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Abstract: Sepsis is a common and lethal syndrome. Long
non-coding RNA (IncRNA) transcript predicting survival
in AKI (TapSAKI) has recently been found to serve as an
important regulator in sepsis. However, the underlying
mechanism of TapSAKI in sepsis pathogenesis remains
largely unknown. Our data demonstrated that lipopoly-
saccharide (LPS)-induced HK-2 cell injury by weakening
cell viability and enhancing cell apoptosis and inflamma-
tion. TapSAKI was upregulated and miR-205 was down-
regulated in LPS-induced HK-2 cells. TapSAKI knockdown
or miR-205 overexpression alleviated LPS-induced cyto-
toxicity in HK-2 cells. TapSAKI sequestered miR-205 via
acting as a miR-205 sponge. Moreover, the mitigating
effect of TapSAKI silencing on LPS-induced HK-2 cell
injury was mediated by miR-205. Additionally, the inter-
feron regulatory factor 3 (IRF3) signaling was involved
in the regulation of the TapSAKI/miR-205 axis on LPS-
induced HK-2 cell damage. Our current study suggested
that TapSAKI silencing relieved LPS-induced injury in
HK-2 cells at least in part by sponging miR-205 and reg-
ulating the IRF3 signaling pathway, highlighting a novel
understanding for sepsis pathogenesis and a promising
target for this disease treatment.
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1 Introduction

Sepsis is a dysregulated systemic inflammatory response
to microbial infection that causes organ injury, lean
tissue wasting, and death. Although outcomes have
improved, the mortality of sepsis is still higher than
30% and even 40-50% when the shock is present
[1,2]. Thus, a better understanding of sepsis pathogen-
esis is meaningful to develop and deploy novel and
improved therapeutic agents.

Long non-coding RNAs (IncRNAs) are longer than
200-nucleotide RNA molecules that perform various func-
tions in a wide variety of crucial biological processes [3].
IncRNAs have recently been found to serve as important
regulators in human diseases, including sepsis [4]. For
instance, Wu et al. reported that Hox transcript antisense
intergenic RNA (HOTAIR) was upregulated in lipopoly-
saccharide (LPS)-induced sepsis mice, and it enhanced
inflammation via activating nuclear factor-kB (NF-kB)
signaling [5]. Chen and colleagues demonstrated that
metastasis-associated lung adenocarcinoma transcript 1
(MALAT1) promoted cardiac inflammation and dysfunc-
tion in sepsis through targeting microRNA (miRNA)-125b
and regulating the p38 NF-kB pathway [6]. Wang and
colleagues reported that IncRNA small nucleolar RNA
host gene 16 (SNHG16) regulated LPS-induced inflamma-
tory response by directly interacting with miRNA-15a/16
[7]. As for transcript predicting survival in AKI (TapSAKI),
it was highly expressed in the sepsis model and enhanced
cell inflammation and apoptosis in HK-2 cells after LPS
stimulation [8]. Nevertheless, the mechanism of TapSAKI
in sepsis pathogenesis remains largely undiscovered.

Recently, an increasing amount of evidence has sug-
gested that IncRNAs exhibit major biological functions
through the network of the competing endogenous RNA
by sponging miRNAs in human diseases [9]. miRNAs are
18-23 nucleotides long, single-stranded RNA transcripts
that act as essential players in human diseases, such as
sepsis [10,11]. A recent document reported that miR-205
was an independent risk factor for sepsis-induced acute
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kidney injury, and low miR-205 level predicted shorter
survival of this patient cohort [12]. Nevertheless, the
influence and mechanism of miR-205 in sepsis are still
undefined. A putative target sequence between TapSAKI
and miR-205 predicted by LncBase Predicted v.2 software
prompted us to examine miR-205 as a potential molecular
mediator of TapSAKI in sepsis pathogenesis.

In the current work, we first established the sepsis
in vitro model using LPS. Subsequently, we explored the
function impact of TapSAKI on cell viability, apoptosis,
and inflammation in LPS-induced HK-2 cells and the
underlying mechanism governing it.

2 Materials and methods

2.1 Cell culture and LPS treatment

Human renal proximal tubular epithelial cell line HK-2
(ATCC®CRL-2190; ATCC, Manassas, VA, USA) was grown
in Dulbecco’s-modified Eagle’s medium F12 (Invitrogen,
Burlington, ON, Canada) plus 10% fetal calf serum
(Bovogen, Australia) at 37°C in 95% 0,/5% CO, atmo-
sphere. To establish the sepsis in vitro model, LPS was
procured from Sigma-Aldrich (Buchs, Switzerland) and
used to treat HK-2 cells at various concentrations (O,
2.5, 5, and 10 pg/mL) or a final 5 ug/mL concentration.

2.2 Transfection of oligonucleotides

For TapSAKI silencing, HK-2 cells at 50% confluence were
introduced with 30 nM of small interfering RNA (siRNA)
against TapSAKI (si-TapSAKI, 5-AUUUGCAAGGAUUUGA
CUCUG-3’), and nontarget siRNA (si-NC, 5’-UUCUCCGAA
CGUGUCACGU-3’) was used as the negative control. For
miR-205 overexpression, 30 nM of synthetic miR-205
mimic (5-GUCUGAGGCCACCUUACUUCCU-3") or mimic
negative control (miR-NC, 5’-UUCUCCGAACGUGUCACG
UTT-3’) was transfected into HK-2 cells. miR-205 knock-
down was performed using 30 nM of miR-205 inhibitor
(anti-miR-205, 5'-AGGAAGUAAGGUGGCCUCAGAC-3’),
with nontarget miRNA inhibitor (anti-NC, 5’-UUUGUACU
ACACAAAAGUACUG-3’) as a negative group. All oligonu-
cleotides were synthesized by Sangon Biotech (Beijing,
China) and transfected into cells using the commercially
available Lipofectamine 3000 reagent (Invitrogen) fol-
lowing the manufacturer’s recommendation.
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2.3 Determination of cell viability

A viability test of cells after LPS stimulation and various
transfections was performed using a Cell Counting Kit-8
(CCK-8; Beyotime, Shanghai, China) referring to the pro-
ducer’s suggestion. Briefly, transfected or untransfected
HK-2 cells in 96-well plates were exposed to the indicated
concentration of LPS for 48 h. Then, CCK-8 reagent (10 uL
each well) was used, and absorbance at an optical density of
450 nm was detected after incubation at 37°C for 2 h using an
Infinite M200 Pro microplate reader (Tecan, Grodig, Austria).
Cell viability was presented as the percentage each concen-
tration accounted for of the negative control.

2.4 Measurement of cell apoptosis

HK-2 cells after various treatments were washed five
times with ice-cold PBS. The cells (1.0 x 10°) were resus-
pended in 200 pL of binding buffer containing 2 pL of
Annexin V-fluorescein isothiocyanate (FITC) and 4 pL
of propidium iodide (PI), referring to the suggestion of
the Annexin V-FITC/PI Detection Kit (Sigma-Aldrich).
The apoptotic cells were analyzed by a flow cytometer
(BD Bioscience, Stockholm, Sweden) with a 488 nm
laser.

2.5 Western blot

Preparation of cell lysates was carried out using the lysis
buffer, as described previously [13]. Approximately 50 pug
of total protein from each treatment was resolved on
an SDS-polyacrylamide gel and transferred onto the
nitrocellulose membranes (Bio-Rad, Kidlington, UK) by
electro-blotting. The following primary antibodies were
used: anti-Ki67 (ab92742; dilution 1:1,000), anti-Bax
(ab32503; dilution 1:1,000), anti-interleukin 6 (anti-IL-6,
ab6672; dilution 1:500), anti-tumor necrosis factor-a (anti-
TNFa, ab6671; dilution 1:1,000), anti-TANK binding kinase-1
(anti-TBK1, ab227182; dilution 1:2,000), anti-interferon reg-
ulatory factor 3 (anti-IRF3, ab25950; dilution 1:500), anti-
phosphorylated TBK1 (anti-p-TBK1, ab186469; dilution
1:500), anti-p-IRF3 (ab76493; dilution 1:3,000), and anti-B-
actin (ab8226, loading control; dilution 1:5,000) (all from
Abcam, Cambridge, UK). The immuno-detected proteins
were analyzed by chemiluminescence on a ChemiDoc
System (Bio-Rad).
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2.6 Quantitative real-time polymerase chain
reaction (qRT-PCR)

In TapSAKI expression assay, total RNA from HK-2 cells
after each treatment was extracted using TRIzol reagent
(Invitrogen), referring to the suggestion of manufac-
turers. cDNA was generated from 500 ng of total RNA
using the Prime-Script RT reagent kit (TaKaRa, Dalian,
China), then subjected to qRT-PCR using Green PCR Mix
(TaKaRa). In miR-205 detection assay, total RNA was
obtained using mirVana™ miRNA Isolation Kit (Ambion,
Invitrogen), reverse-transcribed using the TagMan RT Kit
(Applied Biosystems, Warrington, UK) and subjected to
gRT-PCR using TagMan MicroRNA Assay Kit (Applied
Biosystems). qRT-PCR was performed using the follow-
ing primers: TapSAKI 5-AAGAAGTCTGCTTCAGGGGC-3’
(Forward-F) and 5-CACTCCGTGGGAAAGTCCTC-3’ (Reverse-
R), GAPDH: 5-CACCCTGTTGCTGTAGCCATATTC-3' (F) and
5-GACATCAAGAAGGTGGTGAAGCAG-3’ (R), miR-205: 5-CTT
GTCCTTCATTCCACCGGA-3 (F) and 5-TGCCGCCTGAACTTCA
CTCC-3’ (R), U6: 5’-CTCGCTTCGGCAGCACA-3’ (F) and 5-AAC
GCTTCACGAATTTGCGT-3’ (R). GAPDH or U6 was used as a
housekeeping gene for normalization. The relative levels of
TapSAKI and miR-205 were calculated by the 27 method.
Additionally, gRT-PCR products were subjected to agarose gel
electrophoresis using the E-Gel Power Snap System (Thermo
Fisher Scientific, Waltham, MA, USA).

2.7 Bioinformatics

Analysis of the potentially interacted miRNAs of TapSAKI
was carried out using online database LncBase Predicted
v.2 based on complementary base pairing at http://carolina.
imis.athena-innovation.gr/diana_tools/web/index.php?r=
Incbasev2/index-predicted.

2.8 Dual-luciferase reporter assay

The partial sequence of TapSAKI harboring the miR-205-
binding site and the mutant sequence in the target site
were cloned into the pmirGLO vector (Promega, Nepean,
Canada) to construct TapSAKI wild-type luciferase reporter
plasmid (TapSAKI-WT) and mutant-type reporter plasmid
(TapSAKI-MUT), respectively. HK-2 cells were introduced
with 100ng of TapSAKI-WT or TapSAKI-MUT, together
with 30 nM of miR-NC mimic or miR-205 mimic. After 48 h,
Firefly and Renilla luciferase activities were synchronously
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measured using a Promega Reporter Assay System.
Relative luciferase activity was normalized against
Renilla luciferase activity and expressed as a percentage
of the control.

2.9 Statistical analysis

Statistical significance of all tests in different groups was
analyzed by Student’s t-test (two-sided) or one-way ana-
lysis of variance with Tukey’s post hoc test. Error bars
represented standard deviation. Differences were consid-
ered significant when P < 0.05.

3 Results

3.1 LPS weakened cell viability and
promoted the apoptosis and
inflammation in HK-2 cells

We first evaluated the impact of LPS on HK-2 cell viabi-
lity, apoptosis, and inflammation. The data of CCK-8 and
flow cytometry assays showed that when compared with
the negative group, cell viability was significantly hin-
dered (Figure 1a), and cell apoptosis was prominently
drove (Figure 1b) by LPS treatment in a dose-dependent
manner. Western blot analyses revealed that LPS stimu-
lation resulted in decreased proliferating marker Ki-67
expression and increased pro-apoptosis protein Bax level
in HK-2 cells (Figure 1c and e). Moreover, the production
of pro-inflammation factors IL-6 and TNFa was dose-
dependently elevated by LPS (Figure 1c, f, and g), eli-
citing the enhancement of LPS on the cellular inflamma-
tory response. All these data suggested that LPS induced
injury in HK-2 cells.

3.2 TapSAKI was upregulated and miR-205
was downregulated in LPS-treated HK-2
cells

Previous reports found that TapSAKI was closely asso-
ciated with sepsis-induced kidney injury [8,14]. We then
validated the expression of TapSAKI in HK-2 cells after LPS
stimulation. As expected, LPS-induced TapSAKI expres-
sion in a dose-dependent manner, as compared to the


http://carolina.imis.athena-innovation.gr/diana_tools/web/index.php?r=lncbasev2/index-predicted
http://carolina.imis.athena-innovation.gr/diana_tools/web/index.php?r=lncbasev2/index-predicted
http://carolina.imis.athena-innovation.gr/diana_tools/web/index.php?r=lncbasev2/index-predicted

584 —— Xiaoning Han et al.

DE GRUYTER

a b LPS 0 pg/mL 2.5 pg/mL
(@ 5. (b) T T o — 401
B < o *
3 2] s S
é Eé;‘ g |ay ~,\*i"‘ @ 30 *
B ey ® i 1 -
£ 1004 . e L e g
3 010° 19‘ 10° 10° 010° I?‘ 10° 10° w 20' k.3
N * Annexin V-FITC Annexin V-FITC 'a
- s 1 Q 4
8 Ty g e g 10
& & <
0 T T T Ol o Clow ] o 0 T T T
0 25 5 10 S VATC AmesinVeTC 0 25 5 10
LPS (pg/mL) LPS Spg/mL 10 pg/mL LPS (pg/mL)
(c) (d) (e)
g 1.5 g 2.5
R — — *
Ki-67 S - — %35 2 £ 201 )
° J
Bax s W w— s510 £ g 2 1.5 «
e 52
IL-6 w— — —— °® * o & 1.0]
2 ¢ 0.57 2 m
TNFo w—— - By £ %5 05l
. [ Q
B-actin WS S SN SN C 40 . = = € o0 . = =
LPS (ug/mL) 0 2.5 5 10 0 25 5 10 0 2.5 5 10
LPS (pg/mL) LPS (ug/mL)
(f) (9)
c 2.5 c 2.5
S S c
35 20 * 23 2.0 %
o ° * [ *
S £ 15 . S & 1.59 .
3l -]
o 1 1.0 o L 1.04
== ==
& '5 0.5 S« 0.5
2 g°
0.0 T T T 0.0 T r T
0 2.5 5 10 0 2.5 5 10
LPS (pg/mL) LPS (pg/mL)

Figure 1: LPS weakened cell viability and promoted apoptosis and inflammation in HK-2 cells. HK-2 cells were exposed to various con-
centrations (0, 2.5, 5, and 10 pg/mL) of LPS for 48 h. (a) CCK-8 assay for cell viability. (b) Flow cytometry for cell apoptosis. (c-g) Western

blot for Ki-67, Bax, IL-6, and TNFa levels. *P < 0.05.

negative control (Figure 2a). More interestingly, the data of
gRT-PCR also demonstrated that LPS dose-dependently
declined miR-205 expression in HK-2 cells (Figure 2b).

3.3 TapSAKI silencing attenuated LPS-
induced damage in HK-2 cells

To elucidate the effect of TapSAKI on LPS-treated HK-2
cells, we reduced TapSAKI expression by si-TapSAKI. In
contrast to the negative control, the introduction of
si-TapSAKI induced about a 59% downregulation of
TapSAKI expression in HK-2 cells (Figure 3a), indicating
the high transfection efficiency. Subsequent CCK-8 and
flow cytometry analyses revealed that LPS-mediated anti-
viability (Figure 3b) and pro-apoptosis (Figure 3c) effects
were strikingly abolished by TapSAKI knockdown. More-
over, TapSAKI depletion in LPS-treated HK-2 cells led to
the restoration of Ki-67, Bax, IL-6, and TNFa levels,

which were changed by LPS stimulation (Figure 3d-h).
These data together suggested that TapSAKI knockdown
protected HK-2 cells from LPS-induced damage.

3.4 TapSAKI acted as a sponge of miR-205

To further understand the mechanism by which TapSAKI
knockdown relieved LPS-induced cytotoxicity, we per-
formed a detailed analysis for the miRNAs that potentially
bind to TapSAKI. In silico prediction by LncBase Predicted
v.2 software revealed a putative complementary sequence
for miR-205 in TapSAKI (Figure 4a). To confirm this, Tap-
SAKI luciferase reporter plasmid harboring the miR-205-
binding sequence or a site-directed mutant (in the target
sequence) was transfected into HK-2 cells with miR-205
mimic or miR-NC mimic. Cotransfection of wild-type
reporter and miR-205 mimic in cells resulted in about a
50% reduction in luciferase activity (Figure 4b).
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Figure 2: TapSAKI was upregulated and miR-205 was downregulated in HK-2 cells after LPS stimulation. TapSAKI (a) and miR-205
(b) expression levels by qRT-PCR and agarose gel electrophoresis assay in HK-2 cells after stimulation with various concentrations (0, 2.5, 5,
and 10 pg/mL) of LPS for 48 h. *P < 0.05, **P < 0.01.
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Figure 3: TapSAKI silencing attenuated LPS-induced damage in HK-2 cells. (a) gRT-PCR for TapSAKI expression in HK-2 cells transfected with
si-NC or si-TapSAKI. Cell viability by CCK-8 assay (b), cell apoptosis by flow cytometry (c and d), Ki-67, Bax, IL-6, and TNFa levels by western
blot (e-i) in HK-2 cells transfected with or without si-NC or si-TapSAKI before LPS exposure. *P < 0.05.
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However, no change was observed in the luciferase
activity of mutant-type reporters upon miR-205 over-
expression (Figure 4b), indicating the validity of these
binding sites for interaction. Moreover, in comparison
to the negative group, miR-205 expression was remark-
ably increased by TapSAKI silencing (Figure 4c), sug-
gesting that the miR-205-binding sequence was func-
tional. All these results strongly pointed out the role of
TapSAKI as a molecular sponge of miR-205.

3.5 miR-205 overexpression relieved LPS-
induced damage in HK-2 cells

Next, we tested the role of miR-205 in LPS-induced HK-2
cell damage. Transient introduction of miR-205 mimic,
but not the miR-NC control, led to about a seven-fold
augment in miR-205 expression (Figure 5a). The results
of CCK-8 and flow cytometry showed that miR-205 upre-
gulation resulted in enhanced cell viability (Figure 5b)
and attenuated cell apoptosis (Figure 5c and d), which
were altered by LPS stimulation. Furthermore, high miR-
205 expression triggered a distinct increase in Ki-67
expression and the clear decrease in Bax, IL-6, and
TNFa levels in LPS-treated HK-2 cells (Figure 5e—i). These
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data together hinted that miR-205 upregulation alleviated
HK-2 cell injury induced by LPS.

3.6 miR-205 mediated the alleviated effect
of TapSAKI silencing on LPS-induced
HK-2 cell injury

To provide further mechanistic insight into the link
between TapSAKI and miR-205 in LPS-induced cytotoxi-
city, HK-2 cells were cotransfected with si-TapSAKI and
anti-miR-205 before LPS exposure. In contrast to the
negative group, anti-miR-205 introduction induced about
a 55% downregulation in miR-205 expression (Figure 6a),
indicating the high transfection efficiency. Subsequent
experiments showed that compared with the negative con-
trol, TapSAKI knockdown-mediated pro-viability (Figure 6b)
and anti-apoptosis (Figure 6c) effects in LPS-induced HK-2
cells were markedly abolished by the cotransfection of
anti-miR-205. Moreover, TapSAKI silencing-mediated
Ki-67 augment, Bax reduction, IL-6 decrease, and TNFa
repression were significantly reversed by anti-miR-205
cotransfection (Figure 6d—h). All these data strongly estab-
lished a notion that TapSAKI silencing alleviated LPS-
induced HK-2 cell damage by upregulating miR-205.
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Figure 5: miR-205 overexpression protected HK-2 cell from LPS-induced injury. (a) gRT-PCR for miR-205 level in HK-2 cells transfected with
miR-205 mimic or miR-NC mimic. CCK-8 assay for cell viability (b), flow cytometry for cell apoptosis (c and d), western blot for Ki-67, Bax,
IL-6, and TNFa levels (e-i) in HK-2 cells transfected with or without miR-205 mimic or miR-NC mimic before LPS exposure. *P < 0.05.

3.7 IRF3 signaling pathway was involved in
the regulation of the TapSAKI/miR-205
axis on LPS-induced HK-2 cell injury

IRF3 signaling, one component of the TLR4 signaling
pathway, has been highlighted to contribute to sepsis
pathogenesis [15,16]. TBK1 is an essential component of
the IRF3 signaling pathway [17]. Hence, we investigated
whether this pathway was involved in the TapSAKI/
miR-205-mediated regulation on LPS-induced HK-2 cell
damage by detecting the levels of p-TBK1 and p-IRF3.
The data of western blot showed that when compared
with the negative control, LPS induced the activation
of the pathway, as evidenced by the increase of p-TBK1
and p-IRF3 expression in HK-2 cells (Figure 7a and b).
Of interest, si-TapSAKI transfection resulted in reduced
p-TBK1 and p-IRF3 levels in LPS-treated HK-2 cells
(Figure 7a and b). However, this effect was prominently
abolished by anti-miR-205 cotransfection (Figure 7a and b).
Taken together, these results suggested that TapSAKI

knockdown blocked IRF3 signaling in LPS-induced
HK-2 cells via miR-205.

4 Discussion

Severe sepsis and septic shock are common and lethal
syndromes [2]. The pathogenesis of sepsis is complex,
and a better understanding of the pathogenesis is impera-
tive for improving this disease treatment. LPS can induce
the development of cellular inflammation and apoptosis
[18]. LPS has been widely used for the establishment of
the sepsis model in vitro and in vivo [19,20]. In the current
work, we first established the sepsis in vitro model, and
our data validated that LPS-induced HK-2 cell damage
through weakening cell viability and promoting cell apop-
tosis and inflammation, in line with previous studies
[21,22]. Subsequently, we further investigated the role
and mechanism of TapSAKI in cell viability, apoptosis,
and inflammation in LPS-induced HK-2 cells.
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Figure 6: The alleviated effect of TapSAKI depletion on LPS-induced HK-2 cell damage was reversed by anti-miR-205 cotransfection. (a) miR-
205 expression by qRT-PCR in HK-2 cells transfected with anti-NC or anti-miR-205. Cell viability by CCK-8 assay (b), cell apoptosis by flow
cytometry (c), Ki-67, Bax, IL-6, and TNFa levels by western blot (d-h) in HK-2 cells transfected with or without si-NC, si-TapSAKI, si-TapSAKI +
anti-NC, or si-TapSAKI + anti-miR-205 before LPS treatment. *P < 0.05.
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Figure 7: TapSAKI knockdown blocked IRF3 signaling in LPS-induced HK-2 cells via miR-205. (a and b) The expression levels of p-TBK1, TBK1,
p-IRF3, and IRF3 by western blot in HK-2 cells transfected with or without si-NC, si-TapSAKI, si-TapSAKI + anti-NC, or si-TapSAKI + anti-miR-
205 before LPS treatment. *P < 0.05.
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level has been uncovered as a predictor of mortality in
patients with acute kidney injury [14,23], which is often
caused by sepsis [24]. In the current study, our data
demonstrated a significant upregulation of TapSAKI in
LPS-treated HK-2 cells, consistent with a recent docu-
ment [8]. Moreover, we uncovered that TapSAKI silencing
alleviated LPS-induced HK-2 cell injury, as evidenced by
the enhancement in cell viability, as well as the suppres-
sion in cell apoptosis and inflammation.

Then, we used online software LncBase Predicted v.2
to help identify the miRNAs that potentially bind to
TapSAKI. Among these predicted candidates, miR-205
was of particular interest in the current work, because
it had been demonstrated to be the most downregulated
miRNA in sepsis-induced acute kidney injury [12]. miR-
205 has been reported to implicate in the tumorigenesis
and progression of many human cancers, such as renal
cell carcinoma, breast cancer, and colorectal cancer [25-27].
Moreover, decreased miR-205 level was associated with
inflammatory breast cancer [28]. Additionally, low miR-
205 expression in cutaneous T-cell lymphomas was able
to distinguish between benign and malignant inflammation
with the high specificity and sensitivity [29]. In the current
project, we were first to identify that TapSAKI acted as a
miR-205 sponge by directly binding to miR-205. Further-
more, we first uncovered that high expression of miR-205
protected HK-2 cells from LPS-induced damage. More
importantly, our data first substantiated that the alleviated
impact of TapSAKI silencing on LPS-induced HK-2 cell
damage was mediated by miR-205.

TLR4 signaling pathway, including TLR4/NF-xB and
TLR4/IRF3 pathways, contributes to the pathogenesis of
sepsis [30,31], and the signaling is activated by LPS sti-
mulation [32]. Wendy et al. reported that IRF3 signaling
was activated in macrophages cultured with live bacteria
and enhanced systemic inflammatory response [15]. In
the present work, we first demonstrated that TapSAKI
knockdown could block IRF3 signaling in LPS-induced
HK-2 cells via miR-205. Similar to our findings, Shen
and colleagues showed that TapSAKI enhanced inflam-
mation damage in HK-2 cells through sponging miR-22
and regulating phosphatase and tensin homolog (PTEN)/
TLR4/NF-kB pathway [8]. The current work was limited
to in vitro studies, and more in vivo research studies using
the sepsis model will be carried out in further work.

In conclusion, the current research suggested that
TapSAKI deficiency alleviated LPS-induced injury in HK-2
cells possibly through functioning as a miR-205 sponge
and regulating the IRF3 signaling pathway. Our present
work provided a novel understanding of sepsis pathogen-
esis and a promising target for this disease treatment.

TapSAKI silencing alleviates LPS-induced HK-2 cell injury =— 589

Abbreviations

AKI acute kidney injury

IRF3 interferon regulatory factor 3
IncRNA  long non-coding RNA

LPS lipopolysaccharide

TapSAKI transcript predicting survival in AKI

Acknowledgment: The present study was supported by
The Affiliated Hospital of Qingdao University.

Authors contribution: Conceptualization: Xiaoning Han
and Zhiyong Yuan. Data curation: Yajun Jing. Formal
analysis: Xiaoning Han and Zhiyong Yuan. Investigation:
Yunbo Sun and Jinyan Xing. Methodology: Xiaoning
Han. Resource: Zhiyong Yuan and Yajun Jing. Software:
Yunbo Sun and Weigui Zhou. Supervision: Weigui Zhou
and Jinyan Xing. Writing-original draft: Xiaoning Han.
Writing-review and editing: Zhiyong Yuan.

Conflict of interest: The authors declare that they have no
financial conflicts of interest.

References

[1] Cecconi M, Evans L, Levy M, Rhodes A. Sepsis and septic
shock. Lancet. 2018;392:75-87.

[2] Gotts JE, Matthay MA. Sepsis: pathophysiology and clinical
management. BMJ (Clin Res Ed). 2016;353:i1585.

[3] Quinn ), Chang HY. Unique features of long non-coding RNA
biogenesis and function. Nat Rev Genet. 2016;17:47-62.

[4] Ho ), Chan H, Wong SH, Wang MHT, Yu J, Xiao Z, et al. The
involvement of regulatory non-coding RNAs in sepsis: a sys-
tematic review. Crit Care (London, Engl). 2016;20:383-383.

[5] Wu H, Liu ), Li W, Liu G, Li Z. IncRNA-HOTAIR promotes TNF-a
production in cardiomyocytes of LPS-induced sepsis mice by
activating NF-kB pathway. Biochem Biophys Res Commun.
2016;471:240-6.

[6] Chen H, Wang X, Yan X, Cheng X, He X, Zheng W. [ncRNA
MALAT1 regulates sepsis-induced cardiac inflammation and
dysfunction via interaction with miR-125b and p38 MAPK/
NFkB. Int Inmunopharmacol. 2018;55:69-76.

[7] WangW, Lou C, Gao J, Zhang X, Du Y. IncRNA SNHG16 reverses
the effects of miR-15a/16 on LPS-induced inflammatory
pathway. Biomed Pharmacother. 2018;106:1661-7.

[8] Shen |, Liu L, Zhang F, Gu J, Pan G. IncRNA TapSAKI promotes
inflammation injury in HK-2 cells and urine derived sepsis-
induced kidney injury. ] Pharm Pharmacol. 2019;71:839-48.

[9] Salmena L, Poliseno L, Tay Y, Kats L, Pandolfi PP. A ceRNA
hypothesis: the Rosetta Stone of a hidden RNA language? Cell.
2011;146:353-8.



590 —— Xiaoning Han et al.

(10]

(11]

(12]

[13]

(14]

(15]

(16]

(17]

(18]

(19]

[20

Essandoh K, Fan G-C. Role of extracellular and intracellular
microRNAs in sepsis. Biochim Biophys Acta.
2014;1842:2155-62.

Benz F, Roy S, Trautwein C, Roderburg C, Luedde T. Circulating
microRNAs as biomarkers for sepsis. Int ] Mol Sci. 2016;17:78.
LinY, DingY, Song S, Li M, Wang T, Guo F. Expression patterns
and prognostic value of miR-210, miR-494, and miR-205 in
middle-aged and old patients with sepsis-induced acute
kidney injury. Bosn | Basic Med Sci. 2019;19:249-56.

HeY, Zeng MY, Yang D, Motro B, Nifiez G. NEK7 is an essential
mediator of NLRP3 activation downstream of potassium efflux.
Nature. 2016;530:354-7.

Lorenzen JM, Schauerte C, Kielstein JT, Hiibner A, Martino F,
Fiedler ], et al. Circulating long noncoding RNATapSaki is a
predictor of mortality in critically ill patients with acute kidney
injury. Clin Chem. 2015;61:191-201.

Walker WE, Bozzi AT, Goldstein DR. IRF3 contributes to sepsis
pathogenesis in the mouse cecal ligation and puncture model.
J Leukoc Biol. 2012;92:1261-8.

Song Y, Liu X, Yue H, Ji J, Dou H, Hou Y. Anti-inflammatory
effects of benzenediamine derivate FC-98 on sepsis injury in
mice via suppression of JNK, NF-kB and IRF3 signaling path-
ways. Mol Immunol. 2015;67:183-92.

Fitzgerald KA, McWhirter SM, Faia KL, Rowe DC, Latz E,
Golenbock DT, et al. IKKepsilon and TBK1 are essential com-
ponents of the IRF3 signaling pathway. Nat Immunol.
2003;4:491-6.

Liu C-J, Lin J-Y. Anti-inflammatory and anti-apoptotic effects of
strawberry and mulberry fruit polysaccharides on lipopoly-
saccharide-stimulated macrophages through modulating
pro-/anti-inflammatory cytokines secretion and Bcl-2/Bak
protein ratio. Food Chem Toxicol. 2012;50:3032-9.

Takaoka Y, Goto S, Nakano T, Tseng H-P, Yang S-M,
Kawamoto S, et al. Glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) prevents lipopolysaccharide (LPS)-induced,
sepsis-related severe acute lung injury in mice. Sci Rep.
2014;4:5204.

Quoilin C, Mouithys-Mickalad A, Lécart S, Fontaine-Aupart MP,
Hoebeke M. Evidence of oxidative stress and mitochondrial
respiratory chain dysfunction in an in vitro model of sepsis-

(21]

(22]

(23]

[24

(25]

N
o

(27]

(28]

[29

W
S/

(31]

(32]

DE GRUYTER

induced kidney injury. Biochim Biophys Acta.
2014;1837:1790-800.

Huang W, Lan X, Li X, Wang D, Sun Y, Wang Q, et al. Long non-
coding RNA PVT1 promote LPS-induced septic acute kidney
injury by regulating TNFa and JNK/NF-kB pathways in HK-2
cells. Int Immunopharmacol. 2017;47:134-40.

Li C, Wu J, Li Y, Xing G. Cytoprotective effect of heat shock
protein 27 against lipopolysaccharide-induced apoptosis of
renal epithelial HK-2 cells. Cell Physiol Biochem.
2017;41:2211-20.

Zhou P, Chen Z, Zou Y, Wan X. Roles of non-coding RNAs in
acute kidney injury. Kidney Blood Press Res. 2016;41:757—-69.
Gomez H, Kellum JA. Sepsis-induced acute kidney injury.
Curr Opin Crit Care. 2016;22:546-53.

Hirata H, Hinoda Y, Shahryari V, Deng G, Nakajima K,
Tabatabai ZL, et al. Long noncoding RNA MALAT1 promotes
aggressive renal cell carcinoma through Ezh2 and interacts
with miR-205. Cancer Res. 2015;75:1322-31.

Piovan C, Palmieri D, Di Leva G, Braccioli L, Casalini P,
Nuovo G, et al. Oncosuppressive role of p53-induced miR-205
in triple negative breast cancer. Mol Oncol. 2012;6:458-72.
Eyking A, Reis H, Frank M, Gerken G, Schmid KW, Cario E.
miR-205 and miR-373 are associated with aggressive human
mucinous colorectal cancer. PLoS One. 2016;11:e0156871.
Huo L, Wang Y, Gong Y, Krishnamurthy S, Wang ), Diao L, et al.
MicroRNA expression profiling identifies decreased expres-
sion of miR-205 in inflammatory breast cancer. Mod Pathol.
2016;29:330-46.

Ralfkiaer U, Hagedorn PH, Bangsgaard N, Lgvendorf MB,
Ahler CB, Svensson L, et al. Diagnostic microRNA profiling in
cutaneous T-cell lymphoma (CTCL). Blood. 2011;118:5891-5900.
Kuzmich NN, Sivak KV, Chubarev VN, Porozov YB, Savateeva-
Lyubimova TN, Peri F. TLR4 signaling pathway modulators as
potential therapeutics in inflammation and sepsis. Vaccines.
2017;5:34.

Salomao R, Martins PS, Brunialti MKC, Fernandes MdL,
Martos LSW, Mendes M.E., et al., TLR signaling pathway in
patients with sepsis. Shock. 2008;30(Suppl 1):73-7.

Lu Y-C, Yeh W-C, Ohashi PS. LPS/TLR4 signal transduction
pathway. Cytokine. 2008;42:145-51.



	1 Introduction
	2 Materials and methods
	2.1 Cell culture and LPS treatment
	2.2 Transfection of oligonucleotides
	2.3 Determination of cell viability
	2.4 Measurement of cell apoptosis
	2.5 Western blot
	2.6 Quantitative real-time polymerase chain reaction (qRT-PCR)
	2.7 Bioinformatics
	2.8 Dual-luciferase reporter assay
	2.9 Statistical analysis

	3 Results
	3.1 LPS weakened cell viability and promoted the apoptosis and inflammation in HK-2 cells
	3.2 TapSAKI was upregulated and miR-205 was downregulated in LPS-treated HK-2 cells
	3.3 TapSAKI silencing attenuated LPS-induced damage in HK-2 cells
	3.4 TapSAKI acted as a sponge of miR-205
	3.5 miR-205 overexpression relieved LPS-induced damage in HK-2 cells
	3.6 miR-205 mediated the alleviated effect of TapSAKI silencing on LPS-induced &QJ;HK-2 cell injury
	3.7 IRF3 signaling pathway was involved in the regulation of the TapSAKI/miR-205 axis on LPS-induced HK-2 cell injury

	4 Discussion
	Abbreviations
	Acknowledgment
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU <FEFF0056006500720073006900740061002000410064006f00620065002000440069007300740069006c006c00650072002000530065007400740069006e0067007300200066006f0072002000410064006f006200650020004100630072006f006200610074002000760036>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


