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ABSTRACT

Acute kidney injury (AKI) is a common and fatal complication in inflammatory sepsis. Several microRNAs
(miRNAs or miRs) have been identified to control sepsis. MiR-103a-3p has been reported to take part in
the various inflammatory response. However, its role in AKI remains unclear. The present research aimed
to explore the role and mechanisms of miR-103a-3p in AKI. Neurogenic sepsis mouse model and
lipopolysaccharide-induced HK-2 and 293 cell models were established. The renal functions in each
group of mice were measured. After evaluating the biological functions of C-X-C motif chemokine 12
(CXCL12) and miR-103a-3p on HK-2 and HEK-293 T cells, their interaction was determined. Detection of
CXCL12 and apoptosis and inflammation-related factors in renal tissue was done. MiR-103a-3p was
significantly repressed in the sepsis model, while CXCL12 was elevated. Furthermore, miR-103a-3p
inversely controlled CXCL12. Knockdown of miR-103a-3p or overexpression of CXCL12 could signifi-
cantly inhibit the progression of HK-2 and HEK293 cells, whereas elevated miR-103a-3p or knockdown of
CXCL12 showed the opposite effects. Collectively, miR-103a-3p heightens renal cell damage caused by
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sepsis by targeting CXCL12.

Introduction

Sepsis is a systemic inflammatory responding syn-
drome induced via fungi, bacteria, or viruses, and
it results in shock, multi-organ dysfunction syn-
drome, and death [1]. Acute kidney injury (AKI) is
a common and severe complication in sepsis.
According to various reports, sepsis facilitates the
production of inflammatory cytokines in kidney
tissue, thus resulting in kidney cell apoptosis and
AKI [2]. Sepsis-induced AKI is associated with the
aberrant expression of various genes. Moreover,
AKI can be mitigated by effectively regulating the
expression of these aberrant genes [3]. Therefore,
further research on the pathogenesis of AKI can
provide further insight to enhance treatment and
improve the survival rates in sepsis-induced AKI
patients.

MicroRNAs (miRNAs or miRs) are tiny endogen-
ous RNAs that modulate gene expression after tran-
scription [4,5]. Several human illnesses are linked
with miRNA dysregulations. Thus, understanding
miRNAs roles may offer new approaches for early
diagnosis of diseases and promising targeted

therapies [6-8]. For instance, miRNAs play crucial
functions in the formation and maintenance of nor-
mal kidney physiology. Previous reports indicated
that miRNAs play vital functions in AKI’s pathogen-
esis [9,10]. Therefore, well-designed miRNA-based
studies on AKI may drive the development of new
diagnostic tools and therapeutic interventions.
Microarray analysis showed that the miR-103
expression level was elevated in the plasma of hyper-
tension patients compared to the healthy subjects
[11]. Similarly, diabetes mellitus patients’ urine
expressed elevated miR-103 than healthy controls
[12]. In addition, enhanced circulating miR-103a-
3p level was implicated in renal injury in patients
with hypertension together with angiotensin II-
infused mice [13]. It has also been reported that
miR-103a-3p expression was elevated in serum and
liver of septic mice, whereas miR-103a-3p inhibition
regulated lipopolysaccharide (LPS)-stimulated septic
liver damage by suppressing apoptosis, inflamma-
tion, and oxidative stress [14]. Nevertheless, the
roles and mechanisms of miR-103 in the stimulation
of sepsis-induced AKI remain unknown.
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C-X-C motif chemokine 12 (CXCL12), a ligand
of the G protein-coupled receptor or C-X-C motif
chemokine receptor 4 (CXCR4), is implicated in
various cellular functions, including tissue cell
homeostasis, immune surveillance, and inflamma-
tory reactions [15]. According to Shen et al. [16],
miR-301a-5p mediates the CXCL12/CXCR4 path-
way and regulates acute exacerbations of long-
term interceptive pulmonary illness. It has been
demonstrated that the expression of CXCL12 and
CXCR4 in the kidney increases after ischemia/
reperfusion induction of AKI [17].

Endotoxins, which are gram-negative bacterial
LPSs, are extensively applied for inducing sepsis
models [18]. The research was designed to evaluate
miR-103a-3p’s manifestation and its anti-
inflammatory and anti-apoptotic effects in a cecal
ligated mouse model and LPS-induced cell models.
The present study also investigated the miR-103a-
3p-related molecular mechanisms in LPS-
stimulated human proximal tubular -epithelial
cells (HK-2). The current results assured miR-
103a-3p inhibited inflammation and LPS-
stimulated HK-2 cell apoptosis via regulation of
the pro-inflammatory gene CXCL12.

Materials and methods
Animals and ethical statement

The animal experiment was approved by the
Experimental Animal Management Committee of
the Experimental Animal Center of Xuchang
University Medical College (Approval Number:
NC20156033c). In total, 12 clean-grade adult
Kunming mice (age, 6-8 week-old; weight, 18-22 g)
were purchased from the Experimental Animal
Center of Xuchang University Medical College. The
animals were randomly divided into two groups,
namely the sham (n = 6) and the model (n = 6).

Cecal ligation and puncture (CLP) model

Sepsis induction was done by CLP as described else-
where [19]. Before and after the operation, normal
saline (0.5 ml)was injected into mice’s tail veins in the
sham and model groups. All the mice were exposed to
an overnight fasting with free access to water before
the experiment. Mice were anesthetized using 0.3%
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pentobarbital sodium (30 mg/kg) injected intraperi-
toneally, and the abdomen was disinfected using iodo-
phor. An incision of approximately ~1 cm was made
on the abdominal wall along the mid-abdominal line.
Ligation of the cecum was done using sterile forceps,
while blood vessels of the ileum and cecum were kept
away from the middle of the cecum. The cecum was
ligated with the sterile target with perforation. The
cecum content was extracted, while the appendix and
its contents were pushed back into the abdominal
cavity. The abdominal wall was eventually sutured.
In the sham group, the cecum was not ligated or
perforated. Mice were sacrificed 24 h after surgery.
All mice were euthanized by CO, asphyxiation (the
flow rate of CO, was 30-70% of the chamber volume
per minute). Next, the kidney was dissected, removed,
and weighed. Half of the kidney tissue was then fixed
in formaldehyde solution for the microscopic test.
The remaining kidney tissue was stored at —80°C for
further experiments.

Hematoxylin and eosin (H&E) staining

The kidney tissue sections were dewaxed in xylene,
embedded in paraffin, and hydrated. The tissue
samples were then stained using hematoxylin solu-
tion for 5 min and soaked five times in 1% acidic
ethanol (1% hydrochloric acid into 70% ethanol).
Next, the sections were stained in eosin solution,
dehydrated with ethanol, and soaked in xylene.
The sections were finally mounted and observed
in a light microscope for the pathological mor-
phology of kidney tissues.

Cell culture and transfection

Human kidney tubular epithelial cells-2 (HK-2)
and human embryonic kidney (HEK)-293 cells
were purchased from BioVector NTCC (Haidian,
Beijing, China). The cells were cultured in DMEM
supplemented with 10% fetal bovine serum in
37°C and 5% CO, The cells were grown to
a confluence of 70% and passaged for subsequent
assays. The cells at a logarithmic growth phase
were obtained and divided into two groups. One
group was treated with LPS (5 mg/l) to induce
inflammation, while only DMEM was added in
the second group, followed by incubation. The
cells were co-transfected with CXCL12 small
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interfering (si)-RNA (si-CXCL12), miR-103a-3p
inhibitors, miR-103a-3p mimics, or relevant nega-
tive controls (NC), using Lipofectamine 2000
(Invitrogen, USA) according to the manufacturer’s
guidelines. The cells were then incubated for 24 h
in a fresh culture media. Monitoring of the trans-
fection efficiencies was then done through
Western blot to determine whether inhibition or
up-regulation was successful.

Reverse transcription-quantitative polymerase
chain reaction (RT-qPCR)

Extraction of total RNA was done using the BioZOL
reagent (Hangzhou Bioer Technology Co., Ltd,
Hangzhou, China), according to the manufacturer’s
instructions. The RNA samples’ purity and concen-
tration were determined using the spectrophot-
ometer NanoDrop2000 (Thermo Fisher Scientific,
USA). The reverse transcription of the RNA into
complementary DNA (cDNA) was done using
SYBR Prime Script™ RT-PCR kit (Sigma, St Louis,
MO, USA) following the manufacturer’s instruction.
Primer 5.0 software was utilized to design the pri-
mers, which were synthesized by Takara. The pri-
mer-specific sequences are described in Table 1. The
RT-qPCR was done using the ExScript™ RT-PCR kit
(Takara Holdings, Kyoto, Japan) and the ABI7500
qPCR instrument (Thermo Fisher Scientific, USA).
U6 was considered a loading control for miR-103a-
3p, with GAPDH for CXCL12. Gene expression data
were calculated using the 27**“? method.

Cell Counting Kit-8 (CCK-8) assay

The HK-2 cells in the logarithmic proliferation
phase were trypsinized for 2 min at 37°C to a single
cell suspension. The cells were re-suspended in

Table 1. Primer design.

Name Primer sequences (5'-3')

MiR-103a-3p F: AGCAGCAUUGUACAGGGCUAUGA
R: AUAGCCCUGUACAAUGCUGCUUU

CXCL12 F: TGCATCAGTGACGGTAAACCA

R: CACAGTTTGGAGTGTTGAGGAT
U6 F: GCTTCGGCAGCACATATACTAAAAT
R: CGCTTCACGAATTTGCGTGTCAT
F: TATGATGATATCAAGAGGGTAGT
R: TGTATCCAAACTCATTGTCATAC

miR, microRNA; CXCL12, C-X-C motif chemokine 12; F, forward, R;
reverse.

GAPDH

1 mL media and counted. Next, a 100 pl suspen-
sion containing 2 x 10° cells was introduced in
every well of a 96-well culture plate. The cells were
grown for 24, 48, and 72 h. Later, 10 pL CCK-8
from the CCK-8 assay kit (Dojindo, Tokyo, Japan)
was added and incubated for 4 h, according to the
manufacturer’s instructions. The absorbance was
then determined in a microplate reader at an
absorption wavelength of 450 nm. Each assay was
done in triplicates.

TUNEL assay

The apoptosis of kidney cells was studied through
the TUNEL Assay Kit (KeyGEN BioTECH,
Jiangsu, China) according to the manufacturer’s
guidelines. The cell samples were deparaffinized,
hydrated, and the sections were washed in PBS.
Samples were then treated with the proteinase
K working solution. After that, sections were incu-
bated with a TUNEL reaction mixture for 60 min
at 37°C, followed by culturing with DAPI for
10 min. The samples were observed and analyzed
using the fluorescence microscope (Olympus,
Japan), and the renal tubular cell apoptosis rate
was calculated.

Western blotting

Extraction of proteins from cells was done through
the radio-immunoprecipitation assay (RIPA) lysis
buffer and PMSF. Protein concentration determi-
nation was based on the bicinchoninic acid protein
assay kit (Thermo Fisher Scientific, USA) accord-
ing to the manufacturer’s instructions. The
extracted sample protein was diluted in loading
buffer, boiled, and denatured. The proteins were
then separated using the 10% SDS-PAGE, and the
protein electro-blot was then transferred onto
a nitrocellulose membrane and blocked using 5%
skim milk. The membrane was later incubated
with primary antibodies against Bcl-2 (cat. no.
ab32124), Bax (cat. no. ab53154), CXCL12 (cat.
no. ab229846) (all 1: 1,000), and GAPDH (cat.
no. ab8245; 1: 2,000) (all from Abcam). The mem-
brane was then washed with Tris-buffered saline
with Tween 20 buffer and incubated using
Horseradish peroxidase-labeled secondary anti-
body (Abcam, 1:5000). The protein bands were



finally detected using chemiluminescence reagent
and Bio-rad Gel Dol EZ imager (Gel DOC EZ
IMAGER, Bio-rad, California, USA). The devel-
oped bands were analyzed wusing Image
J software. The experiment was repeated three
times, and the data were averaged.

ELISA

Mice in sham and CLP groups were sacrificed, the
kidney was quickly excised, washed using buffer solu-
tion, and homogenized. Tissue homogenate centrifu-
gation was done for 10 min at 12,000 x g. The proteins
concentration in kidney homogenate was measured
through BCA assay. TNF-a and IL-1p inflammatory
cytokines expressions were analyzed using the TNF-a
(#KHC3011) and IL-1p (#KAC1211) human enzyme-
linked immunosorbent assay (ELISA) kits (Invitrogen
Life Biotechnologies, Carlsbad, CA, USA), according
to the manufacturer’s instruction, with a microplate
reader for measurement of the absorbance at 450 nm.
Concentrations of TNF-a and IL-1p were calculated
using the standard curves. The results obtained were
presented as the amount (pg) of TNF-a and IL-1p
per mL of supernatant.

The luciferase activity assay

The PicTar (pictar.mdc-berlin.de/), miRanda
(www.microrna.org), and TargetScan (www.targets
can.org), online bioinformatics tools were used in
predicting the binding site of miRNA-103a-3p
with CXCL12. Relative luciferase activity was
determined through dual-luciferase reporter ana-
lysis experiments. Target segments were designed
for wild-type (wt) and mutant (mut) CXCL12, and
were integrated into the pGL3 plasmid, thus con-
structing pGL3-CXCL12-wt (CXCL12-wt) and
pGL3-CXCL12-mut (CXCL12-mut) reporter plas-
mids. The HK-2 cells in the logarithmic growth
phase were then obtained and plated in a 96-well
culture plate. When the cell density was about
70%, the cells were co-transfected with CXCL12-
wt, CXCLI12-mut, miR-103a-3p mimics, or their
NC using the Lipofectamine 2000 transfection
reagent (Invitrogen, USA), as per the manufac-
turer’s guidelines. Next, cells were further incu-
bated for 48 h, and the luciferase activity was
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investigated via the Dual-Luciferase Reporter
Assay System (Promega, Madison, Wisconsin,
USA). The experiment was repeated three times,
and the average was determined.

Statistical analysis

Data analysis was done using SPSS19.0 software
(IBM Corp.). Data were presented as mean =*
standard deviation (SD); a comparison of statisti-
cal difference between two groups was made using
the Student’s t-test. P < 0.05 was considered sta-
tistically significant.

Results

MiR-103a-3p is inhibited in mouse kidney tissues
in sepsis-induced acute kidney injury

In exploring the role of miR-103a-3p in sepsis-
induced kidney injury, a mouse model of sepsis-
initiated kidney damage with cecal ligation per-
foration was established. According to the H&E
staining results, the kidney tubules were deformed,
interstitial edema was prominent, and renal tubu-
lar epithelial cells exhibited apoptosis or necrosis
in the model compared to the sham group
(Figure 1(a)). The results also revealed that the
cecal ligation and puncture group showed signifi-
cantly increased kidney index than the sham group
(P < 0.05; Figure 1(b)). Analysis of the kidney
function indicators was also done. The observa-
tions indicated significantly increased blood urea
nitrogen in the CLP compared to the control
group (Figure 1(c)). The serum creatinine was
also increased in the CLP than the sham group
(P < 0.05; Figure 1(d)). These results indicated that
the kidney injury model was successfully estab-
lished. Furthermore, the analysis of TNF-a and
IL-1B was done using the ELISA technique. The
results confirmed significant TNF-a and IL-1P
elevation in the CLP model compared to the
sham group (P < 0.05; Figure 1(e,f)). Further, the
expression of miR-103a-3p was analyzed using
RT-qPCR. The results indicated significantly
down-regulated miR-103a-3p expression in the
CLP than in the sham group (P < 0.05; Figure 1
(g)). The western blot determination of proteins
confirmed significantly higher Bax but lowered
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Figure 1. Detection of renal function-related indicators for mice as well as miR-103a-3p expression in kidney tissue.

Bcl-2 expressions in the kidney tissues of CLP than
in the sham mice. (Figure 1(h)). The findings
confirm that miR-103a-3p is inhibited in sepsis-
induced acute kidney injury in mouse kidney
tissues.

MiR-103a-3p elevates the proliferation of LPS-
stimulated HK-2 and HEK-293 T cells

To ascertain the function of miR-103a-3p in sep-
sis-related kidney damage, HK-2 and HEK293cells
were co-transfected with LPS, LPS+ miR-NC, LPS
+miR-103a-3p mimic, or LPS+miR-103a-3p inhi-
bitor. The expressions of miR-103a-3p was then
determined using RT-qPCR. According to the
results, miR-103a-3p expression was significantly
reduced in the LPS treated cells compared to con-
trols in both HK-2 and HEK293 cells (Figure 2(a,
b)). Cell viability was then analyzed using the
CCK-8 assay, and the observations indicated that
elevated miR-103a-3p could significantly drive
HK-2 and 293 cell proliferation compared to the
miR-NC (Figure 2(c,d), p<0.05). The apoptosis
analysis through TUNNEL assay showed signifi-
cantly reduced cell apoptosis in LPS+miR-103a-3p
mimic, while miR-103a-3p inhibition significantly
elevated apoptosis in both HK-2 and 293 cells
(P < 0.05; Figure 2(e-f)). Images of the corre-
sponding HK-2/293 cell cultures are shown in
Figure 2(g).

CXCL12 is a downstream target of miR-103a-3p

In studying the downstream molecular mechanism
of miR-103a-3p in AKI, bioinformatics analysis was
conducted using the TargetScan database. The data
indicated that CXCL12 contains a conserved bind-
ing site for miR-103a-3p (Figure 3(a)). RT-qPCR
was then used to detect CXCL12 mRNA in the
tissues of CLP and sham mice. The observations
confirmed significantly increased CLP expression
in the CLP mice than in the control group
(Figure 3(b)). Moreover, RT-qPCR assay results
confirmed significantly increased CXCL12 mRNA
expressions in the LPS groups of both HK-2 and
HEK?293 cells compared to the controls (Figure 3(c,
d)). Investigation of the targeted binding of miR-
103a-3p and CXCL12 indicated that miR-103a-3p
mimics significantly decreased the CXCL12-wt luci-
ferase activity, whereas they had no effects on
CXCLI12-mut luciferase activity (Figure 3(e)).
Furthermore, LPS-dependent augmenting of miR-
103a-3p in HK-2 and HEK293 cells significantly
decreased CXCL12 expression at the mRNA level
compared to the LPS+ miRNA mimics cells (figure
3(f)). Nevertheless, the miR-103a-3p inhibitors sig-
nificantly increased the CXCL12 mRNA expressions
in the HK-2 and HEK293 cells compared to the LPS
+ miRNA inhibitors group (Figure 3(g)). Analysis of
miR-103a-3p expression confirmed no significant
effect on miR-103a-3p after LPS-induced upregula-
tion of CXCL12 or after LPS-induced silencing of
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Figure 2. MiR-103a-3p elevates the proliferation of LPS-stimulated HK-2 and HEK-293 T cells.

Reverse transcription-quantitative PCR was utilized for detecting the miR-103a-3p expression level after transfection with miR-103a-
3p mimics together with inhibitors in LPS-induced; (a) HK-2 and (b) 293 cells. Cell Counting Kit-8 assay was utilized for detecting the
function of LPS in (c) HK-2 and (d) 293 cell activities after transfection with miR-103a-3p mimics and inhibitors. TUNEL was utilized
for detecting (e) HK-2 and (f) 293 cell apoptosis induced by LPS after transfection with miR-103a-3p mimics and inhibitors. (g) HK-2
and 293 cell culture images. The results are presented as the mean + standard deviation (n = 3) and were analyzed with Student’s

t-test. miR, microRNA; LPS, lipopolysaccharide.

CXCL12 in HK-2 and HEK293 cells, compared to
the controls (Figure 3(h,i)). Briefly, these observa-
tions demonstrate that CXCL12 is a downstream
target of miR-103a-3p.

Elevated CXCL12 expression inhibits LPS-induced
HK-2 and HEK293 cells progression

To further determine the effects of CXCL12 on
sepsis-induced kidney injury, HK-2 and HEK293
cells were treated with LPS to establish an in vitro
kidney injury model. RT-qPCR was then used to
determine CXCLI12 expression post-sepsis induc-
tion. As per the results, CXCL12 expression was
significantly increased in the LPS-treated cells than
the control groups in HK-2 and HEK293 cells
(Figure 4(a,b)). Viability studies results through
CCK-8 showed a significant reduction in the
population of viable cells in the LPS+CXCLI12
compared to the controls in both HK-2 and
HEK293 cells. This observation was reversed in

the LPS+sh-CXCL12 cells (Figure 4(c,d)). The
TUNNEL assay results also confirmed significantly
increased apoptosis in the LPS+CXCL12 compared
to the LPS+NC or LPS+sh-CXCL12 in both HK-2
and HEK293 cells (Figure 4(d,e)). These results
clarified that augmenting of CXCL12 significantly
inhibited cell progression.

CXCL12 reverses the enhancive effect of miR-
103a-3p on LPS-induced HK-2 and 293 cells’
growth

Finally, to clarify the miR-103a-3p-dependent
CXCLI12 functional regulation in AKI, a CXCL12
overexpression plasmid was transfected in HK-2,
and HEK293 cells were transfected with LPS+miR-
103a-3p mimics, LPS+miR-103a-3p mimics/CXCL12
or LPS. RT-qPCR was then used to determine miR-
103a-3p expression. The results confirmed that miR-
103a-3p was significantly increased in LPS+miR-
103a-3p mimics and LPS+miR-103a-3p mimics/
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induced HK-2 and 293 cells. (h and i) After overexpression of CXCL12, RT-gPCR was utilized for detecting the miR-103a-3p level in
HK-2 and 293 cells induced by LPS (n = 3). The results are presented as the mean + standard deviation (n = 3) and were analyzed
with Student’s t-test. miR, microRNA; LPS, lipopolysaccharide; RT-gPCR, reverse transcription-quantitative PCR; CXCL12, C-X-C motif

chemokine 12.

CXCL12 compared to the LPS group in HK-2 and
HEK293 cells (Figure 5(a,b)). The RT-qPCR results
for CXCLI12 analysis showed significantly increased
CXCLI12 expression in the LPS+miR-103a-3p
mimics/CXCL12 than in the LPS+miR-103a-3p
mimics or LPS group in both HK-2 and HEK293
cells (Figure 5(c,d)). The cell viability studies con-
firmed significantly reduced viable cells in LPS
+miR-103a-3p mimics/CXCL12 than in LPS+miR-
103a-3p mimics group in both HK-2 and HEK293
cells (Figure 5(e,(f)). However, the apoptosis study
results confirmed significantly increased apoptosis
rate in LPS+miR-103a-3p mimics/CXCL12 compared
to LPS+miR-103a-3p mimics group in both HK-2
and HEK293 cells (Figure 5(gh)). The western blot
assessment confirmed increased CXCL12 expression
in LPS+miR-103a-3p mimics/CXCL12 than in LPS
+miR-103a-3p mimics or LPS group in the kidney
tissues of the model mice, which are consistent with
the in vitro results (Figure 5(i)). In summary, these
observations confirmed that CXCL12 reverses the
enhancive effect of miR-103a-3p on LPS-induced
HK-2 and 293 cells’ growth.

Discussion

Sepsis is a disease characterized by uncontrolled
inflammation due to severe infection. Several studies
have found that miRNAs could modulate abnormal
inflammatory reactions by reducing inflammatory
elements, indicating that miRNAs may have
a crucial function in sepsis’ inflammatory reactions
and immune modulation. Previous studies confirmed
that miRNA expression in sepsis patients’ serum is
altered compared to the healthy subjects [20,21].
Vasilescu et al. [22] demonstrated the variation in
miRNA expression in the serum of sepsis patients
and healthy individuals. The study found that miR-
150, miR-182, and miR-486 expressions are signiﬁ-
cantly changed in sepsis patients. Furthermore, Wang
et al. [23] revealed that miR-146a and miR-233
expressions were reduced in the serum of sepsis
patients.

The present study affirmed that miR-103a-3p
was downregulated in CLP-treated mouse models
and LPS-stimulated cells, which revealed that miR-
103a-3p might be used as a biomarker for
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Figure 4. Elevated CXCL12 expression inhibits LPS-induced HK-2 and HEK293 cells progression.

After overexpression and downregulation of CXCL12, reverse transcription-quantitative PCR was utilized for detecting the CXCL12
mRNA level on LPS-induced; (a) HK-2 and (b) 293 cells. (c and d) After overexpression and downregulation of CXCL12, Cell Counting
Kit-8 assay was utilized for detecting cell activity. (e and f) After overexpression and downregulation of CXCL12, cell apoptosis was
measured via TUNEL (n = 3). The results are presented as the mean + standard deviation (n = 3) and were analyzed with Student’s
t-test. CXCL12, C-X-C motif chemokine 12; LPS, lipopolysaccharide.

detecting and treating sepsis or sepsis-induced
AKI. In addition, a recent study suggested miR-
103a-3p was downregulated in the blood of pneu-
monia patients and LPS-stimulated lung cells,
while miR-103a-3p overexpression attenuated

LPS-stimulated inflammation and enhanced LPS-
induced lung epithelium cell activity. Therefore,
the present study evaluated LPS-stimulated HK-2
and HEK293 cell viability and apoptosis. It was

confirmed that miR-103a-3p reduced cell
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Figure 5. CXCL12 reverses the enhancive effect of miR-103a-3p on LPS-induced HK-2 and 293 cells’ growth.

(a-d) After co-transfecting with miR-103a-3p mimics and CXCL12 overexpression plasmid, reverse transcription-quantitative PCR was
utilized to detect miR-103a-3p and CXCL12 mRNA levels in cells. (e and f). After co-transfecting with miR-103a-3p and CXCL12
overexpression plasmid, the Cell Counting Kit-8 assay was utilized for detecting cell activity. (g and h) After co-transfecting with miR-
103a-3p and CXCL12 overexpression plasmid, cell apoptosis was detected using a TUNEL assay. (i) Western blotting was used to
analyze the CXCL12 protein levels in kidney tissue of model mice. The results are presented as the mean + standard deviation (n = 3)
and were analyzed with Student’s t-test. miR, microRNA; CXCL12, C-X-C motif chemokine 12.

apoptosis and increased cell viability, thereby
indicating that miR-103a-3p elevates sepsis-
induced AKI.

The cytokines production leads to cascades of
effects in the onset of sepsis, including pro-
inflammatory factors such as TNF-a, IL-1p, and IL-
6 [24,25]. Reduced TNF-a, IL-1p, IL-8, and IL-6 can
boost cell-mediated immune response and enable
defense functions to down-regulate infections [26].
TNF-a is characterized by early and quick release to
initiate the defense mechanism, whereas changes in
TNF-a level could mirror changes in other inflam-
matory factors [27]. However, IL-6 serves as
a cytokine cascade activator, mirroring the

association between host inflammatory reaction
and disease severity, and acts as a sepsis prognostic
marker [28](28). The present study confirmed
enhanced TNF-q, IL-1P, and miR-103a-3p expres-
sions in sepsis-induced AKI.

CXCLI12 is generally considered a standard pro-
inflammatory factor that activates immune cells and
attracts them to the inflammatory site through the
CXC motif, CXCRs, CXCR4/fusin, and CXCR7 [29].
Previous evidence confirmed that the CXCL12/
CXCR4 axis facilitates autocrine-mediated angio-
genesis and extends the necessary arteries for kidney
vascular formulation [30]. According to previous
reports, during early or late diabetic nephropathy,



glomerular podocytes can secrete CXCL12, and inhi-
bition of CXCL12 can significantly reduce glomer-
ulosclerosis and proteinuria in patients with type 2
diabetes [31]. Zhao et al. [32] reported that high
expression of CXCR4/CXCL12 has a role in the
pathogenesis of systemic lupus erythematosus. The
present study found that CXCL12 is enhanced in
LPS-stimulated HK-2 and HEK293 cells.
Furthermore, elevated CXCL12 can drive cell apop-
tosis and reduce cell proliferation activity. This find-
ing is consistent with a previous study on CXCL12 in
AKI [33]. In addition, CXCLI2 is a target of miR-
103a-3p, which can reduce LPS-stimulated inflam-
mation and apoptosis in HK-2 cells by combining
with CXCL12. Therefore, miR-103a-3p could pro-
tect HK-2 cells from LPS-stimulated damage
through the CXCL12/CXCR4 axis.

Meanwhile, reports have confirmed elevated
CXCL12 and CXCR4 in the kidneys after ische-
mia/reperfusion stimulation of AKI. This could be
implicated in cell migration to damaged kidney
cells. Therefore, the CXCL12/CXCR4 axis is con-
sidered the primary target in renal repair. Thus,
the miR-103a-3p/CXCL12/CXCR4 axis mechan-
ism provides new insights for the treatment of
AKI In summary, the present results emphasize
a distinct miRNA-mediated enhancive mechanism
for sepsis: miR-103a-3p alleviates sepsis-related
AKI by regulating CXCL12. A detailed mechanism
is supposed to help increase survival rates and
optimize therapies against AKI in the future.
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