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A B S T R A C T   

Objective: Intestinal ischemia-reperfusion (II/R) is a common pathological injury in clinic, and the 
systemic inflammatory response it causes will lead to multiple organ damage and functional 
failure. miR-185-5p has been reported to be a regulator of inflammatory response and autophagy, 
but whether it participates in the regulation of autophagy in II/R is still unclear. Therefore, we 
aimed to explore the mechanism of miR-185-5p regulating intestinal barrier injury in (II/R). 
Methods: Caco-2 cells was induced by oxygen-glucose deprivation/reoxygenation (OGD/R) to 
establish II/R model. The superior mesenteric artery of C57BL/6 mice was clamped for 45 min 
and then subjected to reperfusion for 4 h for the establishment of II/R mice model. miR-185-5p 
mimic, miR-185-5p inhibitor, pcDNA-autophagy-related 101 (ATG101) were respectively trans-
fected into Caco-2 cells. Real-time quantitative polymerase chain reaction (RT-qPCR) was per-
formed to assess miR-185-5p expression. Western blot detected the level of ATG101 and tight 
junction-associated proteins ZO1, Occludin, E-cadherin, β-catenin, as well as autophagy 
markers ATG5, ATG12, LC3I/II, Beclin1 and SQSTM1. Transepithelial electrical resistance (TEER) 
values was detected by a resistance meter. FITC-Dextran was performed to measure cell perme-
ability. 5-ethynyl-2’-deoxyuridine (EDU) staining measured cell proliferation. Transmission 
electron microscope was conducted to observe autophagosomes. Hematoxylin & eosin (H&E) 
staining observed the damage of mice intestinal. Immunohistochemistry (IHC) measured the 
percentage of ki67 positive cells. TdT-mediated dUTP nick-end labeling (TUNEL) assay assessed 
cell apoptosis in intestinal tissues of II/R. Dual-luciferase assay verified the targeting relationship 
between miR-185-5p and ATG101. 
Results miR-185-5p was overexpressed in OGD/R-induced Caco-2 cells and intestinal tissues of II/ 
R mice. Knocking down miR-185-5p markedly promoted autophagy and TEER values, reduced 
cell permeability, and alleviated intestinal barrier damage. ATG101 was a target of miR-185-5p, 
and overexpression of ATG101 promoted autophagy and dampened OGD/R-induced intestinal 
barrier damage. Overexpression of miR-185-5p reversed the effect of overexpressed ATG101 on 
OGD/R-induced Caco-2 cells. 
Conclusion: Knockdown of miR-185-5p enhanced autophagy and alleviated II/R intestinal barrier 
damage by targeting ATG101.   
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1. Introduction 

Intestinal ischemia-reperfusion (II/R) is a pathological injury caused by sepsis, hemorrhagic shock, intestinal obstruction and other 
factors [1,2]. In the early stage of II/R injury, it may cause severe intestinal epithelial damage, resulting in local inflammation and loss 
of intestinal barrier function. Subsequent reperfusion injury triggers a systemic inflammatory response that leads to multiple organ 
damage and functional failure [3,4]. Intestinal epithelial barrier is composed of intestinal epithelial cells and the tight junction be-
tween epithelial cells and biofilm. It is also an important mechanical barrier in the intestinal mucosal barrier, which can effectively 
prevent bacteria, endotoxin and other harmful substances from entering the blood through the intestinal mucosa [5]. Tight junction is 
a protein complex composed of transmembrane proteins, which is located at the top of epithelial cell membrane [6,7]. It has been 
reported that the expression of tight junction-related proteins is closely related to the intestinal barrier function [8]. Therefore, it is 
vital to study the mechanism of intestinal barrier dysfunction for the diagnosis and treatment of II/R injury. 

Mitochondrial autophagy is a process that selectively recognizes and eliminates damaged mitochondria, which plays a role in 
maintaining the normal function of mitochondria and is involved in the regulation of a variety of physiological and pathological 
processes in the body [9,10]. Recently, more and more reports have shown that autophagy regulate the occurrence and development of 
tumors [11], bone injuries [12], neurological diseases [13] and a variety of inflammatory response-related diseases [14,15]. II/R is a 
typical inflammatory disease. Studies have shown that autophagy not only play a protective role in intestinal mucosal dysfunction 
caused by II/R injury, but also promote the destruction of intestinal mucosal barrier [16,17]. Chen et al. [18] revealed that activating 
autophagy through ischemic postconditioning ameliorated II/R injury. However, Li et al. [19] reported that inhibition of autophagy 
reduced the intestinal damage in II/R mice. Therefore, it is necessary to further study the molecular mechanism of regulating auto-
phagy in II/R. 

miRNAs are non-coding RNAs which has been studied more recently and verified miRNAs are involved in the regulation of cell 
differentiation, cell proliferation, metastasis, senescence and apoptosis [20]. For instance, miR-421 was overexpressed in non-small 
cells lung cancer, and enhanced the radiotherapy resistance of A549 cells via inhibiting PTEN [21]. miR-19b-3p promoted inflam-
mation and cell death during cerebral ischemia reperfusion injury through regulating SIRT1/FoxO3/SPHK1 axis [22]. miR-185-5p is a 
regulator of inflammatory responses, and has been reported to mediate inflammatory responses in macrophages [23], high 
glucose-induced mouse mesangial cells [24], and myocardial ischemia-reperfusion [25]. Moreover, Yang et al. [26] found that 
increased miR-185-5p inhibited autophagy and cell growth of non-small cell lung cancer. Liu et al. [27] also reported miR-185-5p 
inhibited the autophagy level in colorectal cancer. However, the regulatory mechanism of miR-185-5p in II/R mediated by auto-
phagy remains unclear. 

In the current study, we explored the effect of miR-185-5p on II/R intestinal barrier through cellular and in vivo experiments, 
respectively, and predicted the potential target genes of miR-185-5p through the starbase database. Studies found that the expression 
of miR-185-5p was increased in oxygen-glucose deprivation/reoxygenation (OGD/R)-stimulated Caco-2 cells and II/R-induced mouse 
intestinal tissue, knocking down miR-185-5p increased autophagy and relieved intestinal barrier damage in II/R by upregulating 
ATG101. 

2. Materials and methods 

2.1. Cell culture and treatment 

Human colorectal cancer cell Caco-2 was purchased from Wuhan Procell (China)., Ltd. Caco-2 cells were grown in MEM medium 
(Containing 20% FBS and 1% Penicillin and streptomycin) (Procell, Wuhan, China) and placed in a cell incubator at 37 ◦C and 5% CO2. 
The II/R model cells were induced by OGD/R. Caco-2 cells were cultured in MEM medium without glucose for 12 h. Subsequently, the 
cells recovered oxygen for 0 h, 6 h and 12 h, respectively. The expression of miR-185-5p in the cells was detected by PCR. 

2.2. Cell transfection 

miR-185-5p mimic, miR-185-5p inhibitor, ago-miR-185-5p, antago-miR-185-5p, pcDNA-ATG101 and the corresponding negative 
control were synthesized by Genomeditech (Shanghai, China). Then the transfection was performed by Lipofectamine 2000 (Thermo 
Fisher Scientific, Waltham, MA, USA) according to the instruction. 12.5 nmol Rapamycin were used to treat Caco-2 cells transfected 
with miR-185-5p inhibitor, and 2.5 nmol 3-Methyladenine (3-MA, an autophagy inhibitor) were used to treat Caco-2 cells transfected 
with miR-185-5p inhibitor and pcDNA-ATG101. Subsequently, that cells were stimulated by OGD/R. 

Table 1 
Primer sequences.  

Target Primer sequences (F: Forward primer. R: Reverse primer) 

miR-185-5p F 5’-TGGAGAGAAAGGCAGTTCCTG-3’ 
R 5’-CAGGCGGTCTGGAGT-3’ 

U6 F 5’-CTCGCTTCGGCAGCACA-3’ 
R 5’-AACGCTTCACGAATTTGCGT-3’  
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2.3. Real-time quantitative polymerase chain reaction (RT-qPCR) 

The total RNA in the cells was extracted and reverse transcribed into cDNA using a reverse transcription kit (Qiagen, Duesseldorf, 
Germany). The PCR reaction was performed on a fluorescence quantitative instrument using the TB Green™ Premix Ex Taq™ II kit 
(Takaya, Japan). The reaction conditions were as follows: pre-denaturation at 94 ◦C for 2 min, denaturation at 94 ◦C for 15 s, annealing 
at 60 ◦C for 15 s and extensions at 72 ◦C for 10 s, a total of 40 cycles was performed. The relative expression of the target gene was 
calculated by 2-ΔΔCt. Table 1 displayed the primer sequences. 

2.4. Ethynyldeoxyuridine (EDU) 

The cells were inoculated into the 24-well plate, and EDU working solution (RiBoBio, Guangzhou, China) was prepared, preheated, 
and added into the 24-well plate to incubate with the cells for 2 h. The cell culture medium was removed, and immunostaining fixture 
liquid was added into the well plate. After 15 min, glycine was added to incubate the cells for 5 min. Subsequently, the cells were 
incubated with 0.5% Triton X-100 osmotic agent, Apollo and Hoechst 33342 staining solutions, respectively. Fluorescence microscope 
was performed to take photo. 

2.5. Transepithelial electrical resistance (TEER) measurements 

The TEER value was detected using a microcellular resistance system. The cells in incubator were taken out and placed at room 
temperature for 30 min. After the culture medium was removed, a new cell culture medium was added and the TEER value was 
measured. TEER (Ω.cm2) = (Sample resistance value-blank control value) × Membrane surface area of Transwell chamber. 

2.6. Cell permeability detection 

The Caco-2 cells were inoculated into the upper chamber of Transwell (Corning Incorporated, Corning, NY, USA), and 3 × 104 cells 
per well were cultured for 24 h. 10 mg/mL FITC-Dextran (MedchemExpress, Monmouth Junction, NJ, USA) was added to the upper 
chamber for incubation. 2 h later, the cell culture medium was collected, and the absorbance value was detected by a microplate reader 
(Thermo Fisher Scientific, Waltham, MA, USA). 

2.7. Experimental animals 

Twenty-four male C57BL/6 mice (20–22 g) were purchased from SPF (Beijing, China) Biotechnology Co., Ltd (SCXK (Jing) 2019- 
0010). The mice were adaptively fed for one week after purchase, and they were freely accessed to food and water. This study was 
approved by the Laboratory Animal Ethics Committee of Yunnan Laberal Biotechnology co., Ltd (PZ20220413). 

2.8. Establishment of II/R 

The mice were randomly divided into four groups (sham group, II/R group, ago-miR-185-5p group, antago-185-5p group), with six 
mice in each group. After the mice were anesthetized, the mice (II/R group, ago-miR-185-5p group, antago-185-5p group)were opened 
the abdominal cavity, clamped the superior mesenteric artery for 45 min, and then made reperfusion for 4 h. Mice in the ago-miR-185- 
5p group were injected with ago-miR-185-5p through tail vein for three consecutive days, and antago-miR-185-5p group mice were 
injected with antago-miR-185-5p through tail vein for three consecutive days, then the mice were treated with II/R. In the sham group, 
mice were injected with the same amount of normal saline, and their abdomen was slit and then sutured without II/R treatment. After 
the experiment, the mice were euthanized and samples were taken. 

2.9. Immunofluorescence (IF) 

Paraffin sections were dewaxed, dehydrated in a gradient of alcohol, and subjected to antigen repair. After 10 min, 3% BSA reagent 
was added dropwise for blocking. After 30 min, the primary antibody (Abcam, Shanghai, China) and secondary antibody (Abcam, 
Shanghai, China) were added dropwise on the section samples respectively. DAPI reagent was added to stain the nuclei after rinsing. 
Fluorescence microscope was applied to observe and take pictures. 

2.10. Western blot 

The transfected cells were collected from each group and total protein was extracted using RIPA reagent. The BCA protein 
quantitative kit (Beyotime, Shanghai, China) determined the concentration of protein. SDS-PAGE gel electrophoresis separated the 
protein, then the protein was transferred to PVDF membranes (Beyotime, Shanghai, China). After being rinsed with TBST, 5% blocking 
solution was added to block the membrane for 1 h, and the membrane was incubated with the diluted primary antibody (Abcam, 
Shanghai, China) overnight, the secondary antibody (Abcam, Shanghai, China) was added and incubated for 1 h. After treatment with 
the ECL luminescent liquid (Yuanye Bio-Technology, Shanghai, China), the chemical imager was performed to display images. 
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2.11. Luciferase report gene assay 

Starbase database predicted the targeted binding sites of miR-185-5p and ATG101, and simultaneously constructed and amplified 
the mutation sequence of ATG101 onto a pmirGLO vector to obtain wild-type (WT) and mutant (MUT) vectors of ATG101 (pmirGLO- 
ATG101-WT/MUT). miR-185-5p mimic and pmirGLO-ATG101-WT/MUT were respectively transfected into Caco-2 cells. Culture in a 
cell incubator for 48 h. According to the instructions, dual-luciferase reporter kit (Thermo Fisher Scientific, Waltham, MA, USA) was 
used to assess the luciferase activity. 

2.12. Hematoxylin & eosin (HE) assay 

The paraffin sections were placed in an oven at 60 ◦C for 2 h, deparaffinized with xylene and ethanol and rinsed with distilled water. 
The sections were stained in hematoxylin solution for 3 min, and reacted with hydrochloric acid ethanol until the nuclei were blue. 
Subsequently, the sections were added with eosin, rinsed with distilled water after 2 min, and dehydrated with gradient ethanol. The 
slices were sealed and observed under a microscope. 

2.13. Intestinal permeability of mice 

FITC-dextran was used to evaluated intestinal permeability of mice. Briefly, 30 min before anesthetized, 0.6 mg/g FITC-dextran 
(MedchemExpress, Monmouth Junction, NJ, USA) was intragastrically administered to the mice. The blood was collected by car-
diac puncture after 30 min. The intensity of FITC-dextran was measured at 520 nm. 

Fig. 1. miR-185-5p mediated the II/R. A RT-qPCR was perfumed to assess the level of miR-185-5p. B and C RT-qPCR detected the transfected 
efficiency of miR-185-5p mimic and miR-185-5p inhibitor. D Measurements of TEER. E Cell permeability was investigated through FITC-dextran. F-J 
Western blot was used to assess the tight junction-associated proteins ZO-1, Occludin, E-cadherin and β-catenin expression. K EDU assay detected 
cell proliferation rate. *P < 0.05, **P < 0.01, ***P < 0.001, ***P < 0.0001 vs. NC group. △P < 0.05, △△P < 0.01, △△△P < 0.001 vs. OGD/ 
R group. 
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2.14. Immunohistochemical (IHC) assay 

The intestinal tissues of mice were embedded in paraffin and sectioned. The tissues were deparaffinized by xylene and gradient 
ethanol, and the antigen was repaired by sodium citrate. 0.5% Triton-100 was added dropwise onto the tissue sections, rinsed, blocked 
with 3% fetal bovine serum, incubated overnight with the primary antibody (Abcam, Shanghai, China), and incubated with the 
secondary antibody (Abcam, Shanghai, China) at room temperature for 2 h. After staining with DAB and hematoxylin respectively, the 
sections were dehydrated and sealed. Observation and staining under a microscope. 

2.15. TdT-mediated dUTP nick-end labeling (TUNEL) 

The paraffin-embedded mice intestinal tissues were sectioned, dewaxed and treated with protease K working solution for 30 min. 
After washing with PBS, 50 μL TUNEL reaction solution (Beyotime, Shanghai, China) was added to react in the dark for 1 h, followed by 
washing with PBS and sealing with anti-fluorescence quencher. The staining results were observed under fluorescence microscope. 

Fig. 2. miR-185-5p regulated II/R mediated by autophagy. A Transmission electron microscope was used to observed the autophagosome. B-G 
Western blot was utilized to detect the level of autophagy markers ATG5, ATG12, LC3I/II, Beclin1, SQSTM1 protein. H Measurements of TEER. I Cell 
permeability was investigated through FITC-dextran. J-N Western blot assessed the level of ZO-1, Occludin, E-cadherin and β-catenin. *P < 0.05, 
**P < 0.01, ***P < 0.001 vs. OGD/R group. △P < 0.05, △△P < 0.01 vs. miR-185-5p inhibitor group. 
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2.16. Statistical analyze 

The above experiments were repeated three times. The data was displayed as mean ± standard deviation. GraphPad Prism 8.0 
software was performed to analyze the data. Unpaired student’s t-test assessed the difference between two groups. Statistical signif-
icance among multiple groups was examined by One-way ANOVA. P value less than 0.05 was considered statistically significant. 

3. Results 

3.1. miR-185-5p mediated the II/R damage 

We induced the II/R cell model through OGD/R. Caco-2 cells were treated with oxygen-glucose deprivation for 12 h, and then 

Fig. 3. miR-185-5p regulated intestinal barrier damage in vivo. A HE staining observed the intestinal damage. B Chiu’s score of intestinal in 
intestinal damage mice. C RT-qPCR measured the expression of miR-185-5p. D Transmission electron microscope observed the autophagosome. E-J 
Western blot determined the protein level of ATG5, ATG12, LC3I/II, Beclin1 and SQSTM1 protein. K FITC-dextran evaluated the intestinal 
permeability of mice. L IHC staining detected the ki67 positive cells. M and N TUNEL staining was applied to assess the apoptosis of cells in tissues. 
*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 vs. sham group. △P < 0.05, △△P < 0.01, △△△P < 0.001 vs. II/R group. 
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reoxygenated for 0 h, 6 h, 12 h. RT-qPCR results showed that miR-185-5p was increased with the increase of reoxygenate time 
(Fig. 1A). And we selected 6 h as the reoxygenate time for the future study. To investigate the mechanism of miR-185-5p in II/R, miR- 
185-5p mimic, miR-185-5p inhibitor and the corresponding negative control was respectively transfected into Caco-2 cells, then 
treated Caco-2 cells with OGD/R. miR-185-5p expression in miR-185-5p mimic group was overexpressed (Fig. 1B), and downregulated 
in miR-185-5p inhibitor group (Fig. 1C). 

TEER and permeability detection revealed that treatment with OGD/R inhibited the TEER values (Fig. 1D) and increased the flux of 
FITC-dextran (Fig. 1E). Upregulated miR-185-5p inhibited TEER values and stimulated the flux of FITC-dextran than those in OGD/R 
group. Knocking down miR-185-5p alleviated the effect of OGD/R on Caco-2 cells. Furthermore, Western blot (Fig. 1F–J) and EDU 
assay (Fig. 1K-L) displayed tight junction-associated proteins ZO1, Occludin, E-cadherin, β-catenin levels and cell proliferation were 
obviously decreased in the OGD/R groups. Compared with OGD/R group, overexpression of miR-185-5p promoted the influence of 
OGD/R on Caco-2 cells. Decreased miR-185-5p activated ZO1, Occludin, E-cadherin, β-catenin expression and proliferation rate than 
those in OGD/R group. Therefore, upregulation of miR-185-5p enhanced the intestinal barrier injury in OGD/R-stimulated Caco-2 
cells. 

3.2. miR-185-5p regulated II/R mediating by autophagy 

It has been reported that autophagy participated in the regulation of intestinal barrier injury [28], thus we attempted to explore 
whether the regulation of intestinal barrier damage by miR-185-5p was mediated by autophagy. We treated Caco-2 cells with auto-
phagy activator Rapamycin and inhibitor 3-MA after transfection of miR-185-5p inhibitor. The experimental revealed the number of 
autophagosomes (Fig. 2A) and the expression of the autophagy markers (Fig. 2B) ATG5 (Fig. 2C), ATG12 (Fig. 2D), LC3II/I (Fig. 2E) 
and Beclin1 (Fig. 2F) were rose, but SQSTM1 (Fig. 2G) was downregulated in the miR-185-5p inhibitor group. Rapamycin enhanced 
autophagy level stimulated by miR-185-5p inhibitor, while 3-MA dampened the level of autophagy than those in miR-185-5p inhibitor 
group. What’s more, compared with knockdown of miR-185-5p group, Rapamycin increased the values of TEER (Fig. 2H), dampened 
the flux of FITC-dextran (Fig. 2I), and promoted the level of ZO1 (Fig. 2J–K), Occludin (Fig. 2L), E-cadherin (Fig. 2M) and β-catenin 
(Fig. 2N). 3-MA diminished the effect of miR-185-5p inhibitor on intestinal barrier damage (Fig. 2H-N). In conclusion, miR-185-5p 
inhibited autophagy level, then stimulated the intestinal barrier damage in II/R. 

3.3. miR-185-5p mediated intestinal barrier damage in vivo 

Next, we will discuss the regulation of miR-185-5p on intestinal II/R in vivo. Histological evaluation results showed that the in-
testinal mucosal structure of mice in the sham group was normal (Fig. 3A), and the intestinal mucosal structure of mice in the II/R 
group was significantly damaged. The damage in the ago-miR-185-5p group was serious than that in the II/R group. Mild injury in 
antago-miR-185-5p was seen. Ago-miR-185-5p increased Chiu’s score (Fig. 3B) and miR-185-5p expression (Fig. 3C), while antago- 

Fig. 4. miR-185-5p regulated tight junction-associated proteins in II/R mice. IF staining was used to detect the fluorescence intensity of ZO1 
(A), Occludin (B), E-cadherin (C) and β-catenin (D). E-I The protein expression of ZO1, Occludin, E-cadherin and β-catenin was detected by Western 
blot. *P < 0.05, **P < 0.01 vs. sham group. △P < 0.05, △△P < 0.01, △△△P < 0.001 vs. II/R group. 
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miR-185-5p decreased Chiu’s score and inhibited the level of miR-185-5p. Ago-miR-185-5p reduced autophagosome numbers 
(Fig. 3D) and ATG5 (Fig. 3E and F), ATG12 (Fig. 3G), LC3II/I (Fig. 3H), Beclin1 (Fig. 3I) expression, promoted SQSTM1 expression 
(Fig. 3J) and the intestinal permeability of mice after II/R injury. The autophagosome numbers and proteins level of ATG5, ATG12, 
LC3II/I, Beclin1 in antago-miR-185-5p group mice was rose, SQSTM1 level and the intestinal permeability was lower than II/R group. 
IHC and TUNEL results verified that ago-miR-185-5p reduced the percentage of ki67 positive cells (Fig. 3L) and upregulated TUNEL 
positive cells (Fig. 3M and N) in intestinal tissues, while antago-miR-185-5p had the opposite result. 

IF (Fig. 4A–D) and Western blot (Fig. 4E–I) measurements revealed the fluorescence intensity and proteins expression of ZO1, 
Occludin, E-cadherin and β-catenin in ago-miR-185-5p group was dampened, antago-miR-185-5p increased their fluorescence in-
tensity and proteins level. To sum up, overexpressed miR-185-5p aggravated intestinal injury in intestinal II/R mice through atten-
uating autophagy. 

3.4. ATG101 was a target of miR-185-5p 

To study the specific regulatory mechanism of miR-185-5p in intestinal II/R, we used the Starbase database to predict the potential 
target of miR-185-5p, and found ATG101 3’-untranslated region had binding sequences with miR-185-5p (Fig. 5A). Dual-luciferase 
reporter assay deeply validated the targeting relationship between miR-185-5p and ATG101 (Fig. 5B). Western lot results showed 
miR-185-5p mimic downregulated ATG101 (Fig. 5C and D), miR-185-5p inhibitor activated ATG101, and the differences had sta-
tistically significant. There results suggested ATG101 acted as a target of miR-185-5p and miR-185-5p negatively regulating the 
expression of ATG101. 

3.5. miR-185-5p/ATG101 axis regulated intestinal barrier after OGD/R via autophagy 

The above experiments demonstrated miR-185-5p promoted intestinal barrier damage in intestinal II/R by inhibiting autophagy, 
and miR-185-5p negatively regulated ATG101. Then we will investigate whether ATG101 acts as a protective factor for intestinal 
barrier damage. Western blot detection showed ATG101 in Caco-2 cells transfected with pcDNA-ATG101 was higher than pcDNA-NC 
(Fig. 6A and B). pcDNA-ATG101 promotion enhanced the autophagy level (Fig. 6C–I). Upregulated miR-185-5p or treatment with 3- 
MA diminished the promotion effect of pcDNA-ATG101 on autophagy. Compared with control group, pcDNA-ATG101 rose TEER 
values (Fig. 6 J), attenuated the flux of FITC-dextran (Fig. 6 K), as well as upregulated ZO1 (Fig. 6L and M), Occludin (Fig. 6N), E- 
cadherin (Fig. 6 O) and β-catenin (Fig. 6P). pcDNA-ATG101+miR-185-5p mimic group and pcDNA-ATG101+3-MA group decreased 
the values of TEER, rose the flux of FITC-dextran, and decline ZO1, Occludin, E-cadherin and β-catenin expression than those in 

Fig. 5. miR-185-5p targeted ATG101. A Starbase database predicted the binding sites of miR-185-5p and ATG101. B Luciferase reporter 
experiment verified the target relationship between miR-185-5p and ATG101. C and D The protein expression of ATG101 was performed using 
Western blot. #P < 0.05, ##P < 0.01. 
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pcDNA-ATG101 group (Fig. 6I–O). In conclusion, overexpression of miR-185-5p dampened autophagy, increased the intestinal barrier 
damage in OGD/R-induced Caco-2 cells through downregulating ATG101. 

4. Discussion 

II/R is a common severe disease in clinic, which may lead to traumatic shock and multiple organ failure in patients, with a high 
morbidity and mortality rate. Intestinal barrier dysfunction due to the destruction of tight junctions plays a key role in II/R formation. 
Our study found that miR-185-5p broke tight junction and aggravated intestinal barrier damage in II/R by targeting ATG101 to inhibit 
autophagy. 

Previous studies have found that miRNA is involved in the regulation of the occurrence and development of II/R injury [29–31]. Liu 
et al. [17] found that overexpressed miR-146a-5p inhibited autophagy and alleviated II/R injury via PRKAA/mTOR pathway by 
targeting TXNIP. miR-26a-5p enhanced oxidative stress to exacerbate II/R injury by targeting PPARα [29]. In ischemic post-
conditioning, HIF-α reduced II/R injury by promoting miR-21 and inhibiting apoptosis [30]. The low-expression miR-665-3p reduced 
II/R-induced systemic inflammation and apoptosis by promoting autophagy [31]. What’s more, inhibition of miR-34a-5p [32], 
miR-351-5p [33], miR-381-3p [5] also been validated relieved II/R damage. In the study, we revealed that miR-185-5p was increased 

Fig. 6. miR-185-5p/ATG101 axis regulated intestinal barrier after OGD/R via autophagy. A and B ATG101 protein level was assessed by 
Western blot. C The autophagosome was observed by transmission electron microscope. D-I Western blot was used detect ATG5, ATG12, LC3I/II, 
Beclin1 and SQSTM1 level. J Measurements of transepithelial electrical resistance. K Cell permeability was investigated through FITC-dextran. L-P 
The expression of ZO1, Occludin, E-cadherin and β-catenin was determined by Western blot. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. 
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in OGD/R-induced Caco-2 cells and the intestinal tissues of II/R mice. Knocking down miR-185-5p upregulated the values of TEER and 
the expression of tight junction-associated protein ZO1, Occludin, E-cadherin and β-catenin, as well as suppressed the permeability in 
OGD/R-induced Caco-2 cells by promoting autophagy level. Meanwhile, the inhibition of miR-185-5p expression markedly alleviated 
intestinal barrier injury in mice. Conversely, overexpression of miR-185-5p aggravated intestinal barrier damage in II/R mice by 
inhibiting autophagy levels. 

miR-185-5p has a wide range of regulatory effects and is involved in a variety of physiological processes [34–36]. For example, 
upregulated miR-185-5p inhibited the inflammation in lipopolysaccharide-stimulated macrophages through MAPK/JNK pathway [23, 
37]. miR-185-5p could diminished inflammatory response and pyroptosis in human cardiac myocytes induced by hypoxia/reoxyge-
nation (H/R), therefore alleviated H/R-induced myocardial injury [25]. Overexpression of miR185-5p induced collagen production 
and pro-fibrosis activation in cardiac fibroblasts, and promoted cardiac interstitial fibrosis [34]. Overexpression of miR-185-5p 
significantly inhibited VEGFA to improve ovarian morphological damage and angiogenesis in rats with polycystic ovary syndrome 
[35]. Pang et al. [36] demonstrated that miR-185-5p restricted acute myeloid leukemia cells proliferation and invasion, enhanced cell 
differentiates and apoptosis. 

ATG101 is located on human chromosome 12 q13.13, is an important component of the eukaryotic ULK1 autophagy initiation 
complex and participates in autophagy by forming a stable complex with ULK1-ATG12-FIP200, as well as play an important role in 
recruiting autophagy downstream molecules [38]. ATG101 has been demonstrated to mediate autophagy to regulate the process of 
myocardial oxidative damage [39], pancreatic cancer [40], and maintain neuronal and midgut homeostasis [41]. Knocking down 
ATG101 promoted proliferation and limited apoptosis of H2O2-stimulated mouse neonatal cardiomyocytes by dampening autophagy 
[39]. Downregulation of ATG101 increased the apoptosis of human pulmonary arterial endothelial cells, attenuated autophagy and 
proliferation ability, and may acted as a potential therapeutic target of disease involving endothelial injury [42]. In the present study, 
we illustrated that ATG101 was a target of miR-185-5p, and miR-185-5p negatively regulated ATG101 expression. Increased ATG101 
activated autophagy markers ATG5, ATG12, LC3II/I, Beclin1 and tight junction-associated proteins ZO1, Occludin, E-cadherin, 
β-catenin expression, upregulated the numbers of autophagosomes and the values of TEER, dampened the flux of FITC-dextran in 
OGD/R-induced Caco-2 cells. Overexpression of miR-185-5p reversed the effect of overexpressed ATG101 on Caco-2 cells. 

In conclusion, miR-185-5p expression in OGD/R-stimulated Caco-2 cells and II/R mice was rose. Inhibited miR-185-5p promoted 
ATG101 expression, protected the intestinal barrier and alleviated intestinal damage by upregulating autophagy level. Contrary, 
overexpression of miR-185-5p disrupted tight junction and aggravated intestinal damage by decreased autophagy level. As a new 
diagnosis and treatment strategy for autophagy-mediated II/R injury, the miR-185-5p/ATG101 axis has important research value. 
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