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Abstract. - OBJECTIVE: The long non-coding
ribonucleic acid (IncRNA)-myocardial infarction
associated transcript (MIAT) has been demon-
strated to serve as a key regulator in various
physiological and pathological processes. This
study aims to explore whether IncRNA-MIAT reg-
ulates the expression of micro RNA (miR)-29a to
affect kidney’s injury in sepsis rats.

MATERIALS AND METHODS: A total of 30
healthy male Sprague-Dawley (SD) rats were ran-
domly divided into experimental group and control
group. Rats in the experimental group were inject-
ed with lipopolysaccharide (LPS) through the tail
vein to prepare the model of sepsis-induced kid-
ney injury, while those in the control group with
the equal volume of normal saline. After the levels
of serum creatinine (SCr) and blood urea nitrogen
(BUN) in rats were determined to ascertain suc-
cessful modeling, fluorescence quantitative Re-
al-time polymerase chain reaction (QRT-PCR) was
performed to measure the expression levels of the
IncRNA-MIAT and miR-29a messenger RNAs (mR-
NAs) in renal tissues. The normal rat kidney epi-
thelial (NRK-52E) cell line was cultured in vitro,
and the model was established in vitro via LPS to
study the influences of IncRNA-MIAT and miR-29a
on the kidney injury in sepsis rats. Moreover, cell
apoptosis was detected using Western blotting.

RESULTS: According to the results of the rat
in vivo experiment and NRK-52E cell line in vi-
tro experiment, the model of kidney injury was
established successfully, and compared with
the control group, experiment group had signifi-
cantly raised SCr and BUN levels (p<0.01) and
a remarkably increased lincRNA-MIAT gene ex-
pression level (p<0.01), but a substantially de-
creased miR-29a gene expression level (p<0.01).
Additionally, when the expression of IncRNA-MI-
AT was up-regulated, the expression of miR-29a
was prominently decreased (p<0.01), but that of
the cell apoptosis gene cysteine-aspartic pro-
teases (Caspase)-8 protein was remarkably in-
creased (p<0.01). However, the expression of
Caspase-8 protein was significantly lowered
(p<0.01) once the expression of miR-29a was
up-regulated.
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CONCLUSIONS: LncRNA-MIAT may bind to
miR-29a to participate in sepsis-related kidney
injury.
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Introduction

Sepsis is a clinical disease that is commonly
caused by a primary bacterial infection, where the
minority is caused by fungal or viral infection. Se-
vere sepsis patients will suffer from multiple or-
gan dysfunction syndrome (MODS) and multiple
organ failure (MOF), and 1 out of 23 inpatient has
sepsis. Moreover, sepsis is one of the sixth most
common diseases and those costing most in hos-
pitalization'. It tends to be one of the main caus-
es of acute kidney injury in severe cases, and the
degree of sepsis-caused kidney injury is positively
correlated with the risk of death®. Therefore, it is of
great significance to study the influence of sepsis
on kidney injury and its mechanism.

Long non-coding ribonucleic acids (LncRNAs),
belonging to ncRNAs, are a class of RNAs mea-
suring more than 200 nt in length and without the
function of coding proteins. They participate in
the incidence and development of various diseas-
es in animals and play crucial roles in cell phys-
iological and pathological processes*®. Li et al®
found that IncRNA-myocardial infarction asso-
ciated transcript (MIAT) may be involved in the
vascular inflammatory response. Micro RNAs
(MiRNAs) are single-stranded non-coding small
RNAs coded by endogenous genes and take part
in the regulation of the post-transcriptional gene
expression. The results of the research showed
that the expression level of miR-29a is changed
in kidney injury’. Besides, some IncRNAs have
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been confirmed to interact with miR-29a*°. Ln-
cRNAs competitively bind to miR-29a-3p, there-
by promoting the proliferation, migration and in-
vasion of cancer (gastric cancer) cells’, and they
may negatively regulate the expression of miR-
29a to affect the development of fibrotic hyper-
trophic cardiomyopathy (HCM)'. However, there
have not been related works on IncRNA-MIAT
and miR-29a in sepsis-induced kidney injury
yet. In the present study, the regulatory effect of
IncRNA-MIAT on miR-29a was analyzed to ex-
plore their roles in kidney injury.

Materials and Methods

Main Materials

Sprague-Dawley (SD) rats, pentobarbital so-
dium (Shanghai Longsheng Chemical Co., Ltd.,
Shanghai, China), SYBR Green Real-Time (RT)
Master Mix kit (TaKaRa, Otsu, Shiga, Japan),
normal rat kidney epithelial (NRK-52E) cell line
(Shanghai Cell Bank of Chinese Academy of Sci-
ences, Shanghai, China), Dulbecco’s modified
Eagle’s medium (DMEM), Opti-minimal essen-
tial medium (EME) and fetal bovine serum (FBS)
(Gibco, Rockville, MD, USA), lipopolysaccha-
ride (LPS) and dimethyl sulfoxide (DMSO) (Sig-
ma-Aldrich, St. Louis, MO, USA), Lipofectamine
2000 and TRIzol (Invitrogen, Carlsbad, CA,
USA), miRNA reverse transcription kit (Applied
Biosystems, Foster City, CA, USA), cysteine-as-
partic proteases (Caspase)-8 and B-actin antibod-
ies (Abcam, Cambridge, MA, USA), luciferase
reporter assay system (Promega, Madison, WI,
USA) and bioluminescence plate reader (Modulus
™Promega, Madison, WI, USA).

Experimental Methods

Establishment of the Rat Model
of Kidney Injury

This study was approved by the Animal Ethics
Committee of The Affiliated Suzhou Hospital of
Nanjing Medical University Animal Center. A to-
tal of 30 healthy male SD rats weighing 180-200
g were randomly divided into experiment group
(n=15) and control group (n=15). The rat model
of kidney injury was established according to the
experimental method used in a previous study'.
Before modeling, rats in experiment group were
subjected to food and water fasting for 8 h, each
of whom was anesthetized by intraperitoneal in-
jection of 0.75% pentobarbital sodium. Next, they

were fixed in the supine position and injected with
10 mg/kg LPS via the tail vein to prepare the mod-
el of sepsis-induced kidney injury, while those in
control group were injected with the equal vol-
ume of normal saline. After 24 h, blood and renal
tissues were collected.

Establishment of the NRK-52E
Cell Model of Injury

The NRK-52E cell line was cultured using the
DMEM containing 10% FBS in an incubator con-
taining 5% CO, at 37°C. When covering 90% of
the dish bottom, the cells were rinsed with phos-
phate-buffered saline (PBS) for twice, and then
they were digested using 0.25% trypsin and
sub-cultured at the density of 1:3. Cell modeling
was based on the methods of previous research-
ers'?. In the experiment group, the NRK-52E cells
were treated with 1 pg/mL LPS for 24 h, while
those in the control group were given the equal
concentration of DMSO for 24 h of treatment.

Serum and Tissue Collection

At 24 h after modeling, blood was extracted
from the eyeball of the rats and centrifuged to
collect the supernatant serum. Then, the levels
of serum creatinine (SCr) and blood urea nitro-
gen (BUN) were measured using a multi-func-
tional biochemical analyzer. After the rats were
executed, the renal tissues were quickly taken
out, some of which were fixed in formalin and
the others of which were frozen in liquid nitro-
gen for later use.

Cell Transfection

The cells in the logarithmic growth phase were
seeded into a 24-well plate at the density of 1 x 10°
cells/mL. After that, they were transfected with pc
deoxyribonucleic acid (DNA) 3-MIAT and miR-
29a using the Lipofectamine 2000. The plasmid
was diluted in 250 pL serum-free Opti-MEM to
be at the final concentration of 50 nM and mixed
evenly, followed by 5 min of incubation at room
temperature. Besides, 5 uL Lipofectamine 2000
was diluted using an equal volume of serum-free
Opti-MEM, and after mixing evenly, the mixture
was incubated at room temperature for 5 min.
The two mixtures were mixed together, incubated
at room temperature for 20 min, and then added
into a culture dish. Finally, they were cultured in
an incubator containing 5% CO, at 37°C for 6-8
h, and continued to be cultured for 48 h after the
medium was replaced with a complete medium,
followed by a collection of cells.
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RNA Extraction and Quantitative RT
Polymerase Chain Reaction (qRT-PCR)

The sequence of IncRNA-MIAT was obtained
from the NCBI database website (http:/www.
ncbi.nlm.nih.gov/), and the primers were de-
signed using the Primier 6.0 software and synthe-
sized by Sangon Biotech (Shanghai, China) Co.,
Ltd. The specific sequences of the IncRNA-MIAT
and miR-29a primers are listed in Table 1. Total
RNAs were extracted using the TRIzol reagent,
and their concentration was determined with the
NanoDrop spectrophotometer. All the PCR prim-
ers were provided by Invitrogen (Carlsbad, CA,
USA). The miRNA RT kit was used to synthesize
miR-29a from 5 ng total RNAs into complemen-
tary DNAs (cDNAs), while the IncRNA-MIAT
was synthesized from the total RNAs into cDNAs
using the random primers from the RT Master
Mix kit. The qRT-PCR was performed using the
SYBR Green RT-PCR Master Mix and ABI 7500
sequence detection system according to the man-
ufacturer’s scheme. The transcription level was
evaluated using the cycle threshold (Ct). The tar-
get level standardized as an endogenous reference
was obtained by the 24 method. U6 and GAP-
DH served as the internal control.

Western Blotting

Total proteins were extracted from the tissues
and cultured cell lines, and the concentration of
the proteins was determined via bicinchonin-
ic acid (BCA) protein assay (Pierce, Rockford,
IL, USA). The protein was separated through
8% sodium dodecyl sulphate-polyacrylamide
gel electrophoresis (SDS-PAGE) and then trans-
ferred onto a polyvinylidene difluoride (PVDF)
membrane (Millipore, Billerica, MA, USA).
The membrane was sealed in tris buffered sa-
line (TBS) with 5% skim milk powder and 0.1%
Tween-20 and added with the Caspase-8 primary
antibody for slight shaking and incubation at 4°C

overnight. After reaction with the primary anti-
body, the horseradish peroxidase (HRP)-labeled
secondary antibody was used for incubation. Fi-
nally, the proteins were treated via enhanced che-
miluminescence (ECL) reagent for exposure and
detection, with the B-actin detected in the same
Western blotting band as a reference.

Luciferase Determination

After 48 h of transfection, the transfected NRK-
52E cells were harvested. The activity of lucifer-
ase in the transfected cells was measured using
the luciferase reporter detection system combined
with the bioluminescent plate reader. Each exper-
iment was conducted with 3 parallel controls set,
and independently repeated for 3 times.

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 20.0 software (IBM, Armonk, NY, USA)
was applied to statistically process data. The data
in different treatment groups were expressed as
mean + standard deviation ( y+s), and inter-group
comparison was subjected to the independent-
samples #-test. p<0.05 suggested that the differ-
ence was statistically significant.

Results

Renal Histopathology in Rats

According to the results of HE staining, the
control group had no significant histopathological
changes, while experiment group manifested evi-
dent basal layer thickening and inflammatory cell
infiltration (Figure 1).

Detection of Rat SCr and BUN After
Modeling via LPS

After the rats were treated with LPS in exper-
iment group, the serum of the rats in both groups

Table I. Sequences of IncRNA-MIAT and miR-29a primers detected.

Name

Sequence

LncRNA-MIAT F
LncRNA-MIAT R
MiR-29a F
MiR-29a R
GAPDH F
GAPDH R

U6F

U6 R

5'-ACCAGCAACGGAGTAGTGTG-3'
5'-CACAGCCCGGAATGAAGAGT-3'
5'"TAGCACCATTTGAAATCAGTTT-3'
5" TGCGTGTCGTGGAGTC-3'
5’-AGGTCGGTGTGAACGGATTTG-3’

5> TGTAGACCATGTAGTTGAGGTCA-3’
5'-CTCGCTTCGGC AGCACA-3'
5-AACGCTTCACGAATTT GCGT-3'
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Figure 1. HE staining results of the rat renal tissues in experiment and control groups. A, The renal tissue sections of the rats
in control group are normal in morphology. B, At 24 h after injection of LPS, the renal tissue sections of rats show basal layer
thickening and inflammatory cell infiltration (magnification: 400%).

was collected, and the results revealed that the
experiment group had significantly higher levels
of SCr and BUN than the control group (p<0.01)
(Figure 2).

Expressions of INcRNA-MIAT and miR-29a
in Rat Renal Tissues and In Vitro Cells
According to the results of the qRT-PCR, after
being treated with LPS for 24 h, the rats in exper-
iment group had a significantly higher expression
level of IncRNA-MIAT in renal tissues than control
group, but the expression level of miR-29a was re-
markably lower than that in control group (p<0.01)
(Figure 3). After the NRK-52E cells cultured in vitro
were treated with LPS for 24 h, the expression trends
of IncRNA-MIAT and miR-29a were similar to the
findings of the in vivo experiment, namely, com-
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pared with control group, experiment group had a
substantially raised expression level of IncRNA-MI-
AT (p<0.01), but a significantly lowered expression
level of miR-29a (p<0.01) (Figure 4).

Relationship Between IncRNA-MIAT
and miR-29a Verified via the Luciferase
Reporter System

To detect the regulatory relationship between
IncRNA-MIAT and miR-29a, the cells were
transfected with the wild-type and mutant In-
cRNA-MIAT plasmids separately in combination
with miR-29a mimics. According to the results,
miR-29a mimics could inhibit the luciferase ac-
tivity of the wild-type IncRNA-MIAT (p<0.05),
whereas that of the mutant IncRNA-MIAT was
not significantly repressed (p>0.05) (Figure 5).
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Figure 2. Levels of rat serum SCr and BUN in experiment and control groups after 24 h of treatment with LPS. A, The level
of rat serum BUN in experiment group is significantly higher than that in control group (p<0.01). B, The level of rat serum SCr
in experiment group is prominently higher than that in control group (p<0.01).
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Figure 3. Expression levels of IncRNA-MIAT and miR-29a in the rat renal tissues of the two groups after 24 h of treatment with
LPS A, In comparison with control group, experiment group has a significantly raised expression level of IncRNA-MIAT (p<0.01).
B, Compared with control group, experiment group exhibits a substantially reduced expression level of miR-29a (p<0.01).

Influences of IncRNA-MIAT and miR-29a
on NRK-52E Cell Apoptosis

The NRK-52E cells were transfected with
the wild-type and mutant IncRNA-MIAT plas-
mids separately combined with miR-29a mim-
ics, and after the cells were treated with LPS
for 24 h, the expression of the cell Caspase-8
protein was detected. The results showed that
the apoptosis of the NRK-52E cells treated
with LPS was significantly up-regulated, and
the apoptosis degree of the NRK-52E cells
transfected with the wild-type IncRNA-MI-
AT was prominently higher than those in oth-
er treatment groups (p<0.05). Besides, there
was no significant difference in the apopto-
sis degree of all the cells treated with miR-
29a between experiment group and control
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group (p>0.05), and the cell apoptosis degree
in the wild-type IncRNA-MIAT and miR-29a
mimics co-transfection group was remarkably
higher than that in the mutant IncRNA-MIAT
and miR-29a mimics co-transfection group
(p<0.05) (Figure 6).

Discussion

Severe sepsis will cause MODS and MOF, in-
cluding kidney injury, with a relatively high mor-
tality rate in patients, but current studies on the
molecular mechanism of sepsis-induced kidney
injury remain superficial. Therefore, the molecular
mechanism of sepsis-induced kidney injury was
studied to search for effective molecular targets
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Figure 4. Expression levels of IncRNA-MIAT and miR-29a in the two groups of NRK-52E cells after 24 h of treatment with LPS
A, In comparison with control group, experiment group has a significantly raised expression level of IncRNA-MIAT (p<0.01). B,
Compared with control group, experiment group exhibits a substantially reduced expression level of miR-29a (p<0.01).
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Figure 5. Action relationship between the wild-type and
mutant IncRNA-MIATs in miR-29a mimics. The relative
luciferase activity of the wild-type IncRNA-MIAT is sig-
nificantly lower than that of the mutant IncRNA-MIAT
(p<0.01).

and provide a theoretical basis for the pathogene-
sis and treatment of this disease. Scholars'*'® have
used LPS to establish the rat model of sepsis-in-
duced kidney injury. In this study, the rats were
injected with LPS, and the serological test indi-

cated significant increases in the levels of SCr and
BUN. Moreover, the histopathological results of
the renal tissue sections revealed that experiment
group had evident basal layer thickening and in-
flammatory cell infiltration. These results suggest
that the rat model of kidney injury was established
successfully with the LPS method, which are con-
sistent with the findings of the previous research.
LncRNAs play important roles in the cell physio-
logical and pathological processes, and more and
more researchers have been paying attention to
their roles in human diseases in recent years>™®,
They target miRNAs to modulate the expression
of the downstream gene, accelerating the progres-
sion of the related diseases'®?!. Li et al® suggested
that IncRNA-MIAT may participate in the inflam-
matory response of vascular endothelial cells and
promote inflammations as well. In this experiment,
the expression of IncRNA-MIAT in the rat renal
tissues and NRK-52E cells of both control group
and experiment group was detected via the qRT-
PCR, and the results showed that experiment group
had a significantly raised IncRNA-MIAT expres-
sion. The possible cause is that in the LPS-induced
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Figure 6. Expression of NRK-52E cell apoptosis factor Caspase-8 under different treatments. A, Expression of NRK-52E
cell apoptosis factor Caspase-8 under different treatments according to Western blotting detection B, Relative quantification
graph of Caspase-8 expression, which reveals that after induction with LPA, the expression level of the cell apoptosis factor
is significantly higher than that in control group (p<0.01), and the apoptosis factor in the cells transfected with the wild-type
IncRNA-MIAT is substantially higher that in non-transfected cells (p<0.01). Additionally, miR-29a can significantly reduce
the LPS-induced cell apoptosis (p<0.01), and the apoptosis degree of the LPS-induced cells subjected to the combined action of
wild-type IncRNA-MIAT and miR-29a is higher than that caused by the joint action of the mutant IncRNA-MIAT and miR-29a
(p<0.01). 1: NRK-52E cells cultured normally. 2: NRK-52E cells induced with LPS for 24 h. 3: NRK-52E cells induced with
LPS for 24 h after transfection with the wild-type IncRNA-MIAT. 4: NRK-52E cells induced with LPS for 24 h after trans-
fection with miR-29a. 5: NRK-52E cells induced with LPS for 24 h after co-transfection with the wild-type IncRNA-MIAT
and miR-29a. 6: NRK-52E cells induced with LPS for 24 h after co-transfection with the mutant IncRNA-MIAT and miR-29a.
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kidney injury, IncRNA-MIAT, as an important
regulator, takes part in the inflammatory responses
in renal tissues and cells, promoting the progres-
sion of kidney injury.

MiRNAs are involved in the regulation of the
post-transcriptional gene expression, and they
have varying expression profiles in different
pathological progressions of various diseases and
differ in the expression level changes in multiple
inflammatory diseases?**!. According to the find-
ings of Huo et al’, the expression level of miR-29a
is changed in the process of kidney injury. Addi-
tionally, miR-29a has been proved to be capable of
resisting apoptosis, and it, recognized as a potent
anti-apoptosis factor, inhibits the expression of the
target gene to exert the anti-apoptosis effect* . In
terms of kidney injury, miR-29a can protect renal
tubular epithelial cells from irreversible damage
caused by renal ischemia-reperfusion, alleviate
their apoptosis and protect renal tissues and func-
tions*2. The results of the present study revealed
that the levels of the rat serum SCr and BUN were
negatively proportional to the expression of miR-
29a in renal tissues. This suggests that LPS can
induce kidney injury in rats, raising the levels of
serum SCr and BUN. However, the expression of
miR-29a that can lower the degree of apoptosis
and protect renal tissues and functions exhibited a
down-regulated trend. The expression of miR-29a
in NRK-52E cells was similar to the result above,
which is probably related to the expression of the
above-mentioned IncRNA-MIAT.

Hence, the interaction between IncRNA-MI-
AT and miR-29a-3p in the process of kidney
injury was further investigated. The research
results showed that IncRNA-MIAT is highly
expressed in gastric cancer tissues and gastric
mucosal cell lines® and competitively binds to
miR-29a-3p to up-regulate the transcription lev-
el of HDAC4 and promote the proliferation, mi-
gration and invasion of gastric cancer cells. In
the pathogenesis of HCM fibrosis'’, IncRNA-MI-
AT accelerates the progression of this disease
through negatively regulating the expression
of miR-29a. According to the findings in this
study, IncRNA-MIAT regulated the expression
of miR-29a in a negative manner. The Western
blotting results displayed that up-regulating the
expression of IncRNA-MIAT significantly pro-
moted the LPS-induced NRK-52E cell apopto-
sis, possibly because with the proinflammatory
effect, IncRNA-MIAT aggravates the cell apop-
tosis. On the contrary, the up-regulation of miR-
29a markedly lowered such cell apoptosis, and

the possible cause is that miR-29a exerts the
anti-apoptosis effect to protect the cells. The
apoptosis degree of the cells co-transfected with
IncRNA-MIAT and miR-29a was higher than
that of the cells transfected with miR-29a alone,
which suggests that the mutant IncRNA-MIAT
suppresses or binds to miR-29a, while the cells
transfected with the mutant IncRNA-MIAT
and miR-29a together exhibited a lower degree
of apoptosis than those co-transfected with the
wild-type IncRNA-MIAT and miR-29a, which
further suggests that IncRNA-MIAT probably
affects the process of kidney injury through the
competitive binding to miR-29a. However, more
in-depth research still needs to be done for more
specific mechanisms of action of IncRNA-MIAT
and miR-29a in the process of kidney injury and
their influences on the repair of kidney injury.

Conclusions

We observed the mechanism of action by which
IncRNA-MIAT may bind to miR-29a to worsen
LPS-induced kidney injury, providing effective
approaches for the clinical prevention and treat-
ment of kidney injury and a theoretical basis for
the related research.
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