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Abstract: Objective: To investigate the effect of miR-132-3p and HAVCR1/kidney injury molecule (KIM)-1 on sepsis-
induced acute kidney injury (AKI) in mice. Methods: One hundred C57BL/6 mice were divided into five groups 
with 20 mice in each group: the normal group (normal mice), the model group (mice with sepsis), the miR-132-3p 
mimic group (miR-132-3p overexpression), the oe-HAVCR1/KIM-1 group (HAVCR1/KIM-1 overexpression), and the 
miR-132-3p mimic + oe-HAVCR1/KIM-1 group. Dual-luciferase reporter assay was performed to verify the targeting 
relationship between miR-132-3p and HAVCR1/KIM-1. The expressions of miR-132-3p and HAVCR1/KIM-1 in mice’ 
kidneys, the levels of renal function markers, the expressions of apoptosis-associated proteins, the renal cell apop-
tosis rate, and the inflammatory factors in serum were all examined. Results: We found that miR-132-3p can target 
HAVCR1/KIM-1 and regulate its expression. Compared with the normal mice, the septic mice exhibited lower miR-
132-3p level and higher HAVCR1/KIM-1 level (both P<0.05). Moreover, the septic mice had higher levels of cleaved 
caspase-3, Bax, blood urea nitrogen, creatinine, tumor necrosis factor-α, interleukin-1β, and interleukin-6, higher 
renal cell apoptosis rate, and lower Bcl-2 level than the normal mice (all P<0.05). MiR-132-3p overexpression could 
improve the renal function of the mice with sepsis and inhibit renal cell apoptosis and inflammatory progression, 
whereas HAVCR1/KIM1 overexpression exhibited an opposite effect and could block the renal protective effects 
of miR-132-3p overexpression on the septic mice. Conclusion: MiR-132-3p overexpression can inhibit renal cell 
apoptosis and inflammatory progression via suppressing HAVCR1/KIM-1 expression, thereby exert renal protective 
effects on mice with sepsis.
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Introduction

Sepsis is a type of systemic inflammatory 
response caused by viral, fungal, or bacterial 
infection. The disease can lead to multiple 
organ injuries or even organ failure and is a 
major cause of death among critically ill pati- 
ents [1-4]. Currently, there is still no effective 
targeted approach for treating sepsis, and the 
medical expenses for the treatment of this dis-
ease can produce heavy financial burdens to 
both patients’ families and the society [5, 6].

Acute kidney injury (AKI) is one of the major  
and most severe complications of sepsis and 
can double the mortality of patients [7, 8]. The 
pathogenesis of AKI involves renal dysfunc- 
tion, cell damage, and inflammatory infiltration 
[9-11]. The role of microRNA (miRNA) in sepsis-
induced AKI remains unclear. Through search-
ing the literature, we found that miR-132-3p 

can suppress the inflammation in synovitis as 
well as promote hippocampal neuron survival 
and inhibit its apoptosis [12, 13]. Other studies 
have documented that in tuberous sclerosis 
complex, miR-132-3p can suppress BCL2L11 
and regulate cell proliferation and apoptosis 
[14]. Nevertheless, there have been no reports 
on the regulatory mechanism of miR-132-3p in 
AKI. After using the bioinformatics web-based 
tool, we found that miR-132-3p can bind to 
HAVCR1/KIM-1. HAVCR1/kidney injury mole-
cule (KIM)-1, as a member of the TIM gene fam-
ily, is expressed in kidney and has been used 
as a biomarker of AKI at early stage clinically 
[15-18]. We speculated that miR-132-3p may 
play a role in sepsis-induced AKI via HAVCR1/
KIM-1.

In this study, we created a mouse model of sep-
sis-induced AKI by injecting lipopolysaccharide 
(LPS) to investigate the expression of miR-132-
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3p in sepsis-induced AKI and its regulatory 
mechanism.

Materials and methods

Model creation and grouping

One hundred healthy specific pathogen-free 
C57BL/6 mice were selected for the study  
(8 weeks of age, 18.63±2.06 g, supplier: 
Guangdong Medical Laboratory Animal Center, 
China). The mice were raised at 37°C under a 
12-hour light/dark cycle, fed with a normal  
diet, and given free access to water. The mice 
were raised for one week to adapt to the hous-
ing environment before the subsequent experi-
ments were carried out. All the animal experi-
ments were approved by the Ethics Committee 
of our hospital.

The mice were divided into the following groups 
of 20 mice each: the normal group (normal 
mice), the model group (model), the miR-132-
3p mimic group (miR-139-3p overexpression), 
the oe-HAVCR1/KIM-1 group (HAVCR1/KIM-1 
overexpression), and the miR-132-3p mimic + 
oe-HAVCR1/KIM-1 group (overexpression of 
both miR-139-3p and HAVCR1/KIM-1). The  
miR-132-3p mimic and HAVCR/KIM-1 lentiviral 
vector were purchased from Jrdun Biotech- 
nology, Shanghai, China. The mice in each 
group were intraperitoneally injected with 1.65 
mg/kg corresponding agents. Fifteen minutes 
after the injection, all the mice except for  
those in the normal group were given intraperi-
toneal injections of 10 mg/kg LPS, while the 
mice in the normal group were administered 
with same volume of normal saline. After 18 
hours, the mice were intraperitoneally injected 
with pentobarbital sodium solution (0.3%, 0.2 
mL/10 g), and their blood was separated by 
inferior vena cava puncture. The kidneys were 
collected after the mice were sacrificed [19].

Dual-luciferase reporter (DLR) assay

The targeting relationship of miR-132-3p with 
HAVCR1/KIM-1 was analyzed through a bioin-
formatics website (www.targetscan.org) and 
verified by DLR assay. HAVCR1/KIM-1 dual-
luciferase reporter vectors with and without 
mutant miR-132-3p binding site were con-
structed and names as PGL3-HAVCR1/KIM-1-
mut and PGL3-HAVCR1/KIM-1 wt, respectively. 
The reporter plasmids were transfected into 
HEK 293T cell with renilla plasmid and miR-
132-3p mimic or NC plasmids. After 24 h of 
transfection, DLR assay was conducted ac- 
cording to the manufacturer’s instructions of 
the kit (Promega, USA) to measure the lucifer-
ase activity. The cells from each group were 
first lysed and centrifuged at 12,000 rpm  
for 1 min followed by removal of precipitation 
and collecting the supernatant. The lysed cells 
were collected in Eppendorf tubes, and 100  
μL of firefly luciferase working solution was 
added to every 10 μL of the samples. After 
measuring the activity of firefly luciferase, 100 
μL of renilla luciferase working solution was 
used for measuring renilla luciferase activity. 
Relative luciferase activity = firefly luciferase 
activity/renilla luciferase activity.

qRT-PCR

The kidney tissues from each group were 
placed in liquid nitrogen and ground to fine 
powder. The high purity RNAs were isolated 
according to the manufacturer’s protocol of  
the RNA extraction kit (D203-01, GenStar Bio- 
solutions, Beijing, China). The RNAs from each 
group were reversely transcribed to cDNAs 
according to the instructions of TaqMan™ 
MicroRNA Reverse Transcription Kit (43665- 
96, Thermo Fisher Scientific, MA, UK) with the 
following parameters: 42°C 30-50 min and 
85°C 5 s. The primers for miR-132-3p, U6, 
HAVCR1/KIM-1, and GAPDH were designed by 
our lab and synthesized by Sangon Biotech, 
China (Table 1). The expressions of miR-132- 
3p and HAVCR1/KIM-1 were normalized to U6 
and GAPDH, respectively. qRT-PCR was con-
ducted with ABI PRISM® 7300 (Thermo Fisher 
Scientific, USA) in accordance with the ins- 
tructions of the kit (SYBR® Premix Ex TaqTM II, 
RR820A, Xingzhi Biotech, Jiangsu, China). The 
reaction volume was 50 μL including 25 μL  
of SYBR® Premix EX TaqTM II (2×), 2 μL of PCR 
forward primer, 2 μL of reverse primer, 1 μL of 

Table 1. Primer sequences used for qRT-PCR
Gene Primer sequence (5’-3’)
miR-132-3p Forward: GCGCGCGTAACAGTCTACAGG

Reverse: GTCGTATCCAGTGCAGGGTCC-3
U6 Forward: CTCGCTTCGGCAGCACATATACT

Reverse: CGCTTCACGAATTTGCGTGT
HAVCR1/KIM-1 Forward: ACATATCGTGGAATCACAACGAC

Reverse: ACTGCTCTTCTGATAGGTGACA
GAPDH Forward: CCACATCGCTCAGACACCAT

Reverse: ACCAGGCGCCCAATACG
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ROX reference dye (50×), 4 μL of DNA tem- 
plate, and 16 μL of double-distilled water. The 
temperature profile of PCR were: 95°C for 10 
min (pre-denaturation), 95°C for 15 s (denatur-
ation), and 60°C for 30 s (annealing). The cy- 
cles repeated for 40 times followed by exten-
sion at 72°C for 1 min. Relative expression 
level of the target gene was calculated using 
the 2-ΔΔCt method and experiment was repeat- 
ed three times. ΔΔCt = (the average Ct value  
of the target gene in the study group - the aver-
age Ct value of the house-keeping gene in the 
study group) - (the average Ct value of the tar-
get gene in the control group - the average Ct 
value of the house-keeping gene in the control 
group).

Western blot

The total protein from the kidney tissues was 
extracted using the radioimmunoprecipitation 
assay (RIPA) kit (R0010, Solarbio, China). The 
transfected cells were washed in pre-cooled 
phosphate buffered saline (PBS) three times 
and the protein lysis buffer (60% RIPA + 39% 
SDS + 1% protease inhibitor) was added. Next, 
the samples were collected into Eppendorf 
tubes and lysed on ice for 30 min followed by 
centrifugation at 13,500 rpm at 4°C for 30 
min. The supernatant was collected and pla- 
ced in an icebox (Xiamen Qibing Cold Chain, 
Fujian, China). The protein concentration was 
measured using the BCA kit (Jining Shiye, 
Shanghai, China), and 10% separating gel  
and 5% stacking gel was prepared using the 
SDS-PAGE gel preparation kit (Ruji Biotech, 
Shanghai, China). After running PAGE for 90 
min at 100 V, the proteins were transferred  
to a nitrocellulose membrane by wet-transfer 
and blocked in 5% BSA at room temperature  
for 1 h. Subsequently, the samples were incu-
bated with rabbit antibodies to HAVCR1/KIM-1 
(ab47635, Abcam, UK), cleaved caspase-3 
(ab49822, 1:500, Abcam, UK), Bax (ab32503, 
1:1,000, Abcam, UK), Bcl-2 (ab196495, 1:500, 
Abcam, UK), and GAPDH (ab181602, 1:3,000, 
Abcam, UK) at 4°C overnight followed by wash 
in PBS five times (5 min per wash). The mem-
brane was treated with horseradish peroxi-
dase-labeled goat anti-rabbit IgG (1:5,000, 
ZSGB-Bio, China) and then reacted with ECL 
(ECL808-25, Biomiga, USA) for 1 min at room 
temperature. After removing the liquid, the 
membrane was covered with plastic wrap for 
X-ray (36209ES01, Qcbio Science & Techno- 

logies, Shanghai, China). GAPDH was the inter-
nal control for the protein expressions of 
HAVCR1/KIM-1, cleaved caspase-3, Bax, and 
Bcl-2. Image J software was used to evaluate 
the density of the protein. The relative protein 
expression level was calculated as the gray-
scale value of the target protein band/the gray-
scale value of the GAPDH band.

Hematoxylin and eosin (H&E) staining

Six paraffin sections of the renal tissues from 
each group were dewaxed with dimethyl ben-
zene and ethanol and stained with hematoxy- 
lin (Solarbio, Beijing, China) for 5 min at room 
temperature followed by wash in tap water.  
The sections were then treated with 1% hydro-
chloric acid for differentiation for 5 s and 
washed in tap water again. Subsequently,  
0.6% aqueous ammonia was added and the 
sections were rinsed in running water for 15 
min before being stained with eosin for 1 min. 
Next, the sections were dehydrated in a gra- 
dient of alcohol, sealed with neutral balsam, 
and observed under an inverted microscope 
(Thermo Fisher Scientific, USA).

Detecting cellular apoptosis using the terminal 
deoxynucleotidyl transferase-dUTP nick end 
labeling (TUNEL) staining

Three renal sections from each group were  
collected to examine the renal cell apoptosis. 
The sections were placed on glass slides and 
numbered. Next, the sections were dewaxed, 
hydrated, and washed in PBS twice followed by 
treatment with permeabilization buffer for 8 
min. The sections were washed in PBS twice 
and were incubated with 50 μL of TUNEL reac-
tion mixture in a humidified box for 1 h at room 
temperature. The sections were then washed  
in PBS three times and observed under a fluo-
rescence microscope (Nikon, TE2000, Tokyo, 
Japan). The TUNEL positive cells were analyzed 
using the Image-Pro Plus 6.0. Five fields were 
randomly picked to count the positive cells.

ELISA

Levels of BUN (blood urea nitrogen), serum  
creatinine (SCr), tumor necrosis factor (TNF)- 
α, interleukin (IL)-1β, and IL-6 in mice’ serum 
were detected according to the manufacturer’s 
instructions of the kits (ELISA kits for SCr and 
BUN: CST, USA; kits for TNF-α, IL-1β, and IL-6: 
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Abcam, UK). The optical density value of each 
sample at 450 nm was measured with a spec-
trometer (Thermo Fisher Scientific, USA) for 
detecting the levels of these markers.

Statistical analysis

SPSS 21.0 (SPSS Inc., IL, USA) was applied for 
data analysis. Measurement data are express- 
ed as mean ± standard deviation. Comparison 
between groups was conducted by one-way 
analysis of variance and Bonferroni post-hoc 
test. Statistical significance was indicated by 
P<0.05.

Results

miR-132-3p can target HAVCR1 and inhibit its 
expression

The bioinformatics website predicted the pair-
ing of miR-132-3p with HAVCR1/KIM-1 (Figure 
1A). Results of DLR assay showed that com-
pared with the cells transfected with miR-132-
3p mimic NC, the luciferase activity of the  
cells co-transfected with miR-132-3p mimic 
and HAVCR1/KIM-1 wt was much lower (Figure 
1B), suggesting that miR-132-3p can target 
HAVCR1/KIM-1. Meanwhile, qRT-PCR and Wes- 
tern blot were performed to measure the ex- 
pression levels of miR-132-3p and HAVCR1/
KIM-1 (Figure 1C-E). Compared with the nor- 
mal group, the other groups presented lower 
miR-132-3p expression levels and higher 
HAVCR1/KIM-1 mRNA and protein expression 
levels in the mice’ kidneys (all P<0.05). Com- 
pared with the model group, the miR-132-3p 
mimic group had a higher miR-132-3p expres-
sion level and lower HAVCR1/KIM-1 mRNA and 
protein expression levels (all P<0.05), the oe-
HAVCR1 group showed no difference in the 
miR-132-3p level (P>0.05) but presented high-
er mRNA and protein expression levels of 
HAVCR1/KIM (both P<0.05), and the miR-132-
3p mimic + oe-HAVCR1/KIM-1 group had sig-
nificantly higher expression level of miR-132- 
3p and similar expression level of HAVCR1/
KIM. These results reveal that miR-12-3p can 
bind to HAVCR1/KIM-1 and inhibit its expres- 
sion.

Pathological changes in each group

To investigate the kidney injury in each group, 
we conducted H&E staining to evaluate the 
pathological changes in the mice’ kidneys (Fi- 

gure 2). The kidney structure in the normal 
group was normal without any noticeable path-
ological change, whereas the other groups 
exhibited different degrees of edema and de- 
generation of renal tubular epithelial cell and 
noticeable inflammatory cell infiltration in renal 
interstitium. In comparison with the model 
group, the miR-132-3p mimic group had less 
severe edema and degeneration of the renal 
epithelial cells and a lower number of inflam-
matory cells in renal interstitium, whereas the 
oe-HAVCR1/KIM-1 group had more severe 
edema and necrosis of the epithelial cells and 
more noticeable inflammatory cell infiltration. 
No differences were observed in the renal pa- 
thological changes between the model group 
and the miR-132-3p mimic + oe-HAVCR1/KIM- 
1 group.

Changes in renal function in each group

Levels of renal function markers are present- 
ed in Figure 3. Unlike the normal group, the 
other groups had higher levels of BUN and  
SCr in the mice’ serum (all P<0.05). Compared 
with the model group, the levels of BUN and  
SCr were lower in the miR-132-3p mimic group 
and higher in the oe-HAVCR1/KIM-1 group (all 
P<0.05). Moreover, the miR-132-3p mimic + 
oe-HAVCR1/KIM-1 group had higher BUN and 
SCr content than the miR-132-3p mimic group 
(both P<0.05).

Renal cell apoptosis in each group

One of the main manifestations of AKI is renal 
cell apoptosis. In this study, we carried out the 
TUNEL assay to examine the apoptosis in each 
group (Figure 4A, 4B). The results displayed 
that in comparison with the normal group, the 
other groups had higher apoptosis rates (all 
P<0.05). The renal cell apoptosis rate was 
lower in the miR-132-3p mimic group and high-
er in the oe-HAVCR1/KIM-1 group as compar- 
ed to the model group (both P<0.05). The miR-
132-3p mimic + oe-HAVCR1/KIM-1 group had  
a higher apoptosis rate than the miR-132-3p 
mimic group (P<0.05). Moreover, the protein 
expression levels of apoptosis-associated fac-
tors, cleaved caspase-3, Bax, and Bcl-2, in the 
renal tissues were examined by Western blot 
(Figure 4C, 4D). Compared with the normal 
group, the model group had higher protein 
expressions of cleaved caspase-3, Bax, and 
lower expression of Bcl-2 (all P<0.05). Com- 
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pared with the model group, the miR-132-3p 
mimic group had lower protein expression lev-
els of cleaved capsase-3 and Bax and higher 
Bcl-2 level, whereas the the oe-HAVCR1/KIM-1 
group had higher protein expression levels of 
cleaved capsase-3 and Bax and lower Bcl-2 
level (all P<0.05). The miR-132-3p mimic + oe-
HAVCR1/KIM-1 group had higher protein ex- 

pression levels of cleaved caspase-3, Bax and 
lower level of Bcl-2 than the miR-132-3p mimic 
group (all P<0.05).

Levels of inflammatory factors in each group

ELISA was performed to measure the levels of 
inflammatory markers, TNF-α, IL-1β, and IL-6,  

Figure 1. Relationship between miR-132-3p and HAVCR1/KIM-1. A: The pairing of miR-132-3p with HAVCR1/KIM-
1 predicted by the bioinformatics website; B: miR-132-3p can target HAVCR1/KIM-1 as verified by dual-luciferase 
reporter assay. *P<0.05 vs. the miR-132-3p mimic NC group; C: The expression levels of miR-132-3p and HAVCR1/
KIM-1 in the mice’ kidneys determined by qRT-PCR (n=6); D: Western blot image; E: The protein expression of 
HAVCR1/KIM-1 in each group (n=6). *P<0.05 vs. the normal group, #P<0.05 vs. the model group, &P<0.05 vs. the 
miR-132-3p mimic group.
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in the mice’ serum in each group (Figure 5). 
Unlike the normal group, the other groups had 
higher levels of TNF-α, IL-1β, and IL-6 (all P< 
0.05). Compared with the model group, the lev-
els of TNF-α, IL-1β, and IL-6 were lower in the 
miR-132-3p mimic group and higher in the oe-
HAVCR1/KIM-1 group (all P<0.05). The miR-
132-3p mimic + oe-HAVCR1/KIM-1 group had 

logical factors include cell damage, worsening 
renal function, and inflammatory cell infiltra- 
tion in renal interstitium [22-25]. Inflammatory 
cell infiltration is the major event for AKI at an 
early stage. The infiltration can be observed 
around blood capillaries of renal interstitium in 
patients with sepsis, and during this process, 
there is a marked increase in the levels of pro-

Figure 2. Pathological changes in mice’ renal tissues detected by HE stain (200×). HE: hematoxylin and eosin. 
Arrows indicate severe edema and degeneration of renal tubular epithelial cell and noticeable inflammatory cell 
infiltration in renal interstitium. *P<0.05 vs. the normal group, #P<0.05 vs. the model group, &P<0.05 vs. the miR-
132-3p mimic group.

Figure 3. Levels of renal function markers in the mice’s serum in each group 
detected by ELISA. A: BUN content; B: SCr content. *P<0.05 vs. the normal 
group; #P<0.05 vs. the model group; &P<0.05 vs. the miR-132-3p mimic 
group. BUN: blood urea nitrogen; SCr: serum creatinine; ELISA: enzyme-
linked immunosorbent assay.

higher levels of TNF-α, IL-1β, 
and IL-6 than the miR-132-3p 
mimic group (all P<0.05).

Discussion

Sepsis can cause multiple 
organ injury in a short period  
of time, leading to organ fail- 
ure and even death of patients 
[20]. AKI is one of the main 
complications of this disease. 
So far, there has been no ef- 
fective method for treating 
sepsis-induced organ damage 
clinically [21].

The pathogenesis of sepsis-in- 
duced AKI remains unclear. It 
is believed that the major etio-
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inflammatory factors, TNF-α, IL-1β, and IL-6  
[25, 26]. The expression of these factors can 
act on renal cells to activate chemotactic fac-
tors and white blood cells, and the activated 
white blood cell can further adhere to the sur-
face of the renal cells, penetrate the cells, and 
cause kidney damage [27, 28]. Moreover, the 
development of inflammation can damage the 
renal cell function and cause cellular apopto-
sis, thus aggravating AKI [29, 30]. In the pres-
ent study, we created a mouse model of sep- 
sis-induced AKI by injecting LPS and this  
model showed evident renal function damage, 
elevated renal cell apoptosis rate, and increa- 
sed levels of TNF-α, IL-1β, and IL-6 in serum.

miRNA, a type of non-coding RNA, can regulate 
all kinds of life activities in mammals. In this 

study, a down-regulation of miR-132-3p expres-
sion was observed in the renal tissues of mice 
with sepsis-induced AKI, whereas miR-132-3p 
overexpression improved the renal function, 
inhibited the renal cell apoptosis, and lowered 
content of TNF-α, IL-1β, and IL-6 in the mice’ 
serum. Thus, we speculated that in the mouse 
model of sepsis-induced AKI, miR-132-3p may 
promote the expression of anti-apoptotic factor 
Bcl-2 via inhibition of the expressions of pro-
apoptotic factors, cleaved caspase-3 and Bax, 
to reduce the renal cell apoptosis, and miR-
132-3p may suppress the inflammatory pro-
gression through inhibiting the expressions of 
pro-inflammatory factors, thereby protecting 
the renal function of the mice and ameliorating 
the kidney injury in the septic mice. However, 
the link between HAVCR1/KIM-1 in the apop-

Figure 4. Renal cell apoptosis in each group. A: TUNEL stain (200×); B: Renal cell apoptosis rate in each group; C: 
Western blot image; D: The protein expressions of apoptosis-associated factors in the renal tissues of each group 
(n=6). *P<0.05 vs. the normal group; #P<0.05 vs. the model group; &P<0.05 vs. the miR-132-3p mimic group. TU-
NEL: terminal deoxynucleotidyl transferase-dUTP nick end labeling.
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totic signaling and the inflammatory pathway 
remains unclear, and other mechanisms may 
also be involved in this regulation. In this study, 
we only analyzed the levels of inflammatory 
markers TNF-α, IL-1β, and IL-6 in serum and 
didn’t investigate these levels in kidney tis- 
sues, thus more studies need to be carried out 
in the future for further verification.

Currently, there has been no study to elucidate 
the regulatory mechanism of miR-132-3p in 
sepsis-induced AKI and the investigation of  
this miRNA is now mainly in the area of on- 
cology since it is found that miR-132-3p can 
regulate the apoptosis of tumor cells via regu-
lating caspase-3 activity [31, 32]. In chronic 
neuropathic pain, miR-132-3p can ameliorate 
nervous system diseases by inhibiting the in- 
flammatory progression [33, 34]. In this study, 
we found that miR-132-3p could regulate the 
expression of HAVCR1/KIM-1, a factor related 
to kidney injury, and the overexpression of 
HAVCR1/KIM-1 could block the repairing effect 
of miR-132-3p on sepsis-induced AKI mouse 
model. KIM-1, coded by the HAVCR1 gene, is a 
type I transmembrane glycoprotein [35]. Since 
HAVCR1/KIM-1 expression is very low in nor- 
mal kidneys but is significantly elevated when 
the kidney is damaged, HAVCR1/KIM is now 
deemed as one of the main marker genes in 
kidney injury [36]. Some researchers believed 
that the persistent expression of HAVCR1/KIM- 
1 can cause the occurrence of chronic kidney 
disease. They have reported that HAVCR1/
KIM-1 can regulate the inflammatory progres-

sion in the kidney by affecting the immunore- 
gulation in the body and can further aggravate 
the kidney injury by damaging the nephron 
structure and function in mice [37, 38]. More- 
over, some studies have indicated that the per-
sistent expression of HAVCR1/KIM-1 can acti-
vate the mTOR signaling pathway, leading to 
renal interstitial fibrosis and renal cell apopto-
sis [39, 40]. Together, our findings support  
that miR-132-3p can inhibit the expression of 
downstream gene HAVCR1/KIM-1 to decrease 
renal cell apoptosis and inhibit inflammatory 
factor expression, thereby ameliorating kidney 
injury.

However, since miRNA regulates life activities 
via targeting multiple genes, whether miR-132-
3p can regulate AKI through other pathways 
needs to be further investigated. In our study, 
the miR-132-3p mimic group had more edema 
renal tubular epithelial cells and inflammatory 
infiltration, but less severe degeneration or 
necrosis of renal tubular epithelial cells com-
pared to the model group. The worsened ede- 
ma and inflammatory infiltration may be due to 
that the intraperitoneal injection of the miR-
132-3p cross-reacted with LPS, thus resulting 
in acute inflammatory and renal pathology in 
the mice. Moreover, bioinformatics database 
indicate that miR-132-3p can target casp6 and 
Bcl-2, thus the effect of miR-132-3p on apop-
totic gene might be independent of the effect  
of HAVCR1/KIM-1 on apoptotic gene. The me- 
chanism of the regulatory axis of HAVCR1/
KIM-1/miR-132-3p and the apoptosis need to 
be further investigated.

Figure 5. Levels of inflammatory factors in the mice’ serum in each group. A: TNF-α content; B: IL-1β content; C: IL-6 
content. *P<0.05 vs. the normal group; #P<0.05 vs. the model group; &P<0.05 vs. the miR-132-3p mimic group. TNF: 
tumor necrosis factor; IL: interleukin.
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In summary, we have shown that miR-132-3p 
can regulate sepsis-induced AKI in mice by tar-
geting HAVCR1/KIM-1. The finding may help to 
further explain the pathogenesis of sepsis-in- 
duced AKI and provide some theoretical basis 
for the clinical treatment of this disease.
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