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Abstract
Multiple studies have con�rmed the signi�cance of microRNA (miR)-122a in disease regulation. However,
its impact on ischaemia/reperfusion (I/R) injury is unknown. Therefore, in order to uncover new
pharmacological targets for treating this condition, the regulation of intestinal I/R injury by miR-122a
became the focus of this study. Two models, including hypoxia/reoxygenation (H/R)-injured IEC-6 cells in
vitro and ischemia/reperfusion (I/R)-injured C57BL/6 mice intestinal tissues in vivo, were used in this
study. Applying dual-luciferase reporter assays and transfection tests, the regulatory impacts of miR-122a
were examined by promoting pyroptosis on intestinal I/R injury via targeting epidermal growth factor
receptor (EGFR)- NOD-, LRR-, and pyrin domain-containing 3 (NLRP3) signaling pathway. Both H/R-injured
IEC-6 cells and I/R-injured mice intestinal tissues had elevated miR-122a expression, which targeted EGFR
directly. Increased miR-122a expression signi�cantly inhibited EGFR activity, decreased EGFR mRNA and
protein expression, increased NLRP3 mRNA and protein expression, and up-regulated caspase 1, N-
GSDMD, ASC, IL-1β, and IL-18 protein expression to promote pyroptosis. Furthermore, in IEC-6 cells, a miR-
122a inhibitor and an EGFR-overexpression plasmid signi�cantly reduced pyroptosis, alleviating intestinal
I/R injury via activating the EGFR-NLRP3 signaling pathway. miR-122a is very essential for regulating
intestinal I/R injury. It promotes pyroptosis by blocking the EGFR-NLRP3 signaling pathway, which should
be evaluated as a therapeutic target for this disease.

1. Introduction
In clinic, intestinal ischemia/reperfusion (I/R) injury can be caused by a variety of trauma or surgery, such
as arterial embolism, strangulated hernia (Eryilmaz, Turkyilmaz et al. 2020), mesenteric ischemia shock
(Reifegerste, Czerwinski et al. 2019), hemorrhagic shock (Zhang, Wu et al. 2020), and organ
transplantation (Shen, Zhang et al. 2013, Fernandez, Sanchez-Tarjuelo et al. 2020), and severe cases can
threaten the patient's life (Deitch 1992, Kip, Grootjans et al. 2021). Intestinal I/R injury includes mucosal
barrier damage and bacterial translocation (Li, Xu et al. 2017, Chen, Wang et al. 2022), and it is the main
cause of systemic in�ammatory response syndrome (SIRS) and multiple organ dysfunction syndromes
(MODS) (Feng, Yao et al. 2017, Duranti, Vivo et al. 2018, Dai, Mao et al. 2019). As a result, it is essential to
study the possible pharmaceutical targets for the therapy of intestinal I/R injury.

Pyroptosis is a recently discovered and proven form of programmed cell death that causes damage to
various organs, including the intestine (Jia, Cui et al. 2020). It can induce in�ammatory damage as well
as cell death in extreme cases under various stress settings (Kovacs and Miao 2017). Cell swelling and a
typical vesicular structure can be observed in pyroptosis due to the perforation of the membrane and the
difference in osmotic pressure between the interior and exterior of the cell (Zheng, Wang et al. 2021). The
occurrence of pyroptosis depends on Gasdermin (GSDMs) family proteins drilling holes on cell
membranes. After that, mature interleukin-1β (IL-1β) and mature interleukin-18 (IL-18) are released, along
with the other cellular content damage-associated molecular patterns (DAMPs) (Frank and Vince 2019),
such as ATP (Zeng, Li et al. 2019), high mobility group box 1 (HMGB1) (Jia, Zhang et al. 2019), S100
proteins (Basiorka, McGraw et al. 2016), and interleukin-1α (IL-1α) (Aizawa, Karasawa et al. 2020). This
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process is distinct from the in�ammatory process of apoptosis (Nirmala and Lopus 2020, Bertheloot,
Latz et al. 2021). In pyroptosis, the upstream signal complexes that recruit caspase 1 are known as
in�ammasomes (Stein, Kapplusch et al. 2016). A sensor molecule, such as NOD-, LRR-, and pyrin domain-
containing 3 (NLRP3) (Latz, Xiao et al. 2013, Coll, Holley et al. 2018, Song, Zhao et al. 2020), which
captures the information, an ASC (apoptosis-associated speck-like protein including a caspase
recruitment domain) protein which acts as an adaptor, and the effect protein caspase 1 which is recruited
form the in�ammasome (Van Opdenbosch and Lamkan� 2019). It has been suggested that the sensor
molecule NLRP3-related pyroptosis pathway is crucial in intestinal I/R injury (Jia, Cui et al. 2020, Yang,
Guo et al. 2020).

MicroRNAs (miRNAs, miRs) regulate post-transcriptional target mRNA translation by preventing protein
synthesis and/or promoting degradation (Paul, Bravo Vazquez et al. 2020). Recent research has proved
the involvement of miRNA in regulating intestinal I/R injury. By alleviating the recovery of autophagy �ux,
I/R-induced apoptosis and systemic in�ammation can be inhibited via miR-665-3p modi�ed by locked
nucleic acid in vivo (Li, Wang et al. 2018). Inhibition of miR-381-3p enhances nurr1-mediated epithelial
development and barrier defense of the intestine, and then reduces I/R-induced damage (Liu, Yao et al.
2018). Another study discovered that miR-378 overexpression suppresses caspase 3 activation, which
may prevent mice from intestinal ischemia injury (Li, Wen et al. 2017). TLR4, TRAF6, and p-IκBα are
inhibited by miR-146a, which results in reducing NF-κB p65 nuclear translocation in epithelial cells and
showing protection against ischemia-induced rat intestinal injury (He, Zheng et al. 2018). PTEN/NF-κB
pathway regulated by miR-682 defends mice intestine to I/R-induced damage via lowering oxidation,
in�ammation, and apoptosis (Liu, Jiang et al. 2016). I/R-induced mice intestinal injury is reduced by
knocking down miR-34a-5p, which promotes SIRT1-mediated regulation of epithelial oxidation and
apoptosis (Wang, Yao et al. 2016). I/R-induced mice intestinal injury is alleviated by miR-29b-3p blocking
the TRAF3 signaling pathway, resulting in decreased apoptosis and in�ammation (Dai, Mao et al. 2019).
As a result, �nding new miRNA targets that can attenuate intestinal I/R injury would help in the
development of new medications.

In several investigations, miR-122a has been demonstrated to play a regulatory function in a range of
disorders, notably those involving the liver and intestine. For example, in�ammatory microenvironments
in the periportal region of miR-122a-null mice promote local phosphatase and tensin homolog on
chromosome 10 down-regulation and tumor-initiating cell expansion, resulting in hepatocellular
carcinoma (HCC) (Tu, You et al. 2018), and during the progression of HCC caused by the hepatitis C virus,
serum miR-122a might be used as a non-invasive biomarker (El-Ahwany, Mourad et al. 2019).
Furthermore, miR-122a is downregulated in cell lines of gastrointestinal cancer and in the tissues where
the cancer started. miR-122a increases intestinal epithelial permeability via targeting epidermal growth
factor receptor (EGFR) in miR-122a-TG mice and clinical samples (Zhang, Tian et al. 2017). Inhibition of
miR-122a changes the interference of adenomatous polyposis coli (APC, a tumor suppressor gene) on the
growth of gastrointestinal cancer cells, proving the importance of miR-122a in tumor pathogenesis
(Wang, Lam et al. 2009). While TNF-α controls intestinal permeability in vivo and in vitro by causing
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occludin mRNA to be degraded by miR-122a (Ye, Guo et al. 2011). However, no research has been done
on the effect of miR-122a on I/R injury.

EGFR is also known as ErbB1 and HER1 (Wang 2017). It is a transmembrane glycoprotein of type I on cell
surface (Itai, Yamada et al. 2017) and activated by its particular ligands, which include EGF and TGF-α
(Merlino 1990). EGFR signal is crucial in controlling cell proliferation, survival, and differentiation (Ayuso-
Sacido, Moliterno et al. 2010, Wang, Li et al. 2021). According to studies, exosomes targeting EGFR send
antitumor microRNAs to breast cancer cells via systemic injection (Ohno, Takanashi et al. 2013). Many
other studies show that EGFR can be used as a target gene of microRNAs for positive or negative
regulation on many diseases or injuries. For example, ultraviolet ray-induced corneal epithelial cell
damage in mice is alleviated by inhibiting miR-129-5p expression via EGFR overexpression (Yang, Gong et
al. 2019). EGFR pathway is regulated by miR-21 inhibition, which reduces excessive astrocyte activation
in a rat optic nerve crush model (Li, Pan et al. 2018). By inhibiting EGFR, miR-374b prevents tumor cell
migration and invasion in glioma cell lines (Pan, Cao et al. 2019). However, no one knows whether EGFR
is involved in intestinal I/R injury. In addition, it is also unknown whether miR-122a, which targets EGFR,
has any regulating effect on intestinal I/R injury.

Therefore, the purpose of this research is to �gure out how miR-122a regulates intestinal I/R injury by
targeting EGFR-NLRP3 signaling pathway, as well as to �nd potential therapeutic targets for intestinal
injury.

2. Material And Methods

2.1. Animals and intestinal I/R-induced intestinal injury
model
Forty male C57BL/6 mice, weighing 18–22 g (6–8 weeks of age), were supplied by the Laboratory Animal
Center of Dalian Medical University (Dalian, China, permit number SYXK 2018-0007). Following the
guidelines from the National Institute of Health, all animal researches were operated in a way that obeyed
those guidelines. All animal trials obeyed the reduction, re�nement, and replacement criteria (the 3Rs).
Five groups of mice were randomly assigned (n = 8): one sham operation group and four intestinal I/R
groups (ischemia 45 min, reperfusion 45, 90, 180, and 360 min). Mice were sedated with 1% sodium
pentobarbital (50 mg/kg), and the abdominal cavity was opened to investigate the superior mesenteric
artery (SMA). SMA was inspected and sutured in the sham operation group. The abdominal cavity was
opened in the intestinal I/R group. SMA and its surrounding tissues were carefully separated, and SMA
was brie�y blocked for 45 min using a non-invasive vascular clamp to establish ischemia, then the clamp
was gently withdrawn, and reperfusion was conducted for 45, 90, 180, and 360 min. By detecting
variations in the color of tiny intestine segments, the I/R-injured model was successfully established.

2.2. Cell culture and hypoxia/reoxygenation (H/R) model
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The American Type Culture Collection (ATCC) provided rat intestinal epithelial cells (IEC-6) which were
cultured in Dulbecco's minimal essential medium (DMEM) (Gibco, CA, USA) supplemented with 10% fetal
bovine serum (FBS) (Gibco, CA, USA) in a 37℃ incubator with 5% CO2 and 21% O2 (Thermo Fisher
Scienti�c, Inc., USA). Cells were subcultured using 0.25% trypsin solution containing ethylene diamine
tetraacetic acid (EDTA) (Servicebio, Wuhan, China) in all tests. To achieve hypoxia, normal IEC-6 cells
were put in a 37℃ incubator with 5% CO2, 1% O2, and 95% N2 for 4 h. Once the hypoxia was complete,
the cells were subsequently cultured under usual circumstances for 0, 120, 720, and 1440 min to
accomplish reoxygenation. Except culture condition (5% CO2 and 21% O2, 37℃), the positive control cells
received the same therapy as the H/R group. Due to cell morphology and activity were almost identical in
each control group, therefore, one control group was used as the representative result in this study. Cells
from less than 8 generations were used to complete the study.

2.3. Cell viability and lactate dehydrogenase (LDH)
assessments
Cell viability was tested using cell counting kit 8 (CCK-8) according to the manufacturer's instructions
(Bio-Tool, Beijing, China). Cells were cultivated in an incubator (37℃) with 95% N2 and 5% CO2 for 4 h
before being switched to 95% O2 and 5% CO2 for various time periods (0, 120, 720, and 1440 min). After
that, each well was �lled with 10 µL of CCK-8 and 90 µL of medium, and incubated for 45 min at 37℃.
Optical density (OD, 450 nm) was �nally measured.

Lactate dehydrogenase (LDH) is released into the circulation when LDH-containing cells are injured or
sick, resulting in a rise in LDH level. After experimental methodological treatment, blood and cell culture
medium were collected in vivo and in vitro, and the release of LDH was measured as OD value (450 nm)
using a commercial kit (Nanjing Jiancheng, China) by microplate technique.

2.4. Histopathological examination
After reperfusion, intestinal tissue samples were collected and cut into 5 µm thick slices for
histopathological damage detection and hematoxylin and eosin (H&E) staining. Blind observation and
quantitative evaluation of tissue were used to assess mucosal histological damage. Small intestine injury
was assessed using Chiu's scoring categorization.

2.5. Hoechst 33342/Propidium Iodide (PI) staining
Double staining, Propidium iodide (PI) and Hoechst 33342, were carried out according to the
manufacturer's kits instructions (Solarbio, Beijing, China). Due to PI can not get through healthy cell
membranes, it can be used to stain necrotic cells that have lost the integrity of their cell membranes,
whereas Hoechst 33342 can be used for staining both normal and necrotic cells, and the necrotic cells
�uorescein are stronger than normal cells after staining. About 1×105 to 1×106 cells were collected from
each sample in a 1.5 mL centrifuge tube, and the supernatant was centrifuged. Cell precipitate was
suspended in 0.8 to 1 mL cell staining buffer, then 5 µL Hoechst 33342 staining solution and 5 µL PI
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staining solution were added, followed by mixing and incubation at 4℃ for 20 to 30 min. Finally, pictures
were collected at a magni�cation of 200 times using a �uorescent microscope (Leica, Germany).

2.6. Enzyme-linked immunosorbent assay (ELISA)
Mice intestinal tissues were ground in precooled PBS at low temperature to homogenate, and IEC-6 cells
were repeatedly freeze-thawed in precooled PBS to lysis, then both of them were centrifuged (12,000 rpm)
at 4℃ for 15 min. Finally, IL-1β and IL-18 levels were detected in supernatant using ELISA kit (Lengton,
Shanghai, China) according to manufacturer's instructions.

2.7. Dual-luciferase reporter assay
EGFR cDNAs with the putative (EGFR-WT) or mutant (EGFR-MUT) miR-122a binding site were generated.
In 12-well plates, IEC-6 cells were co-transfected with miR-122a mimic and EGFR-WT, miR-122a mimic
negative control (NC) and EGFR-WT, miR-122a mimic and EGFR-MUT, miR-122a mimic NC and EGFR-
MUT, miR-122a inhibitor and EGFR-WT, miR-122a inhibitor NC and EGFR-WT, miR-122a inhibitor and
EGFR-MUT, and miR-122a inhibitor NC and EGFR-MUT. After 24 h of transfection, luciferase activity was
determined with Dual-luciferase reporter assay kit (Transgen Biotech, Beijing, China) (n = 5), which had
been adjusted to �re�y luciferase activity.

2.8. miR-122a mimic and EGFR-overexpression plasmid co-
transfection assays
The experiments were separated into four groups: control, miR-122a mimic NC and EGFR-overexpression
plasmid NC co-transfection, EGFR-overexpression plasmid single transfection, and miR-122a mimic and
EGFR-overexpression plasmid co-transfection group. To make solution A, GP-transfect-Mate
(Genepharma, Jiangsu, China) was dissolved in DMEM and left for 5 min. miR-122a mimic (or miR-122a
mimic NC) and EGFR-overexpression plasmid (or EGFR-overexpression plasmid NC) were dissolved in
DMEM to generate solutions B (or D) and C (or E). Following that, solution D and E were combined with
solution A to form solution F. Solution G was produced by combining solution C and solution A, and
solution H was produced by combining solution B and solution C. At room temperature, solutions F, G,
and H were set for 20 min. IEC-6 cells were transfected for 6 h at 37℃ with solutions F, G, and H. The
medium was then replaced with new media and cultivated under normal conditions. At 24 h after
transfection, Quantitative real-time PCR (qPCR) assay was used to determine mRNA for EGFR. Protein for
EGFR was determined by western blotting assay (n = 5).

2.9. Immuno�uorescence assay
In vivo, closed with 3% BSA-PBS, the para�n sections were kept for 1.5 h before being treated overnight
at 4℃ with anti-EGFR antibody (catalogue: 18986-1-AP, 1:100, Proteintech, Wuhan, China) and anti-
NLRP3 antibody (catalogue: #15101, 1:100, Cell Signaling Technology, USA) diluents. The next day,
sections were incubated with �uorescein-labeled secondary antibody for 50 min, and stained with 4-6-
diamino-2-phenylindole (DAPI) (1 µg/mL). In vitro, immuno�uorescence staining was once used to
identify EGFR and NLRP3 expression in IEC-6 cells. In 24 well plates, IEC-6 cells were fastened with 4%
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paraformaldehyde and treated overnight with rabbit anti-EGFR antibody (catalogue: 18986-1-AP, 1:200,
Proteintech, Wuhan, China) or anti-NLRP3 antibody (catalogue: #15101, 1:200, Cell Signaling Technology,
USA). After that, the second goat anti-rabbit antibody (catalogue: SA00001-2, 1:2000, Proteintech, Wuhan,
China) was incubated for 50 min before being stained with DAPI. A �uorescence microscope (Leica,
Germany) was used to check the results, and the representative �elds were chosen for checking.

2.10. Quantitative real-time PCR assay
A kit called TransZol (Transgen Biotech, Beijing, China) was used to get total RNA. Then, a kit called
TransStart Top Green qPCR SuperMix (Transgen Biotech, Beijing, China) was used to reverse-transcribe
the RNA into cDNA. When qPCR performed, Bio-Rad CFX96 PCR system and SYBR Green Master Mix were
used. The levels of mRNA were compared to β-actin, and the 2—△△Ct methodology was used to �nd the
relative level of mRNA (n = 5). Primer sequences were listed in Supplemental Information Table S1.

2.11. Western blotting assay

Western blotting was used to determine protein expression (n = 6). In brief, RIPA lysis buffer (Servicebio,
Wuhan, China) was used to get total protein, and nuclear protein was obtained with 15000g lysis for 15
min. After determining its concentration, the protein was separated using SDS-PAGE and transported to a
polyvinylidene �uoride (PVDF) membrane. The resulting blots were blocked with 8% skim milk and
incubated with anti-EGFR antibody (catalogue: 18986-1-AP, 1:1000, Proteintech, Wuhan, China), anti-
NLRP3 antibody (catalogue: #15101, 1:1000, Cell Signaling Technology, USA), anti-caspase 1 antibody
(catalogue: 22915-1-AP, 1:1000, Proteintech, Wuhan, China), anti-N-terminal Gasdermin D (GSDMD)
antibody (catalogue: ab219800, 1:1000, Abcam, USA), anti-ASC antibody (catalogue: WL02462, 1:1000,
Wanleibio, Shenyang, China) and anti-β-actin antibody (catalogue: CL594-66009, 1:1000, Proteintech,
Wuhan, China) overnight at 4℃. Then, the blots were incubated with anti-rabbit (catalogue: SA00001-2,
1:2000, Proteintech, Wuhan, China) or anti-mouse (catalogue: SA00001-1, 1:2000, Proteintech, Wuhan,
China) secondary antibody for 2 h at 37℃. The protein was then detected using an enhanced
chemiluminescence (ECL) system. As a reference, protein expression was adjusted to β-actin.

2.12. Transfection of miR-122a inhibitor in vitro

GP-transfect-Mate was diluted in DMEM and balanced for 5 min. Both miR-122a inhibitor and miR-122a
inhibitor NC were solved in DMEM. MiR-122a inhibitor and its NC at 50 nM were used as transfection
concentration. Each solution was combined with GP-transfect-Mate transfection reagent as
recommended by the manufacturer. Later, the solution was gently combined for 20 min. Then, the
transfection mix was added to the cultured IEC-6 cells. The transfection medium was replaced with
complete medium after 6 h, and the cells were processed after 24 to 48 h. Western blotting and
immuno�uorescence assays were used to determine the levels of EGFR and NLRP3 protein expression.

2.13. Transfection of EGFR-overexpressed recombinant lentivirus in vitro
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IEC-6 cells in good condition were digested and suspended again. In addition, a suitable number of cells
were inoculated and incubated overnight at 37℃. EGFR overexpressed recombinant lentivirus and control
virus were mixed and diluted with the medium at 1:10 (total volume: about 2 mL), and then polybrene
(�nal concentration: 5 µg/mL) was included in the mixture. The original culture medium of the 6-well
plate was discarded and replaced with virus diluent, which was incubated in a 37℃ incubator. The virus
dilution in the 6-well plate was removed after 24 h and replaced with 2 mL DMEM, which was also
incubated at 37℃. Results were observed and recorded under green �uorescent protein (GFP)
�uorescence under an inverted �uorescence microscope (Leica, Germany) at 72 h. After successful
infection, IEC-6 cells were processed. EGFR and NLRP3 mRNA expression levels were determined using a
qPCR assay, and their protein expression levels were determined using western blotting and
immuno�uorescence assays.

2.14. Materials

ShangHai Lengton Bioscience Co., Ltd. provided the detection boxes for the IL-1β and IL-18 double-
antibody sandwich ELISAs (Shanghai, China). Beijing TransGen Biotech Co., Ltd. provided TransZolTM,
TransScript® All-in-One First-Strand cDNA Synthesis SuperMix for qPCR (One-Step gDNA Removal),
TransStart® Top Green qPCR SuperMix, and Double-Luciferase Reporter Assay Kit (Beijing, China).
Wuhan Servicebio Biotechnology Co., Ltd. provided the Tissue Protein Extraction Kit and bicinchoninic
acid protein test kit (Wuhan, China). Dalian Meilun Biotech Co., Ltd. provided the SDS-Polyacrylamide gel
and the hydroxymethyl aminomethane (Dalian, China). Suzhou Genepharma Co., Ltd. provided the miR-
122a inhibitor, miR-122a mimic, and EGFR-overexpression plasmid (Jiangsu, China). Shanghai
GeneCopoeia Biotechnology Co., Ltd. provided the EGFR cDNAs (Shanghai, China). The substances
utilized in the experiment were all analytical reagents.

2.15. Statistics

Data were presented as mean ± SD. The SPSS18.0 software (SPSS Inc., USA) was used to conduct all
statistical analyses. GraphPad (version 7) Prism software (GraphPad Software, CA) was used to draw the
�gures. A two-tailed Student's t-test for independent samples was used to evaluate parametric variable
comparisons between two groups. The one-way ANOVA and Tukey's post-hoc test were used to analyze
comparisons between various groups. The Kruskal-Wallis test was used to determine the statistical
signi�cance of nonparametric differences. The relative protein or mRNA expression values were
represented as "fold difference" by comparing them to the matching control value, and the control value
was adjusted to 1.0 for western blotting and qPCR analyses. A statistically signi�cant level was de�ned
as P < 0.05.

3. Results

3.1. H/R and intestinal I/R promoted injury in vitro and in
vivo
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Figures 1A and 1B illustrated the effects on the activity, number, and shape of IEC-6 cells, with 120 min of
reoxygenation causing the most serious injury. However, as compared to 120 min of reoxygenation, the
extended reoxygenation time resulted in improved cell morphology and activity. After I/R, H&E staining
revealed a considerable increase in in�ammatory cell in�ltration and necrosis (Fig. 1C). As observed in
Figs. 1C and 1D, the effects of 45 min of ischemia and 45, 90, 180, and 360 min of reperfusion on mice
intestinal tissue were detected, with 90 min of reperfusion causing the most serious injury. Based on
Chiu's score and H&E staining results, the intestinal injury improved with a longer reperfusion duration
compared to 90 min.

3.2. EGFR is miR-122a's target gene
As demonstrated in Fig. 2A, compared to the normal control cell or sham operation mice group, the
expression level of miR-122a mRNA gradually increased after the IEC-6 cells were hypoxia for 4 h and
reoxygenation for 120 min, and the mice were ischemia for 45 min and reperfusion for 90 min. The
maximum levels of mRNA expression were observed at 120 min in vitro and 90 min in vivo, respectively.
However, when reoxygenation duration ranged from 120 to 1440 min in vitro and reperfusion time
spanned from 90 to 360 min in vivo, the mRNA expression levels of miR-122a were dramatically lowered.
As illustrated in Fig. 2B, the 3'-UTR of EGFR mRNA contained the complementary location of miR-122a's
seed region, as determined by RNA sequence alignment. The relative expression level of luciferase in the
EGFR-WT + miR-122a mimic group was substantially lower than that in the EGFR-WT + miR-122a mimic
NC group, but it was signi�cantly higher in the EGFR-WT + miR-122a inhibitor group than that in the EGFR-
WT + miR-122a inhibitor NC group (Fig. 2C). However, compared with the EGFR-MUT + miR-122a mimic
NC group or the EGFR-MUT + miR-122a inhibitor NC group, no signi�cant relative expression change of
luciferase in the EGFR-MUT + miR-122a mimic group or the EGFR-MUT + miR-122a inhibitor group was
found. The above results indicated that speci�c binding sites occurred between EGFR and miR-122a. As
observe in Fig. 2D, the plasmid was EGFR-overexpression plasmid, the NCs were EGFR-overexpression
plasmid NC and the miR-122a mimic NC. Furthermore, when contrasted to the control group, the mRNA
expression level of EGFR was dramatically enhanced after transfection with EGFR-overexpression
plasmid, showing that the EGFR-overexpression plasmid was effectively transfected into cells (Fig. 2D).
Nevertheless, the EGFR mRNA level was much lower in the group co-transfected with EGFR-
overexpression plasmid and miR-122a mimic than that in the group transfected with EGFR-
overexpression plasmid alone, indicating that miR-122a suppressed EGFR expression (Fig. 2D). Figure 2E
showed that following transfection with an EGFR-overexpression plasmid, the EGFR protein level was
considerably higher than that in the control group. However, when EGFR protein expression was co-
transfected with EGFR-overexpression plasmid and miR-122a mimic, the EGFR protein level was much
lower than that in the EGFR-overexpression plasmid group (Fig. 2E). In brief, these �ndings showed that
EGFR was a target gene of miR-122a.

3.3 miR-122a adjusted EGFR signal pathway
Figures 3A and 3B revealed that the levels of EGFR protein expression were considerably lower in the H/R
(Fig. 3A) and I/R (Fig. 3B) groups as compared to the normal control or sham operation groups. However,
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when reoxygenation or reperfusion time was extended beyond 120 min in vitro (Fig. 3A) or 90 min in vivo
(Fig. 3B), the amount of EGFR protein expression increased. In contrast, NLRP3, ASC, caspase 1, and N-
GSDMD protein expression levels were considerably higher in the H/R (Fig. 3A) and I/R (Fig. 3B) groups
contrasted to the normal control or sham operation groups. However, NLRP3, ASC, caspase 1, and N-
GSDMD protein expression levels dropped when reoxygenation or reperfusion duration was extended
beyond 120 min in vitro (Fig. 3A) or 90 min in vivo (Fig. 3B). As observed in Figs. 3C and 3D, the protein
levels of IL-1β (Fig. 3C) and IL-18 (Fig. 3D) were maximal at 120 min of reoxygenation in vitro or 90 min
of reperfusion in vivo, and declined with further extension of reoxygenation or reperfusion duration by
ELISA kit. As observed in Fig. 3E, the release of LDH increased rapidly during the reoxygenation of 0 to
120 min in IEC-6 cells, but this rapid increase was slowed down during 120 to 1440 min compared with 0
to 120 min. At 90 min of intestinal reperfusion, the release of LDH was maximal as compared to the
sham operation group. After 90 min, the release of LDH exhibited a decreasing trend when reperfusion
was prolonged. The above experimental results indicated that IEC-6 cell hypoxia for 4 h and
reoxygenation for 120 min, and mice intestine ischemia for 45 min and reperfusion for 90 min, were
appropriate times to establish experimental models, and these times were used to complete the
subsequent experiments in this study.

3.4. H/R and I/R caused intestinal in�ammation and EGFR-
NLRP3-related pyroptosis
qPCR (Fig. 4A) and western blotting (Fig. 4B and 4C), as well as DAPI immuno�uorescence staining
(Fig. 4D and 4E), were used to assess EGFR and NLRP3 mRNA and protein expression levels. Results
showed that the mRNA and protein expression levels of EGFR in the H/R or I/R groups were lower than
those in the normal control or sham operation groups, but the mRNA and protein expression levels of
NLRP3 in the H/R or I/R groups were higher than those in the normal control or sham operation groups.
As discovered in Fig. 4F, the number of cell necrosis in the H/R group was signi�cantly greater than that
in the normal control group based on Hoechst 33342 and PI staining results. These results con�rmed that
pyroptosis occurred in such established models.

3.5. Inhibitor of miR-122a reduced H/R-induced injury in
vitro
Figure 5A showed that, as compared to the normal control group, cell number, morphology, and viability
did not change substantially after transfection with miR-122a inhibitor, demonstrating that miR-122a
inhibitor had no adverse effects on normal cells. As observed in Figs. 5B and 5C, EGFR and NLRP3
protein expression levels were measured by western blotting and DAPI immuno�uorescence staining.
After transfected with miR-122a inhibitor, results indicated that EGFR expression was enhanced and
NLRP3 expression was lowered when contrasted to the H/R group. Furthermore, when contrasted to the
H/R group, results showed that LDH release (Fig. 5D) was reduced, and the total of cell necrosis (Fig. 5E)
was lessened, checking by Hoechst 33342 and PI staining, after transfected with miR-122a inhibitor,
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indicating pyroptosis reduction.Thus, miR-122a inhibitor inhibited intestinal I/R injury by increasing EGFR
signaling and attenuating NLRP3 signaling.

3.6. Overexpression of EGFR minimized H/R-induced injury
in vitro
As observed in Fig. 6A, as compared to the normal control group, cell number, morphology, and viability
did not change signi�cantly after transfected with EGFR-overexpression plasmid, demonstrating that
EGFR-overexpression plasmid did not cause adverse effects in normal cells. Cells successfully
transfected with EGFR-overexpression plasmid were observed by GFP �uorescence, and results showed
that more than 70% of the IEC-6 cells were successfully transfected (Fig. 6B). As observed in Fig. 6C,
EGFR and NLRP3 mRNA expression levels were determined by a qPCR assay, and results revealed that
after transfected with EGFR-overexpression plasmid, EGFR expression was raised and NLRP3 expression
was lowered, as contrasted to the H/R group. As observed in Figs. 6D and 6E, the protein expression
levels of EGFR and NLRP3 were detected by western blotting and DAPI immuno�uorescence staining,
respectively. Results showed that, when contrasted to the H/R group, the protein expression level of EGFR
was enhanced, while the protein expression level of NLRP3 was lessened after transfected with EGFR-
overexpression plasmid. Furthermore, when contrasted to the H/R group, results showed that the release
of LDH (Fig. 6F) was decreased, and the total of cell necrosis (Fig. 6G) was reduced, checking by Hoechst
33342 and PI staining, after transfected with EGFR-overexpression plasmid, indicating pyroptosis
reduction. Thus, EGFR-overexpression plasmid mitigated intestinal I/R injury by increasing EGFR
signaling and attenuating NLRP3 signaling.

4. Discussion
Blood �ow to the target organ is reduced or completely blocked, resulting in tissue hypoxia, which is
de�ned as ischemia (Li, Hu et al. 2016). Signi�cant lack of blood supply to the intestine can be induced
by thrombosis or obstruction of the mesenteric arteries caused by emboli related to cardiac illness (Puleo,
Arvanitakis et al. 2011). Reduced blood �ow interrupts the oxygen supply required for cell activity,
resulting in cell damage and death (Li, Hu et al. 2016, Lillo-Moya, Rojas-Sole et al. 2021). Restoring blood
�ow is crucial to rescue and preserve normal cellular function. Nevertheless, ischemia promotes the
creation of toxic compounds as well as the generation of in�ammatory and epithelial cell apoptosis and
necrosis (Gonzalez, Moeser et al. 2015, Liu, Chen et al. 2019). Pyroptosis is a type of pro-in�ammatory
programmed cell death that differs from apoptosis and necrosis (Shi, Gao et al. 2017, Frank and Vince
2019, Bertheloot, Latz et al. 2021). It is de�ned as the production of membrane pores mediated by
cystease cutting Gasdermin D, resulting in membrane rupture and cell content leakage, as well as the
release of a signi�cant number of in�ammatory mediators, such as IL-18, IL-1β, and others (He, Wan et al.
2015, Broz, Pelegrin et al. 2020). Multiple studies have discovered the function of pyroptosis in the
incidence and development of in�ammatory illnesses, immunological tumors, and other disorders (Chen,
Shi et al. 2019, Wu, Lin et al. 2019, Shen, Wang et al. 2021). Pyroptosis shows its critical role in the
genesis, progression, and prognosis of several digestive organ illnesses, such as hepatitis cirrhosis,
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in�ammatory bowel disease, and intestinal in�ammation (Huang, Feng et al. 2019, Zuo, Zhou et al. 2020,
Wang, Zhou et al. 2021). And in previous studies, the presence of pyroptosis in intestinal I/R injury has
been demonstrated (Rathinam, Vanaja et al. 2012, He, Wan et al. 2015, Jia, Cui et al. 2020, Wang, Fan et
al. 2020). In this study, we veri�ed the presence of pyroptosis with LDH kit detection and Hoechst
33342/PI double staining. Furthermore, we detected Gasdermin D, IL-18, and IL-1β, which are indicators of
pyroptosis. It was found that at both mRNA level and protein level, pyroptosis mainly increased after 45
min ischemia and 90 min reperfusion in C57BL/6 mice, while in IEC-6 cells, pyroptosis mainly increased
after 4 h hypoxia and 120 min reoxygenation. Both in vivo and in vitro, the number of pyroptosis
decreased with the extension of reperfusion or reoxygenation time after �xed ischemia or hypoxia time,
and after reperfusion for 360 min or reoxygenation for 1440 min, the number of pyroptosis almost
returned to the level of the sham operation group or control group.

miRNAs are endogenous non-coding RNA with a length of 19–22 nucleotides that are induced in the
nucleus by RNA polymerase II (Lee, Ahn et al. 2003, Mendell and Olson 2012, Xue, Yang et al. 2021).
These miRNAs are subsequently transported to the cytoplasm by exportin-5 and further processed into
double-stranded mature miRNAs by the RNase III endonuclide Dicer (Lee, Ahn et al. 2003). It has been
proposed that certain miRNAs have a pathogenic function in intestinal I/R injury. For example, by
modulating miR-351-5p/MAPK13-mediated in�ammation and apoptosis, dioscin reduces intestinal I/R
injury in rats (Zheng, Han et al. 2019). Autophagy is inhibited by activating miRNA-182/Deptor/mTOR
axis to minimize intestinal I/R injury in mice (Li, Luo et al. 2020). In addition to intestinal I/R injury, mir-
122a has also been found to play a role in the regulation of other diseases. An investigation on human
HCC shows cyclin G1 is a gene target of miR-122a, which is regularly down-regulated in this cell line
(Gramantieri, Ferracin et al. 2007). In gastrointestinal malignancies, miR-122a performs as a new tumor
suppressor downstream of APC (Wang, Lam et al. 2009). Nevertheless, the effect of miR-122a on I/R
injury has yet to be documented. In this study, we investigated the potential pathogenic mechanism of
miR-122a in intestinal I/R injury. Results indicated that the mRNA expression of miR-122a was
considerably higher in the H/R or I/R groups compared to the normal control or sham operation groups,
but reduced when reoxygenation or reperfusion time was prolonged. Furthermore, using several
databases, we discovered that miR-122a had binding sites with EGFR, and the results were con�rmed
using the Dual-luciferase reporter assay. The protein and mRNA expression levels of EGFR were
considerably higher when the EGFR-overexpression plasmid was transfected into IEC-6 alone compared
to the control group in the co-transfection experiment. However, co-transfection of miR-122a mimic and
EGFR-overexpression plasmid with IEC-6 led to lower expression levels of EGFR protein and mRNA than
that only EGFR-overexpression plasmid was used. These results suggest that miR-122a directly targets
EGFR.

Intestinal I/R injury is one of the most dangerous conditions in clinic (Kip, Grootjans et al. 2021). It is
caused by hemorrhagic shock, trauma, strangulation ileus, acute mesenteric ischemia, and other
pathological conditions (Matsuda, Yang et al. 2014, Shoup 2018, Qasim, Li et al. 2020). Until now, there is
no established treatment for this injury in clinic. Most of the drugs discovered have been designed to
reduce the complications associated with it (Li, Xu et al. 2017, Hu, Mao et al. 2018, Chen, Mohr et al.
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2020, Jia, Cui et al. 2020). According to research, the most serious outcome of intestinal I/R injury is
mucosal barrier failure, which can lead to SIRS, MODS, and ultimately death (Rutgeerts, Sandborn et al.
2005, Duranti, Vivo et al. 2018, Zhang, Wu et al. 2020). This work demonstrated that pyroptosis is a vital
factor in the development of SIRS and MODS following intestinal I/R injury. We performed a miR-122a
inhibitor transfection experiment to further investigate the regulating mechanism of miR-122a in
intestinal I/R injury. Our �ndings revealed that miR-122a worsened pyroptosis by suppressing EGFR
protein expression and then enhancing NLRP3 protein expression, consequently aggravating intestinal
I/R injury. The above results indicate that the miR-122a-EGFR-NLRP3 signaling pathway may be a priority
attraction for the advancement of novel medicines to treat intestinal I/R injury.

EGFR signaling pathway appears on epithelial, �broblast, glial, keratinocyte, and other cell surfaces. Its
function is involved in cell growth, proliferation, differentiation, and other physiological activities (Zhu,
Shimizu et al. 2011, Sasada, Azuma et al. 2016, Purba, Saita et al. 2017). Patients with epithelial-derived
cancers show high levels of EGFR expression, which suggests that EGFR might be utilized as a target for
anticancer drug delivery systems (Ohno, Takanashi et al. 2013, Arkhipov, Shan et al. 2014). Another study
on I/R-induced acute renal injury in mice shows that cathelicidin-related antimicrobial peptides inhibit
NLRP3 in�ammasome activation, which requires the participation of EGFR (Pan, Liang et al. 2020).
However, no reports indicate how EGFR participates in intestinal I/R injury. As a result, we investigated the
changes on EGFR expression under H/R and I/R conditions compared to normal control or sham
operation groups in this research. By using qPCR, western blotting, and immuno�uorescence assays, we
discovered that EGFR expression was considerably lower in H/R or I/R groups contrasted to normal
control or sham operation groups. However, contrasted to the H/R group, the corresponding pyroptosis
indicators were ameliorated in H/R group under transfection with EGFR-overexpression plasmid
condition, resulting in improvement of H/R-induced cell injury. Based on these �ndings, it could be
suggested that EGFR plays a signi�cant regulatory role in I/R-induced intestinal injury. However, whether
EGFR can be selected as a biomarker in I/R-induced intestinal injury remains to be clari�ed.

This study found that miR-122a targeted EGFR-NLRP3 signaling pathway to affect intestinal I/R injury by
regulating pyroptosis. We hope that this mechanism can be a bene�cial therapeutic target for the
identi�cation and treatment of intestinal I/R injury in the future.
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Figure 1

H/R- and I/R-induced cell and tissue injury. (A, B) IEC-6 cell viability and cellular morphology. Cell viability
was evaluated using CCK-8 assay (n=6). H&E staining (C) and histopathological scores (D) in mice
intestinal tissue (n=8). One sham group and four intestinal I/R groups (45 min of ischaemia followed by
45, 90, 180, or 360 min of reperfusion) were randomly assigned to mice. All data are presented as the
mean±SD (n=5-8). *P<0.05 shows a signi�cant difference in comparison to the control groups or sham
groups; #P<0.05 shows a signi�cant difference in comparison to the 120 min of reoxygenation or 90 min
of reperfusion groups.
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Figure 2

In vitro and in vivo experiments showed that EGFR was a target gene of miR-122a. (A) miR-122a mRNA
expression levels (qPCR) in H/R- and I/R-induced cell and intestinal injury. (B) A diagram showing miR-
122a's conservative seed binding locations on target genes' 3′-UTRs (EGFR). (C) EGFR 3′-UTR relative
luciferase expression after co-transfection with miR-122a mimic or NC (miR-122a inhibitor or NC). IEC-6
cells were co-transfected with miR-122a mimic or NC (miR-122a inhibitor or NC) and EGFR-WT or EGFR-
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MUT in 24-well plates. The luciferase activities were measured using the Dual-Luciferase Reporter Assay
Kit after 24 h of transfection. (D, E) Relative levels of EGFR expression following co-transfection. All data
are presented as the mean±SD (n=5-6). *P<0.05 when contrasted to the control group in Figure 2A,D,E and
the NC group in Figure 2C; #P<0.05 when contrasted to the 120 min of reoxygenation or 90 min of
reperfusion group in Figure 2A and the EGFR-overexpression plasmid group in Figure 2D,E.

Figure 3
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miR-122a adjusted EGFR signal pathway. EGFR, NLRP3, caspase 1, N-terminal GSDMD, and ASC protein
levels measurement in vitro (A) and in vivo (B). In�ammatory factors IL-1β (C) and IL-18 (D) measurement
in vitro and in vivo. (E) LDH release measurement. All data are presented as the mean±SD (n=5-6).
*P<0.05 shows a signi�cant difference in comparison to the control groups or sham groups; #P<0.05
shows a signi�cant difference in comparison to the 120 min of reoxygenation or 90 min of reperfusion
groups.
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Figure 4

H/R- and I/R-induced intestinal in�ammation and EGFR-NLRP3-related pyroptosis in vitro and in vivo. (A)
qPCR assay on EGFR and NLRP3 mRNA expression levels following H/R- and I/R-induced injury. Western
blotting assay on EGFR and NLRP3 protein expression levels following H/R- (B) and I/R-induced (C)
injury. (D, E) Immuno�uorescence assay on EGFR and NLRP3 protein expression levels following H/R- (D)
and I/R-induced (E) injury. (F) Hoechst 33342 and PI staining assays on necrosis following H/R-induced
IEC-6 cell injury. All data are presented as the mean±SD (n=5-6). *P<0.05 shows a signi�cant difference in
comparison to the control groups or sham groups.
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Figure 5

Inhibitor of miR-122a reduced H/R-induced injury in vitro. (A) IEC-6 cell viability and morphology following
miR-122a inhibitor transfection. Western blotting (B) and immuno�uorescence staining (C) assays on
EGFR and NLRP3 protein expression levels following miR-122a inhibitor transfection. (D) LDH releasing
measurement in IEC-6 cells. (E) Hoechst 33342 and PI staining assays on IEC-6 cell necrosis following
miR-122a inhibitor transfection. All data are presented as the mean±SD (n=5-6). *P<0.05 shows a



Page 28/29

signi�cant difference in comparison to the control groups; #P<0.05 shows a signi�cant difference in
comparison to the H/R group; n.s., not signi�cant.

Figure 6

Overexpression of EGFR minimized H/R-induced injury in vitro. (A) IEC-6 cell viability and morphology
following EGFR-overexpression transfection. (B) GFP �uorescence assay on transfection ratio of IEC-6
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cells following EGFR-overexpression transfection. (C) qPCR assay on EGFR and NLRP3 mRNA expression
levels after H/R injury and H/R injury following EGFR-overexpression transfection. Western blotting (D)
and immuno�uorescence staining (E) assays on EGFR and NLRP3 protein expression levels following
EGFR-overexpression transfection. (F) LDH releasing measurement in IEC-6 cells. (G) Hoechst 33342 and
PI staining assays on IEC-6 cell necrosis following EGFR-overexpression transfection. All data are
presented as the mean±SD (n=5-6). *P<0.05 shows a signi�cant difference in comparison to the control
groups; #P<0.05 shows a signi�cant difference in comparison to the H/R group; n.s., not signi�cant.
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