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Abstract: Objective: Post-infectious irritable bowel syndrome (PI-IBS) is a common functional gastrointestinal (GI) 
disorder that occurs after acute GI infection. Recent studies showed that microRNAs were involved in the occur-
rence and development of IBS. Here, we elaborated the role of miR-510 in the occurrence of PI-IBS and analyzed 
its mechanism. Methods: We detected the expressions of miR-510 and PRDX1 in colonic mucosal tissues by qRT-
PCR, Western blot and immunohistochemistry. Furthermore, we transfected Caco-2 cells with miR-510 mimic, anti-
miR-510, si-PRDX1, and control, then evaluated the cell viability and apoptosis by CCK8 assay and flow cytometry, 
assessed expression levels of PRDX1 by qRT-PCR and Western blot analysis, and pro-inflammatory cytokines by 
qRT-PCR and ELISA. Results: MiR-510 expression was downregulated and negatively correlated with TNF-α, whereas 
PRDX1 expression was upregulated in PI-IBS colonic mucosal tissues. LPS at concentrations of 5 and 10 μg/ml 
can significantly induce inflammatory injury in Caco-2 cells. MiR-510 overexpression aggravated the injury induced 
by LPS, as reflected by increased cell viability, decreased apoptosis, and less production of pro-inflammatory cy-
tokines. miR-510 mimic transfection in cells significantly suppressed the mRNA and protein expression levels of 
PRDX1. Furthermore, the inflammatory injury induced by LPS was exacerbated by upregulating PRDX1 expression 
when miR-510 was knocked down. Conclusion: MiR-510 downregulation in intestinal tissue might contribute to PI-
IBS via targeting PRDX1. The results of this study will not only enrich the pathogenesis of PI-IBS but also make us 
understand the biological activity of miR-510 and provide important experimental basis for PI-IBS clinical treatment 
targeting miR-510.
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Introduction

Irritable bowel syndrome (IBS) has been consid-
ered as a common functional gastrointestinal 
(GI) disorder [1, 2]. It is characterized by the 
presence of chronic or recurrent abdominal pa- 
in or bloating and discomfort [3, 4]. After acute 
GI infection, 3% to 35% of IBS patients develop 
post-infectious irritable bowel syndrome (PI- 
IBS) [5]. PI-IBS patients have more severe in- 
testinal symptoms, such as colonic hypercon-
tractility, than IBS patients [6]. Although PI-IBS 
is not a life-threatening disease similar to bowel 
cancer, the occurrence of diarrhea and abdomi-
nal pain needs to be treated through stress 

management and diet control, which result in a 
serious decline in quality of life, unemployment, 
and increased medical costs [7]. Although the 
exact pathogenesis of PI-IBS remains unclear, 
growing evidence shows that persistent inflam-
matory response in intestinal tissue is a promi-
nent pathological feature of PI-IBS [8]. The 
number of T-lymphocytes and enterochromaffin 
cells in intestinal tissues in a PI-IBS mouse 
model increased significantly, suggesting a pos-
sible persistent inflammatory reaction after the 
recovery of intestinal infection [8]. In the PI-IBS 
mouse model, the expression levels of inter- 
feron-γ, IL-1β, IL-17, and IL-12 in intestinal tis-
sues were significantly higher than those of 
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control mice, and the expression levels of IL-10 
and IL-4 were significantly decreased [9, 10].

MicroRNAs (miRNAs) are small non-coding 
RNAs that regulate the genome expression by 
binding to the 3’-untranslated region (UTR) of 
the target mRNA complementarily, causing the 
target mRNA to be cut or transcriptionally sup-
pressed [11, 12]. By regulating the expression 
of target genes, miRNA can participate in the 
occurrence and development of various diseas-
es, such as cancer and inflammation. Recently, 
some miRNAs were found to be associated with 
GI disorders, including IBS [13-15]. Currently, 
miRNAs associated with IBS-D include miR-
23b, miR-378, hsv2-miR-H11, and miR-29 
[16-19].

Our previous study showed that the miR-510 
mRNA expression in the colonic mucosal tis-
sues was dramatically decreased in IBS-D [20]. 
However, the specific mechanism by which 
miR-510 participates in the development and 
progression of IBS-Dis not clear. In this work, 
we investigated the expression and biological 
function of miR-510 in PI-IBS. We also studied 
its potential possible mechanism.

Methods

Statement of ethics

Colonic mucosal tissues from PI-IBS and con-
trol cases were obtained from the Department 
of Gastroenterology in the Affiliated Hospital of 
Yangzhou University. All patients signed infor- 
med consent first and then underwent screen-
ing colonoscopies. This study was approved by 
the ethics committee of the College of Medicine 
of Yangzhou University.

Colonic mucosal tissue collection

Thirty-six patients with PI-IBS and 36 normal 
controls were included in this study. The diag-
nosis of PI-IBS was based on the Rome IV 
Diagnostic Criteria [1]. The colonic mucosal tis-
sues of PI-IBS patients and controls were col-
lected from the Department of Gastroenterology 
in the Affiliated Hospital of Yangzhou University. 
All participants signed informed consent and 
underwent colonoscopies. The study was app- 
roved by the ethics committee of the College of 
Medicine of Yangzhou University. The colonic 
mucosal tissues were treated with liquid nitro-

gen and then transferred to a -80°C refri- 
gerator.

Cell culture

Human epithelial colorectal adenocarcinoma 
Caco-2 cells and human embryonic kidney 293 
cells (HEK293) were obtained from the Peking 
Union Medical College Cell Bank (Beijing, 
China). Cell lines were cultured in Dulbecco’s 
modified Eagle’s medium (Gibco, USA) contain-
ing 10% heat-inactivated fetal bovine serum 
(Gibco, USA), penicillin, and streptomycin (Sig- 
ma-Aldrich, St. Louis, MO, USA) in a 5% CO2 
incubator with saturated humidity at 37°C.

Transfection

In this study, the RNA oligoribonucleotides 
including miR-510 mimics, miR-510 inhibitor 
(anti-miR-510), mimic control (miRcon), miRNA 
inhibitor control (anti-miR-con), si-PRDX1, and 
negative control si-PRDX1 (NC-si-PRDX1) were 
synthesized by GeneChem (Shanghai, China). 
Caco-2 cells were independently transfected 
with 200 nM miR-510 mimics, miRcon, anti-
miR-510, anti-miR-con, si-PRDX1, and NC-si-
PRDX1 for 48 h according to the manufactur-
er’s instructions of Lipofectamine 2000 (Invi- 
trogen, San Diego, CA, USA).

Luciferase reporting assay

The 3’-UTR sequences (containing miR-510 
binding sites), which include the wild type (WT) 
and mutant (MUT) of PRDX1, were amplified 
from human genomic DNA by polymerase chain 
reaction (PCR) and cloned into the pGL3-lucif-
erase basic vector (Promega, Wisconsin, WI, 
USA). Next, using Lipofectamine™ 2000 (Invi- 
trogen, San Diego, CA, USA), the HEK293 cells 
were co-transfected with miRNAs (miR-510 mi- 
mics and miRcon), the reporter vectors (WT or 
MUT), and the Renilla control vector (Promega, 
Wisconsin, WI, USA). After 24 h post transfec-
tion, the luciferase activity was detected using 
a Dual-Luciferase Assay Kit (Promega, Madison, 
WI, USA).

Quantitative real-time PCR (qRT-PCR)

MiRNAs and total RNA were isolated from cells 
and tissues using the mirVana miRNA Isolation 
Kit (Ambion, Austin, TX, USA) and Trizol reagent 
(Invitrogen, Carlsbad, CA, USA). Then, cDNA 
was obtained using the All-in-One™ miRNA 
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First-Strand cDNA Synthesis Kit (GeneCopoeia, 
Rockville, MD, USA) and the PrimeScript™ II 1st 
Strand cDNA Synthesis Kit (Takara Bio, Inc., 
Dalian, Japan). qRT-PCR was performed using 
the All-in-One™ miRNA qRT-PCR Detection Kit 
(GeneCopoeia, Rockville, MD, USA) and Pri- 
meScript™ RT Master Mix (Takara Bio, Inc., 
Dalian, Japan) on the 7500 Real-Time PCR 
System (Applied Biosystems, White Plains, NY, 
USA). Relative expression levels of the genes 
were calculated using the 2-ΔΔCt method [21].

Western blot assay

Proteins were extracted from the colonic muco-
sal tissues and Caco-2 cells using RIPA buffer 
according to the manufacturer’s instructions. 
Protein concentration was measured using the 
BCA Protein Assay Kit (Beyotime, Beijing, 
China). Equal amounts of total proteins from 
tissues and cells were separated on sodium 
dodecyl sulfate-polyacrylamide gels and then 
transferred to polyvinylidene difluoride mem-
branes (Millipore, Bedford, MA, USA). The 
human PRDX1 (1:1000, Abcam, Cambridge, 
MA, USA) served as the experimental antibod-
ies, whereas beta-actin (Abcam) served as an 
internal reference.

Immunohistochemistry

Two colonic mucosa samples were taken from 
each patient during endoscopy. Then samples 
were fixed by 4% paraformaldehyde, and em- 
bedded with paraffin. Expression of PRDX1 was 
detected by immunohistochemistry. After depa-
raffinage, sections were incubated with 3% 
H2O2 for 15 min and 3% BSA for 30 min. Anti-
PRDX1 antibody (monoclonal, 1:500; Abcam, 
Cambridge, MA, USA) was added and stored at 
4°C overnight. Then, samples were labeled 
with HRP, stained with DAB, and re-stained with 
hematoxylin. Then, sections were dehydrated 
and mounted. Section was photographed with 
a microscope (Nikon, Japan).

Cell viability assay

Viability assays of Caco-2 cells were conducted 
using Cell Counting Kit-8 (CCK-8, Biosharp, 
China). Approximately 5×103 Caco-2 cells/well 
were seeded in a 96-well plate and treated with 
LPS or other interference factors for different 
hours. Then, 10 μl/well CCK8 solution was 
added to the cell culture medium. The cells 

were incubated at 37°C for 1 h in 5% CO2 and 
humidified 95% air. By using a Microplate 
Reader, the absorbance was measured at 450 
nm. All experiments were repeated three times.

Apoptosis assay

To identify and quantify the apoptotic cells, the 
flow cytometry analysis experiment was per-
formed using the Annexin V-FITC/PI Apoptosis 
Detection Kit (Beijing Biosea Biotechnology, 
Beijing, China). After treatment with LPS, cells 
(2×105 cells/well) were washed twice with cold 
PBS, added with the binding buffer including 
RNase A and FITC-Annexin V (Sigma-Aldrich, St. 
Louis, MO, USA), and then incubated for 1 h at 
room temperature in the dark. Subsequently, 
apoptotic cells were determined by flow cytom-
etry (BD Biosciences).

ELISA

The culture supernatant was collected after 
treatment with LPS and other interference fac-
tors. Then, we measured the concentrations of 
inflammatory cytokines (TNF-α, IL-1β, IL-6, and 
IL-8) by ELISA (R&D Systems, Minneapolis, MN, 
USA).

Statistical analysis

SPSS 19.0 (SPSS Inc., Chicago, IL, USA) was 
used for statistical analysis. All experiments 
were repeated thrice, and data were expressed 
as mean ± standard error in the entire manu-
script. Independent samples T-test was used in 
analyzing the difference of means between the 
two groups. One-way analysis of variance was 
used in comparing the difference among three 
groups and more than three groups. P<0.05 
indicated a statistically significant result.

Results

miR-510 was downregulated and PRDX1 was 
upregulated in colonic mucosal tissues of PI-
IBS patients

In order to understand the role of miR-510 in 
the pathogenesis of PI-IBS, miR-510 expres-
sion was detected in the colonic mucosal tis-
sues (from 36 PI-IBS patients and 36 normal 
controls) by qRT-PCR. Compared with the con-
trol group, miR-510 expression was significant-
ly reduced in PI-IBS colonic mucosal tissues 
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(P<0.01; Figure 1A). Furthermore, we detected 
the expression levels of PRDX1 mRNA in PI-IBS 
colonic mucosal tissues by qRT-PCR. As shown 
in Figure 1B, PI-IBS colonic mucosal tissues 
showed increased PRDX1 expression (P<0.01). 
Compared with the normal samples, PRDX1 
protein expression (by Western blot and immu-
nohistochemistry) in PI-IBS colonic mucosal 
samples was also significantly increased (Fi- 
gure 1C, 1G). Given that the above data showed 
the downregulation of miR-510 and upregula-
tion of PRDX1 in the PI-IBS group, we further 
carried out a correlation analysis, which showed 
that the expression of PRDX1 was negatively 
correlated with miR-510 (Figure 1D). As in our 
previous study we found that PRDX1 can 
increase the secretion of pro-inflammatory 
cytokines and promote inflammatory reactions, 

we further performed a correlation analysis in 
the PI-IBS group and found that miR-510 was 
negatively correlated with serum TNF-α expres-
sion, but PRDX1 was positively correlated 
(Figure 1E and 1F).

Overexpression of miR-510 alleviated LPS-
induced inflammatory injury in Caco-2 cells

First, we found inflammatory injury in Caco-2 
cells induced by LPS. When the stimulating con-
centration of LPS reached 5 and 10 μg/ml, a 
significant decrease in Caco-2 cell viability was 
observed (Figure 2A), and a dramatic increase 
in Caco-2 cell apoptosis was detected (P<0.05 
or P<0.01, Figure 2B). Based on the above 
data, a dose-dependent relationship existed 
between LPS and Caco-2 cell damage. Thus, 5 
μg/ml LPS was selected as the stimulus condi-

Figure 1. In colonic mucosal tissues of PI-
IBS patients, miR-510 was downregulated, 
and PRDX1 was upregulated. A. Significant 
downregulation of miR-510 was observed in 
PI-IBS colonic mucosal tissues by qRT-PCR 
(left panel). B, C, G. Dramatic upregulation 
of the PRDX1 mRNA and proteins was ob-
served in PI-IBS patients by qRT-PCR, West-
ern blot (left panel) and Immunohistochem-
istry. D. Expression levels of PRDX1 were 
negatively correlated with miR-510 expres-
sion in the PI-IBS group. E. ELISA showed 
that the expression level of miR-510 was 
negatively correlated with serum TNF-α 
expression in the PI-IBS group. F. ELISA 
showed that the expression level of PRDX1 
was positively correlated with serum TNF-α 
expression in the PI-IBS group. *P<0.05.
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Figure 2. MiR-510 overexpression alleviated the inflammatory injury induced by LPS in Caco-2 cells. Different concentrations of LPS (0, 1, 5, and 10 μg/ml) were 
used to stimulate cells for 5 h, and inflammatory injury was observed in Caco-2 cells. At LPS concentrations of 5 and 10 μg/ml, (A) CCK8 assay showed that cell 
viability was significantly decreased, and (B) flow cytometry showed that cell apoptosis was dramatically increased in Caco-2 cells. (C) mRNA levels and (D) concen-
trations of inflammatory cytokines (TNF-α, IL-1β, IL-6, and IL-8) in the culture supernatant were significantly upregulated in LPS-treated Caco-2 cells compared with 
the control according to qRT-PCR and ELISA. The inflammatory injury induced by LPS was rescued by miR-510 overexpression. (E) Cell viability was dramatically 
increased. (F) Cell apoptosis and (G) mRNA expression of pro-inflammatory cytokines (TNF-α, IL-1β, IL-6, and IL-8) were significantly decreased, and the concentra-
tions of pro-inflammatory cytokines in the culture supernatants, such as (H) TNFα, (I) IL-1β, (J) IL-6, and (K) IL-8, were significantly decreased. *: P<0.05. **: P<0.01, 
***: P<0.001.
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tion for the following experiments. Given the 
importance of cytokines in inflammatory dis-
eases, we evaluated the expression of pro-
inflammatory cytokines such as TNF-α, IL-1β, 
IL-6, and IL-8 by qRT-PCR. According to our 
data, after being injured with LPS, the mRNA 
levels of pro-inflammatory cytokines signifi-
cantly increased in Caco-2 cells compared with 
the control (P<0.01 or P<0.001, Figure 2C). In 
addition, higher concentrations of the four cyto-
kines were tested in the LPS group than in the 
control group in cell culture supernatant via 
ELISA (all P<0.01, Figure 2D).

Second, our experiment showed that miR-510 
overexpression alleviated LPS-induced inflam-
matory injury in Caco-2 cells. To directly evalu-
ate the effect of miR-510 on the inflammatory 
injury induced by LPS, a miR-510 mimic or 
inhibitor was transfected into Caco-2 cells. As 
shown in Figure 2E and 2F, the transfection of 
miR-510 mimic resulted in a significant increase 
in cell viability and markedly reduced cell apop-
tosis based on LPS stimulation. By contrast, we 

observed the opposite result with miR-510 
inhibitor transfection, showing that cell viability 
decreased and cell apoptosis increased (P< 
0.01 or P<0.001, Figure 2E and 2F). Fur- 
thermore, the effects of miR-510 on the pro-
duction of inflammatory cytokines were ob- 
served. As shown in Figure 2G-K, a significant 
reduction in LPS-induced TNF-α, IL-1β, IL-6, and 
IL-8 production was observed in the miR-510 
mimic group (P<0.05, P<0.01, or P<0.001), 
whereas the opposite effects were noted in the 
miR-510 inhibitor group (P<0.01 or P<0.001).

MiR-510 negatively regulated PRDX1 expres-
sion in Caco-2 cells by binding to the 3’-UTR of 
PRDX1 directly

To demonstrate the above conclusions further, 
we consulted relevant literatures and searched 
for potential target genes of miR-510 using a 
bioinformatics software. We found one miR-
510 binding site in the 3’-UTR of PRDX1, con-
firming that PRDX1 is one of the potential tar-
gets (Figure 3A). For further verification, the WT 

Figure 3. MiR-510 negatively regulated PRDX1 expression in Caco-2 cells by binding to the 3’-UTR of PRDX1 directly. 
(A) Bioinformatics analyses showed that the PRDX1 3’-UTR is a potential target of miR-510. (B) Dual-luciferase re-
porter assay exhibited dramatic reduction of luciferase activity in HEK293 cells co-transfected with miR-510 mimics 
and pGL3-PRDX1-3’-UTR-WT compared with the cells co-transfected with miR-510 mimics and pGL3-PRDX1-3’-UTR-
MUT. (C) qRT-PCR and (D) Western blots showed that PRDX1 was downregulated in the miR-510 mimic group but 
was upregulated in the miR-510 inhibitor group. *: P<0.05. **: P<0.01.
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3’-UTR of PRDX1 and its homologous MUT were 
cloned into the luciferase vector. According to 
dual-luciferase assays, miR-510 overexpres-
sion suppressed the luciferase intensity in WT 
PRDX1 3’-UTR but not in MUT 3’-UTR (Figure 
3B).

To further explore the direct effect of miR-510 
on PRDX1 expression, we transfected Caco-2 
cells with miR-510 mimics or inhibitors and 
determined their effects on PRDX1. The trans-
fection of miR-510 mimics significantly down-
regulated the mRNA and protein expression of 
PRDX1, and miR-510 inhibition dramatically 
increased the mRNA and protein levels of 
PRDX1 (Figure 3C and 3D; either P<0.05). The 
above data suggested that miR-510 can bind to 

WT PRDX1 3’-UTR and block the expression of 
PRDX1.

Inflammatory injury induced by LPS in Caco-2 
cells depends on the pro-inflammatory factor 
PRDX1

To understand the effects of PRDX1 on the 
inflammatory injury induced by LPS, we trans-
fected Caco-2 cells with si-PRDX1 and negative 
control si-PRDX1 (NC-si-PRDX1). The effects of 
si-PRDX1 or NC-si-PRDX1 were detected in 
Caco-2 cells. The remarkable increase of cell 
viability and decrease of cell apoptosis were 
measured when silenced with PRDX1 (P<0.01, 
Figure 4A and 4B). Furthermore, the effects of 
si-PRDX1 on the production of pro-inflammato-
ry factors were evaluated. As shown in Figure 

Figure 4. Inflammatory injury induced by LPS in Caco-2 cells depends on the pro-inflammatory factor PRDX1. Silenc-
ing of PRDX1 alleviates the inflammatory injury induced by LPS. (A) Cell viability was increased dramatically. (B) Cell 
apoptosis and (C) mRNA expression of pro-inflammatory cytokines (TNF-α, IL-1β, IL-6, and IL-8) were significantly 
decreased, and (D) the pro-inflammatory cytokine concentrations in the supernatant of cell culture were decreased 
significantly. **: P<0.01, ***: P<0.001.
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4C and 4D, the levels of pro-inflammatory cyto-
kines (TNF-α, IL-1β, IL-6, and IL-8) were reduced 
in the si-PRDX1 group (P<0.01 or P<0.001).

Inhibition of miR-510 increased LPS-induced 
inflammatory injury in Caco-2 cells via PRDX1 
overexpression

To verify further whether miR-510 directly tar-
gets PRDX1 and then affects LPS-induced 
inflammatory injury, we transfected Caco-2 
cells with si-PRDX1. We found that even when 
injured with LPS, si-PRDX1 can rescue the dam-
age of cell viability in Caco-2 cells transfected 
with miR-510 inhibitor (P<0.01) (Figure 5A). 
Then, silencing of PRDX1 reduced the increase 
of cell apoptosis induced by LPS stimulation 
plus miR-510 suppression (P<0.01, Figure 5B). 
qRT-PCR and ELISA showed that lower levels of 
pro-inflammatory cytokines (TNF-α, IL-1β, IL-6, 
and IL-8) were detected in the LPS + miR-510 
inhibitor + si-PRDX1 group than in the LPS + 
miR-510 inhibitor group (*: P<0.05, ***: 
P<0.001, Figure 5C-G).

Discussion

PI-IBS is a common functional GI disorder that 
occurs after acute GI infection [5]. In the pres-
ent study, we identified that miR-510 was 
downregulated and PRDX1 was upregulated  
in colonic mucosal tissues of PI-IBS patients, 
and the level of miR-510 was negatively corre-
lated with TNF-α levels. Furthermore, our stu- 
dy showed that miR-510 overexpression de- 
creased the inflammatory injury induced by LPS 
in Caco-2 cells, indicating the increase in cell 
viability, decrease in apoptosis, and downregu-
lation of pro-inflammatory cytokines. Our study 
also found that miR-510 negatively regulated 
PRDX1 expression in Caco-2 cells by binding to 
the 3’-UTR of PRDX1 mRNA directly, and miR-
510 inhibition aggravated LPS-induced inflam-
matory reaction in Caco-2 cells via PRDX1 
upregulation. In summary, we speculated that 
decreased miR-510 expression might partici-
pate in the inflammatory injury regulation in 
PI-IBS.

IBS has been traditionally considered as a 
functional GI disorder. However, recent evi-
dence showed that immune activation, low-
grade inflammation [22-26], and distorted 
mucosal barrier ultrastructure [27-30] have 
been implicated in IBS. Several studies report-
ed the important function of certain miRNAs in 

the occurrence and progression of a variety of 
illnesses. However, few studies have investi-
gated the role of miRNAs in IBS pathogenesis 
[17, 18, 31, 32]. In our previous studies, we 
detected the expression level of miR-510 in 53 
colonic mucosal tissues with IBS-D and found 
that miR-510 expression was markedly lower in 
IBS-D compared with controls [33]. Guo et al. 
and Zhang et al. found that miR-510 has poten-
tial anti-tumor effects [34, 35]. Moreover, miR-
510 could be used as a new biomarker for diag-
nosis and as a novel target for treating hyper-
tension [36]. Although we have not explained in 
the last paper why miR-510 was downregulated 
in IBS-D, we speculated that it might be associ-
ated with local chronic inflammation.

Here, we also found that miR-510 expression 
was decreased in PI-IBS colonic mucosal tis-
sues, similar to miR-510 downregulation in 
IBS-D [20]. In the study by Lee et al. and Su et 
al., PI-IBS had many overlapping features with 
IBS-D and shared similar pathophysiology and 
management approaches [37], which can ex- 
plain the similar downregulation of miR-510 in 
PI-IBS and IBS-D.

As described in the Results section, miR-510 
downregulation in PI-IBS colonic mucosal tis-
sues was negatively correlated with the expres-
sion of pro-inflammatory cytokine TNF-α, which 
prompted us to further evaluate miR-510 and 
its role in intestinal inflammation. We further 
investigated the function of miR-510 in Caco-2 
cells by transfecting Lipofectamine™ 2000 
with miR-510 mimics as described in detail in 
the Methods section. Here, we found that miR-
510 overexpression alleviated LPS-induced 
inflammatory injury in Caco-2 cells. Subsequent 
bioinformatics analysis and a previous study 
[35] showed that miR-510 had a close interac-
tion with PRDX1 (peroxiredoxin 1), which is a 
class of proteins that play a key role in antioxi-
dation [38] and certain cancer progression 
[39-41]. PRDX1 promoted the inflammatory 
response by activating inflammatory signaling 
pathways, such as NF-κB and MAPK [42, 43]. 
This factor strongly promoted inflammatory 
response and destroyed innate immunity. Our 
current research findings have shown that 
PRDX1 expression is significantly upregulated 
in colonic mucosal tissues of PI-IBS patients, 
which aggravated intestinal inflammation. Our 
study also showed that miR-510 may act as an 
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Figure 5. MiR-510 inhibition increased LPS-induced inflammatory injury in Caco-2 cells via PRDX1 overexpression. MiR-510 inhibitor or si-PRDX1 was transfected 
into Caco-2 cells. (A) Cell viability, (B) cell apoptosis, and (C) mRNA expression of pro-inflammatory cytokines (TNF-α, IL-1β, IL-6, and IL-8) were measured using qRT-
PCR. The concentrations of (D) TNF-α, (E) IL-1β, (F) IL-6, and (G) IL-8 in the supernatant of cell culture medium were examined by ELISA. *: P<0.05, ***: P<0.001.
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anti-inflammatory factor by directly binding to 
the 3’-UTR of PRDX1 mRNA and downregulating 
PRDX1 expression. In brief, all of the results 
revealed that miR-510 might serve as an impor-
tant factor preventing the progression of PI-IBS.

We found that miR-510 expression was down-
regulated in PI-IBS colonic mucosal tissues and 
negatively correlated with TNF-α levels. More- 
over, miR-510 overexpression alleviated LPS-
induced inflammatory injury in Caco-2 cells. 
Further studies revealed that PRDX1 is a direct 
target of miR-510. MiR-510 suppression aggra-
vated LPS-induced inflammatory injury in Caco-
2 cells by upregulating PRDX1. Overall, our find-
ings will enrich the understanding of PI-IBS 
pathogenesis and biological activity of miR-510 
and provide an important experimental basis 
for the development of effective PI-IBS drugs 
based on miR-510.
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