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Long non-coding RNA PlncRNA-1 regulates  
cell proliferation, apoptosis, and autophagy  
in septic acute kidney injury by regulating BCL2
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Abstract: This study aimed to elucidate the potential role of long non-coding RNA PlncRNA-1 in the septic acute kid-
ney injury (AKI). The expression of PlncRNA-1 in the serum of patients with septic AKI patient was detected. We then 
established lipopolysaccharide (LPS)-induced septic AKI model in NRK-52E cells to investigate the effects of the 
overexpression of PlncRNA-1 on cell proliferation, apoptosis, and autophagy. In addition, the regulatory relationship 
between PlncRNA-1 and B-cell lymphoma 2 (BCL2) was explored to further elucidate the regulatory mechanism of 
PlncRNA-1 in septic AKI. PlncRNA-1 is downregulated in the serum of patients with septic AKI and in LPS-induced 
septic AKI cells. The overexpression of PlncRNA-1 considerably increases proliferation and inhibits apoptosis and 
autophagy of LPS-induced septic AKI cells. In addition, PlncRNA-1 can promote BCL2 expression, and the overex-
pression of BCL2 enhances proliferation and inhibits apoptosis and autophagy of LPS-induced septic AKI cells. 
Our findings reveal that the overexpression of PlncRNA-1 may promote cell proliferation and inhibit apoptosis and 
autophagy in septic AKI by regulating BCL2 expression. PlncRNA-1 may serve as a potential biomarker or target for 
the diagnosis and treatment of septic AKI.
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Introduction

Sepsis is a frequently fatal condition that is 
characterized by a whole-body inflammatory 
response caused by an uncontrolled and harm-
ful host response to infection [1]. Severe sepsis 
is the leading cause of death among critically ill 
patients in non-coronary intensive care units, 
and limited treatment options are available for 
it [2, 3]. Acute kidney injury (AKI) is a common 
and serious complication of sepsis that leads 
to a high morbidity and mortality rate [4, 5]. The 
increasing incidence of AKI has become a 
severe public health problem [6]. However, the 
pathogenesis of AKI in sepsis is still unclear. 
Therefore, great significance exists to further 
elucidate the mechanisms involved in septic 
AKI.

Long non-coding RNAs (lncRNAs) are tran-
scribed but not translated RNA segments with 
more than 200 bases in length, which exhibit 

diverse functions in various physiological and 
pathological processes [7-9]. LncRNAs are be- 
ing identified as key regulators that are invol- 
ved in sepsis and AKI [10, 11]. For example, the 
lncRNA plasmacytoma variant translocation 1 
can promote inflammatory response in lipopoly-
saccharide (LPS)-induced septic AKI cells [12], 
and circulating lncRNA TapSAKI is considered 
an independent predictor of mortality in criti-
cally ill patients with AKI [13]. PlncRNA-1 has 
been found to initiate malignancy in a variety  
of cancers, such as esophageal squamous car-
cinoma [14], prostate cancer [15], and hepato-
cellular carcinoma [16]. Moreover, PlncRNA-1 re- 
gulates the function of intestinal epithelial bar-
rier in inflammatory bowel disease [17]. How- 
ever, the role of PlncRNA-1 in septic AKI has  
not been documented.

In this study, the expression of lncRNA (Pln- 
cRNA-1) in the serum of patients with septic AKI 
was detected. In addition, the administration of 
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LPS produced by gram-negative bacteria repro-
duces many of the clinical features of sepsis, 
including AKI [18]. We thus established LPS-
induced septic AKI model in NRK-52E cells to 
investigate the effects of the overexpression of 
PlncRNA-1 on cell proliferation, apoptosis, and 
autophagy. Furthermore, the regulatory rela-
tionship between PlncRNA-1 and B-cell lympho-
ma 2 (BCL2) was studied to further elucidate 
the regulatory mechanism of PlncRNA-1 in sep-
tic AKI cells. All efforts of this study aimed to 
provide the theoretical basis for the treatment 
of septic AKI in clinics.

Materials and methods

Serum sampling 

From March 2016 to April 2017, six patients 
with septic AKI and six normal subjects were 
enrolled in this study. After all, the patients 
were admitted to the hospital, 5 mL of venous 
blood was extracted on the first day. The blood 
was collected in the coagulation tube and cen-
trifuged at low temperature for 10 min (3000 
rpm/min). The supernatant was then collected 
and frozen at -80°C in a refrigerator to further 
detect the expression of PlncRNA-1 and BCL2.

Cell culture and treatment

Rat renal proximal tubular cell line NRK-52E 
(The Chinese Academy of Sciences, Shanghai, 
China) was grown at 37°C in Dulbecco’s modi-
fied Eagle (DMEM) medium with F12 (Gibco, 
Carlsbad, CA) supplemented with 10% fetal 
bovine serum (Gibco). The NRK-52E cells were 
digested using trypsin, seeded in 6-well plates, 
and grown until confluent. The day before stim-
ulation with LPS (0.1 µg/mL), the NRK-52E cul-
ture medium was abandoned and replaced 
with fresh medium without serum. The cells 
were incubated with LPS for 24 h. All experi-
ments were at least conducted three times 
independently.

Cell transfection

After incubation with LPS for 24 h, the NRK-52E 
cells were then divided into five groups: control 
(without LPS stimulation and any transfection), 
LPS (LPS-treated cells without transfection), 
LPS + blank control (LPS-treated cells trans-

fected with blank vector as a control), LPS + 
PlncRNA-1 (LPS-treated cells transfected with 
pcDNA3.1-PlncRNA-1), and LPS + BCL2 (LPS-
treated cells transfected with pcDNA3.1BCL2). 
As per the manufacturer’s instructions, pcDNA- 
3.1-PlncRNA-1, pcDNA3.1-BCL2, or blank con-
trol were transfected into the NRK-52E cells 
using Lipofectamine 2000 (Life Technologies 
Corporation, Carlsbad, CA). The medium was re- 
placed at 6 h after transfection, and the cells 
were harvested at 48 h of post-transfection for 
conducting subsequent experiments. 

MTT assay

The cell viability was determined using MTT 
assay (3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphen- 
yltetrazolium bromide; Beyotime, Shanghai, 
China). NRK-52E cells were adjusted to 5 × 104 

cells/mL in the logarithmic growth phase. 
These cells were then added to a 96-well plate 
(100 μL per well) and allowed to attach to sur-
faces for overnight. After transfection for 24, 
48, and 72 h, 10 μL MTT buffer was added to 
each well. Subsequently, the 96-well plate was 
incubated at 37°C for 4 h, after which 150 μL 
dimethyl sulfoxide was added to each well for 
15 min. The optical density (OD) of each cell 
was then measured at 490 nm using a micro-
plate reader (Thermo Fisher Scientific, Wal- 
tham, MA, USA). The OD of LPS, LPS + blank 
control, or LPS + PlncRNA-1 groups was com-
pared with that of the control group to indicate 
cell viability of each group. All experiments were 
repeated for at least three times.

Immunofluorescence

For immunofluorescence analysis, NRK-52E 
cells in different treated groups were seeded 
on coverslips until reaching 40% confluence 
and were harvested. The cells were then fixed 
with 4% paraformaldehyde (Sangon Biotech, 
Shanghai, China), washed three times with 
phosphate buffer saline (PBS), and permeabi-
lized with 2.5% Triton X-100 (Sangon Biotech). 
After being blocked with 10% goat serum in 
PBS, the cells were incubated with primary  
rabbit anti-mouse polyclonal antibody against 
LC3B (1:400; Cell Signaling Technology, Shang- 
hai, China) for overnight at 4°C in a humidified 
chamber. Subsequently, the cells were incu- 
bated with donkey anti-rabbit IgG (H+L), which 
was Alexa Fluor 488-conjugated secondary 
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antibody (1:400; Invitrogen Life Technologies, 
Carlsbad, CA), and rhodamine-labeled phalloi-
din (1:1,000; Invitrogen Life Technologies) at 
room temperature for 1 h. The cells were 
stained with 4’,6-diamino-2-phenylindole for 
visualization of the nuclei of the cells. Finally, 
the coverslips were mounted on glass slides. 
The immunofluorescence images were cap-
tured by a microscope (Nikon), and further, the 
number of green fluorescent puncta in 50 cells 
per group were counted. 

Colony formation

NRK-52E cells in different treated groups were 
harvested and cultured in a 6-well plate with 
500 cells per well, each group had was repeat-
ed twice in parallel. The cells were incubated  
at 37°C in a humidified incubator with 5% CO2 
for 14 days. After incubation, the cells were 
washed two times with PBS and stained using 
crystal violet staining solution. The number of 
colonies containing more than 50 cells was 
counted under a microscope, and the value 
was used to calculate the plate clone formation 
efficiency using the formula: plate clone forma-
tion efficiency = (number of colonies/number of 
cells inoculated) × 100%.

Flow cytometry

NRK-52E cells were harvested, seeded in 
6-well plates to obtain 4 × 105 cells per well in 
a fresh medium without antibiotic, and trans-
fected with PlncRNA-1, BCL2, or blank control 
using Lipofectamine 2000. After 24 h, NRK-
52E cells were washed, harvested, and stained 
with annexin V-FITC and propidium iodide (BD 
Bioscience, San Diego, CA). Subsequently, apo- 
ptosis percentage was determined by flow 
cytometry (Beckman Coulter, Miami, USA). All 
experiments were repeated in triplicate. 

Western blot

The total proteins of different treated groups 
were extracted by radioimmunoprecipitation 
assay buffer on ice. Following the removal of 
cellular debris by centrifugation at 13,000 rpm 
for 15 min, the protein concentration was 
determined using bicinchoninic acid assay kit 
(Beyotime, Shanghai, China) according to the 
manufacturer’s instructions. For western blot 
analysis, 20 μg of protein from each sample 
was loaded in each lane for sodium dodecyl sul-

fate with polyacrylamide gel electrophoresis, 
and then electrophoretically transferred to 
polyvinylidene fluoride membranes. After being 
blocked in 5% skim milk for 2 h at room tem-
perature, the membranes were incubated  
for overnight at 4°C with primary antibodies 
against caspase-3, cleaved caspase-3, LC-3, 
Beclin-1, or BCL2 (1:1000, Abcam, Cambridge, 
UK). Glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) was used as an internal stan-
dard to normalize loading protein. The mem-
branes were subsequently washed three times 
with PBS and incubated with appropriate hor- 
seradish peroxidase-conjugated secondary an- 
tibodies. After extensive washes with TBS con-
taining 0.1% X-100 (TBST), the enhanced che-
miluminescence was performed to visualize 
the immunoreactive protein bands. The densi-
tometric analyses of protein bands were car-
ried out by NIH Imaging software packages.

qPCR

Total RNA was extracted from tissue samples 
or cell lines using TRIzol Reagent (Invitrogen, 
Burlington, Canada) according to the manu- 
facturer’s recommended protocol. RNA was 
reverse transcribed into cDNAs using the iS- 
cript cDNA Synthesis kit (Bio-Rad Laboratories, 
USA). The expression of PlncRNA-1 was detect-
ed by SYBR green-based qRT-PCR. The primers 
used for PlncRNA-1 amplification are as follows: 
forward 5’-CAGTGGGGAACTCTGACTCG-3’ and 
reverse 5’-GTGCCTGGTGCTCTCTTACC-3’. The 
primers used for BCL2 amplification are as fol-
lows: forward 5’-CGATTGTGGCAGTCCCTTA-3’ 
and reverse 5’-CAGGATGAAGTGCTCAGGTG-3’. 
GAPDH (forward 5’-GTCAACGGATTTGGTCTGTA- 
TT-3’ and reverse 5’-AGTCTTCTGGGTGGCAGT- 
GAT-3’) was used as the internal control, and 
the relative expression of mRNA was calculated 
using the 2-ΔΔCT method.

Statistical analysis

All data obtained from triplicate experiments 
were presented as mean ± standard deviation. 
The data were analyzed using the Student’s 
t-test. Statistical analyses were then performed 
using a one-way analysis of variance in SPSS 
20 statistical software (Chicago, IL, USA). A 
p-value of < 0.05 was considered to indicate a 
statistically significant difference.
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Results

PlncRNA-1 was downregulated in serum of 
patients with septic AKI and in cell model

The expression of PlncRNA-1 was detected by 
qPCR in the serum of normal individuals and 
patients with septic AKI (Figure 1A). The expres-
sion of PlncRNA-1 in patients with septic AKI 
was markedly lower than that in the normal 
group (P < 0.05). In addition, the expression 
level of PlncRNA-1 in NRK-52E cells was mea-
sured before and after LPS treatment (Figure 
1B). The level was considerably lower after LPS 
treatment than that in the control group (P < 
0.05). Moreover, the expression of PlncRNA-1 
in LPS-treated NRK-52E cells was considerably 
increased at 48 h compared with that in blank 
control after transfection of pcDNA3.1-Pln-
cRNA-1 (P < 0.05), indicating that PlncRNA-1 
was successfully overexpressed in LPS-treated 
NRK-52E cells.

Overexpression of PlncRNA-1 promoted prolif-
eration and inhibited apoptosis and autophagy 
of LPS-treated cells

Cell viability was detected in control, LPS, LPS 
+ blank control, and LPS + PlncRNA-1 groups by 
MTT assay (Figure 2A). The results showed that 
LPS treatment decreased cell viability com-
pared with that of the control group (P < 0.05). 
However, in comparison with LPS + blank con-
trol group, the overexpression of PlncRNA-1 led 
to an increase in cell viability after LPS treat-
ment and transfection of pcDNA3.1-PlncRNA-1 
(P < 0.05). Cell proliferation was detected by 
plate cloning method (Figure 2B). The number 

decreased the percentage of apoptotic cells 
after the LPS treatment and transfection of 
pcDNA3.1-PlncRNA-1 (P < 0.05). The Western 
blot technique was used to detect the expres-
sion of active caspase-3 and -9, which was con-
sistent with the results of flow cytometry (Figure 
2D). LC3 was labeled by cell immunofluores-
cence assay (Figure 2E). LPS promoted autoph-
agy formation compared to the control group  
(P < 0.05), whereas the overexpression of 
PlncRNA-1 inhibited autophagy formation after 
LPS treatment and transfection of pcDNA3.1-
PlncRNA-1 (P < 0.05). Furthermore, the expres-
sion of autophagy factor LC3-II/I and Beclin 1 
was detected by western blot analysis, which 
was consistent with the results of immunofluo-
rescence assay (Figure 2F). These results sug-
gest that PlncRNA-1 alleviates LPS-induced  
cell proliferation, apoptosis, and autophagy 
and promotes proliferation and inhibits apopto-
sis and autophagy.

Overexpression of PlncRNA-1 promoted BCL2 
expression

The western blot analysis showed that the ex- 
pression of BCL2 in patients with septic AKI 
was considerably lower than that in the nor- 
mal group (P < 0.05) (Figure 3A). The expres-
sion of BCL2 and its mRNA was markedly re- 
duced in LPS-treated cells compared to that  
in the untreated cells (P < 0.05) (Figure 3B and 
3C). However, the overexpression of PlncRNA- 
1 after LPS treatment and transfection of pc- 
DNA3.1-PlncRNA-1 can promote the expression 
of BCL2 and its mRNA both (P < 0.05; Figure 
3B and 3C). This indicates that PlncRNA-1 pro-
motes BCL2 expression.

Figure 1. PlncRNA-1 downregulated in the serum of patients with septic 
acute kidney injury (AKI) (A) and lipopolysaccharide (LPS)-induced septic 
AKI model in NRK-52E cells (B). **P < 0.01 compared with corresponding 
controls.

of clone formation decreased 
after LPS treatment compared 
to that of the control group (P 
< 0.05), and the overexpres-
sion of PlncRNA-1 increased 
the clone formation after LPS 
treatment and the transfec-
tion of pcDNA3.1-PlncRNA-1 
(P < 0.05). We subsequently 
characterized the role of Plnc- 
RNA-1 in cell apoptosis by flow 
cytometry (Figure 2C). The pe- 
rcentage of apoptotic cells 
increased after LPS treatment 
compared to that of the con-
trol group (P < 0.05), and the 
overexpression of PlncRNA-1 
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Figure 2. The overexpression of PlncRNA-1 increases proliferation and inhibits apoptosis and autophagy in 
LPS-induced septic AKI cells. NRK-52E cells were treated with LPS to establish the septic AKI model. LPS-
induced septic AKI cells were transfected with pc-PlncRNA-1 and blank. A. MTT assay showing cell viability of 
different treated groups. B. Colony formation assay showing the colony number in different treated groups. C. 
Flow cytometry showing cell apoptosis in the different treated groups. D. Western blot showing the expression 
levels of apoptosis-related proteins (active caspase-3 and -9) in the different transfected groups. E. Immuno-
fluorescence assay showing the positive cells with LC3 puncta in the different transfected groups. F. Western 
blot showing the expression levels of autophagy-related proteins (LC3-II/I ratio and Beclin-1) in the different 
transfected groups. *P < 0.05, **P < 0.01, ***P < 0.001 compared with corresponding controls.
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Overexpression of BCL2 promoted proliferation 
and inhibited apoptosis and autophagy of LPS-
treated cells

BCL2 expression in NRK-52E cells after LPS 
treatment and transfection of pcDNA3.1-BCL2 
was considerably increased compared with 
that in LPS + blank control group (P < 0.05) 
(Figure 4A). On comparing the ability of clone 
formation of the two groups, we noted that the 
overexpression of BCL2 promotes clone forma-
tion (P < 0.05; Figure 4B). The results of flow 
cytometry (Figure 4C) and the western blot 
analysis of the expression of the apoptotic  
factors, active caspase-3 and -9 (Figure 4D), 
showed that the overexpression of BCL2 after 
LPS treatment and transfection of pcDNA3.1-
BCL2 considerably inhibits cell apoptosis (P < 
0.05). Immunofluorescence results showed 
that the overexpression of BCL2 after LPS 
treatment and transfection of pcDNA3.1-BCL2 
markedly inhibit the formation of autophagy  
(P < 0.05) (Figure 4E) and expression of auto- 
phagy factors, LC3-II/I and Beclin-1 (P < 0.05) 
(Figure 4F). These results suggest that BCL2 
regulates cell proliferation, apoptosis, and au- 
tophagy after LPS treatment, which may be one 
of the regulatory mechanisms of PlncRNA-1.

optosis and autophagy of LPS-induced septic 
AKI cells. This indicates that the key role of 
PlncRNA-1 in the development of septic AKI is 
mediated through BCL2. 

Recently, the key role of BCL2 in regulating cell 
proliferation has been confirmed by several 
studies. For example, the overexpression of 
BCL2 promotes myocyte proliferation [20]. 
BCL2 proteins determine cell viability in the 
pathologic circumstances of AKI [21]. In this 
study, the results showed that the overexpres-
sion of PlncRNA-1 or BCL2 considerably pro-
moted the proliferation of LPS-induced septic 
AKI cells. In addition, PlncRNA-1 promoted BC- 
L2 expression. These data prompt us to spe- 
culate that PlncRNA-1 may control cell prolif- 
eration.

Furthermore, apoptosis is a programmed cell 
death, which maintains the balance of survival 
and death in living organisms [22, 23]. BCL2 as 
an anti-apoptosis protein plays a vital role in 
the apoptosis pathway, and both apoptosis 
mechanism and BCL2 are found to be key regu-
lators in AKI [24]. Frank demonstrated that two 
SNPs (rs8094315 and rs12457893) in the 
BCL2 gene are associated with decreased risk 
of AKI, confirming the key role of apoptosis in 

Figure 3. The expression of BCL2 in the serum of patients with septic AKI (A) 
and LPS-induced septic AKI model in NRK-52E cells (B and C). *P < 0.05, 
**P < 0.01 compared with corresponding controls.

Discussion

In patients with severe sepsis, 
AKI is considered as a leading 
cause of morbidity and mor-
tality [19]. LncRNAs have been 
identified as key regulators 
that are involved in septic AKI 
[11]. Therefore, the identifi- 
cation of key lncRNAs impli-
cated in septic AKI is neces-
sary. In this study, we found 
that PlncRNA-1 was downreg-
ulated in the serum of patients 
with septic AKI and LPS-in- 
duced cell model of septic 
AKI. The overexpression of 
PlncRNA-1 increased prolifer-
ation and inhibited apoptosis 
and autophagy of LPS-induced 
septic AKI cells. In addition, 
PlncRNA-1 promoted BCL2 
expression, and the overex-
pression of BCL2 enhanced 
proliferation and inhibited ap- 
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AKI [25]. In addition, caspase- 
3 was found to be a key me- 
diator of mitochondrial events 
of apoptosis [26]. The activa-
tion of caspase-3 is a crucial 
mechanism for the induction 
of apoptosis in human lung 
cancer A549 cells [27]. In se- 
psis, caspase-3 has been sh- 
own to mediate in part hip- 
pocampal apoptosis [28]. Mo- 
reover, caspase-9 is involved 
in sepsis-induced lymphocyte 
apoptosis [29]. In this study, 
we found that the overexpres-
sion of PlncRNA-1 or BCL2 
considerably inhibited the 
apoptosis of LPS-induced sep-
tic AKI cells by inhibiting cas-
pase-3 and -9. Considering 
the regulatory relationship be- 
tween PlncRNA-1 and BCL2, 
we hypothesize that PlncRNA- 
1 medicates cell apoptosis in 
septic AKI by interacting with 
BCL2 to regulate the expres-
sion of caspase-3 and -9.

In addition, autophagy is a 
catabolic process that is es- 
sential for cellular homeosta-
sis [30]. Moreover, autophagy 
is a key mechanism that regu-
lates the pathogenesis of AKI 
[31]. It has been reported that 
BCL2 can interact with the 
autophagy-related protein, Be- 
clin 1, thus facilitating in main-

Figure 4. The overexpression of BCL2 increases proliferation and inhibits 
apoptosis and autophagy in LPS-induced septic AKI cells. NRK-52E cells 
were treated with LPS to establish the septic AKI model. LPS-induced septic 
AKI cells were transfected with pc-BCL2 and blank. A. Western blot show-
ing the expression levels of BCL2 in different treated groups. B. Colony for-

mation assay showing the colony 
number in the different treated 
groups. C. Flow cytometry show-
ing cell apoptosis in the different 
treated groups. D. Western blot 
showing the expression levels of 
apoptosis-related proteins (active 
caspase-3 and -9) in the different 
treated groups. E. Immunofluo-
rescence assay showing the posi-
tive cells with LC3 puncta in the 
different treated groups. F. West-
ern blot showing the expression 
levels of autophagy-related pro-
teins (LC3-II/I ratio and Beclin-1) 
in the different treated groups. 
*P < 0.05, **P < 0.01 compared 
with corresponding controls.
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taining autophagy at levels that match cell sur-
vival [32]. Lee demonstrated that carbon mon-
oxide plays a protective role in sepsis by en- 
hancing Beclin 1-dependent autophagy [33]. 
Moreover, renal LC3-II and urinary LC3 proteins 
have been suggested as promising biomarkers 
for autophagy in AKI [34]. In our study, the over-
expression of PlncRNA-1 or BCL2 considerably 
inhibited the autophagy of LPS-induced septic 
AKI cells by regulating LC3-II/I ratio and Beclin 
1. Although the role of PlncRNA-1 in septic AKI 
cells has not been fully explored, we speculate 
that PlncRNA-1 regulates the autophagy of sep-
tic AKI cells by interacting with BCL2 to regulate 
LC3-II/I ratio and Beclin 1. 

In conclusion, our findings reveal that the over-
expression of PlncRNA-1 may promote cell pro-
liferation and inhibit apoptosis and autophagy 
in septic AKI by regulating BCL2 expression, 
which will provide important implications for 
better understanding of the pathogenesis and 
therapy of septic AKI.
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