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Hypoxia inducible factor-1 (HIF-1a)
reduced inflammation in spinal cord injury
via miR-380-3p/ NLRP3 by Circ 0001723

Xigong Li, Xianfeng Lou, Sanzhong Xu’, Junhua Du and Junsong Wu

Abstract

Background: Spinal cord injury (SCI) is a severe central nervous system trauma. The present study aimed to
evaluate the effect of HIF-1a on inflammation in spinal cord injury (SCI) to uncover the molecular mechanisms of
anti-inflammation.

Results: HIF-1a was reduced in SCI model rats and HIF-1a activation reduced TNF-q, IL-13, IL-6 and IL-18 levels in SCI
model rats. Meanwhile, Circ 0001723 expression was down-regulated and miR-380-3p expression was up-regulated in
SCI model rats. In vitro model, down-regulation of Circ 0001723 promoted TNF-q, IL-13, IL.-6 and IL-18 levels, compared
with control negative group. However, over-expression of Circ 0001723 reduced TNF-q, IL-13, IL.-6 and IL-18 levels

in vitro model. Down-regulation of Circ 0001723 suppressed HIF-1a protein expressions and induced NLRP3 and
Caspase-1 protein expressions in vitro model by up-regulation of miR-380-3p. Next, inactivation of HIF-1a reduced the
pro-inflammation effects of Circ 0001723 in vitro model. Then, si-NLRP3 also inhibited the pro-inflammation effects of
Circ 0001723 in vitro model via promotion of autophagy.

Conclusions: We concluded that HIF-1a reduced inflammation in spinal cord injury via miR-380-3p/ NLRP3 by Circ

0001723.
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Background

Spinal cord injury (SCI) can be divided into primary
injury and secondary injury according to its pathogen-
esis [1]. Of them, primary injury is resulted from direct
or indirect action of the initial force on the spinal cord
[2]. In contrast, secondary injury is induced by a series of
physiological and biochemical mechanisms on the basis
of primary injury, such as oxidative stress, inflammatory
response and excessive release of excitatory amino acid
(EAA) [2]. These have resulted in self-destructive lesions
in the intact lesion-surrounding tissues. Thus, they have
further deepened the injury degree and expanded the
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injury range [3]. Post-SCI inflammatory reaction is rela-
tively complicated, which involves the dynamic effects of
all factors in the nervous and immune systems [3]. There-
fore, it has become the important event constituting sec-
ondary injury [4]. Plenty of studies have suggested that
SCI-induced inflammatory response has dual effect of
neural damage and neural protection [3]. Consequently,
its negative and positive effects on SCI repair should be
utilized [5]. In this way, its repair potential can be selec-
tively exerted while minimizing its destruction [5].
Circular RNAs (circRNAs), one kind of non-coding
RNA, have been reported as numerous biological pro-
cesses, such as inflammation, proliferation, apoptosis,
and cell cycle regulation [6]. miRNA is an important
regulatory molecule, which has become a new target
of therapeutic intervention for promoting repair and
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regeneration [7]. In recent years, autophagy has gradually
become the hotspot in SCI research. However, the role of
early post-SCI autophagy activation remains a source of
controversy [8]. In spinal cord injury, the expression of
hypoxia regulatory protein HIF-1a is up-regulated, while
the apoptosis-related protein c-parp is down-regulated
[9]. Meanwhile, the autophagy-related protein LC3 is up-
regulated [9]. Therefore, it is speculated that the hypoxia-
induced decline in radiosensitivity may be related to
apoptosis escaping and (or) autophagy induction in cells.
Apoptosis is the type I programmed cell death [9]. Its cor-
relation with radiosensitivity has been intensively studied
by numerous scholars. However, autophagy is the type
II programmed cell death [10, 11]. Its intricate relation-
ships with radiosensitivity, hypoxia and HIF-1a have not
been clearly elaborated [9, 11]. The present study aimed
to evaluate the effect of HIF-1a on inflammation in spi-
nal cord injury (SCI) to uncover the molecular mecha-
nisms of anti-inflammation.

Materials and methods

SCl model

Male Sprague—Dawley rats (6 weeks, 220-250 g) were
purchased from Animal Experimental Center of Zheji-
ang University. All rats were housed at 22-23 °C, 55—-60%
humidness, 8:00-20:00 light/ dark cycle, and received
standard rodent chow and access to water ad libitum.
This study was approved by Ethical Committee of The
First Affiliated Hospital of Zhejiang University.

Rats were fixed in the prone position and anesthetized
by 35 mg/kg of pentobarbital. Skin was cut to 2-3 cm
middle incision in the back, and vertebral T7-T9 were
exposed. After stabilizing vertebral T7 and T9, a laminec-
tomy was performed at the thoracic level T8. A syringe
needle was used to induce the injury, which was released
from a height of 12.5 mm above the surface of the cord,
inflicting a moderate contusion. Hemostatic suture was
performed layer by layer, and alcohol was then applied
for disinfection.

BBB score, the water content of spinal cord and HE staining
After 24 h of induction SCI, BBB test was performed as
locomotor rating scale of 0 (no observable hind-limb
movements) to 21 (normal locomotion) [12]. After 24 h,
rat was intraperitoneally anesthetized with 35 mg/kg
pentobarbital sodium and sacrificed using decollation.
Spinal cord tissue samples were collected and cut into
two parts. One part tissue was weight as damp weight.
Then, it was dried at 80 °C and weighed as dry weight.
The water content of spinal cord was calculated (damp
weight — dry weight) /damp weight x 100%.

Next, part tissue fixed with 4% paraformaldehyde for
24 h, dehydrated, and embedded in OCT compound.
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Tissues were cut in the sagittal or axial plane into 10-pm
sections. Thick sections were stained with hematoxyli-
neosin (H&E) for 15 min. Tissue sample sections were
examined by a light microscope (Leica DFC280, UK).

Gene expression profiling

Total RNA was amplified into Affymetrix HG-U133 Plus
2.0 GeneChip arrays (Affymetrix, Santa Clara, CA, USA).
Data were analyzed through Database for Annotation,
Visualization, and Integrated Discovery (DAVID Data-
base), and QIAGEN’s Ingenuity Pathway Analysis (IPA,
QIAGEN, Redwood City, USA).

Real-time PCR analysis. Total RNA extracted from
tissue samples and cell samples with Trizol (Invitrogen
USA) and converted into cDNA by using M-MLV reverse
transcriptase and cDNA Synthesis Kit (Invitrogen USA).
Real-time PCR was conducted by using iCycler RealTime
PCR Detection System (Bio-Rad Laboratories, Hercules,
CA, USA) with a SYBR ExScript RT-PCR kit (Takara Bio-
technology Co., Ltd., Dalian, China). The thermal cycling
conditions were as follows: 95.0 °C for 10 min, 40 cycles
of 95.0 °C for 15 s, 60.0 °C for 30 s and 72.0 °C for 5 min.
The relative expression level was presented as 2744 [13].

ELISA kits. Tissue samples and cell samples were col-
lected, and proteins were extracted by RIPA lysis buffer.
10 pg protein was used to analyze TNF-a, IL-1f, IL-6 and
IL-18 levels using ELISA KITS.

Cell culture and transfection

PC12 cell was incubated using the Dulbecco’s Modifed
Eagle Medium (DMEM) containing 10% fetal bovine
serum (FBS) at an incubator with 5% CO, at 37 °C.
HIF-1a plasmid, miR-143, anti- miR-143 and negative
mimics were transfected into cell using Lipofectamine
3000 (Thermo Fisher Scientific, Waltham, MA, USA).
After 48 h of transfection, Neuro-2a cell was induced
with 200 ng/mL of LPS for 4 h. Next, after 4 h of trans-
fection, Neuro-2a cell was treated with LC3 inhibitor
(3-Methyladenine, 5 uM) or autophagy agonist (1 uM
resveratrol) for 4 h, and Neuro-2a cell was induced with
100 ng/mL of LPS for 4 h.

Western blot analysis

Cells were harvested and proteins were extracted by RIPA
lysis buffer. Proteins were separated on 10% polyacryla-
mide gels and transferred to polyvinylidene difluoride
(PVDF) membranes. The membranes were then blocked
with 5% non-fat milk in Tris-buffered saline contain-
ing Tween-20 (TBST). at room temperature for 1 h and
incubated with anti-HIF-1q, anti-p65, anti-LC3, anti-p62,
anti-GAPDH (Cell signaling Technology, Beverly, MA,
USA) at 4 °C overnight. Membranes were subsequently
incubated with goat anti-rabbit peroxidase-conjugated
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secondary antibodies (Cell signaling Technology, Bev-
erly, MA, USA) at 37 °C for 1 h. Membranes was detected
using an enhanced chemiluminescence kit and Image Lab
3.0 (Bio-Rad Laboratories, Inc.).

Immunohistochemistry

Cell was washed with PBS and fixed with 4% paraformal-
dehyde for 15 min. Cell was washed with PBS and blocked
with 5%-BSA supplemented with 0.25%-Tris-X100 in PBS
for 1 h at room temperature. Cell was washed with PBS
and incubated with anti-HIF-la and anti-LC3 at 4 °C
overnight. Cell was washed with PBS and incubated with
555- or 488- goat anti-rabbit peroxidase-conjugated sec-
ondary antibodies (1:100) room temperature for 1 h. Cell
was washed with PBS and incubated with DAPI assay for
15 min at darkness.

Statistical analysis

All data are represented as mean=+SD for three inde-
pendent experiments. Student’s t-tests or one-way analy-
sis of variance (ANOVA) and Tukey’s post test were used
for all comparisons involving continuous dependent
variables. Results were considered statistically significant
when the p-value was < 0.05.

Results
HIF-1a expression levels in SCI model rats
To evaluate the changes of HIF-1a expression in SCI, we
analyzed HIF-1a expression using QPCR. Firstly, by HE
staining, spinal cord death was observed in SCI model
group (Fig. 1a). BBB score was significantly reduced and
water content of spinal cord was significantly increased
in SCI model group compared with sham control group
(P<0.05) (Fig. 1b, c¢). TNF-a, IL-1f, IL-6 and IL-18 lev-
els of SCI model group were significantly increased in
SCI model group compared with sham control group
(P<0.05) (Fig. 1d—g). As showed in Fig. 1h, i, HIF-1« pro-
tein expression was significantly down-regulated in SCI
model rats compared with sham control group (P<0.05).
In rat model, HIF-la recombination protein was
injected into SCI rat. It was found that spinal cord death
was reduced, while BBB score was significantly increased,
and water content of spinal cord was significantly
decreased in SCI model with HIF-1a treatment group
compared with SCI model group (P<0.05) (Fig. 2a-g).
HIF-1a protein expression was significantly up-regulated
in SCI model rats with HIF-1a treatment compared with
SCI model group significantly (Fig. 2h, i).

Circ 0001723 regulated inflammation in vitro model of SCI
Circ 0001723 expression was significantly reduced in
rat model of SCI compared with sham group (P<0.05)
(Fig. 3a, b). To investigate the role of Circ 0001723 in
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inflammation vitro model of SCI, Circ 0001723 or si-Circ
0001723 mimics were used to increase or decrease the
expression of Circ 0001723 in vitro model. As showed
in Fig. 3¢, d, Circ 0001723 expression was significantly
increased by Circ 0001723 mimics, and Circ 0001723
expression was significantly decreased by Circ 0001723
mimics compared with negative control group (P<0.05).
Down-regulation of Circ 0001723 significantly increased
TNF-«, IL-1f, IL-6 and IL-18 levels in vitro model of
SCI compared with negative control group (P<0.05)
(Fig. 3e—h). Over-expression of Circ 0001723 signifi-
cantly decreased TNF-a, IL-1B, IL-6 and IL-18 levels
in vitro model of SCI compared with negative control
group (P<0.05) (Fig. 3i-1).

Circ 0001723 regulated inflammation in vitro model of SCI
by HIF-1a

We further investigated the function of Circ 0001723 on
regulating inflammation in vitro model of SCI by mRNA.
Gene chip showed that miR-380-3p expression was sig-
nificantly increased in rat model of SCI, compared with
sham group (P<0.05) (Fig. 4a). There was a negative cor-
relation between Circ 0001723 and miR-380-3p (Fig. 4b).
Circ 0001723 targets 3’-UTR of miR-380-3p mRNA
and luciferase reporter levels were significantly reduced
in Circ 0001723 group compared with negative group
(Fig. 4c, d). Circ 0001723 reduced miR-380-3p expres-
sion, and down-regulation of Circ 0001723 increased
miR-380-3p expression in vitro model compared with
negative group (P<0.05) (Fig. 4e, f). Then, miR-380-3p
mimics significantly increased miR-380-3p expres-
sion in vitro model compared with negative group
(P<0.05) (Fig. 5a). Over-expression of miR-380-3p sig-
nificantly increased TNF-«, IL-1p, IL-6 and IL-18 levels
in vitro model compared with negative group (P<0.05)
(Fig. 5b—e). These results of gene chip showed that miR-
380-3p induced NLRP3 expression and reduced HIF-1a
expression in vitro model compared with negative group
(Fig. 5f). MiR-380-3p targets 3'-UTR of HIF-1la mRNA
and luciferase reporter levels were significantly reduced
in miR-380-3p group compared with negative group
(P<0.05) (Fig. 5g, h). Over-expression of miR-380-3p sig-
nificantly induced NLRP3 and caspase-1 protein expres-
sion, and suppressed HIF-1a protein expression in vitro
model compared with negative group (P<0.05) (Fig. 5i—
1). Over-expression of Circ 0001723 significantly sup-
pressed NLRP3 and caspase-1 protein expression, and
induced HIF-1a protein expression in vitro model com-
pared with negative group (P<0.05) (Fig. 6a—d). Over-
expression of Circ 0001723 significantly induced HIF-1a
protein expression in vitro model compared with nega-
tive group (P <0.05) (Fig. 6e).
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Fig. 1 HIF-1a Expression Levels in SCI model rats. HE staining (a), BBB score (b), water content of spinal cord (c), TNF-a (d), IL-1( (e), IL-6 (f) and IL-18
(9), HIF-1a protein expression (h) and statistical analysis (i). Sham sham control group, SC/ SCI model group. **p <0.01 compared with sham control
group

miR-380-3p reduced the effects of HIF-1a/NLRP3

on inflammation by Circ 0001723

To explore the mechanism of HIF-la on inflamma-
tion in SCI, miR-380-3p mimics increased the miR-
380-3p expression in vitro model of SCI following Circ
0001723, compared with Circ 0001723 group (Fig. 7a).
Over-expression of miR-380-3p significantly induced
NLRP3 and caspase-1 protein expression, and suppressed
HIF-1a protein expression in vitro model following Circ
0001723 compared with Circ 0001723 group (P<0.05)
(Fig. 7b—e). Over-expression of miR-380-3p significantly

reduced the effect of Circ 0001723 on induction of TNE-
a, IL-1p, IL-6 and IL-18 levels in vitro model compared
with Circ 0001723 group (P<0.05) (Fig. 7f-i).

The activation of HIF-1a reduced the pro-inflammation
effects of Circ 0001723 down-regulation on inflammation
in vitro model of SCI

We explored the role of HIF-1a in the pro-inflammation
effects of Circ 0001723 down-regulation on inflamma-
tion in vitro model of SCI. HIF-1a plasmid significantly
induced HIF-1a protein expression and reduced NLRP3
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Fig. 2 Circ 0001723 regulated inflammation in vitro model of SCI. HE staining (a), BBB score (b), water content of spinal cord (c), TNF-a (d), IL-1( (e),
IL-6 (f) and IL-18 (g), HIF-1a protein expression (h) and statistical analysis (i). Sham sham control group, SC/ SCI model group. **p <0.01 compared
with sham control group

and caspase-1 protein expression in vitro model of SCI
by Circ 0001723 down-regulation compared with Circ
0001723 down-regulation group (P<0.05) (Fig. 8a—d).
The activation of HIF-1a significantly reduced TNF-a,

IL-1B, IL-6 and IL-18 levels in vitro model of SCI by
Circ 0001723 down-regulation compared with Circ
0001723 down-regulation group (P<0.05) (Fig. 8e—h).
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The inactivation of NLRP3 reduced the anti-inflammation
effects of anti-Circ 0001723 on inflammation in vitro model
of SCI

We further explored the role of NLRP3 in the anti-
inflammation effects of Circ 0001723 on inflamma-
tion in vitro model of SCI. As showed in Fig. 7a-e,
si-NLRP3 suppressed NLRP3 and caspase-1 expres-
sion in vitro model of SCI by Circ 0001723 down-reg-
ulation compared with Circ 0001723 down-regulation
group (Fig. 9a—c) (P<0.05). The activation of LC3 sig-
nificantly reduced TNF-a, IL-1p, IL-6 and IL-18 levels
in vitro model of SCI by Circ 0001723 down-regulation

compared with Circ 0001723 down-regulation group
(P<0.05) (Fig. 9d-g).

Discussion

SCI is one of the common severe diseases in Spine Sur-
gery. It is associated with extremely high mortality and
disability. Typically, its treatment remains a worldwide
challenge. Autophagy is an important defense and pro-
tection mechanism of the body [8]. The body can remove
the damaged and denatured proteins as well as organelles
with function loss through autophagy [8]. Finally, it can
realize cell recycle and re-utilization [14]. On the other

(See figure on next page.)

Fig. 5 MiR-380-3p regulated HIF-1a/NLRP3 in vitro model of SCI. MiR-380-3p expression (a), TNF-a (b), IL-1( (c), IL-6 (d) and IL-18 (e), Heat map
for HIF-1a/NLRP3 (f), miR-380-3p target HIF-1a mRNA (g), Luciferase reporter activity (h), HIF-1a, NLRP3 and Caspase-1 protein expression by
western blot analysis (i—k) and statistical analysis (I). Negative, negative control group; miR-380-3p, over-expression of miR-380-3p group. **p <0.01

compared with negative control group
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hand, the excessive induction of autophagy will induce
another programmed cell death different from apopto-
sis, which is the autophagic cell death. In recent years,
autophagy has become the hotspot in SCI research [15].
But the role of autophagy activation in SCI remains con-
troversial [16]. Therefore, this paper aimed to explore
the relationships of post-SCI autophagy activation,
autophagic cell death and autophagy with apoptosis,
molecular metabolism promotion of autophagy, and the
two-sideness of autophagy [16]. At present, we found
that Circ 0001723 and HIF-1a expression was reduced

and miR-380-3p expression was increased in SCI model.
Cosin-Roger et al. showed that Hypoxia ameliorates
intestinal inflammation through NLRP3 downregulation
and autophagy activation [17].

Inflammatory chemokine and cytokine can supplement
and activate the immune cells and central nervous cells
[1]. They have play key roles in promoting and maintain-
ing inflammatory response [18]. In any tissue, inflam-
matory response has its own limitation and can degrade
at appropriate timing [18]. The degradation program
includes cytokine transformation from pro-inflammatory
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to anti-inflammation [19]. Besides, it also includes the
transformation of arachidonic acid from pro-inflamma-
tory factor to the lipid medium promoting inflamma-
tion degradation [19]. The adverse effect of inflammatory
response will expand if it can not end in an appropriate
way in the injury region [19]. The central nervous sys-
tem has limited axonal regeneration and damaged neu-
ron supplementation [19]. Therefore, the adverse effect of

inflammation is more obvious than that on other tissues.
Typically, it can induce the apoptosis of neuron and oli-
godendrocyte and scar formation [19]. In this study, we
found that HIF-1a prevented SCI and inflammation in
SCI model.

Bioinformatics analysis suggests that, the potential
target genes of the changed miRNA after SCI include
those encoding the components during inflammation,
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Fig. 8 The activation of HIF-1a reduced the pro-inflammation effects of Circ 0001723 down-regulation on inflammation in vitro model of SCI.
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oxidative stress and apoptosis [20]. These processes are
considered to play important roles in the pathogenesis of
SCI [20]. These findings indicate that, abnormal miRNA
expression may play a role in the pathogenesis of SCI
[21]. Besides, they may serve as the potential targets of
the therapeutic intervention after SCI [21]. Our study
showed that Circ 0001723 targets 3’-UTR of miR-380-3p
mRNA and MiR-380-3p targets 3’-UTR of HIF-1la
mRNA. Assalin et al. reported that miR-380-3p expres-
sion was increased in the gestational protein-restricted
left ventricle [22].

Research indicates that, HIF-la expression is
increased under hypoxia and ischemia/reperfu-
sion status [23]. Intervening HIF-la expression can

suppress the activation of autophagy [24]. This reveals
that autophagy activation induced by hypoxia and
ischemia/reperfusion is closely correlated with high
HIF-1a expression [24]. More importantly, intermittent
hypoxia can also induce the increased HIF-1a expres-
sion [9]. Therefore, HIF-1a may participate in the inter-
mittent hypoxia-induced autophagy activation [25].
Besides, HIF-1a can induce the over-expression of tran-
scription factor p62. Subsequently, it can release p62
from its binding with Bcl-2 protein, and the activated
p62 can take part in forming autophagy [25]. In our
study, we have found that HIF-1a was reduced in SCI
model rats, which was contrary to the previous study
[26]. Although HIF-la could be obviously increased



Li et al. Biol Res (2020) 53:35 Page 12 of 14

1
w

25

##
1.5 |

0.5 I . c
. . .

b Negative 0001723 inhibitor 0001723 inhibitor+si-NLRP3 | Sl .. NLRP3
*%

NLRP3 protein expresion
/GAPDH
— ~
- *
*

=
=]
7
» L
‘g 2 #
S5 15y -
£ g
a8 < 1r
2 05 - Negative 0001723 inhibitor 0001723 inhibitor+si-NLRP3
& .
= 0 . . .
Negative 0001723 inhibitor 0001723 inhibitor+si-NLRP3
d 250 € 200
*k o
200
s "E‘ 150
D
- 5 150 # =3
= £ T g 100
Z & 100 - = H
= F 2
- 1)
o o ]
b 0 1 1 J 0 ' i ;
Negative 0001723 inhibitor 0001723 inhibitor+si-NLRP3 Negative 0001723 inhibitor 0001723 inhibitor+si-NLRP3
f s 200
70 . 8. -
~ 60 = 150
£ 50 ## 2
- o
© £ 40 b § 100
i | 2 = o0
2 o3 = o #
?2 20 g 50
0 L L ) 0 L L ,
Negative 0001723 inhibitor 0001723 inhibitor+si-NLRP3 Negative 0001723 inhibi 0001723 inhibitor+si-NLRP3

Fig. 9 The inactivation of NLRP3 reduced the anti-inflammation effects of anti-Circ 0001723 on inflammation in vitro model of SCI. NLRP3 and
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under hypoxic conditions, it was easily decreased
under normoxic conditions [27]. We have only meas-
ured the expression of HIF-1a at 24 h after SCI, which
might cause the difference. It was reported that HIF-1a
was significantly increased after 24 h [28]. This is also
the limitation of our study. Further study with multi-
ple time points was needed. In this experiment, it was
found that MiR-380-3p reduced the effects of HIF-1a/
NLRP3 on inflammation by Circ 0001723. The activa-
tion of HIF-1a or inactivation of NLRP3 reduced the
pro-inflammation effects of Circ 0001723 down-regu-
lation on inflammation in vitro model of SCI. Another
limitation of this study was that Autophagy depend-
/ ence was investigated by the use of inhibitor. However,

3-Methyladenine can affect other metabolic processes
Fig. 10 Hypoxia inducible factor-1 (HIF-1a) reduced inflammation in not related to autophagy, including several PI3Ks, while
spinal cord injury via miR-380-3p/ NLRP3 by Circ 0001723 resveratrol is also an antioxidant, which could also
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affect other metabolic processes. Therefore, further
study evaluating autophagy by determining LC3 flux
was needed.

Conclusions

We showed for the first time in our study that Circ
0001723 promoted inflammation, and induced NF-«kB
protein expression in SCI via suppression of Autophagy
by HIF-1a (Fig. 10). These results suggested the value of
miR-143 as a potential new target for the treatment of
SCIL.

Abbreviations

SCI: Spinal cord injury; miRNA: microRNA; EAA: Excitatory amino acid; circRNAs:
Circular RNAs; H&E: Hematoxylineosin; DMEM: Dulbecco’s Modifed Eagle
Medium; FBS: Fetal bovine serum; PVDF: Polyvinylidene difluoride; TBST: Tris-
buffered saline containing Tween-20.

Acknowledgments

This work was supported by the National Natural Science Foundation of China
(no. 81401004) and Projects of medical and health technology development
program in Zhejiang province (no. 2015-KY1001-036).

Authors’ contributions

XGL and XFL carried out the studies, participated in collecting data, and
drafted the manuscript. SZX and JHD performed the statistical analysis and
participated in its design. SZX, XGL and JSW helped to draft the manuscript.
All authors read and approved the final manuscript.

Funding
This work was supported by Natural Science Foundation of Zhejiang Province
(LY20H090018).

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Ethics approval and consent to participate
This study was approved by Ethical Committee of The First Affiliated Hospital
of Zhejiang University.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 3 July 2019 Accepted: 29 July 2020
Published online: 20 August 2020

References

1. Paternitil, Mazzon E, Emanuela E, Paola RD, Galuppo M, Bramanti P, Cuz-
zocrea S. Modulation of inflammatory response after spinal cord trauma
with deferoxamine, an iron chelator. Free Radic Res. 2010;44:694-709.

2. Mesbah S, Angeli CA, Keynton RS, El-Baz A. A novel approach for auto-
matic visualization and activation detection of evoked potentials induced
by epidural spinal cord stimulation in individuals with spinal cord injury.
PLoS ONE. 2017;12(10):e0185582.

3. Esposito E, Mazzon E, Paterniti |, Impellizzeri D, Bramanti P, Cuzzocrea S.
Olprinone attenuates the acute inflammatory response and apoptosis
after spinal cord trauma in mice. PLoS ONE. 2010;5:12170.

22.

23.

24.

25.

Page 13 of 14

Noller CM, Groah SL, Nash MS. Inflammatory stress effects on health

and function after spinal cord injury. Top Spinal Cord Inj Rehabil.
2017,23:207-17.

Kwan T, Floyd CL, Kim S, King PH. RNA binding protein human antigen R
is translocated in astrocytes following spinal cord injury and promotes
the inflammatory response. J Neurotrauma. 2017;34:1249-59.

Zhuang C, Huang X, Yu J, Gui Y. Circular RNA hsa_circ_0075828 promotes
bladder cancer cell proliferation through activation of CREB1. BMB Rep.
2019,53:82-7.

Li L, Jiang HK, Li YP, Guo YP. Hydrogen sulfide protects spinal cord and
induces autophagy via miR-30c in a rat model of spinal cord ischemia-
reperfusion injury. J Biomed Sci. 2015;22:50.

Gao K, Wang G, Wang Y, Han D, Bi J, Yuan Y, Yao T, Wan Z, Li H, Mei X. Neu-
roprotective effect of simvastatin via inducing the autophagy on spinal
cord injury in the rat model. Biomed Res Int. 2015;2015:260161.

Chen H, Li J, Liang S, Lin B, Peng Q, Zhao P, Cui J, Rao Y. Effect of hypoxia-
inducible factor-1/vascular endothelial growth factor signaling pathway
on spinal cord injury in rats. Exp Ther Med. 2017;13:861-6.

Gaudet AD, Popovich PG. Extracellular matrix regulation of inflammation
in the healthy and injured spinal cord. Exp Neurol. 2014;258:24-34.

. Schwab JM, Zhang Y, Kopp MA, Brommer B, Popovich PG. The paradox of

chronic neuroinflammation, systemic immune suppression, autoimmun-
ity after traumatic chronic spinal cord injury. Exp Neurol. 2014;258:121-9.
Basso DM, Beattie MS, Bresnahan JC, Anderson DK, Faden Al, Gruner JA,
Holford TR, Hsu CY, Noble LJ, Nockels R, Perot PL, Salzman SK, Young W.
MASCIS evaluation of open field locomotor scores: effects of experience
and teamwork on reliability multicenter animal spinal cord injury study. J
Neurotrauma. 1996;13:343-59.

Livak KJ, Schmittgen TD. Analysis of relative gene expression data using
real-time quantitative PCR and the 2(-Delta Delta C(T)) Method. Methods.
2001;25:402-8.

Wang P, Xie ZD, Xie CN, Lin CW, Wang JL, Xuan LN, Zhang CW, Wang V,
Huang ZH, Teng HL. AMP-activated protein kinase-dependent induction
of autophagy by erythropoietin protects against spinal cord injury in rats.
CNS Neurosci Ther. 2018;24(12):1185-95.

Munoz-Galdeano T, Reigada D, Del Aguila A, Velez |, Caballero-Lépez MJ,
Maza RM, Nieto-Diaz M. Cell specific changes of autophagy in a mouse
model of contusive spinal cord injury. Front Cell Neurosci. 2018;12:164.
Wang Z, Zhou L, Zheng X, Liu W. Effects of dexamethasone on
autophagy and apoptosis in acute spinal cord injury. NeuroReport.
2018;29(13):1084-91.

Cosin-Roger J, Simmen S, Melhem H, Atrott K, Frey-Wagner |, Hausmann
M, de Valliere C, Spalinger MR, Spielmann P, Wenger RH, Zeitz J, Vavricka
SR, Rogler G, Ruiz PA. Hypoxia ameliorates intestinal inflammation
through NLRP3/mTOR downregulation and autophagy activation. Nat
Commun. 2017;8:98.

Kerr BJ, Patterson PH. Potent pro-inflammatory actions of leukemia
inhibitory factor in the spinal cord of the adult mouse. Exp Neurol.
2004;188:391-407.

Mostacada K, Oliveira FL, Villa-Verde DM, Martinez AM. Lack of galectin-3
improves the functional outcome and tissue sparing by modulating
inflammatory response after a compressive spinal cord injury. Exp Neurol.
2015;271:390-400.

Yan H, Hong P, Jiang M, Li H. MicroRNAs as potential therapeutics for
treating spinal cord injury. Neural Regen Res. 2012;7:1352-9.

. GendaY, Arai M, Ishikawa M, Tanaka S, Okabe T, Sakamoto A. micro-

RNA changes in the dorsal horn of the spinal cord of rats with chronic
constriction injury: a TagMan(R) low density array study. Int J Mol Med.
2013;31:129-37.

Assalin HB, Gontijo JAR, Boer PA. miRNAs, target genes expression and
morphological analysis on the heart in gestational protein-restricted
offspring. PLoS ONE. 2019;14(4):e0210454.

Li'YN, Hu JA, Wang HM. Inhibition of HIF-1alpha affects autophagy medi-
ated glycosylation in oral squamous cell carcinoma cells. Dis Markers.
2015;2015:239479.

Yue X, Zhao P, Wu K, Huang J, Zhang W, Wu Y, Liang X, He X. GRIM-19
inhibition induced autophagy through activation of ERK and HIF-1alpha
not STAT3 in Hela cells. Tumour Biol. 2016;37:9789-96.

Wang H, Huo X, Chen H, Li B, Liu J, Ma W, Wang X, Xie K, Yu'Y, Shi K.
Hydrogen-rich saline activated autophagy via HIF-1alpha pathways in
neuropathic pain model. Biomed Res Int. 2018;2018:4670834.



Li et al. Biol Res

26.

27.

28.

(2020) 53:35

Chen H, Zheng J, Ma J. Vanillin ameliorates changes in HIF-1a expression
and neuronal apoptosis in a rat model of spinal cord injury. Restor Neurol
Neurosci. 2019;37(1):21-9.

Lewis BP, Burge CB, Bartel DP. Conserved seed pairing, often flanked

by adenosines, indicates that thousands of human genes are microrna
targets. Cell. 2005;120:15-20.

Chen MH, Ren QX, Yang WF, Chen XL, Lu C, Sun J. Influences of HIF-la on
Bax/Bcl-2 and VEGF expressions in rats with spinal cord injury. Int J Clin
Exp Pathol. 2013;6(11):2312-22.

Page 14 of 14

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Hypoxia inducible factor-1 (HIF-1α) reduced inflammation in spinal cord injury via miR-380-3p NLRP3 by Circ 0001723
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Materials and methods
	SCI model
	BBB score, the water content of spinal cord and HE staining
	Gene expression profiling
	Cell culture and transfection
	Western blot analysis
	Immunohistochemistry
	Statistical analysis

	Results
	HIF-1α expression levels in SCI model rats
	Circ 0001723 regulated inflammation in vitro model of SCI
	Circ 0001723 regulated inflammation in vitro model of SCI by HIF-1α
	miR-380-3p reduced the effects of HIF-1αNLRP3 on inflammation by Circ 0001723
	The activation of HIF-1α reduced the pro-inflammation effects of Circ 0001723 down-regulation on inflammation in vitro model of SCI
	The inactivation of NLRP3 reduced the anti-inflammation effects of anti-Circ 0001723 on inflammation in vitro model of SCI

	Discussion
	Conclusions
	Acknowledgments
	References




