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Clinic serum levels of Plin5 is therapeutic target of spinal cord injury and Plin5
reduced inflammation in spinal cord injury via silent information regulator 1
dependent inhibition of NLRP3 inflammasome
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Abstract

, Jie REN™

The study investigated that clinic significance and molecular mechanism of Plin5 in spinal cord injury (SCI). Serum levels of
Plin5 was down-regulated and there is a negative correlation between Plin5 and IL-1 levels in patients with SCI,. Human Plin5
protein could reduce inflammation, and prevented spinal cord injury in rat model of SCI. Over-expression of Plin5 reduced
inflammation divisors via activation of SIRT1 and suppression of NLRP3 in vitro model of SCI; down-regulation of Plin5
promoted inflammation divisors via inactivation of SIRT1 and induction of NLRP3 in vitro model of SCI. SIRT1 is important
targets of Plin5 in inflammation divisors of SCI. The inhibition of SIRT1 reduced the effects of Plin5 on inflammation divisors
of SCI. The activation of NLRP3 also reduced the effects of Plin5 on inflammation divisors of SCI. We concluded that clinic
Serum levels of Plin5 is therapeutic target of SCI and Plin5 reduced inflammation in SCI via SIRT1 dependent suppression of

NLRP3 Inflammasome.
Keywords: Plin5; SIRT1; NLRP3; spinal cord injury.

Practical Application: Clinic significance and molecular mechanism of Plin5 in spinal cord injury.

1 Introduction

Spinal cord injury (SCI) can be divided into primary injury
and secondary injury according to the molecular mechanism of
pathogenesis (Gensel & Zhang, 2015). Primary SCI is caused by
the direct or indirect action of initial external force on the spinal
cord, while secondary SCI is caused by destructive lesions in the
initially complete tissues surrounding primary SCI following a
sequence of physiological and biochemical mechanisms, including
apoptosis, oxidative stress and inflammatory response, further
aggravating the degree of damage and expanding the scope of
damage (Kjell & Olson, 2016; Jarve et al., 2020). The post-SCI
inflammatory response is relatively complex, involving both
nerves and immune systems, and the dynamic role of various
factors, all of which become important events that constitute
secondary SCI (Kornhaber et al., 2018; Hoey & Hubscher, 2020).

SCI will not only cause cellular oxidative stress response,
cell necrosis, and apoptosis, but also give rise to the local
secretion of a great many inflammatory mediators, resulting
in immune inflammatory response (Ma et al., 2020; Liu et al.
2020). The inflammatory response in this secondary injury
plays an important role in the further recovery of science and
technology (Yu & Qian, 2020).

Silent information regulator 1 (SIRT1) related enzyme
is a highly conserved NAD*-dependent protein deacetylase
(Wang et al., 2018). There are seven homologous genes of Sir2
in humans: namely SIRT1-7 (Wang et al., 2018). Among them,

SIRT1 has the highest degree of homology and has become a
research hotspot in recent years (Lu et al., 2019; Ding et al,,
2021; Wang et al., 2021). SIRT1 protein has been found to
exert anti-inflammatory and anti-oxidative stress effects, which
can attenuate cell damage. The functions of SIRT1 is relatively
complicated, which can interact with proteins in a variety of
signal transduction pathways (Wang et al., 2019). To be specific,
it can deacetylate histone, lysine residue, and transcription
factors in the organism, and is involved in neuroprotection, cell
aging and apoptosis, glycolipid metabolism, insulin secretion,
inflammatory oxidative stress response, angiogenesis, thereby
regulating gene functions (Yu et al., 2019a).

NLRP3 is a member of the NLRs family and is the core
component of the inflammasome (Pu et al., 2019). It contains
three domains and its C-terminus is a leucine-rich repeat
domain, whose main function is to identify danger-associated
molecular patterns or pathogen-associated molecular patterns,
also playing an important role in self-regulation and protein-
protein interaction (Jiang et al., 2019). TLR can induce the
activation of NF-kB, and is involved in the regulation of NLRP3
transcription by combining with the NF-«B-related sites in the
NLRRP3 promoter (Mohammed et al., 2020). Relevant studies
have also confirmed that NF-«B signaling pathway can regulate
the protein expression of NLRP inflammasome, IL-18 precursor
and IL-1f precursor in peripheral immune cells (Jiang et al.,
2019; Zhang et al., 2020b; Su et al., 2020). The study investigated

Received 23 June, 2021
Accepted 09 July, 2021

! Department of Orthopaedics, The second affiliated Hospital of Shanxi Medical University, Taiyuan, China

*The first author.
*Corresponding author: zhaobin654sci@163.com; 406287132@qq.com

Food Sci. Technol, Campinas, v42, e51121, 2022


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-3064-2923

Original Article

Plin5 reduced inflammation in SCI

that clinic significance and molecular mechanism of Plin5 on
inflammation of SCL

2 Materials and methods
2.1 Animals model

All experiments were performed in accordance with
National Institutes of Health guidelines and were approved by
Institutional Animal Care and Use Committees at the University
of California, San Francisco. SD rats were housed at 22-23 °C
and 55-60% humidity with ad libitum access to food and water.

All rats were administered with 35 mg/kg pentobarbital
sodium and fixed on the operating table and T9 spinous processes.
Subcutaneous tissues were incised along the posterior median
line. T8-T9 spinous processes and lamina were exposed and
processes and lamina were removed, right side of the spinal
cord was cut and right hind limb was considered to indicate a
successful model of SCI. All rats were random distributed into
control and SCI model groups.

2.2 Histological analyses

After treatment, spinal cord tissues were fixed in 4% formalin
for 24 h and tissue were embedded in paraffin. Tissue samples
were cut 5 um of section and it was stained with HE sassy.
Histological analyses were observed via an optical microscope
(BX-42, Olympus Corporation, Tokyo, Japan).

2.3 Cell culture and treatment

Nerve cell line PC12 cell was purchased from Shanghai Cell
Bank of Chinese Academy of Sciences (Shanghai, China) and
cultured in Dulbecco’s modified Eagle’s medium (DMEM) with
10% fetal bovine serum (FBS) at 37 °C in 5% CO2. PCI12 cell
were transfected with Plin5 plasmid, siPlin5 plasmid, NLRP3
plasmid or negative mimics using Lipofectamine 2000. PC12
cell was induced with 100 ng/mL LPS for 4 h and then cultured
with ATP (1 nM) for 1 h after transfection at 48 h.

2.4 Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR) and Gene chip

Total RNA were isolated using Trizol reagent (Invitrogen, CA,
USA) and TagMan Reverse Transcription kit (Life Technologies)
was then used to synthesize cDNA. RT-qPCR was performed using
SYBR-Green Universal qPCR Master Mix (Bio-Rad, Hercules,
CA, USA). The RNA quality and quantity were measured by
Agilent Bioanalyzer 2100 (Agilent technologies, Santa Clara, CA,
USA). The sign were performed by Agilent Microarray Scanner
(Agilent technologies, Santa Clara, CA, USA).

2.5 Measurement of inflammation and oxidative stress

ROS, MDA, SOD, CAT and GSH-PX, NF-KB p65, TNF-aq,
IL-1P and IL-6 levels were measured using ELISA kits (Nanjing
Jiancheng Biological Engineering Research Institute Co. LTD).
The optical density was measured using a Multiskan FC enzyme
immunoassay analyzer (Thermo Fisher Scientifc, Waltham, MA,
USA) at 450 nm.

2.6 Protein isolation and western blotting

Samples were lysed with an ice-cold RIPA buffer (Beyotime
Institute of Biotechnology) and protein was quantified using BCA
assay (Beyotime Institute of Biotechnology). Equal amount of
proteins of the samples were loaded onto the gel and transferred
onto a polyvinylidene difluoride membrane. Membrane was
blocked with 5% non-fatin TBST for 1 h at 37 °C and incubated
with Plin5, SIRT1, NLRP3 and GAPDH followed by recognition
with corresponsive secondary antibody. Membrane was washed
with TBST and visualizated with an ECL kit (Pierce Chemical
Co.). and was analyzed by Image-Pro Plus 6.0 software.

2.7 Statistical analysis

The data are presented as mean + SEM used GraphPad prism
8 for statistical analysis. P < 0.05 was statistically significant
used student t-test or two-way ANOVA for statistical analysis
when appropriate.

3 Results

3.1 Serum levels of Plin5 in patient with SCI and Plin5
prevented SCI

To determine whether Plin5 had clinical significance of SCI
and the changes of Plin5 expression in response to SCI were
analyzed by PCR. For the in vivo study, Plin5 mRNA expression
was down-regulated (Figure 1A). In addition, as a control group,
In mice of SCI, human Plin5 protein reduced the water content
of spinal cord, increased BBB score and inhibited serum NF-KB
p65, TNF-q, IL-1p and IL-6 levels (Figure 1B-1H).

3.2 Plin5 regulated inflammation of SCI

We next assessed the effects of Plin5 in SCI and over-
expression of Plin5 in vitro model was used in this study. There
was increase of Plin5 expression and over-expression of Plin5
reduced NF-KB p65, TNF-a, IL-1p and IL-6 levels in vitro model
(Figure 2A-2E). The inhibition of Plin5 expression in vitro model
was observed and down-regulation of Plin5 increased NF-KB
p65, TNF-q, IL-1P and IL-6 levels in vitro model (Figure 2F-2]).

3.3 Plin5 regulated ROS-induced oxidative stress of SCI

Over-expression of Plin5 reduced ROS production levels
and MDA activity level, and increased SOD, CAT and GSH-PX
activity levels in vitro model (Figure 3A-3F). The down-regulation
of Plin5 promoted ROS production levels and MDA activity
level, and reduced SOD, CAT and GSH-PX activity levels in
vitro model (Figure 3G-3L).

3.4 SIRT1 is control targets of anti-inflammation effects of
Plin5 in SCI by NLRP3

To critically determine the mechanism of Plin5 in SCI,
gene chip was used the Plin5 regulated gene. Plin5 regulation
gene was showed at Figure 4A, and volcano figure showed that
a great many regulation gene and SIRT1/NLRP3 were discovered
in SCI (Figure 4B). Over-expression of Plin5 induced SIRT1
protein expression and suppressed NLRP3 protein expression
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Figure 1. Serum levels of Plin5 in patient with SCI and Plin5 prevented SCI. Plin5 mRNA expression (A), the water content of spinal cord (B),
Histological images (C), BBB scores (D), serum NF-KB p65 (E), TNF-a (F), IL-1p (G) and IL-6 (H) levels in mice of SCI. Sham, sham group;
SCI, SCI model group; Plin5, SCI model mice by treatment with human Plin5 protein. **p < 0.01 compared with sham group.
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Figure 2. Plin5 regulated inflammation of SCI. Plin5 mRNA expression (A), NF-KB p65 (B), TNF-a (C), IL-1p (D) and IL-6 (E) levels in vitro
of SCI by over-expression of Plin5; Plin5 mRNA expression (F), NF-KB p65 (G), TNF-a (H), IL-1p (I) and IL-6 (]) levels in vitro of SCI by
down-regulation of Plin5. Negative, negative mimics group; Plin5, over-expression of Plin5 group; Si-Plin5, down-regulation of Plin5 group.
**p < 0.01 compared with negative mimics group.
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Figure 3. Plin5 regulated ROS-induced oxidative stress of SCI. ROS production levels (A and B), MDA activity level (C), SOD (D), CAT (E) and
GSH-PX (F) activity levels in vitro of SCI by over-expression of Plin5; ROS production levels (G and H), MDA activity level (I), SOD (J), CAT
(K) and GSH-PX (L) activity levels in vitro of SCI by down-regulation of Plin5. Negative, negative mimics group; Plin5, over-expression of Plin5
group; Si-Plin5, down-regulation of Plin5 group. **p < 0.01 compared with negative mimics group.

in vitro model of SCI (Figure 4C-4E). Down-regulation of Plin5
suppressed SIRT1 protein expression and induced NLRP3 protein
expression in vitro model of SCI (Figure 4F-4H).

3.5 The inhibition of SIRT1 reduced the effects of Plin5 on
inflammation of SCI

To further determine the role of SIRT1 in the effects of Plin5
on inflammation of SCI, siSIRT1 was used to down-regulated
SIRT1 expression in SCI by over-expression of Plin5. SiSIRT1
suppressed SIRT1 protein expression and induced NLRP3
protein expression in vitro model of SCI by over-expression
of Plin5, compared with over-expression of over-expression of
Plin5 group (Figure 5A-5C). The inhibition of SIRT1 reduced
the anti-inflammation effects of Plin5 on NF-KB p65, TNF-q,
IL-1P and IL-6 levels in vitro model SCI (Figure 5D-5G). The
inhibition of SIRT1 also reduced the anti-oxidation effects of
Plin5 on ROS production levels and MDA activity level, and
SOD, CAT and GSH-PX activity levels in vitro model of SCI
(Figure 5H-5M).

3.6 The activation of NLRP3 reduced the effects of Plin5 on
inflammation of SCI

To further confirm the role of NLRP3 in the effects of Plin5
on inflammation of SCI, NLRP3 plasmid induced NLRP3 protein
expression of Plin5 on inflammation of SCI (Figure 6A-6B).
The activation of NLRP3 increased NF-KB p65, TNF-a, IL-1p
and IL-6 levels in vitro model SCI by over-expression of Plin5,
compared with over-expression of Plin5 group (Figure 6C-6F).

4 Discussion

SCI is a disorder of the central nervous system mainly
characterized by functional disorder or deletion after direct or
indirect violence (Gao et al., 2020). The inflammatory response
caused by SCI has the dual effects of nerve damage and nerve
protection (Hosseinzadeh et al., 2020; Hu et al., 2020; Li et al,,
2020). Therefore, it is necessary to use its positive and negative
roles in the repairing SCI, that is, selectively exerting its repair
potential, while minimizing its destruction. We found that
Plin5 mRNA expression was down-regulated in SCI mice, and
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Figure 4. SIRT1 is control targets of anti-inflammation effects of Plin5 in SCI by NLRP3. The results of gene chip (A), volcano figure (B), SIRT1
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Plin5 group. **p < 0.01 compared with negative mimics group.

human Plin5 protein reduced the water content of spinal cord,
increased BBB score and inhibited serum NF-KB p65, TNF-a,
IL-1B and IL-6 levels. Zhou et al. supported that Plin5 deficiency
promotes atherosclerosis progression via Inflammation and
oxidative stress (Zhou et al.,, 2017).

SCI is one of the main causes for disability, and its
pathophysiological process includes primary injury and secondary
injury (Yu et al., 2019a). Secondary SCI would initially recruit
a large number of surrounding inflammatory cells can cause
strong inflammatory responses, thereby leading to glial cell
death (Zhao et al., 2017). The substrates of SIRT1 deacetylation
mainly include FOXO1/3/4, c-myc, NF-kB, etc (Zhao et al., 2017).
By interacting with different substrates, SIRT1 exerts diverse
biological functions, including regulating cell cycle, inhibiting
apoptosis, protecting nerves, inhibiting inflammatory response,

Food Sci. Technol, Campinas, v42, e51121, 2022

resisting oxidative stress, promoting metabolism of sugar and
lipid, promoting neuronal proliferation and differentiation
and participating autophagy process (Yu et al., 2019b). In the
experimental study of inflammatory response, the research on
SIRT1 is relatively in-depth. SIRT1, a NAD*-dependent protein
deacetylase, exerts an obvious anti-inflammatory effect (Yu et al,,
2019b). This study showed that Plin5 reduced inflammation
and ROS-induced oxidative stress of SCI by induction of SIRT1
expression. Zhang et al. (2020a) show that hepatic PLIN5 promote
autophagy and prevent inflammation via SIRT1 signals.

Apart from various neurological diseases, NLRP3 is
also closely associated with the development of diabetes,
atherosclerosis, gout, etc. This experiment can confirm that
in acute SCI, NLRP3 inflammasome is also involved in the
inflammatory response after acute SCI. Studies have all shown
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that NLRP3 inflammasome is an important factor for secondary
SCI (Liu et al., 2020; Jiao et al., 2020). These results of this study
showed that the activation of NLRP3 reduced the effects of
Plin5 on inflammation of SCI. Asimakopoulou et al. conclude
that PLINS protects sgainst hepatic injury via inflammasome
activation (Asimakopoulou et al., 2020).

In summary, Plin5 mRNA expression was down-regulated
in SCI mice, and Plin5 prevent SCI and related to inflammation.
Plin5 reduced inflammation and ROS-induced oxidative stress
of SCI by induction of SIRT1/NLRP3 signal. The findings of the
present study provided further mechanistic support for Plin5
as a promising treatment with SCI agent.
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