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Regulatory effect of IncRNA NKILA on
autophagy induced by sepsis kidney injury
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Abstract. — OBJECTIVE: The aim of this study
was to investigate the regulatory effect of long
non-coding RNA (IncRNA) NKILA on autophagy
in sepsis-induced kidney injury.

MATERIALS AND METHODS: Sepsis model
was successfully established in rats by cecal liga-
tion and puncture (CLP). Hematoxylin and eosin
(HE) staining was performed to evaluate the patho-
logical lesions in rat kidney tissues. Subsequent-
ly, serum samples of sepsis rats were collected.
The levels of blood urea nitrogen (BUN) and serum
creatinine (SCr) were determined. Western blot
and quantitative real time-polymerase chain reac-
tion (qRT-PCR) were conducted to detect the pro-
tein and mRNA expression levels of LC3, Beclin-1,
activated caspase-3, p-Akt (308), p-Akt (472), Akt
and NKILA in kidney tissues of sepsis rats
ferent time points, respectively. Subsequ
HK-2 cells were induced with different doses
popolysaccharlde (LPS) for different time p0|
The expression levels of the above game

hibitor were observed.
RESULTS: Typical p,

observed in kidney k4

increased serum |

sis model in
Beclin-1, a

d with the increase

grmore, the treatment of PI3K
|nh|b|tor or Akt inhibitor remarkably
S@allated LPS-induced LC3 expression,
while it a®elerated cell apoptosis and up-regu-
lated NKILA expression.
CONCLUSIONS: Autophagy occurs at sep-
sis-induced kidney injury, which can be regulat-
ed by NKILA/Akt pathway.
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Sepsis is a syste
syndrome caused

factor for
There-

ge. Lipopolysaccharide (LPS) stim-
Jeads to a severe inflammatory response,
oducing a large number of inflammatory
factors such as tumor necrosis factor-o. (TNF-a)
and reactive oxygen species (ROS). Ultimately,
oxidative stress, mitochondrial damage, and ener-
gy depletion lead to the apoptosis of renal tubular
epithelial cells®. During this process, autophagy
may exert an essential role in the damage and re-
pair of renal tubular epithelium.

Autophagy is a programmed death progress,
which is different from cell apoptosis. Under the
state of hypoxia, starvation or infection of eukary-
otic cells, damaged organelles and macromolec-
ular substances will be degraded by lysosomes.
This may further provide materials and nutrients
for cell repair and renewal®.

Long non-coding RNAs (IncRNAs) regulate
gene expressions at multiple levels. Previous
studies have established that IncRNAs are closely
associated with tumorigenesis, viral replication,
and inflammatory response. Inflammatory injury
secondary to sepsis involves multiple factors and
pathways. In recent years, the significant role of
IncRNAs in the pathogenesis of sepsis has been
identified®”. However, whether autophagy is in-
volved in sepsis-induced renal tubular epithelial
cell injury remains unclear. Moreover, whether
certain IncRNAs are involved in autophagy of re-
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nal tubular epithelial cells in the pathogenic pro-
gression of sepsis has not been fully elucidated.
In this study, we first established a sepsis model
in rats by cecal ligation and puncture (CLP) and
observed the autophagy of renal tubular epitheli-
al cells. Subsequently, in vitro experiments were
conducted to investigate the potential roles of
IncRNA NKILA and PI3K pathway in the reg-
ulation of sepsis-induced autophagy. The aim of
this study was to provide a new direction in the
clinical treatment of AKI.

Materials and Methods

Cell Culture

HK-2 cells were cultured in Dulbecco’s Modified
Eagle’s Medium (DMEM; Gibco, Rockville, MD,
USA) containing 10% fetal bovine serum (FBS;
Gibco, Rockville, MD, USA) at 37°C and 5% CO,.
Cell passage was performed using 0.25% trypsin.
For in vitro experiments, cells were first seeded into
6-well plates at 2 x 10%/L. Until 70-80% of conflu-
ence, the cells were incubated with serum-free Ke-
ratinocyte-SFM for 24 h to synchronize cell growth.
After that, HK-2 cells were induced with dif
doses of LPS (0, 0.1, 10, or 20 mg/L) for 12
induced with 10 mg/L LPS for different time poi

by intraperitoneal inj
incision was made i
to expose the ce

1njected in rats. The rats were then sacrificed, and
blood and kidney samples were harvested. Th1s
study was approved by the Animal Ethics Com-
mittee of Jilin University Animal Center.

Hematoxylin and Eosin (HE) Staining

Kidney tissues were placed in formaldehyde
solution for 48 h, dehydrated in an automatic de-
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hydrator for 12 h, paraffin-embedded, and sliced.
All obtained slides were preserved at 4°C for sub-
sequent use. For HE staining, the slides were de-
waxed and stained with hematoxylin-eosin. After
dehydration with gradient ethanol, vitrification
with dimethylbenzene, and sealing with neutral
gum, pathological changes in renal interstitial and
renal tubules were observed and captured under a
light microscope.

Detection of Serum Level[gPrf Blood 5

followed by centri
The serum leve

first extracted from cell
enate. The concentra-

cid (BCA) method (Pierce,
SA). Subsequently, extracted
separated by sodium dodecyl
yacrylamide gel electrophoresis
AGE) gel electrophoresis and trans-
erredvonto polyvinylidene difluoride (PVDF)
membranes (Roche, Basel, Switzerland). After
blocking with skimmed milk, the membranes
were incubated with primary antibodies (Cell
Signaling Technology, Danvers, MA, USA)
overnight at 4°C. On the next day, the mem-
branes were washed with Tris-buffered Saline
with Tween 20 (TBST) and incubated with cor-
responding secondary antibody at room tem-
perature for 1 h. Immuno-reactive bands were
developed by enhanced chemiluminescence
(ECL) method.

Quantitative Real Time-Polymerase Chain
Reaction (gRT-PCR)

Tissue or cells were first lysed in TRIzol on ice
(Invitrogen, Carlsbad, CA, USA). The lysate was
then incubated with chloroform for extraction and
isopropanol for precipitation. After being washed
with 75% ethanol, the precipitate was air dried
and diluted in 20 uL of diethyl pyrocarbonate
(DEPC) water. The extracted RNA of each sam-
ple was reversely transcribed into complementary
deoxyribose nucleic acid (cDNA). QRT-PCR was
detected according to the instructions of SYBR®
Green Master Mix (TaKaRa, Otsu, Shiga, Japan).
The specific procedure was as follows: denatur-
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ation at 95°C for 1 min, 94°C for 30 s, 60°C for 30
s and 72°C for 30 s, for a total of 40 cycles. Glyc-
eraldehyde 3-phosphate dehydrogenase (GAP-
DH) was utilized as an internal reference. PCR
primers were listed in Table I. Relative expression
was calculated by the 2-*“ method as previously
described’.

Double-Staining of Hoechst 33342 and
Annexin V/Propidium lodide (PI)

Cells were first harvested and washed with
phosphate-buffered saline (PBS) twice. After
that, the cells were stained with 5 puL. Hoechst
33342 and 5 pL PI at 4°C for 20-30 min. After the
PBS washing, cell apoptosis was observed using
a fluorescence microscope.

Other cells were collected and re-suspended in
binding buffer. 100 uL cell suspension was trans-
ferred into a 5 mL flow cytometry tube, followed
by incubation with 5 uL. Annexin V and 10 pL. PI
in dark for 10 min. Finally, 300 uL. PBS was sup-
plied for the determination of normal, apoptotic
and necrotic cells by flow cytometry.

Statistical Analysis

Statistical Product and Service Solu
(SPSS) 13.0 software (IBM, Armonk,
USA) was utilized for all statistical analy
Quantitative data were representggda

compared with the
LP procedures which

of sepsts. Renal tubular epithelial cell
brush border loss, vacuolar degenera-
is, tubular formation, cell shedding,
and other pathological changes were significant-
ly pronounced at 12 h of CLP procedures when
compared with those at 6 h (Figure 1A). Besides,
the serum levels of BUN and SCr remarkably in-
creased in sepsis rats in a time-dependent manner
(Figure 1B and 1C). All the above pathological
changes indicated the successful construction of
the sepsis model in rats.

Expression Changes of Autophagy-
Related Genes and NKILA/AKT in Kidney
Tissues of Sepsis Rats

Western blot analysis showed that autophagy in-
dicators (LC3 and Beclin-1) were lowly expressed
in the sham group. LC3 and Beclin-1 were up-reg-
ulated at 6 h and reached the peak at 12 h, where-
as they were both down-regulated at 18 h. Protein
expression of activated caspase-3 increasas
prolongation of CLP procedures.
sepsis-induced AKI accelerated

were significantly
dures and reach

and started to decrease at 20 mg/L.
tein level of p-Akt (308) gradually in-
and reached the peak at 20 mg/L (Figure
3A). QRT-PCR results revealed that the highest
level of NKILA was at 10 mg/L, which decreased
at 20 mg/L (Figure 3B). Subsequently, HK-2 cells
were induced with 10 mg/L LPS for 0, 4, 8 and
12 h, respectively. The expression levels of LC3,
p-Akt (472) and NKILA achieved the highest lev-
els at 8 h and decreased at 12 h. On the contrary,
the expression level of p-Akt (308) still remained
high at 12 h (Figure 3C and 3D).

Regulatory Effect of PI3K Pathway
Inhibitor on Autophaqy and NKILA in
LPS-Induced HK-2 Cells

LPS-induced HK-2 cells were treated with
PI3K pathway inhibitor 3-MA or Akt inhibitor,
respectively. Both the proteins and the mRNA
levels of LC3 and NKILA were significantly in-
hibited by 3-MA or Akt inhibitor (Figure 4A and
4B). More importantly, treatment of 3-MA or Akt
inhibitor remarkably accelerated the apoptosis of
LPS-induced HK-2 cells (Figure 4C).

Discussion

The mortality of sepsis patients combined
with AKI is remarkably higher than those with-
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Figure 1. Pathological lesions in
group (magnification 40x). B,
of SCr in rats of sham group,

ergency medicine'.
the pathogenesis of
has been found that the

rdysfunction and the acute tu-
rosis (ATN) after renal ischemia are
pathogenic factors of sepsis-induced
AKI. However, renal pathology in death cases
of sepsis patients with AKI shows that ATN
occurs in more than 70% of patients. Howev-
er, renal tubular epithelial cell apoptosis is
more pronounced’. An in vivo experiment de-
termined renal hemodynamics in sepsis mice.
The results have shown that nearly two-thirds
of sepsis mice experienced renal ischemia.
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CLP

. A, HE staining of rat kidney tissues in sham group and CLP
Bf sham group, 6 h CLP group and 12 h CLP group. C, Serum level

However, the remaining showed unchangeable
or increased renal blood flow, which is more
similar to hyper-dynamic septic shock in hu-
mans’. In the case of constant or even increased
blood flow to the kidney, renal tubular epithe-
lial cells still undergo apoptosis. It is suggest-
ed that there are other factors responsible for
sepsis-induced AKI, except for renal hemo-
dynamic changes. Bacterial endotoxin and its
inflammatory factors are direct and important
causes of sepsis-induced kidney injury. Mean-
while, LPS stimulates severe inflammatory
reactions, thereby producing a large number
of inflammatory factors such as TNF-o and
ROS. As a result, oxidative stress, mitochon-
drial damage, and energy depletion ultimately
lead to the apoptosis of renal tubular epithelial
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cells. During this process, autophagy may be
significant in renal tubular epithelial damage
and repair.

Hypoxia, starvation and infection conditions
can lead to the degradation of damaged organ-
elles and macromolecular substances triggered
by autophagy-related genes in eukaryotic cells.
This degradation process contributes to main-
tain energy homeostasis, which differs from
cell apoptosis. Such a programmed death pro-
gression is known as autophagy. The final out-
come of apoptosis is cell death, while autoph-
agy is a double-edged sword for cell survival
and death'’. Meanwhile, autophagy is closely
related to apoptosis. Autophagy is required for
and occurs before apoptosis. An appropriate
degree of autophagy protects cells from apopto-
sis and necrosis, while excessive autophagy ac-
celerates cell death accompanied by apoptosis'.
Currently, ischemia-reperfusion, drug-induced
renal injury and obstructive nephropathy have
been extensively studied in researches of renal
tubular epithelial cell autophagy'*'*. The cru-
cial role of autophagy in sepsis has been widely
clarified in recent years. Autophagosomes gnd
mitochondrial oxidative stress can be obs
in the heart and liver tissues of sepsis pati
confirming the occurrence of autophagy in s
sis®®. In addition, LC3 and Becli deficie

Activated caspase-

Relative NKILA expression leve]

cy in sepsis animal models established by both
CLP or LPS administration can significantly
up-regulate the levels of inflammatory factors.
These results suggest that autophagy inhibition
may aggravate cellular inflammation'!. There-
fore, we suggested that autophagy is greatly in-
volved in the pathogenesis and inflammatory
response of sepsis.

PI3K/Akt is a classical survi

molecular mTOR.
established a s

al tubular epithelial cell
oss, vacuolar degenera-

ogical changes. Meanwhile, the
BUN and SCr significantly in-
ting the successful construction
s model in rats. Subsequently, the
and mRNA expression levels of auto-
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Figure 2. Expression changes of autophagy-related genes and NKILA/AKT in kidney tissues of sepsis rats. A, Western blot
analysis of LC3, Beclin-1 and activated caspase-3 in rat kidney tissues at 0, 6, 12 and 18 h after CLP procedures. B, Relative
expression of NKILA in rat kidney tissues at 0, 2, 6 and 12 h after CLP procedures by qRT-PCR. C, Western blot analysis of
p-Akt (308), p-Akt (472) and Akt in rat kidney tissues at 0, 2, 6 and 12 h after CLP procedures. »<0.05 vs. 0 h group.
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Figure 4. Regulatory effect of PI3K pathway inhibitor on autophagy and NKILA in LPS-induced HK-2 cells. HK-2 cells were
induced with LPS, followed by treatment with PI3K pathway inhibitor 3-MA or Akt inhibitor. A, Western blot analysis of LC3 in
HK-2 cells. B, Relative expression of NKILA in HK-2 cells. C, Apoptosis of HK-2 cells. *p<0.05 vs. control; #p<0.05 vs. LPS group.
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Western blot and qRT-PCR, respectively. The
results indicated that the expression levels of
LC3, Beclin-1, and NKILA/p-Akt remarkably
increased with the prolongation of sepsis. Inter-
estingly, Beclin-1 expression started to up-reg-
ulate at 6 h and achieved the peak at 12 h. How-
ever, Beclin-1 was significantly downregulated
at 18 h. This might be explained by the abundant
apoptosis resulted from long-term LPS induc-
tion that over-activated caspase-3 and cleaved
Beclin-1'%. Furthermore, in LPS-induced HK-2
cells, the expressions of LC3 and NKILA/p-
Akt were significantly up-regulated as well.
Both PI3K pathway inhibitor and Akt inhibitor
could down-regulate the expressions of autoph-
agy-related genes and accelerate cell apoptosis.
Our results suggested that NKILA/p-Akt could
regulate autophagy in sepsis-induced AKI.

In this study, we established classical in vivo
and in vitro sepsis models in rats and HK-2 cells,
respectively. The autophagy occurring in renal
tubular epithelial cells during sepsis was deter-
mined as well. Furthermore, we elucidated the
protective roles of NKILA/Akt and autophagy
in sepsis-induced AKI. Our results might help to
provide a new strategy for clinical interventi
sepsis-induced AKI.
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