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Abstract
Background ‒ Spinal cord injury (SCI) is the most ser-
ious complication of spinal injury, often leading to severe
dysfunction of the limbs below the injured segment.
Conventional therapy approaches are becoming less and
less effective, and gene therapy is a new research direction
by now.
Methods ‒ The Sprague-Dawley rats were haphazardly
assigned to two groups, namely sham group and SCI
model group, and lncRNA H19 and miR-370-3p levels
were investigated using reverse transcription-quantita-
tive polymerase chain reaction (RT-qPCR). Correlation
between lncRNA H19 and miR-370-3p was ascertained
by luciferase report assay and RT-qPCR. After transfec-
tion with si-H19, miR-370-3p inhibitor, negative controls
(NC), or both, primary spinal neurons were subjected to
the simulation of lipopolysaccharide (LPS) for inducing
in vitro model of SCI. Cell viability, apoptotic rate, cas-
pase-3 activity, Bax and Bcl-2 protein, ROS generation,
TNF-α, IL-1β, and IL-6 protein, as well as IκBα and p65
phosphorylation ratio were evaluated adopting 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT), apoptosis, caspase-3 activity, ROS generation,

and western blot assays, thereby searching for the spe-
cific action mechanism on LPS-induced spinal never
injury.
Results ‒ SCI resulted in lncRNA H19 higher expression
and miR-370-3p lower expression. LPS simulation raised
a series of cellular biological changes, such as decreased
viability, promoted apoptosis, generated ROS, and released
inflammatory factors. lncRNA H19 inhibition reversed
above LPS-induced changes. Besides, as the downstream
target of lncRNA H19, miR-370-3p was oppositely regu-
lated by lncRNA H19. The above biological changes
induced by lncRNA H19 inhibition were reversed by
miR-370-3p upregulation. Moreover, lncRNA H19 inhibi-
tion could block NF-κB pathway through miR-370-3p
upregulation.
Conclusion ‒ Inhibition of lncRNA H19/miR-370-3p
mitigated spinal neuron apoptosis in an in vitro model
of SCI. This provided the possibility for clinical use of
gene therapy.
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1 Introduction

With the development of economy worldwide, the inci-
dence rate of spinal cord injury (SCI) shows an annual
increasing trend. According to statistics, there is about
10.4–83 million SCI cases suffering every year globally
[1]. SCI is the most complication of spinal injury, which
often leads to severe dysfunction of the limb below the
injured segment, accompanied by sensory disturbance,
spinal shock, motor dysfunction, autonomic nervous dys-
function, abnormal reflexes, and bladder dysfunction [2].
Once suffering from SCI, people maintain worse life stan-
dard with lower income. The treatment of SCI is always
a big challenge in clinical application for doctors and
scientists [3]. According to the degree of severity of
SCI, the universal treatment approaches including drug
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therapy and surgery. At present, conventional drug
therapy and surgery are becoming less and less effective
especially for serious patients, and gene therapy become
a new and hot research direction, especially non-coding
RNAs (ncRNAs).

Long ncRNAs (lncRNAs) are a category of ncRNAs
that possess the length of greater than 200 nucleotides
[4,5]. Consistent with mRNA, lncRNA can exercise tran-
scription and process power, while do not have coding
protein ability [6,7]. Recently, fast-growing number of
evidence has demonstrated that the dysregulation of
lncRNA is tightly related to various diseases through
involving in specific physiological and pathological pro-
cesses as important regulators, such as neurological
diseases [8,9]. It was first unclosed that the aberrant
expression of lncRNAs was showed in SCI [10]. A study
has proposed that lncRNA X-inactive specific transcript
(XIST) was obviously upregulated in SCI model, and XIST
decline suppressed neuron apoptosis. Therefore, XIST acted
as a diagnosis and prognosis target of SCI [11]. lncRNA
H19 is coded by 2.6 kb polyadenylated lncRNA, predo-
minantly expressed in cytoplasm, and little observed in
cell nucleus [12]. Ectopic lncRNA H19 expression has
been found in various diseases, such as SCI [13–15].
After SCI, the effect of lncRNA H19 on proliferation of
astrocytes has been reported lately, but the function of
lncRNA H19 in neurons was not illustrated [15]. Thus,
the aim of our research was to formulate the expression
and function of lncRNA H19 in SCI-induced spinal
neurons.

Apart from lncRNAs, microRNAs (miRNAs) serve as
another one ncRNA, which have a length of 20–22
nucleotides [16]. miRNAs generally repressed the expres-
sion of proteins via binding to 3′-untranslated region of
mRNA [17]. Mounting miRNAs have been reported to par-
ticipate in SCI. For instance, miR-544a in SCI-injured
mice was lowly expressed, and it had the potential to
become a therapeutic target [18]. In SCI model, the
miR-137 expression was declined, and when miR-137
was overexpressed, the SCI was recovered through ham-
pering inflammatory and oxide stress [19]. Because miR-
370-3p was predicted to be a downstream target of
lncRNA H19, the influence of miR-370-3p in SCI was
also explored in our study. In this research, primary
spinal neuron cells were subjected to lipopolysaccharide
(LPS) simulation for inducing in vitro injury model of SCI,
and the action mechanism of lncRNA H19/miR-370-3p
pathway was explored. Collectively, lncRNA H19 silen-
cing mitigated LPS-induced spinal nerve injury through
miR-370-3p upregulation, which was subjected to regula-
tion of NF-κB signaling.

2 Materials and methods

2.1 Animal grouping

All male Sprague-Dawley (SD) rats (n = 12) were pur-
chased to carry out this study. The weight of rats ranged
from 250 to 300 g, and age was approximately 12 weeks.
These rats were maintained under the condition of 23 ±
0.5℃ and 12/12 h light–dark cycle in a given animal room
without pathogen, containing plenty of food and water.
After a period of balance, rats were haphazardly assigned
to two groups, namely sham group and SCI model group.

Ethical approval: The research related to animals’ use has
been complied with all the relevant national regulations
and institutional policies for the care and use of animals.

2.2 SCI model in vivo

Referring to a previous article [20], the SCI model in vivo
was established through implementing standard T9–10
laminectomy. In short, after rats were narcotized with
intraperitoneal injection of chloral hydrate (0.33mL/kg),
they were fixed on the prepared plate. Subsequently, the
sterile scalpel was used for the exposure of spinal cord,
and T9–10 spine was stricken to induce SCI-injuredmodel.
After the formation of SCI damage, the rats were subjected
to a series of sterile anti-inflammatory treatments. Normal
saline solution was used to rinse exposed spinal cord, and
the wound was stitched up, as well as the rats were intra-
peritoneally injected with penicillin (80,000U/0.1mL) for
3 weeks. Bladder pressure was used to help urinate before
it was possible to urinate on rat themselves. The rats in
sham group were only conducted with laminectomy and
without strike pressure on spinal cords.

2.3 Motor ability score

Motor ability is one of the main behavioral indicators. In
this study, the Basso–Beattie–Bresnahan (BBB) motor
was adopted to assess the motor ability of SCI rats,
according to a previous reference [21]. After the establish-
ment of SCI model, motor function was determined once
a week and this experiment lasted 7 weeks. The BBB score
ranged from 0 to 20 point, and 0 point represented com-
plete paralysis and 21 point presented no injury. The final
scores of BBB motor scale were obtained by three well-
trained professional using the double-blind method.
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2.4 Isolation and culture of primary spinal
neurons

Primary spinal neurons were obtained to establish in vitro
cell model. For primary spinal neurons, spinal cord tissues
from SD rats were isolated and rinsed with phosphate-
buffered saline (PBS, Hyclone Labs, Logan, UT, USA) and
minced. The tissuemass was digested through papain (YZ-
1495005, Solarbio, Beijing, China). The culture dish was
pre-coatedwith poly-D-lysine, before primal cells were cul-
tured originally with 10% FBS (Gibco) and 0.6% glucose
(Gibco). After cultivation for 1 day, primal spinal neurons
were cultivated in neural substrate medium (containing B27,
GlutaMAX, and penicillin/streptomycin [Invitrogen; Thermo
Fisher Scientific, Inc., Waltham, MA, USA]). The cell culture
dishes were grouped in a 5% CO2, 37℃ incubator.

2.5 SCI cell model in vitro

For the construction of in vitro cell model of SCI, primary
spinal neurons were stimulated with LPS. In this work, the
concentration of LPS (L8880, Solarbio) was 100 ng/mL [22].

2.6 Reverse transcription-quantitative
polymerase chain reaction (RT-qPCR)

Rat tissues and primary cells were harvested for isolation
of total RNAs with TRIzol (Invitrogen). For lncRNA expres-
sion, cDNA was acquired with the PrimeScript™ RT
reagent Kit (#RR037Q, Takara, China, Beijing), and the
process of amplification was finished with TB Green®

Fast qPCR Mix (#RR430S, Takara). For the expression of
miRNA, Mir-X miRNA First-Strand Synthesis Kit (#638315,
Takara) was applied. The β-actin and U6 were deemed as
the internal reference of lncRNA and miRNA, apart. The
data were analyzed by 2−ΔΔCt method.

2.7 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT)

MTT kit (M1020, Solarbio) was adopted for evaluation of
cell viability. Briefly, 180 µL of cell suspension was added
in plates (5 × 103 cells/well, 96-well) and then cells were
treated according to experimental groups. After treating
the cells, the supernatant was discarded, and 90 µL of
fresh culture medium and 10 µL of MTT solution were

injected into every well and continuously cultivated for
4 h. Subsequently, the supernatant was discarded again
and 110 µL of formazan solution was added to dissolve
formazan. A microplate reader (Bio-Tek Instruments,
Winooski, VT, USA) was adopted to measure optical
density (OD) value at 490 nm.

2.8 Apoptosis assay

The Annexin V‐fluorescein isothiocyanate propidium iodide
(FITC/PI) apoptosis detection kit (KeyGEN BioTECH Co.
Ltd., Nanjing, China)was purchased to detect cell apoptotic
rate, in light of manufacturer’s instruction. In brief, cells were
collected into flow tubes and rinsedwith PBS. After cells were
suspendedwith binding buffer (500 µL), they were cultivated
with Annexin V/FTIC (5 µL) and PI (5 µL) at room tempera-
ture for 15min darkly. Cell apoptotic rate was calculated
using a FACScan flow cytometer (BD Biosciences).

2.9 Caspase-3 activity assay

Cells cultured in 6-well plates were treated according to
the experimental groups. A Caspase-3 Assay Kit (#ab39401,
Abcam, Cambridge, UK)was chosen tomeasure the activity
of caspase-3, following manufacturer’s instruction.

2.10 ROS generation assay

Cells bred in 6-well plates were treated according to
experimental groups. A Reactive Oxygen Species (ROS)
Assay Kit (Solarbio, Beijing, China) was used to determine
ROS generation. Briefly, after washing with serum-free
medium, cells were cultivated with DCFH-DA at room tem-
perature for 20min. In the end, the fluorescence intensity
was tested with a microplate reader, when excitation was
504 nm and fluorescence was 529 nm.

2.11 Western blot

RIPA reagent (Solarbio) and BCA kit (#23235, Thermo
Fisher Scientific) were chosen to conduct protein extrac-
tion and concentration quantification, several times. The
different proteins of every sample were separated using
gel electrophoresis and then transferred onto polyvinyli-
dene difluoride (PVDF, Bedford, MA, USA) membranes.
Then, they were covered and maintained in 5% fat-free
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milk at room temperature for 2 h. The primary antibodies
included Bax (No. ADI-AAM-140-E, Enzo Life Sciences,
Inc., Farmingdale, NY, USA), Bcl-2 (No. ADI-AAM-072-E),
TNF-α (No. LS-B6067, LifeSpan BioSciences, Seattle, WA,
USA), IL-6 (No. LS-C746886), IL-1β (No. 503513, San Diego,
CA, USA), p-IκBα (phospho Ser32/Ser36, No. GTX79042,
GeneTex, Irvine, CA, USA), t-IκBα (No. GTX27545), p-p65
(phospho Ser468, No. GTX32256), t-p65 (No. GTX107678),
and β-actin (No. GTX629630). After incubation with above
primary antibodies at 4℃ overnight, secondary antibodies
were used to block at room temperature for 1 h. Signals of
protein were developed with an ECL™ Western Blotting
Analysis system (Sigma). The intensity was analyzed by
ImageJ software (version 146; National Institutes of
Health, Bethesda, MD, USA).

2.12 Luciferase reporter assays

The predicted lncRNA H19 sequence binding to miR-370-
3p was amplified or mutated and inserted into the pGL3
luciferase vector (Promega, Madison, WI, USA) to obtain
H19-WT or H19-MUT. The vectors carrying H19-WT or
H19-MUT as well as miR-370-3p mimic or miR-NC were
co-transfected into cells through Lipofectamine 2000
reagent (Invitrogen). Cells were harvested and lysed, as
well as fluorescence was detected with the dual-luciferase
reporter assay kit (#D0010-100T, Solarbio) to assess luci-
ferase activity followed by the transfection of 48 h.

2.13 Statistical analysis

Data obtained from various experiments were analyzed
by GraphPad Prism 6 (GraphPad Software, Inc., La Jolla,
CA, USA) and displayed as mean ± SD. Except for com-
parison between the two groups, t test was used, and
one-way ANOVA followed by post hoc test was used for
the test. p < 0.05 was defined as significant difference.

3 Results

3.1 SCI-induced lncRNA H19 upregulation
and miR-370-3p downregulation

SD rats were subjected to different treatment and then
were assigned to SCI group and sham group. BBB scores

were recorded to assess the status of rat in two groups
(Figure 1a). Contrasted with sham group, the BBB scores
in SCI group were dramatically reduced (p < 0.01, n = 6).
Furthermore, the levels of lncRNA H19 and miR-370-3p
were detected using RT-qPCR 7 days post-injury. As
per the results shown in Figure 1b, it was found that
lncRNA H19 was highly expressed in SCI group (p <
0.001) contrasted with sham group. However, miR-370-
3p was downexpressed in SCI group (Figure 1c, p < 0.001)
contrasted with sham group. The results revealed that SCI
contributed to the descent of motor activity, upregulation
of lncRNA H19, and downregulation of miR-370-3p.

Figure 1: SCI induced lncRNA H19 upregulation and miR-370-3p
downregulation. After SD rats were subjected to different treat-
ments, rats were assigned to SCI group and sham group (n = 6).
(a) BBB scores were obtained using the double-blind method.
The expression levels of (b) lncRNA H19 and (c) miR-370-3p
were determined through RT-qPCR assay. t-test, **p < 0.01 or
***p < 0.001.
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3.2 LPS caused spinal neuron cell injury

It has recently been shown that LPS is a major stimulus
for tissue injury, resulting in inflammatory cell infiltra-
tion and necrosis of neurons in rats [23,24]. Moreover,
LPS treatment was used as a stimulus in neurons or cell
lines to mimic SCI in vitro [25,26]. In our research, pri-
mary spinal neurons were isolated from rats and stimu-
lated with LPS for 24 h. Cell viability, apoptosis, inflam-
matory cytokines, and ROS generation were detected for
the indication of cell injury. In Figure 2a, cell viability
was significantly declined in LPS-damaged neuron cells
than that in control group (p < 0.01). Moreover, LPS ele-
vated cell apoptotic rate (p < 0.001, Figure 2b), caspase-3
activity (p < 0.001, Figure 2c), and Bax protein expres-
sion level (p < 0.001) but inhibited Bcl-2 protein level

(p < 0.01, Figure 2d), indicating that LPS accelerated
cell apoptosis. In addition, the ROS generation increase
was observed in LPS-damaged cells (p < 0.001, Figure
2e). Furthermore, LPS treatment facilitated the protein
expression of TNF-α, IL-1β, and IL-6 (all p < 0.001, Figure
2f). The data suggested that LPS caused spinal neuron
cell injury.

3.3 Silence of lncRNA H19 could alleviate
LPS-evoked injury

To define potential function mechanisms of lncRNA H19
during LPS-induced injury, lncRNA H19 was knocked
down in spinal neuron cells via si-H19 transfection. si-H19

Figure 2: LPS caused spinal neuron cell injury. Primary rat spinal neuron cells were isolated, and then spinal neuron cells were subjected to
the simulation of LPS to construct SCI cell model. Untreated primary neuron cells were regarded as the control. (a) Cell viability,
(b) apoptotic rate, (c) caspase-3 activity, (d) Bax and Bcl-2 protein, (e) ROS generation, (f) TNF-α, IL-1β, and IL-6 protein were examined
through MTT, apoptosis, caspase-3 activity, ROS generation, and western blot assays. t-test. **p < 0.01 or ***p < 0.001.
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dramatically reduced lncRNA H19 expression compared
with si-NC transfection group (p < 0.001, Figure 3a). After
48 h of transfection, cells were stimulated with LPS to
induce SCI injury. We observed that si-H19-transfected
neurons did not show an inhibition of cell viability.
However, the reduction in cell viability triggered by
LPS was reversed by lncRNA H19 knockdown, illus-
trating that silencing lncRNA H19 could alleviate LPS-
declined cell viability (p < 0.01, Figure 3b). Furthermore,
transfection of si-H19 could not aggravate spinal neuron
cell apoptosis, when inducing SCI cell model through
the simulation of LPS, including reduced apoptotic rate
(p < 0.01, Figure 3c and d), caspase-3 activity (p < 0.01,
Figure 3e) and Bax protein level (p < 0.01), and aug-
mented Bcl-2 level (p < 0.05, Figure 3f and g), which
characterized that silencing lncRNA H19 remitted LPS-
induced cell apoptosis. In addition, transfecting si-H19
could not promote ROS (p < 0.01, Figure 3h) and above
three kinds of inflammatory factor generation (all p <
0.01, Figure 3i and j), when inducing SCI cell model
through the simulation of LPS, which unclosed that
lncRNA H19 silence mitigated SCI-generated ROS and
inflammatory factors. The results demonstrated that
lncRNA H19 was involved in LPS-induced spinal neuron
cell injury.

3.4 lncRNA H19 targeted and regulated miR-
370-3p

The Starbase database was used to forecast the down-
stream factor of lncRNA H19. We discovered that miR-
370-3p might be the downstream factor of lncRNA H19.
At first, we verified above prediction that miR-370-3p
acted as downstream target of lncRNA H19 using luci-
ferase reporter assays. As shown in Figure 4a, miR-370-
3p acted as the downstream target of lncRNA H19, because
the luciferase activity in the group co-transfected with H19
WT andmiR-370-3p was lower than that in group co-trans-
fected with H19 WT and miR-NC (p < 0.001), while relative
luciferase activity was not significantly different between
co-transfection of H19-MUT and miR-370-3p mimic group
and H19-MUT and miR-NC mimic co-transfection group
(p > 0.05). Subsequently, the data of Figure 4b displayed
that the transfection of si-H19 could contribute tomiR-370-
3p upregulation (p < 0.001). These results showed that
lncRNA H19 could target and regulate miR-370-3p.

Figure 3: Silencing lncRNA H19 could alleviate LPS-evoked spinal
nerve injury. (a) The si-H19 was stably transfected into spinal
neuron cells to silence lncRNA H19, and lncRNA H19 expression was
tested using RT-qPCR. According to different treatments, neuron
cells were divided into four groups, such as control, LPS, LPS +
si-NC, and LPS + si-H19 groups. (b) Cell viability, (c and d) apoptotic
rate, (e) caspase-3 activity, (f and g) Bax and Bcl-2 protein, (h) ROS
generation, and (i and j) TNF-α, IL-1β, and IL-6 protein were exam-
ined through MTT, apoptosis, caspase-3 activity, ROS generation,
and western blot assays. One-way ANOVA analysis with Tukey’s
post hoc test. *p < 0.05, **p < 0.01, or ***p < 0.001.
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3.5 Silence of lncRNA H19 could alleviate
LPS-evoked injury through miR-370-3p
upregulation

Therefore, we speculated that miR-370-3p was related to
lncRNA H19-mediated neuron cell injury. In the follow-
ing experiments, spinal neuron cells were treated with
the transfection of miR-370-3p inhibitor. From the
data in Figure 5a, we obtained stably transfected spinal
neuron cells, as transfecting miR-370-3p inhibitor obviously
declined the expression of miR-370-3p (p < 0.001). Besides,
we also confirmed that compared with si-H19/NC inhibitor-
co-transfected and LPS-induced spinal neuron cells, the
viability of cell was decreased in si-H19/miR-370-3p inhi-
bitor-co-transfected and LPS-induced cells (p < 0.05,
Figure 5b). lncRNA H19 silence-repressed cell apoptosis
was reversed through transfecting miR-370-3p inhibitor,
including increased apoptotic rate (p< 0.01, Figure 5c and d),
caspase-3 activity (p < 0.01, Figure 5e), and Bax protein
expression (p < 0.01), as well as decreased Bcl-2 protein
level (p < 0.05, Figure 5f and g). After transfection with
miR-370-3p inhibitor, transfecting si-H19 could not lessen
ROS generation (p < 0.01, Figure 5h) and inflammatory
factor expression (all p < 0.01, Figure 5i and j). Collec-
tively, miR-370-3p upregulation is crucial for lncRNA H19
silence to play role in SCI, and the silence of lncRNA H19
could remit LPS-induced injury throughmediating miR-370-
3p high expression.

3.6 Silence of lncRNA H19 could inhibit NF-
κB signaling pathway through miR-370-
3p upregulation

For the exploration of deep action mechanisms, NF-κB
signaling pathway was excavated in this research. In
Figure 6a and b, LPS fortified phosphorylation ratio of
IκBα (p < 0.001) and p65 (p < 0.001). However, after
transfection with si-H19, LPS-induced neuron cell did
not have higher IκBα and p65 phosphorylation ratio
(both p < 0.01). In addition, transfection of miR-370-3p
inhibitor could upwardly exchange IκBα and p65 phos-
phorylation ratio again (both p < 0.01). These results
suggested that silencing lncRNA H19 could inhibit NF-
κB signaling through miR-370-3p mediation.

4 Discussion

SCI has a high fatality rate and the survivors are more
likely to be disabled [27]. Although great efforts have
been made to improve the function of SCI patients, sec-
ondary injuries by SCI are still the main cause of neuro-
logical dysfunction, characterized by neuronal apoptosis
and inflammatory injury in the central nervous system
[28]. Therefore, deep exploiting mechanism and avoiding
apoptosis and inflammation initiation was fairly essential

Figure 4: lncRNA H19 targeted and regulated miR-370-3p. (a) The predicted binding sequences between the two through Starbase database
were exhibited, and then the targeted relationship between lncRNA H19 and miR-370-3p was confirmed using luciferase reporter assays.
Next, we determined how lncRNA H19 regulated miR-370-3p expression. (b) The si-H19 was stably transfected into spinal neuron cells, and
miR-370-3p expression was examined using RT-qPCR assay. One-way ANOVA analysis with Tukey’s post hoc test. ***p < 0.001.
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for SCI diagnosis and treatment. In this investigation, we
found that lncRNA H19 and miR-370-3p were defined as
the target of diagnosis and prognosis, thereby better
stopping SCI progress from further development. To be
more specific, lncRNA H19 expression was incremental
and miR-370-3p was depressed in in vivo SCI model.
There has been a study raised that LPS treats spinal
neuron cell to establish in vitro SCI cell model [22].
The role of lncRNA H19 in SCI injury was observed
that lncRNA H19 silence alleviated SCI-drove injury
and blocked NF-κB signaling, which was initiated through
miR-370-3p upregulation.

Aberrant lncRNA expression was defined to be the
markers of diagnosis and prognosis during the occur-
rence and development of diseases, such as SCI. In our
study, it was demonstrated that lncRNA H19 expression
in SCI model was significantly different from that in sham
model, and lncRNA H19 expression in SCI model was
higher. In addition, silencing lncRNA H19 could mitigate
LPS-caused SCI. Therefore, the upregulation of lncRNA
H19 could serve as the marker of SCI diagnosis and poor
prognosis. By the same token, in current researches,
lncRNA H19 has already been regarded to be independent
molecular target of diagnosis and prognosis in SCI [13,15].
For instance, in astrocyte post-SCI, lncRNA H19 expres-
sion was apparently raised, and the inhibition of lncRNA
H19 lowered apoptosis and inflammation [15]. Moreover,
the role of lncRNA H19 in a large amount of neurological
diseases has also been expounded. For instance, in hypoxia/
ischemia-caused neuron injury, lncRNA H19 expression
level was increased, and lncRNA H19 low expression
could mitigate the apoptosis of spinal neurons, thereby
playing the function of protecting neurons [29]. After
ischemic stroke, the lncRNA H19 level in microglial cells
was elevated, and the decrease in lncRNA H19 could
prevent cells from inflammatory damage [30]. In the
aggregate, lncRNA H19 expression was positive in neuro-
logical diseases, such as SCI. It was potential that lncRNA
H19 acted as a well-equipped biomarker in neurological
diseases.

Abnormally expressed miR-370-3p has been reported
in neurological disease-related researches. A glioma-asso-
ciated report showed that the expression of miR-370-3p
was decreased [31]. However, in cerebral aneurysm, miR-
370-3p expression was augmented [32]. We also made the
detection of expression level of miR-370-3p in this work,
and it was observed that miR-370-3p was distinctly kata-
batic in SCI model. It was noteworthy that miR-370-3p
was predicted to probably act as a potential downstream
molecule target of lncRNA H19 through the use of Starbase
database. Accumulating evidence has elucidated that

Figure 5: The silence of lncRNA H19 could alleviate LPS-evoked
spinal nerve injury through miR-370-3p upregulation. (a) miR-370-
3p inhibitor was stably transfected into spinal neuron cells to
silence miR-370-3p, and miR-370-3p level was tested through using
RT-qPCR. According to different treatments, spinal neuron cells were
divided into six groups, such as control, LPS, LPS + si-NC, LPS +
si-H19, LPS + si-H19 + NC inhibitor, and LPS + si-H19 + miR-370-3p
inhibitor groups. (b) Cell viability, (c and d) apoptotic rate,
(e) caspase-3 activity, (f and g) Bax and Bcl-2 protein, (h) ROS
generation, and (i and j) TNF-α, IL-1β, and IL-6 protein were exam-
ined through MTT, apoptosis, caspase-3 activity, ROS generation,
and western blot assays. One-way ANOVA analysis with Tukey’s
post hoc test. *p < 0.05, **p < 0.01, or ***p < 0.001.
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lncRNAs could change some biological progress through
the modulation of miRNAs in neurological diseases, such
as lncRNA H19. An investigation has reported that lncRNA
H19 could directly interact with miR-19a, and lncRNA H19
blockage alleviated hypoxia/ischemia-induced neuronal
injury via upregulating miR-19a expression [29]. In tem-
poral lobe epilepsy, lncRNA H19 was pronouncedly dif-
ferent from normal individuals, and it was overexpressed.
lncRNA H19 could sponge miR-let-7b to intensify hippo-
campal neuron injury [33]. Besides, in astrocytes post-SCI,
miR-1-3p could reverse the influence of lncRNA H19 silence
in growth and activation [15]. However, in this research, it
was confirmed that miR-370-3p acted as a promising down-
stream target of lncRNA H19 and was correlated with
lncRNA H19. miR-370-3p inhibitor transfection exhibited
a contrary role in LPS-induced SCI relieved by silencing
lncRNA H19. Our studied results proposed the action target
of lncRNA H19 in SCI process.

The activation of a number of signaling pathways has
been proved to participate in cell proliferation, apoptosis,
and inflammation generation, such as NF-κB pathway
[34]. NF-κB acts as a lynchpin role of oncogene and the
link between inflammation and cancer [35]. Furthermore,
in SCI model, the NF-κB pathway was activated, and
overexpressing miR-940 hampered the response of inflam-
mation through inhibiting NF-κB pathway [36]. This result
was in line with our result of NF-κB pathway in LPS-
treated SCI model. LPS contributed to the activation of
NF-κB pathway. There was an article that demonstrated
that NF-κB signaling was mediated by ncRNAs in neuro-
logical diseases, including lncRNA and miRNA. In the
article, it was found that lncRNA growth arrest-specific
transcript 5 (GAS5) activated NF-κB signaling pathway
and enlarged nerve cell damage via downregulation of
miR-124 [37]. What is more, the regulatory effects of lncRNA
H19 on NF-κB signaling pathway have been excavated in

various cancers, such as human osteosarcoma [38], gas-
tric cancer [39], melanoma [40], and glioma [41]. In
cancer progression, lncRNA H19 exerted a positive func-
tion on the activation of NF-κB signaling pathway. Our
results were in line with previous studied results. It was
discovered that lncRNA H19 silence inactivated NF-κB
signaling. Intriguingly, in present exploration, it was
also monitored that lncRNA H19 silence inactivated NF-
κB signaling through miR-370-3p increment. The repressed
effect of miR-370-3p on this pathwaywas in conformity with
previous study. In previous research, miR-370-3p upregula-
tion robustly inhibited NF-κB pathway in LPS-induced in
vitro pneumonia model [42].

To sum up, our study first testified that silencing
lncRNA H19 mitigated LPS-induced neuronal injury through
the mediation of miR-370-3p, which was involved in inacti-
vation of NF-κB pathway. This studymay supply novel clues
for understanding the role of lncRNA H19 in SCI and offer
strategies for SCI therapy.

Funding information: This research was supported by
Yunnan Key Clinical Specialty Construction Project (No.
2018-04).

Conflict of interest: The authors state no conflict of
interest.

Data availability statement: The datasets generated during
and/or analyzed during the current study are available from
the corresponding author on reasonable request.

References

[1] Karsy M, Hawryluk G. Modern medical management of spinal
cord injury. Curr Neurol Neurosci Rep. 2019;19:65.

Figure 6: The silence of lncRNA H19 could inhibit NF-κB signaling pathway through miR-370-3p upregulation. According to different
treatments, neuron cells were divided into six groups, such as control, LPS, LPS + si-NC, LPS + si-H19, LPS + si-H19 + NC inhibitor, and LPS +
si-H19 + miR-370-3p inhibitor groups. (a and b) The ratio of IκBα and p65 phosphorylation was determined using western blot assay. One-
way ANOVA analysis with Tukey’s post hoc test. **p < 0.01 or ***p < 0.001.

Role of lncRNA H19/miR-370-3p pathway in SCI  111



[2] Garraway SM, Turtle JD, Huie JR, Lee KH, Hook MA, Woller SA,
et al. Intermittent noxious stimulation following spinal cord
contusion injury impairs locomotor recovery and reduces
spinal brain-derived neurotrophic factor-tropomyosin-
receptor kinase signaling in adult rats. Neuroscience. 2011
Dec;199:86–102.

[3] Muheremu A, Peng J, Ao Q. Stem cell based therapies for
spinal cord injury. Tissue Cell. 2016 Aug;48(4):328–33.

[4] Wang J, Su Z, Lu S, Wen F, Liu Z, Jiang X, et al. lncRNA HOXA-
AS2 and its molecular mechanisms in human cancer. Clin Chim
Acta. 2018 Oct;485:229–33.

[5] Yang Z, Jiang S, Shang J, Jiang Y, Dai Y, Xu B, et al. lncRNA:
shedding light on mechanisms and opportunities in fibrosis
and aging. Ageing Res Rev. 2019 Jul;52:17–31.

[6] Chi Y, Wang D, Wang J, Yu W, Yang J. Long non-coding RNA in
the pathogenesis of cancers. Cell. 2019 Sep;8(9):1015.

[7] Riva P, Ratti A, Venturin M. The long non-coding rnas in neuro-
degenerative diseases: novel mechanisms of pathogenesis.
Curr Alzheimer Res. 2016;13(11):1219–31.

[8] Ramos AD, Diaz A, Nellore A, Delgado RN, Park KY, Gonzales-
Roybal G, et al. Integration of genome-wide approaches
identifies lncRNAs of adult neural stem cells and their progeny
in vivo. Cell Stem Cell. 2013 May;12(5):616–28.

[9] Qureshi IA, Mehler MF. Emerging roles of non-coding RNAs in
brain evolution, development, plasticity and disease. Nat Rev
Neurosci. 2012 Jul;13(8):528–41.

[10] Ding Y, Song Z, Liu J. Aberrant lncRNA expression profile in a
contusion spinal cord injury mouse model. Biomed Res Int.
2016;2016:9249401.

[11] Gu S, Xie R, Liu X, Shou J, Gu W, Che X. Long coding RNA XIST
contributes to neuronal apoptosis through the downregulation
of AKT phosphorylation and is negatively regulated by miR-
494 in rat spinal cord injury. Int J Mol Sci. 2017 Apr;18(4):732.

[12] Monnier P, Martinet C, Pontis J, Stancheva I, Ait-Si-Ali S,
Dandolo L. H19 lncRNA controls gene expression of the
Imprinted Gene Network by recruiting MBD1. Proc Natl Acad
Sci USA. 2013 Dec;110(51):20693–8.

[13] Ding L, Fu WJ, Di HY, Zhang XM, Lei YT, Chen KZ, et al.
Expression of long non-coding RNAs in complete transection
spinal cord injury: a transcriptomic analysis. Neural Regen
Res. 2020 Aug;15(8):1560–7.

[14] Hu S, Zheng J, Du Z, Wu G. Knock down of lncRNA H19 promotes
axon sprouting and functional recovery after cerebral ischemic
stroke. Brain Res. 2020 Apr;1732:146681.

[15] Li P, Li Y, Dai Y, Wang B, Li L, Jiang B, et al. The lncRNA H19/
miR-1-3p/CCL2 axis modulates lipopolysaccharide (LPS) sti-
mulation-induced normal human astrocyte proliferation and
activation. Cytokine. 2020 Jul;131:155106.

[16] Li M, Marin-Muller C, Bharadwaj U, Chow KH, Yao Q, Chen C.
MicroRNAs: control and loss of control in human physiology
and disease. World J Surg. 2009 Apr;33(4):667–84.

[17] Lin J, Ji L. Detection of microRNA-mediated target mRNA clea-
vage and 3′-uridylation in human cells by a SLA-RT-PCR ana-
lysis. In: Wajapeyee N, Gupta R, eds., Epitranscriptomics. Vol.
1870, Methods in molecular biology. New York: Humana Press;
2018. p. 125–36.

[18] Yang L, Ge D, Chen X, Jiang C, Zheng S. miRNA-544a regulates
the inflammation of spinal cord injury by inhibiting the
expression of NEUROD4. Cell Physiol Biochem.
2018;51:1921–31.

[19] Dai J, Xu LJ, Han GD, Sun HL, Zhu GT, Jiang HT, et al. miR-137
attenuates spinal cord injury by modulating NEUROD4 through
reducing inflammation and oxidative stress. Eur Rev Med
Pharmacol Sci. 2018 Apr;22(7):1884–90.

[20] Scheff SW, Rabchevsky AG, Fugaccia I, Main JA, Lumpp JE Jr.
Experimental modeling of spinal cord injury: characterization
of a force-defined injury device. J Neurotrauma. 2003
Feb;20(2):179–93.

[21] Barros Filho TE, Molina AE. Analysis of the sensitivity and
reproducibility of the Basso, Beattie, Bresnahan (BBB) scale in
Wistar rats. Clin (Sao Paulo, Braz). 2008;63(1):103–8.

[22] Lv R, Du L, Zhang L, Zhang Z. Polydatin attenuates spinal cord
injury in rats by inhibiting oxidative stress and microglia
apoptosis via Nrf2/HO-1 pathway. Life Sci. 2019
Jan;217(217):119–27.

[23] Li X, Chen H, Tao H, Hu Y, Lou H. Effects of campylobacter jejuni
lipopolysaccharide on axonal injury in the spinal cord in rats.
Microb Pathog. 2017 Jun;107(107):202–5.

[24] Guth L, Zhang Z, DiProspero NA, Joubin K, Fitch MT. Spinal cord
injury in the rat: treatment with bacterial lipopolysaccharide
and indomethacin enhances cellular repair and locomotor
function. Exp Neurol. 1994 Mar;126(1):76–87.

[25] Li R, Yin F, Guo Y, Qing R, Zhu Q. Angelica polysaccharide
protects PC-12 cells from lipopolysaccharide-induced injury
via down-regulating microRNA-223. Biomed Pharmacother.
2018 Dec;108:1320–7.

[26] Jia D, Niu Y, Li D, Zhang Q. MicroRNA-223 alleviates lipopoly-
saccharide-induced PC-12 cells apoptosis and autophagy by
targeting RPH1 in spinal cord injury. Int J Clin Exp Pathol. 2017
Sep;10(9):9223–32.

[27] Xia P, Gao X, Duan L, ZhangW, Sun YF. Mulberrin (Mul) reduces
spinal cord injury (SCI)-induced apoptosis, inflammation and
oxidative stress in rats via miroRNA-337 by targeting Nrf-2.
Biomed Pharmacother. 2018;107:1480–7.

[28] Zhang ZT, Zhang XG, Yu HY, Xu ZT. MicroRNA-490-3p inhibits
inflammation and apoptosis induced by spinal cord injury via
targeting MK2. Eur Rev Med Pharmacol Sci. 2018
Dec;22(24):8849–56.

[29] Xiao Z, Qiu Y, Lin Y, Medina R, Zhuang S, Rosenblum JS, et al.
Blocking lncRNA H19-miR-19a-Id2 axis attenuates hypoxia/
ischemia induced neuronal injury. Aging (Albany NY). 2019
Jun;11(11):3585–600.

[30] Wang J, Zhao H, Fan Z, Li G, Ma Q, Tao Z, et al. Long noncoding
RNA H19 promotes neuroinflammation in ischemic stroke by
driving histone deacetylase 1-dependent M1 microglial polar-
ization. Stroke. 2017 Aug;48(8):2211–21.

[31] Peng Z, Wu T, Li Y, Xu Z, Zhang S, Liu B, et al. MicroRNA-370-3p
inhibits human glioma cell proliferation and induces cell cycle
arrest by directly targeting β-catenin. Brain Res. 2016
Aug;1644(1644):53–61.

[32] Hou WZ, Chen XL, Wu W, Hang CH. MicroRNA-370-3p inhibits
human vascular smooth muscle cell proliferation via targeting
KDR/AKT signaling pathway in cerebral aneurysm. Eur Rev Med
Pharmacol Sci. 2017 Mar;21(5):1080–7.

[33] Han CL, Ge M, Liu YP, Zhao XM, Wang KL, Chen N, et al. Long
non-coding RNA H19 contributes to apoptosis of hippocampal
neurons by inhibiting let-7b in a rat model of temporal lobe
epilepsy. Cell Death Dis. 2018 May;9:617.

[34] Wang J, Zhao Q. Kaempferitrin inhibits proliferation, induces
apoptosis, and ameliorates inflammation in human

112  Xin Li et al.



rheumatoid arthritis fibroblast-like synoviocytes. Phytother
Res. 2019 Jun;33(6):1726–35.

[35] DiDonato JA, Mercurio F, Karin M. NF-κB and the link between
inflammation and cancer. Immunol Rev. 2012
Mar;246(1):379–400.

[36] Wang B, Shen PF, Qu YX, Zheng C, Xu JD, Xie ZK, et al. miR-940
promotes spinal cord injury recovery by inhibiting TLR4/NF-κB
pathway-mediated inflammation. Eur Rev Med Pharmacol Sci.
2019 Apr;23(8):3190–7.

[37] Hu X, Liu J, Zhao G, Zheng J, Qin X. Long non-coding RNA
GAS5 aggravates hypoxia injury in PC-12 cells via down-
regulating miR-124. J Cell Biochem.
2018 Aug;119(8):6765–74.

[38] Zhao J, Ma ST. Downregulation of lncRNA H19 inhibits migra-
tion and invasion of human osteosarcoma through the NF-κB
pathway. Mol Med Rep. 2018 May;17(5):7388–94.

[39] Zhang Y, Yan J, Li C, Wang X, Dong Y, Shen X, et al. lncRNA H19
induced by helicobacter pylori infection promotes gastric
cancer cell growth via enhancing NF-κB-induced inflammation.
J Inflamm. 2019 Nov;16:23.

[40] Liao Z, Zhao J, Yang Y. Downregulation of lncRNA H19 inhibits
the migration and invasion of melanoma cells by inactivating
the NF-κB and PI3K/Akt signaling pathways. Mol Med Rep.
2018 May;17(5):7313–8.

[41] Duan S, Li M, Wang Z, Wang L, Liu Y. H19 induced by oxidative
stress confers temozolomide resistance in human glioma cells
via activating NF-κB signaling. OncoTargets Ther. 2018
Oct;11(11):6395–404.

[42] Zhang Y, Zhu Y, Gao G, Zhou Z. Knockdown XIST alleviates LPS-
induced WI-38 cell apoptosis and inflammation injury via tar-
geting miR-370-3p/TLR4 in acute pneumonia. Cell Biochem
Funct. 2019 Jul;37(5):348–58.

Role of lncRNA H19/miR-370-3p pathway in SCI  113


	1 Introduction
	2 Materials and methods
	2.1 Animal grouping
	2.2 SCI model in vivo
	2.3 Motor ability score
	2.4 Isolation and culture of primary spinal neurons
	2.5 SCI cell model in vitro
	2.6 Reverse transcription-quantitative polymerase chain reaction (RT-qPCR)
	2.7 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
	2.8 Apoptosis assay
	2.9 Caspase-3 activity assay
	2.10 ROS generation assay
	2.11 Western blot
	2.12 Luciferase reporter assays
	2.13 Statistical analysis

	3 Results
	3.1 SCI-induced lncRNA H19 upregulation and miR-370-3p downregulation
	3.2 LPS caused spinal neuron cell injury
	3.3 Silence of lncRNA H19 could alleviate LPS-evoked injury
	3.4 lncRNA H19 targeted and regulated miR-370-3p
	3.5 Silence of lncRNA H19 could alleviate LPS-evoked injury through miR-370-3p upregulation
	3.6 Silence of lncRNA H19 could inhibit NF-&#x03BA;B signaling pathway through miR-370-3p upregulation

	4 Discussion
	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


