined.  

Transfection of TRAF3 siRNA in vitro 

TRAF3 siRNA (50 nM) and TRAF3 siRNA negative control (50 nM) were separately 

dissolved in DMEM solution, which were blended with Lipofectamine2000 transfection 

reagent according to the manufacturer's protocol. The mixed reagents were balanced at room 

temperature for 20 min to form liposomes. IEC-6 cells were transfected with the transfection 

mixture. After 24 h of transfection, cell apoptosis, the mRNA or protein levels of TRAF3, 

TAK1, p-TAK1, NF-ĸB, BAX, Bcl-2, IL-1β, IL-6 and TNF-α were detected. 

Statistical analysis 

The data were expressed as the mean ± standard deviation (SD). GraphPad Prism 6.01 

software (Graphpad Software, Inc, CA, USA) was used to handle these data and only when a 

minimum of n = 5 independent samples was acquired. Among them, some data were 

performed normalisation for controlling unwanted sources of variation according to following 

methods. First, the data should be normalized to bring all of the variation into proportion with 

one another after removing the outliers. Then, the coefficients associated with each variable 

will scale appropriately to adjust for the disparity in the variable sizes. Statistical analysis was 

performed with one-way analysis of variance (ANOVA) followed by Tukey's post-hoc test 

when comparing multiple groups; with unpaired t-test when comparing two different groups. 

http://www.guidetoimmunopharmacology.org/GRAC/DatabaseSearchForward?searchString=IL-1β&searchCategories=all&species=none&type=all&comments=includeComments&order=rank&immuno=true&submit=Search+Database
http://www.guidetoimmunopharmacology.org/GRAC/LigandDisplayForward?ligandId=4998
http://www.guidetopharmacology.org/GRAC/ObjectDisplayForward?objectId=2082
http://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=5711
http://www.guidetopharmacology.org/GRAC/ObjectDisplayForward?objectId=2844
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Post-hoc tests were run only if F achieved P < 0.05 and there was no significant variance 

inhomogeneity. Statistical significance was considered to be P < 0.05. Data and statistical 

analysis are in line with recommendations for pharmacolo- gical experimental design and 

analysis (Curtis et al., 2018).  

Nomenclature of targets and ligands 

Key protein targets and ligands in this article are hyperlinked to co rresponding entries in 

http://www.guidetopharmacology.org, the common portal for data from the IUPHAR/BPS 

Guide to PHARMACOLOGY (Harding et al., 2018), and are permanently archived in the 

Concise Guide to PHARMACOLOGY 2017/18 (Alexander et al., 2017a,b,c). 

RESULTS  

H/R and II/R promoted damage in vitro and in vivo 

As shown in Figure 1A-B, under 120 min of reoxygenation, the morphology of IEC-6 

cells was obviously changed and cell viability was decreased compared with control group. 

However, cell morphology and viabilities were improved with the prolongation of 

reoxygenation time compared with 120 min of reoxygenation. Meanwhile, as shown in Figure 

1C-D, the effects of ischemia for 45 min and reperfusion for 30, 90, 720 and 1440 min on 

intestinal injury in mice were observed. After reperfusion, inflammatory cell infiltration and 

necrosis were obviously increased in II/R groups, and the most serious injury was found at 90 

min of reperfusion. Nevertheless, with the prolongation of reperfusion time, the injury was 

restored compared with 90 min of reperfusion according to Chiu’s score and H&E staining.  

H/R and II/R caused apoptosis in vitro and in vivo 

As shown in Figure 2A, the numbers of apoptotic cells were increased in H/R groups 

compared with control group. However, with the prolongation of reoxygenation time, the 

numbers of apoptotic cells were reduced compared with 120 min of reoxygenation. The data in 

Figure 2B showed that the numbers of apoptotic cells were increased in II/R groups compared 

with Sham group, which were gradually reduced with the prolongation of reperfusion time 

compared with 90 min of reperfusion. The analytical data of the apoptostic cells in vitro and in 

vivo are shown in Figure 2C-D.  

TRAF3 is the target gene of miR-29b-3p 

The data in Figure 3A showed that after H/R in IEC-6 cells and II/R in mice, the 

expression levels of miR-29b-3p were significantly decreased with the minimum values at 4 h 

of hypoxia and 120 min of reoxygenation in vitro, and 45 min of ischemia and 90 min of 

reperfusion in vivo compared with control group or Sham group. However, the expression 
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levels of miR-29b-3p were obviously increased from 720 min to 1440 min of reoxygenation or 

reperfusion compared with 120 min of reoxygenation in vitro or 90 min of reperfusion in vivo. 

The RNA sequence alignment showed that the 3′-UTR of TRAF3 mRNA contained a 

complementary site for the seed region of miR-29b-3p (Figure 3B). The results Figure 3C 

certified that the relative luciferase expression in TRAF3-WT + miR-29b-3p mimic group was 

significantly decreased compared with TRAF3-WT + miR-29b-3p mimic NC group. 

Compared with TRAF3-MUT1 + miR-29b-3p mimic NC group and TRAF3-MUT2 + 

miR-29b-3p mimic NC group, the relative luciferase expressions in TRAF3-MUT1 + 

miR-29b-3p mimic group and TRAF3-MUT2 + miR-29b-3p mimic group were also decreased. 

However, compared with TRAF3-MUT3 + miR-29b-3p mimic NC group, the relative 

luciferase expression in TRAF3- MUT3 + miR-29b-3p mimic group had little change. 

Therefore, TRAF3 showed specific binding sites with miR-29b-3p. As shown in Figure 3D, 

the plasmid was TRAF3 overexpression plasmid, and NC refered to TRAF3 overexpression 

plasmid negative control and miR-29b-3p mimic negative control. In addition, the results 

after transfection showed that the expression level of TRAF3 was significantly increased 

compared with control group, suggesting that TRAF3 overexpression plasmid was 

successfully transferred into the cells. However, the mRNA level of TRAF3 was obviously 

decreased in co-transfected TRAF3 overexpression plasmid and miR-29b-3p mimic group 

compared with single transfected TRAF3 overexpression plasmid group, suggesting that 

miR-29b-3p inhibited TRAF3 expression. The results in Figure 3E showed that compared 

with control group, the protein level of TRAF3 was significantly increased after transfection 

of TRAF3 overexpression plasmid. However, compared with co-transfected TRAF3 

overexpression plasmid and miR-29b-3p mimic, the expression level of TRAF3 was 

obviously reduced. In a word, our data confirmed that TRAF3 is the target gene of 

miR-29b-3p. 

H/R and II/R up-regulated the expression levels of TRAF3 in vitro and in vivo 

The mRNA levels of TRAF3 are shown in Figure 4A based on real-time PCR assay, and 

the protein levels of TRAF3 are shown in Figure 4B-C based on immunofluore- scence 

staining and western blotting assay. The mRNA and protein levels of TRAF3 were severely 

increased in H/R groups under 4 h of hypoxia and 120 min of reoxygenation in vitro 

compared with control group, which were also increased under 45 min of ischemia and 90 

min of reperfusion in vivo compared with Sham group. However, the expression levels of 

TRAF3 were obviously reduced with further prolongation of reoxygenation or reperfusion 
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time compared with 120 min of reoxygenation in vitro and 90 min of reperfusion in vivo. 

MiR-29b-3p adjusted TRAF3 signal pathway  

As shown in Figure 5A-B, the protein levels of p-TAK1, NF-κB (p65), BAX were 

obviously increased, and Bcl-2 expression levels were obviously declined in H/R groups in 

vitro and II/R groups in vivo compared with control group or Shan group. However, with 

further prolongation of reoxygenation or reperfusion time, the expression levels of p-TAK1, 

NF-κB (p65), BAX were decreased, and Bcl-2 expression levels were increased compared 

with 120 min of reoxygenation in vitro or 90 min of reperfusion in vivo. The data in Figure 

5C-D showed that the mRNA levels of IL-1β, IL-6 and TNF-α were the highest levels at 120 

min of reoxygenation in vitro or 90 min of reperfusion in vivo compared with control group or 

Shan group, which were obviously reduced from 720 min to 1440 min of reoxygenation or 

reperfusion compared with 120 min of reoxygenation in vitro or 90 min of reperfusion in vivo. 

Overexpression of miR-29b-3p alleviated H/R-caused injury in vitro  

As shown in Figure 6A, the viability and morphology of cells had little change compared 

with control group after transfected with miR-29b-3p mimic, suggesting that miR-29b-3p 

mimic did not produce side effects. The data in Figure 6B showed that after transfected with 

miR-29b-3p mimic, the expression level of miR-29b-3p in IEC-6 cells was obviously 

increased, indicating that miR-29b-3p mimic was successfully transfected into the cells. As 

shown in Figure 6C, after transfection, cell apoptosis was obviously decreased, and the 

expression level of miR-29b-3p was significantly increased and TRAF3 mRNA level was 

obviously decreased compared with H/R group (Figure 6D). In addition, the data in Figure 

6E-G indicated that the protein levels of TRAF3, p-TAK1, NF-κB (p65), BAX were decreased, 

Bcl-2 expression level was increased, and inflammation was reduced compared with H/R 

group after transfected with miR-29b-3p mimic. Hence, overexpression of miR-29b-3p 

protected II/R injury via inhibiting TRAF3 signal.  

TRAF3 siRNA mitigated H/R-caused injury in vitro  

The data in Figure 7A showed that after transfected with TRAF3 siRNA, the viability 

and morphology of cells had little change compared with control group, indicating that 

TRAF3 siRNA showed no side effects to the cells in transfection test. As shown in Figure 7B, 

the mRNA level of TRAF3 in IEC-6 cells was obviously decreased after transfected with 

TRAF3 siRNA, suggesting that TRAF3 siRNA was successfully transfected into the cells. As 

shown in Figure 7C, the numbers of apoptotic cells were reduced, and TRAF3 mRNA level 

was significantly decreased after transfected with TRAF3 siRNA compared with H/R group 
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(Figure 7D). Moreover, the data in Figure 7E-G indicated that after transfected with TRAF3 

siRNA, the expression levels of TRAF3, p-TAK1, NF-ĸB (p65), BAX were decreased, Bcl-2 

expression level was increased, and inflammation reaction was obviously inhibited compared 

with H/R group. Hence, blockade of TRAF3 reduced II/R injury. 

DISCUSSION 

II/R damage caused by bowel infarction, strangulation, severe hypotension and shock is a 

frequent and clinically devastating condition with high morbidity and mortality. II/R can cause 

intestinal mucosal injury, and ultimately lead to bacterial translocation, sepsis, multiple organ 

failure and eventually death (Mallick et al., 2004; Goldsmith et al., 2012; Ceulemans et al., 

2017). As mentioned in the foregoing content, apoptosis and inflammation are important 

mechanisms associated with II/R injury. TUNEL staining is one major method to detect cell 

apoptosis and pro- inflammatory factors including IL-1β, IL-6 and TNF-α can reflect 

inflammatory response (Zu et al., 2018; Li et al., 2017). In this study, our results showed that 

the numbers of apoptotic cells and the mRNA levels of IL-1β, IL-6 and TNF-α were 

significantly increased after 4 h of hypoxia and 120 min of reoxygenation in IEC-6 cells, and 

ischemia for 45 min and reperfusion for 90 min in mice compared with control group or 

Sham group, which were reduced with the prolongation of reoxygenation or reperfusion time 

compared with 120 min of reoxygenation in vitro or reperfusion for 90 min in vivo.  

Previous studies have shown that miRNAs can control the pathological process of II/R 

injury (Li et al., 2017; Hu et al., 2018; Li et al., 2018). In addition, some miRNAs including 

miR-375 and miR-371 have been confirmed as the markers for clinical diagnosis and 

treatment of diseases (Piano et al., 2018; Salvatori et al., 2018). Circulating miRNA-375 can 

be considered as a biomarker for active Kaposi’s sarcoma in AIDS patients (Piano et al., 

2018). MiR-371 family can be used as the plasma biomarkers for monitoring undifferentiated 

and potentially malignant human pluripotent stem cells (Salvatori et al., 2018). Besides, some 

works have reported that miR-29b-3p plays important roles in cell apoptosis, inflammation 

and oxidative stress (Jing et al., 2018; Zhang et al., 2017; Wang et al., 2017; Xing et al., 

2014). MiR-29 can be used as clinical markers in some diseases (Han et al., 2015; Bai et al., 

2017). MiR-29c has been suggested as a diagnostic and therapeutic biomarker in gastric 

carcinogenesis for patients with gastric cancer (Han et al., 2015). Serum miR-29 has been 

served as the biomarker for Parkinson’s disease (Bai et al., 2017). MiR-29b-3p, a member of 

miR-29 family, has important roles in clinical practice. Pan Y et al have found low expression 

level of miR-29b-3p in serum of multiple myeloma patients (Pan et al., 2019). Circulating 
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basal level of miR-29b-3p can predict the outcome of patients with metastatic colorectal 

cancer treated with bevacizumab (Ulivi et al., 2018). However, no papers have been reported 

the functions of miR-29b-3p on II/R injury. In this study, we explored the possible clinical 

application of miR-29b-3p in II/R injury, and found that the expression levels of miR-29b-3p 

were significantly decreased in H/R and II/R groups compared with control group in vitro and 

Sham group in vivo. Moreover, we found that TRAF3 showed putative binding sites with 

miR-29b-3p. In co-transfection experiment, we found that after single transfection of TRAF3 

overexpression plasmid in cells, TRAF3 expression was significantly increased compared 

with control group. However, after co-transfection of miR-29b-3p mimic and TRAF3 

overexpression plasmid, TRAF3 expression level was obviously reduced compared with 

single transfection of TRAF3 overexpression plasmid, suggesting that miR-29b-3p directly 

targeted TRAF3.  

II/R injury-induced SIRS and MODS can lead to death in patients (Rivers et al., 2001, 

Liu et al., 2018, Perez-Chanona et al., 2014). As demonstrated in this study, II/R injury 

aggravated intestinal mucosa inflammation and apoptosis which can eventually cause SIRS 

and MODS. In order to further explore the roles of miR-29b-3p in reducing II/R damage, 

transfection test of miR-29b-3p mimic was carried out. The results showed miR-29b-3p 

reduced II/R damage through inhibiting TRAF3 signal via decreasing the expression levels of 

TRAF3, p-TAK1, NF-ĸB (p65), and increasing Bcl-2 expression level to suppress apoptosis 

and inflammation. MiR-29b-3p/TRAF3 signal can be considered as one new target for the 

research and development of innovative drugs to treat II/R injury. 

TRAF3 can regulate the functions of some types of receptors with multiple roles in a 

variety of signaling pathways (Shi et al., 2018; Yi et al., 2014). Gu et al have shown that 

TRAF3 plays important roles in modulating apoptosis and inflammation (Gu et al., 2015). 

However, its effects on II/R injury have not been reported. Previous studies have shown that 

intestinal fatty acid-binding protein (I-FABP) has emerged as a valuable marker for the 

diagnosis of intestinal damage at an early stage (Thuijls et al., 2011; Khadaroo et al., 2014). 

Schellekens et al have proposed that smooth muscle protein 22 (SM22) can be considered as 

a potential marker of transmural intestinal ischemia in patients (Schellekens et al., 2018). In 

this study, the results showed that the expression levels of TRAF3 were obviously increased 

in H/R and II/R groups compared with control group in vitro and Sham group in vivo. TRAF3 

siRNA transfection test showed that TRAF3 aggravated II/R injury via activating TAK1 

phosphorylation, increasing NF-ĸB level to promote inflammation, up-regulating BAX 
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expression and down-regulating Bcl-2 expression to promote apoptosis. Hence, we suspected 

that TRAF3 played important roles in regulating II/R injury. However, whether TRAF3 can 

be used as a biomarker for clinical diagnosis or treatment of II/R injury remains to be further 

studied.  

In conclusion, our findings in this paper provided novel insights into the molecular 

mechanism of miR-29b-3p on II/R injury via adjusting TRAF3 signal (Figure 8), which 

should be developed as an efficient drug target for clinical diagnosis and treatment of II/R 

injury. 
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Figure 1. H/R injury in IEC-6 cells and II/R damage in mice. (A-B) Cellular morpho- 

logy and viabilities of IEC-6 cells. After hypoxia for 4 h and reoxygenation for 0, 120, 720, 

1440 min, the percentages of viable cells were determined using MTT assay (n = 6). (C-D) 

H&E staining (×200 magnification) and histopathological scores (Chui’s score) in mice (n = 

8). Scale bar = 100 μm. Male C57BL/6 mice were randomly divided into Sham group and 

II/R groups (45 min of ischemia and reperfusion for 30, 90, 720 and 1440 min). All data are 

expressed as the mean ± SD. *p < 0.05 compared with control groups; #p < 0.05 compared 

with 120 min-reoxyenation or 90 min-reperfusion group. 
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Figure 2. Cell apoptosis after H/R in vitro and II/R in vivo. Cell apoptosis was detected 

based on TUNEL assay. In vitro, IEC-6 cells were incubated in PBS in an incubator 

containing 5%CO2, 1%O2 and 94%N2 at 37°C for 4 h. Then, the cells were cultured under 

normal conditions for different times (0, 120, 720 and 1440 min) to achieve reoxygenation. In 

vivo, superior mesenteric arteries of mice were cautiously clamped with a small vascular 

clamp for 45 min ischemia and reperfusion for different times (30, 90, 720 and 1440 min). All 

data are expressed as the mean ± SD (n = 5). *p < 0.05 compared with control groups; #p < 

0.05 compared with 120 min-reoxyenation or 90 min-reperfusion group. 
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Figure 3. TRAF3 is the target gene of miR-29b-3p. (A) The expression levels of 

miR-29b-3p after H/R injury in IEC-6 cells and II/R injury in mice based on real-time PCR 

assay. (B) The diagram of miR-29b-3p conservative seed binding sites on the 3′-UTRs of the 

target genes (TRAF3). (C) Relative luciferase expression with TRAF3 3’-UTR after 

co-transfected with miR-29b-3p mimic or NC. IEC-6 cells were seeded in 24-well plates, and 

co-transfected with miR-29b-3p mimic or NC and TRAF3-WT or TRAF3-mutant (MUT). 

After 24 h of transfection, the luciferase activities were assessed using Dual-Luciferase 

Reporter Assay Kit. (D-E) The expression levels of TRAF3 after co-transfection. IEC-6 cells 

were seeded in 6-well plates for 24 h and then co-transfected with miR-29b-3p mimic NC and 

TRAF3 overexpression plasmid NC, miR-29b-3p mimic and TRAF3 overexpression plasmid, 

single transfected with TRAF3 overexpression plasmid. Then, the mRNA level of TRAF3 was 

assessed by real-time PCR assay and the protein level of TRAF3 was detected by Western 

blotting assay after transfection. All data are expressed as the mean ± SD (n = 5). *p < 0.05 

compared with control group in Figure 3A,D,E, and compared with NC group in Figure 3C; 
#p < 0.05 compared with 120 min-reoxyenation or 90 min-reperfusion group in Figure 3A and 

compared with TRAF3 plasmid group in Figure 3D,E; n.s, no significa- nce. 
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Figure 4. TRAF3 expression levels in H/R-caused IEC-6 cells and II/R-caused mice. (A) 

The mRNA levels of TRAF3 in IEC-6 cells and mice based on real-time PCR assay. (B) The 

protein levels of TRAF3 in vitro and in vivo based on immunofluorescence staining (×200 

magnification) (C) The protein levels of TRAF3 in vitro and in vivo based on western blotting 

assay. All data are expressed as the mean ± SD (n = 5). *p < 0.05 compared with control 

group or Sham group; #p < 0.05 compared with 120 min -reoxyenation or 90 min-reperfusion 

group. 
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Figure 5. miR-29b-3p inhibited TRAF3 signal in vitro and in vivo. Protein and RNA 

samples were extracted from IEC-6 cells subjected to hypoxia for 4 h, reoxygenation for 0, 

120, 720, 1440 min, and intestinal tissues of mice suffered from ischemia for 45 min, 

reperfusion for 30, 90, 720, 1440 min using the kits. Then, the protein levels were examined 

by Western blotting assay, and the mRNA levels of were tested by real-time PCR assay. (A-B) 

The protein levels of TAK1, p-TAK1, NF-ĸB (p65), BAX and Bcl-2 in IEC-6 cells and mice. 

(C-D) The mRNA levels of IL-1β, IL-6 and TNF-α in vitro and in vivo. All data are expressed 

as the mean ± SD (n = 5). *p < 0.05 compared with control group or Sham group; #p < 0.05 

compared with 120 min-reoxyenation or 90 min-reperfusion group. 
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Figure 6. Overexpression of miR-29b-3p alleviated H/R-caused injury. IEC-6 cells were 

seeded and transfected with miR-29b-3p mimic in antibiotic-free cell medium, and the 

relevant indicators were detected after transfection for 24 h. (A) The viability and 

morphology of IEC-6 cells after transfected with miR-29b-3p mimic. (B) The expression 

level of miR-29b-3p in IEC-6 cells after transfected with miR-29b-3p mimic. (C) Cell 

apoptosis in IEC-6 cells after transfection of miR-29b-3p mimic. (D) The expression level of 

miR-29b-3p and TRAF3 mRNA level after transfected with miR-29b-3p mimic in IEC-6 

cells. (E) The protein level of TRAF3 after transfection of miR-29b-3p mimic in IEC-6 cells 

based on immunofluorescence staining (×200 magnification). (F) The protein levels of the 

TRAF3, TAK1, p-TAK1, NF-ĸB (p65), BAX and Bcl-2 after transfection of miR-29b-3p 

mimic in IEC-6 cells. (G) The mRNA levels of IL-1β, IL-6 and TNF-α after transfection of 

miR-29b-3p mimic in IEC-6 cells. All data are expressed as the mean ± SD (n = 5). *p < 0.05 

compared with control group; #p < 0.05 compared with H/R group; n.s, no significance. 
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Figure 7. Blockade of TRAF3 mitigated H/R-caused injury in cells. IEC-6 cells were 

transfected with TRAF3 siRNA in antibiotic-free cell medium for 24 h. (A) The viability and 

morphology of IEC-6 cells after transfected with TRAF3 siRNA. (B) The expression level of 

TRAF3 in cells after transfected with TRAF3 siRNA. (C) Cell apoptosis after transfection of 

TRAF3 siRNA in IEC-6 cells. (D) The mRNA level of TRAF3 after transfected with TRAF3 

siRNA in IEC-6 cells. (E) The protein level of TRAF3 after transfection of TRAF3 siRNA in 

IEC-6 cells by immunofluorescence staining (×200 magnification). (F) The protein levels of 

TRAF3, TAK1, p-TAK1, NF-ĸB (p65), BAX and Bcl-2 after transfection of TRAF3 siRNA 

in IEC-6 cells by western blotting assay. (G) The mRNA levels of IL-1β, IL-6 and TNF-α 

after transfection of TRAF3 siRNA in IEC-6 cells. All data are expressed as the mean ± SD 

(n = 5). *p < 0.05 compared with control group; #p < 0.05 compared with H/R group; n.s, no 

significance. 
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Figure 8. Schematic diagram of the mechanisms of miR-29b-3p in controlling II/R 

damage. MiR-29b-3p decreased the expression levels of p-TAK1 and p65 via targeting 

TRAF3 to alleviate apoptosis and inflammation caused by II/R. 

 

 

 


