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Long intergenic non-coding RNA -00917 regulates the proliferation,
inflammation, and pyroptosis of nucleus pulposus cells via targeting miR-149-
5p/NOD-like receptor protein 1 axis
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ABSTRACT ARTICLE HISTORY
Intervertebral disc degeneration (IDD) has caused great trouble in people’s lives. Dysregulated Received 21 December 2021
long noncoding RNAs (IncRNAs) are closely linked to IDD progression. Our study aims to analyze Revised 29 January 2022
the role of LINC00917 in the progression of IDD. Forty nucleus pulposus (NP) IDD tissues and 40 Accepted 2 February 2022
NP tissues of intervertebral discs without apparent degeneration were collected. TBHP was used KEYWORDS

to induce IDD. Cell proliferation was measured using the MTT and EdU assays. Pyroptosis was Intervertebral disc
detected using flow cytometry. RT-qPCR and Western blot assays were performed to determine degeneration; LINC00917;
mRNA, miRNA, and protein expression. Dual-luciferase reporter and RNA pull-down assays were pyroptosis; inflammation
performed to verify the relationship between LINC00917 or NLRP1 and miR-149-5p. LINC00917

expression was enhanced in TBHP-treated nucleus pulposus cells (NPCs). The knockdown of

LINC00917 promoted proliferation and inhibited cytotoxicity, inflammatory response, and pyrop-

tosis of NPCs. LINC00917 functions as a sponge for miR-149-5p. Having silenced miR-149-5p, the

effects of LINC00917 knockdown on NPC proliferation and inflammation-induced pyroptosis were

alleviated. NLRP1 overexpression induced cellular dysfunction and pyroptosis of NPCs. LINC00917

knockdown restored NPC cellular functions and inhibited IDD progression by modulating the miR-

149-5p/NLRP1 axis.
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LINC00917 served as a miR-149-5p sponge in NPCs.

Introduction .. .
water molecules, and decrease in tissue osmotic

In general, intervertebral disc degeneration (IDD)  pressure, which induce changes in the mechanical
induces the development of lower back pain and  action of the intervertebral disc and ultimately
shoulder and neck pain [1]. IDD is characterized  cause pain in a specific area [2]. The typical symp-
by changes in the proteoglycan state, loss of bound ~ tom of IDD is lower back pain; approximately
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75-85% of the elderly suffer from lower back pain
induced by IDD [3]. This significantly affects the
quality of life and work efficiency and increases
the expenditure of medical care [4]. In addition,
previous studies demonstrated that IDD can lead
to neurological deficits and disability [5,6].
Currently, cytokine/protein injection, cell trans-
plantation, and gene transfer are three potential
strategies for the treatment of IDD [7~°]. However,
the existing side effects neutralize the clinical out-
comes. Therefore, it is important to explore an
effective method for treating IDD.

IDD is usually caused by programmed cell death
of nucleus pulposus cells (NPCs), because NPCs
are essential for maintaining the mechanical and
biochemical homeostasis of the intervertebral disc
[10]. Recent studies have illustrated that when
IDD occurs, NPCs would form inflammasomes
and die via pyroptosis [11,12]. It has been reported
that pyroptosis is more dangerous than apoptosis,
because pyroptotic cells release a lot of inflamma-
tory factors, which would lead to aggravation of
the inflammatory response [13]. Hence, inhibition
of pyroptosis may be an effective method for IDD
treatment.

In recent years, the potential of long-chain non-
coding RNAs (IncRNAs) for IDD treatment has
attracted increasing attention [14,15]. LncRNAs
are important gene regulators in eukaryotic cells.
LncRNAs regulate gene expression by modulating
gene transcription, epigenome regulation, protein
coding gene translation, and genome defense; on
the other hand, IncRNAs participate in biological
processes, including cell growth and metabolism
[16,17]. Previous studied revealed that numerous
IncRNAs are dysregulated in degenerative nucleus
pulposus (NP) [18,19]. Chen et al. [20] found that
135 IncRNAs were upregulated and 170 were
downregulated in IDD samples, among which
LINC00917 was the most significantly differen-
tially expressed IncRNA and suspected to modu-
late IDD progression. However, there was no
further evidence to support this conjecture.

Therefore, in this study, we predicated and con-
firmed that LINCO00917 functions as a miR-149-5p
sponge and NLRP1 is targeted by miR-149-5p via
bioinformatic tools. We aimed to explore the spe-
cific action mechanism of LINC00917 in IDD. In
addition, we hypothesized that LINC00917
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participates in the proliferation and pyroptosis of
the TBHP treated NPCs via regulating miR-149-
5p/NLRP1 axis.

Material and methods
Bioinfomatic analysis

The target miRNA of LINC00917 was predicted by
in online starBase software (http://starbase.sysu.
edu.cn/). Besides, the target gene of miR-149-5p
was predicted in online TargetScan software
(http://www.targetscan.org/vert_71/).

Tissues samples

The 40 NP tissues of the intervertebral disc degen-
eration (IDD group) patients (sex, 23 male and 17
female; mean age, 24.3 + 5.1; Pfirrmann grade IV)
and 40 NP tissues of intervertebral disc without
apparent degeneration patients (sex, 18 male and
22 female; mean age, 22.5 * 4.2; Pfirrmann grade
I or II) were collected from idiopathic scoliosis
surgery in Air Force Medical Center of PLA. All
patients agreed to our experiments and signed the
informed consent form. Our research was
approved by the ethics committee of Air Force
Medical Center of PLA.

Cell isolation and transfection

Next, according to the previous study [21], we
collected the NP tissues, cut them into 1 mm’
pieces, and placed them in a centrifuge tube.
Trypsin (0.25%) was added to the tubes for diges-
tion at 37°C in water and centrifuged for 20 min.
Next, the supernatant was discarded and type-II
collagenase was added. NPCs were maintained in
the DMEM-F12 medium supplemented with 10%
FBS and 5% CO2 at 37°C. To establish the IDD
model in vitro, the NPCs were cultured with
100 uM TBHP for 4 h. NPCs from the control
group were added to the same amount of culture
medium.

Cells in the logic growth phase were transfected
with siRNA targeting LINC00917 (si-LINC00917
1#, si-LINCO00917 2#), miR-149-5p mimic and
inhibitor, overexpression NLRP1 (oe-NLRP1),
and their controls (Genepharma, China) using
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Lipofectamine® 3000 reagent (Invitrogen, USA). si-
LINCO00917 1#: 5-CUUUCUGUCACAUUGA
CCACCCUG-3’; si-LINC00917 2#: 5-
UAGCACCAUUUGAAAUCAGUGUU-3.

RT-qPCR

TRIzol (Beyotime, Nantong, China) was used to
separate RNA. Nanodrop1000 (Invitrogen, USA)
was used to analyze the purity and concentration
of the extracted RNA to ensure 8 < OD260/
OD280 < 2.0. The diluted RNA was reverse-
transcribed using a reverse transcription kit
(Takara, Dalian, China). The reverse transcription
parameters were as follows: reaction at 37°C for
15 min, 3 cycles; denatured at 85°C for 5 s. Next,
the SYBR® Premix Ex Taq™ quantitative kit was
used to perform RT-qPCR. The reaction condi-
tions were as follows: pre-denaturation at 95°C
for 30s, 40 cycles; denaturation at 95°C for 5
s and annealing at 60°C for 30s. GAPDH was
used as the internal reference. The 27**“' method
was used to quantify the relative expression
according to a previous study [22].

MTT

According to a previous study [23], NPCs in each
group were seeded in 96-well plates at a density of
1 x 10* cells/well and cultured for twenty-four
hours. Then, the cell was treated with MTT for
four hours. Next, the cells were treated with
dimethyl sulfoxide. Finally, optical density was
measured at 490 nm using a microplate reader
(Thermo Scientific, CA, USA).

EdUu

According to a previous study [24], NPC cells
(4000 cells/well) were seeded in 96-well plates.
Next, 50 uM EdU solution (KeyGEN, Nanjing,
China) was added. After culturing for one hour,
the NPCs were washed, and 100 uL PBS contain-
ing 4% paraformaldehyde was added for 30 min.
Next, NPCs were incubated with 2 mg/mL glycine
and 100 puL PBS (containing 0.5% Triton X-100).
Subsequently, NPCs were incubated with 1 mg/mL
DAPI for 10 min. Finally, a fluorescence micro-
scope (Thermo Scientific) was used to observe the

five randomly selected fields, and the number of
EdU-positive cells was quantified.

Determination of cell pyroptosis

According to a previous study [25], NPCs (1 x 10°
cells/ml) were seeded into 24-well plates. The cells
were then washed and resuspended. After that, the
cells were incubated with 5 ml pl Hoechst33342
and 5 pl PI in the dark for 15 min. Finally, the
pyroptotic cells were analyzed by flow cytometry
(BD Biosciences, USA).

Western blot

According to a previous study [26], radioimmuno-
precipitation assay lysis buffer was used to separate
the proteins from the NPCs. The protein concentra-
tion was analyzed using a BCA Kit (Beyotime).
Then, 60 g of protein was selected to conduct the
twelve alkyl sulfate polyacrylamide gel electrophor-
esis. The proteins were then transferred to a PVDF
membrane. The membranes were blocked and incu-
bated with primary antibodies overnight at 4°C
(anti-NLRP3, 1:600; anti-GADMD-N, 1:1000;
Caspasel, 1:800; GAPDH, 1:2000; Abcam, USA).
The membranes were then probed with an HRP-
conjugated secondary antibody. Next, the mem-
branes were exposed and imaged using ECL detec-
tion reagents (Thermo Scientific). The Image]
software (version. 1.8.0, National Institutes of
Health) was used to quantify proteins.

Dual-Luciferase reporter assay

According to a previous study [27], the wild-type
(WT) and mutant (MUT) 3 UTR regions of
LINC00917 and NLRP1 were cloned into the pmiR-
RB-Report™ vector (Promega). The miR-149-5p
mimic and the WT and MUT 3K UTR regions of
LINCO00917 or NLRP1 were co-transfected into the
NPCs. The dual-luciferase reporter assay system
(Promega) was used to measure luciferase activity.

RNA pull-down assay

According to a previous study [28], the NPCs were
treated with biotinylated miR-149-5p or NC
probes. After transfection for 48 h, the NPCs



were treated with cell lysate (Ambion, Austin, TX,
USA) for 10 min. The cleavage was incubated with
beads precoated with M-280 streptavidin (Sigma)
at 4°C for 3 h. Then, the bound RNA was purified
using Trizol (Boyetime), and LINCO00917 or
NLRP1 levels were measured by RT-qPCR.

Animal experiments

The 18 male mice were provided by the Air Force
Medical Center of PLA. Before the beginning of
the experiment, all mice were adaptively raised in
the animal room for 3 days, conventionally raised
alone, and free to food and drink. Then the mice
were randomly divided into 3 groups with 6 mice
in each group: Sham group, Model+LV-sh-NC
group and Model+LV-sh-LINC00917 group. The
specific puncture methods for IDD establishment
were as follows: The mice were injected 10%
chloral hydrate intraperitoneally to anesthesia.
After that, the C2-C6 supraspinous ligament and
interspinous ligament of the mice were removed in
turn, the skin was sutured after hemostasis. After
the operation, intramuscular injection of penicillin
8 x 104 U was administered every day for 3 con-
secutive days. The mice in the Sham group were
only sutured after incision of the skin to stop the
bleeding. Seven days after modeling, the 20 uL LV-
sh-NC or LV-sh-LINC00917 (107 particles/pL)
were intravenously injected via the tail vein into
designated group to knockout the LINC00917
expression. After four weeks, the mice were eutha-
nized and intervertebral disc tissues were collected.
The animal studies were approved by the ethics
committee of Air Force Medical Center of PLA.

Determiantion of the Basso Beattie Bresnahan
(BBB) score, paw withdrawal latency and paw
withdrawal threshold

Before the mice in each group were killed, the
mice were placed in a transparent observation
box and counted with a stopwatch. From the con-
tact between the hind foot and the tray to the
emergence of tiptoe, retraction, licking and strug-
gle, the latency of hot stimulation foot contraction
reflex was recorded, and paw withdrawal latency
and paw withdrawal threshold were measured.
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Additionally, the BBB score were also recorded
according to a previous study [29].

HE staining

According to a previous study [30], all mice were
killed under excessive anesthesia with 3%
Pentobarbital Sodium. Then the back skin of the
mcie was cut and the intervertebral disc tissue was
stripped. The C4-C5 intervertebral disc specimens
of mice were taken and fixed in 40 g/L parafor-
maldehyde solution. Then the tissues were cut into
5 uM section and stained with hematoxylin eosin.
Finally, the section was observed under optical
microscope.

Determination of LDH, IL-6, IL-1B, and TNF-a
levels

According to a previous study [31], the LDH, IL-6,
IL-1P, and TNF-a levels of the NPCs and tissues
were detected according to the instructions of the
matched test kit provided by the Nanjing
Jiangcheng Bioengineering Institute (Nanjing,
China).

Statistical analysis

The data were analyzed using SPSS 21.0. The
Student’s t-test was used to analyze the differences
between the two groups. One-way analysis of var-
iance was performed for comparisons between
multiple groups. The results are expressed as
mean * SD. Where psmaller than 0.05 means
that the difference is statistically significant.

Results

In this study, LINC00917 expression was up-
regulated in IDD tissues and TBHP treated
NPCs. However, knockdown of LINC00917 pro-
moted the proliferation, and inhibited the inflam-
matory response and pyroptosis of NPCs via
regulating miR-149-5p/NLRP1 axis.

LINC00917 up-regulated in IDD

First, we demonstrated that LINC00917 levels were
dramatically elevated in the IDD tissues (Figure 1
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(a)). In addition, LINC00917 was dramatically over-
expressed in TBHP-treated NPCs (Figure 1(b)).

LINC00917 knockdown promoted proliferation
and relieved pyroptosis and inflammation in
TBHP-treated NPCs

Next, after transfection with si-LINC00917 1# and si-
LINCO00917 2#, LINC00917 expression was dramati-
cally downregulated in NPCs (Figure 2(a)). According
to transfection efficiency, si-LINC00917 2# was
applied for further experiments. Knockdown of
LINCO00917 significantly promoted NPC proliferation
(Figure 2(b-c)). In addition, knockdown of
LINCO00917 significantly decreased cytotoxicity and
the release of pro-inflammatory cytokines such as IL-
6, TNF-qa, and IL-1p (Figure 2(d-g)). Furthermore,
LINCO00917 knockdown alleviated the cell death of
NPCs induced by TBHP and the pyroptosis-related
proteins NLRP3, GSDMD-N, and Caspasel (Figure 2

(h,i)).

LINC00917 sponge to miR-149-5p sponge in NPCs

Using online starBase software, miR-149-5p was
predicted to target LINC00917 (Figure 3(a)). The
binding sites were verified by luciferase and RNA
pull-down assays. (Figure 3(b-c)). In addition, the
knockdown of LINCO00917 significantly increased
miR-149-5p expression (Figure 3(d)). Moreover,
miR-149-5p expression was significantly downre-
gulated in IDD cells (Figure 3(e)).
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NLRP1 targeted to miR-149-5p

Figure 4(a) displays the binding sites between
NLRP1 and miR-149-5p (Figure 4(a)), which
were confirmed by luciferase and RNA pull-down
assays (Figure 4(b-c)). In addition, the overexpres-
sion of miR-149-5p significantly decreased NLRP1
expression (Figure 4(d)). NLRP1 expression was
significantly increased in the IDD
(Figure 4(e)).

tissues

LINC00917 function regulation of NPCs via
miR-149-5p/NLRP1 axis

To analyze the specific mechanism of LINC00917
in IDD, we designed and transfected miR-149-5p
inhibitor and oe-NLRP1 into NPCs. After trans-
fection, miR-149-5p levels were depleted and
NLRP1 levels were enhanced (Figure 5(a-b)).
MTT and EdU assays showed that downregulation
of miR-149-5p or overexpression of NLRP1 alle-
viated the functions of si-LINC00917 in NPC
growth (Figure 5(c-d)). In addition, downregula-
tion of miR-149-5p or overexpression of NLRP1
increased cytotoxicity and promoted the inflam-
matory response of NPCs (Figure 5(e-h)).
Furthermore, the miR-149-5p inhibitor or over-
expression of NLRP1 reversed the effect of si-
LINCO00917 on the pyroptosis rates of NPCs and
the protein expression of pyroptosis-related genes,
such as NLRP3, GSDMD-N, and Caspasel

(Figure 5(j)).
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Figure 1. LINC00917 was up-regulated in IDD. A The LINC00917 expression levels in IDD tissues. B The LINC0O0917 expression in

NPCs. **P < 0.01.
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Figure 2. Knockdown of LINC00917 promoted proliferation, and relieved the pyroptosis and inflammation of the TBHP
treated NPCs. A Validation of transfection efficiency. B-C MTT and EdU assays were performed to measured the proliferation.
D-G The LDH, IL-6, TNF-q, and IL-1f levels were determined with corresponding kits. H The pyroptosis rate was detected with flow
cytometry. 1 The protein expressions of NLRP3, GSDMD-N and Caspasel. *P < 0.05, **P < 0.01 VS Control group; #P < 0.05,

##P < 0.01 VS TBHP+si-nc group.

Knockdown of LINC00917 relieved the IDD
progression in vivo

Last, we explore the role of LINC00917 in the
IDD mice. The results of HE staining showed
that in the sham group, the nucleus pulposus
tissue of the mice was normal. In the Model
group, the nucleus pulposus tissue is deformed,
the fibrous rings are arranged disorderly, and the
matrix rich in mucopolysaccharide and cell clus-
ters penetrate each other. These phenomena were
alleviated after LINC00917 knockout (Figure 6
(a)). Besides, the IL-6, TNF-a, and IL-1p were
increased in the Model group, while LINC00917

knockout decreased them (Figure 6(b-d)).
Additionally, in the Model group, the BBB score,
paw withdrawal latency and paw withdrawal
threshold were significantly decreased, while
LINC00917 knockout increased them
(Figure 6(e-g)).

Discussion

In the current study, LINC00917 expression was
upregulated in IDD tissues and TBHP-treated
NPCs. However, the knockdown of LINC00917
promoted proliferation and inhibited the
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Figure 3. LINC0O0917 served as a miR-149-5p sponge in NPCs. A Binding sites between miR-149-5p and LINC00917 predicted by
starBase. B-C The relationship between LINC00917 and miR-149-5p verified by dual-luciferase reporter and RNA pull-down assays.
D The miR-149-5p expression detected after si-LINC0O0917 transfection. E The miR-149-5p expression levels in NPCs. **P < 0.01.

inflammatory response and pyroptosis of NPCs by
regulating the miR-149-5p/NLRP1 axis.
Pyroptosis is inflammatory programmed cell
death mediated by two cysteine aspartate proteases
(caspases): classical Caspasel and non-classical
caspase4/5/11. There are five inflammasomes that
can stimulate pyroptosis: NLRP1, NLRP3, NLRC4,
IPAF, and AIM2 of the NLR family. The classical
pyroptosis pathway is mainly induced by the acti-
vation of caspasel, which is activated by the NLR
family inflammasome [32]. Activated Caspasel
promoted the production of Contents (LDH) and
inflammatory factors (IL-1f and IL-18), which are
released into the extracellular environment [33].
Simultaneously, Gasdermin-D (GSDMD) is lysed
to form an active fragment GSDMD-N with
a pore-forming effect to induce cell pyroptosis
[34]. Previous research expounded that pyroptosis
is related to the IDD development [11,12]. Here,
we confirmed that the protein expression of
Caspasel, NLRP3, and GSDMD-N and the LDH,
TNF-a, IL-1B, and IL-6 levels were upregulated in

TBHP-treated NPCs, implying that pyroptosis
occurs in IDD, suggesting that degeneration of
the intervertebral disc is accompanied by inflam-
matory death or pyroptosis of NPCs. Therefore,
the Achilles heel of IDD may be to inhibit NPC
pyroptosis.

Recently, the role of IncRNAs in the develop-
ment of IDD has attracted extensive attention.
Accumulating evidence has demonstrated that sig-
nificant changes occur in the expression of many
IncRNAs in IDD. Wan et al. [35] confirmed that
116 IncRNAs were significantly altered in IDD.
Chen et al. [20] revealed that LINC00917 partici-
pates in IDD progression. Similarly, LINC00917
expression was enhanced in IDD tissues and in
TBHP-treated NPCs. In addition, the knockdown
of LINC00917 promoted proliferation and inhib-
ited pyroptosis (a form of inflammation-related
cell death) of NPCs. These findings imply that
LINCO00917 acts as a promoter of IDD.

IncRNAs can function as sponges” for miRNAs
to participate in the regulation of the
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Figure 4. NLRP1 is targeted by miR-149-5p. A Binding sites between miR-149-5p and NLRP1 predicted by TargetScan. B-C Dual-
luciferase reporter and RNA pull-down assays conducted to verify the relationship between NLRP1 and miR-149-5p. D The NLRP1
expression detected by RT-gPCR. E The NLRP1 expression in NPCs. **P < 0.01. **P < 0.01.

pathophysiological processes of IDD; that is,
IncRNAs play a competitive role in endogenous
RNA by targeting miRNAs. Zhang et al. [15]
found that IncRNA-PARTT1 facilitates IDD devel-
opment by modulating miR-190a-3p. Moreover,
Tang et al. [36] demonstrated that IncRNA-
TUGI induces apoptosis of IDD NPCs by regulat-
ing the miR-26a/HMGBI1 axis. Sun et al. [37]
showed that IncRNA H19 accelerates cell death
in IDD NPCs by targeting the miR-139-3p/
CXCR4/NF-kB axis, thereby promoting the devel-
opment of IDD. However, to the best of our
knowledge, the specific mechanism of action of
LINCO00917 in IDD has not yet been reported. In
the present study, LINC00917 was found to
sponge miR-149-5p. Aberrant expression of miR-
149-5p is linked to the initiation and progression
of various diseases, such as atherosclerosis [38],
esophageal cancer [39], and preeclampsia [40].
miR-149-5p has been confirmed as a prognostic

biomarker for gliomas [41]. Overexpression of
miR-149-5p inhibits the decrease in neurons and
restores brain function both in vivo and in vitro
[42]. In the current study, we found that down-
regulation of miR-149-5p reversed the effects of si-
LINC00917 on NPC growth and pyroptosis.
Previous studies have mainly focused on the
potential of miR-149-5p in cancer [43], cardiovas-
cular diseases [44], and bone disorders [45]. Only
2.4% of studies revealed that miR-149-5p functions
in the central nervous system. Therefore, investi-
gating the possible mechanisms of miR-149-5p in
IDD is of vital importance.

miRNAs participate in IDD progression by
binding to the 3° UTR of related genes. For
instance, miR-623 suppresses oxidative stress-
induced apoptosis of NPCs by binding to thior-
edoxin-interacting protein [46]. Mesenchymal
stem-cell-derived extracellular vesicle-induced
upregulation suppresses IDD by inactivating
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Figure 5. LINC00917 regulated the functions of the NPCs via miR-149-5p/NLRP1 axis. A-B Validation of transfection efficiency.
C-D MTT and EdU assays were performed to measured the proliferation. E-H The LDH, IL-6, TNF-q, and IL-1p levels determined with
corresponding kits. | The pyroptosis rate detected with flow cytometry. J The protein expressions of NLRP3, GSDMD-N and Caspase1
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LRGI signaling [47]. In this study, miR-149-5p
was found to directly target NLRP1. Qin et al.
[48] revealed that NLRP1 was the first discovered
pattern recognition receptor to form an

inflammasome [49]. Activation of the NLRP1
inflammasome can promote the maturation and
release of IL-1P, IL-6, and other inflammatory
factors [50]. In this study, NLRP1 increased
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TNF-a, IL-1pB, and IL-6 levels and promoted pyr-
optosis of NPCs. These findings indicated that
LINC00917 regulated the growth and inflamma-
tion of TBHP-treated NPCs via the miR-149-5p/
NLRP1 axis.

Conclusion

To sum up, LINC00917 inhibits the proliferation,
induced the inflammation and pyroptosis of NPCs
via targeting miR-149-5p/NLRP1 axis. This study
provided potential therapeutic targets for IDD.

Highlights

(1) LINCO00917 served as a miR-149-5p sponge
in NPCs.

(2) LINCO00917 was up-regulated in IDD.

(3) LINC00917 regulated the functions of the
NPCs via miR-149-5p/NLRP1 axis.
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