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Abstract

Background
Accumulated evidence has established that long non-coding RNA (lncRNA) is involved in the progress of
Parkinson's disease (PD). SNHG7, a novel lncRNA, has been found to play a key role in tumorigenesis.
However, the SNHG7 expression and its functional effects on PD remain uncharted.

Methods
RT-PCR was used to detect the expression of SNHG7, miR-425-5p and in�ammatory cytokines in the
plasma of PD patients and the healthy controls. Rotenone (Rot) was adopted to construct PD models in
SD rats and SH-SY5Y cells, respectively. Gain- and loss- of functions of SNHG7 or miR-425-5p were
conducted. The expression levels of Caspase3, tyrosine hydroxylase (TH), Iba1 in SD rat striatum was
measured via immunohistochemistry and Western blot. Additionally, the expressions of in�ammatory
cytokines (IL-1β, IL-6, TNF-α) and oxidative stress factors (MDA, SOD, GSH-PX) in the brain tissues were
examined using RT-PCR and ELISA. Moreover, the protein levels of TRAF5, I-κB, NF-κB, HO-1, Nrf2 were
detected via Western blot. Bioinformatics was applied to predict the targeting relationship between
SNHG7, miR-425-5p and TRAF5. Dual luciferase activity assay and RNA immunoprecipitation (RIP)
assays were carried out to verify their interactions.

Results
SNHG7 was found up-regulated in PD patients while miR-425-5p expression was down-regulated
(compared to healthy donors). Meanwhile, SNHG7 level was positively correlated with the level of
in�ammatory cytokines in PD patients. Functional experiments con�rmed that SNHG7 downregulation or
miR-425-5p overexpression attenuated neuronal apoptosis in the Rot-mediated PD model, TH-positive cell
loss and microglia activation by mitigating in�ammation and oxidative stress. Mechanistically, SNHG7
served as a competitive endogenous RNA (ceRNA) by sponging miR-425-5p and promoted TRAF5
mediated in�ammation and oxidative stress.

Conclusion
Inhibition of SNHG7 ameliorated neuronal apoptosis in PD through relieving miR-425-5p/TRAF5/NF-κB
signaling pathway modulated in�ammation and oxidative stress.

1. Introduction
As a typical neurodegenerative disorder disease, Parkinson's disease (PD) in�icts serious damage to the
patients’ quality of life. Clinically, PD presents symptoms like resting tremors and muscle rigidity.
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Pathologically, the disease is characterized by the degeneration or progressive loss of dopaminergic
neurons in the substantia nigra pars compacta and striatum of mid-brain, together with the presence of
Lewy bodies (mainly composed of α-synuclein) [1]. A series of studies have con�rmed that genetic
susceptibility, oxidative stress, drug toxicity, and environmental triggers are strongly implicated in PD’s
pathogenesis [2–3]. In recent years, as increasing research has focused on the pathogenic mechanism
underlying PD, the causal genes of PD and non-coding RNAs (such as lncRNA and miRNA) that regulate
these genes have attracted wider attention [4, 5]. Thus, an improved understanding of lncRNA in the PD
pathogenesis/ carries great signi�cance, promising to provide new insights for early diagnostic indicators
and effective therapeutic targets of PD.

According to recent studies, lncRNA regulates a variety of in�ammations by targeting miRNA [6, 7]. For
example, SNHG16 regulates CCL5 expression by competitively binding to miR-146a-5p; SNHG16
overexpression aggravates the apoptosis, as well as in�ammation of LPS-induced acute pneumonia in
WI-38 cells [8]. Moreover, FGD5-AS1 affects the occurrence and development of periodontitis by
regulating the miR142-3p/SOCS6/NF-κB pathways [9]. In PD, similar mechanisms for lncRNA regulation
are also available. For example, lncRNA-p21 is up-regulated in a PD model of MPP-induced neuronal
damage in SH-SY5Y cells. Besides, lncRNA-p21 upregulates TRPM2 expression by targeting miR-625 [10].
As a group of lncRNAs, the SNHG family is considered as key regulators in PD. For instance, SNHG1 is up-
regulated in PD and over-expressed SNHG1 promotes MPP-induced SH-SY5Y cell apoptosis [11]. In
another sduty, SNHG1 regulates the p27/mTOR pathway by competitively binding to miR-221/222.
SNHG1 knockdown mitigates MPP-induced PD cytotoxicity [12].

SNHG7 also belongs to lncRNAs, which is located on chromosome 9q34.3. Besides, SNHG7 has been
found to exert oncogenic effects on multiple cancers, including colorectal cancer [13], pancreatic cancer
[14], and breast cancer [15] mainly by modulating the proliferation, migration, invasion and apoptosis of
tumor cells. Additionally, SNHG7 could inhibit high glucose-induced cell proliferation, migration and
angiogenesis [16], and also alleviate osteoarthritis through modulating the proliferation, apoptosis and
autophagy of chondrocytes [17]. However, the role of SNHG7 in PD progression remains to be further
veri�ed.

TRAF5 is a member of the tumor necrosis factor receptor-associated factor (TRAF) family, which has
been discovered recently. Like other TRAF family members, TRAF5 also has a ring �nger domain, so it
displays E3 ubiquitin Ligase viability. Existing studies have validated that TRAF5, as a cytoplasmic
adapter, can activate the NF-κB signaling pathway through its receptors, and then work in nervous system
in�ammation, neuronal apoptosis, glial cell activation and other processes [18, 19]. At present,
accumulating studies have highlighted that TRAF5, as a targeting molecule for various miRNAs, is
directly involved in the regulation of related diseases. For example, in gastric cancer cells, miR-135a
regulates the NF-κB pathway by targeting TRAF5. MiR-135a overexpression suppresses the NF-κB
pathway, thereby inhibiting gastric cancer cell migration [20].
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In the present study, we found that SNHG7 was signi�cantly overexpressed in the serum of PD patients
and also positively correlated with the levels of proin�ammatory cytokines (IL-1β, IL-6, TNF-α).
Additionally, we conducted bioinformatics analysis through Starbase (http: //starbase.sysu.edu.cn) and
found that miR-424-5p shared the binding sites with SNHG7 and TRAF5. Interestingly, miR-424-5p was
markedly downregulated in the serum of PD patients and had negative correlations with IL-1β, IL-6, and
TNF-α. Therefore, we supposed there is a regulatory network of SNHG7-miR-424-5p-TRAF5 in PD
development.

2 Materials

2.1 Clinical samples
A total of 56 participants were recruited from China-Japan Union Hospital of Jilin University: 36 surgically
treated PD patients and 20 healthy donors who have undergone related examinations as required. All the
recruiters provided written informed consent. Moreover, this research has garnered approval from the
Ethics Committee of China-Japan Union Hospital of Jilin University Hospital. All the plasma samples
(fasting elbow vein blood, 10 mL) were obtained from the recruiters in the morning. After that, the
samples were subjected to experimental examination after centrifugal separation.

2.2 Animals and treatment
A total of 45 Sprague-Dawley (SD) rats (male, 240 ~ 260 g, clean grade) were obtained from the
Experimental animal center, Bethune Medical Department, Jilin University. All of the rats were kept under
standard laboratory conditions. All animal experiments had been given approval from the Animal
Experiment Ethics Review Committee of China-Japan Union Hospital of Jilin University and conducted
following the guidelines for laboratory animal care and use of the National Institutes of Health (NIH
publication number 8023, 1978 revision). A total of 45 SD rats were randomly divided into 3 groups,
namely the Sham group, the Rot + LV-si-NC group, and the Rot + LV-si-SNHG7 group. For the Sham group:
sun�ower oil was subcutaneously injected into the back of SD rats for 42 days (1 ml/kg/day). For the
Rot + LV-si-NC group and Rot + LV-si-SNHG7 group: rotenone (MedChemExpress, HY-B1756) was
subcutaneously injected at the rats’ back for 42 days consecutively (1.5 mg/kg/day). The small inference
RNA (siRNA) lentivirus vector targeting SNHG7 (LV-si-SNHG7) or LV-si-NC (GeneChem Co. Ltd, Shanghai,
China) were inserted into the linearized vector GV115 to construct the siRNA recombinant lentiviral vector.
Two days before Rot treatment, the rats were deeply anesthetized via iso�urane in oxygen and nitrous
oxide, and then positioned on a stereotactic frame (Stoelting, Wood Dale, IL). The skull surface was
exposed with a hole drilled to locate the needle. Hamilton syringes (5 µL, 33-gauge needle) were applied
here to inject the rats with 1 µL/side of recombinant LV-si-SNHG7 or LV-si-NC into the dorsal
hippocampus (anterior − 5.5; lateral + 1.6; dorsoventral − 7.5 from bregma) (0.2 µL/min, 10 min). The
behavioral evaluation was carried out on day 0, 14, and 42. Rats were sacri�ced by decapitation following
the behavioral evaluation on the 42th day. After anesthetization and perfusion, the rat brains were
collected, washed and frozen in liquid nitrogen. They were stored at − 80 °C for further use.



Page 5/25

2.3 Behavioral assessment
Using computer-aided infrared motion detection system (Institute of Materia Medica, Chinese Academy of
Medical Sciences, China), spontaneous sports activities were measured. The rats were placed in
transparent plexiglass bottles (40 cm across, 13 cm high), making them get used to the environment 5
minutes prior to the experiment. Then the number of horizontal and vertical movements was recorded in
10 minutes.

On the carousel experiment: First, the rats were placed on a �xed rod (3 cm across) for 30 seconds, during
which any fallen animals were placed back on the rod. Next, the conditioned response of the rats was
made to formulate in the following 120 seconds at a constant speed of 15 RP/m. For those failed to
formulate the response, two additional chances were granted. During the fatigue time after the last
training, the rats were placed on the rod at a constant speed of 15 RP/m (120 seconds per time) to
evaluate their motor skills. Measurements were recorded three times at 30-minute intervals per round.

On the bevel experiment: To begin with, the rats were placed on the bevel rough surface at an angle of
60°. Then, the duration during which the rats of each group stay on the bevel was recorded respectively.
When the rat stayed on the slope for over 3 minutes, it was recorded as 180 seconds. Three experiments
were performed on each animal.

2.4 Immunohistochemical staining
The brain slices were put in a methanol solution (0.3% H2O2) and got incubated (37 °C, 15 min) to
inactivate the endogenous peroxidase. Next, the sections were rinsed with PBS (0.01 mol/L, pH 7.4) for
5 min (× 3), and incubated with 10% normal goat serum (37 °C, 15 min). When the goat serum was
removed, the slices were added with rabbit antibodies including anti-TH (1: 200; Abcam, ab75875, MA,
USA), anti-Caspase3 (1:200, Abcam, ab13847, MA, USA) and kept in the wet box (4 °C) overnight. Then,
the samples were rinsed by PBS for 5 min (× 3), added with biotin-labeled goat anti-mouse IgG (1: 200,
Beijing Zhongshan Biotechnology Co., Ltd.), and incubated (37 °C, 30 min). Afterwards, we washed them
with PBS for 5 min (× 3), added ABC solution (Beijing Zhongshan Biotechnology) Co., Ltd.), and incubated
them at 37 °C for 30 min. Further, the sections were rinsed with PBS for 5 min (× 3) and kept for DAB color
development for 10 ~ 15 min. Lastly, the sections were dehydrated with gradient alcohol, made
transparent via xylene, sealed with neutral gum, and ultimately observed under an optical microscope.

2.5 Immuno�uorescence
The frozen sections were taken, hydrated with 0.01 mol/L phosphate buffer for 20 min and repaired with
citric acid in the microwave for about 5 min. The membranes were ruptured with 0.3% Triton X-100 for
30 min, washed with 0.01 mol/L phosphate buffer for 5 min (× 3), blocked with antigen blocking solution
(1 h). Next, the rabbit anti-Iba1 antibody (1: 200; Abcam, ab178846, MA, USA) was added dropwise for
incubation overnight (4 °C). Then, the specimens were subjected to 0.01 mol/L phosphate buffer washing
for 5 min (× 3), added with goat anti-rabbit �uorescent IgGII antibody labeled with AlexaFluor 555, and
incubated (37 °C, 1 h) in the dark room. We washed the sections with 0.01 mol/L phosphate buffer for
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5 min (× 4), mounted them via the medium with 4'6-diamino-2-phenylindole (DAPI) and ultimately put
them under �uorescent microscope observation. Three slices of brain tissue at approximately the same
level per rat were taken to observe Iba1 positive microglia around the substantia nigra at �ve randomly
selected �elds (× 200) and calculated for the number of positive cells.

2.6 Cell culture and transfection
Human dopaminergic neuroblastoma SH-SY5Y cells and microglia BV2 cells were obtained from the
Chinese Academy of Sciences (Shanghai, China) and cultured in Dulbecco's modi�ed Eagle's mediu–
Ham's Nutrient Mixture F-12 (DMEM/F12; Invitrogen, Carlsbad, CA) supplemented with 10% fetal bovine
serum (FBS), penicillin and streptomycin (1%) in humidi�ed air (37 °C, 5% CO2). Then, the SH-SY5Y cells
were further cultured in neuron medium (ScienCell Research Laboratories, Carlsbad, CA) (37 °C, 5% CO2),
added with 1% neuron growth agent and 1% penicillin and streptomycin.

Rotenone was dissolved in dimethyl sulfoxide (DMSO). The �nal DMSO solution concentration was
0.01%. SH-SY5Y cell damage was induced using rotenone (500 nM) for 24 h and BV2 cell activation was
induced by lipopolysaccharide (Sigma, 10 µg/mL). Twenty-four hours before transfection, cells
(logarithmic growth phase) were seeded into a 96-well microplate to achieve a 60–80% fusion rate. Then
the expressing vectors of SNHG7 overexpression plasmids, si-SNHG7, miR-425-5p mimics and their
negative controls (GenePharma, Shanghai, China) were transferred into SH-SY5Y and BV2 cells using
Lipofectamine 2000 Reagent (ThermoFisher Scienti�c, CA, USA) in line with the manufacturer's
recommendations. The cells were harvested for further experiments after 48 hours’ transfection.

2.7 quantitative real-time PCR (qRT-PCR)
First, total RNA was extracted from human plasma, rat tissues and SH-SY5Y cells using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA). After being checked for purity, it was then reverse transcribed into cDNA
via RevertAid First Strand cDNA Synthesis Kit (Thermo Fisher Scienti�c, Waltham, MA, USA).
Subsequently, we used SYBR® Premix-Ex-Taq™ (Takara, TX, USA) and ABI7300 system for quantitative
reverse transcription-polymerase chain reaction (qRT-PCR). The total volume of the PCR system was
30 µL with each sample containing 300 ng cDNA. Under the ampli�cation procedure, the �rst
denaturation lasted 10 minutes (95 °C), and the following 45 cycles were: 95 °C (10 seconds), 60 °C (30
seconds), and 85 °C (20 seconds). All �uorescence data were converted into relative quanti�cation,
seeing β-actin as the endogenous control for SNHG7, and U6 for miR-425-5p. Additionally, the 2−ΔΔCt

method was used for statistics with all experiments repeated in triplicate. The RNA primer sequences
were as follows: SNHG7 Forward: 5'-aaatgtcagcagtgccagtg-3', Reverse, 5'-gatggggtttcaggcagttg-3'; miR-
425-5p, Forward, 5'-TGCGGAATGACACGATCACTCCCG-3', Reverse, 5'-CCAGTGCAGGGTCCGAGGT-3'; U6
Forward, 5'-TGCGGGTGCTCGCTTCGGCAGC-3', Reverse, 5'-CCAGTGCAGGGTCCGAGGT-3', β-actin
Forward, 5'-CAGAGCCTCGCCTTTGCC-3', Reverse 5'-GTCGCCCACATAGGAATC-3'.

2.8 Western blot
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When rat brain tissues or cells were ready, we removed the medium and added protein lysate (Roche) to
separate the total protein. Next, 50 g total protein was added to 12% polyacrylamide gel for
electrophoresis (100V, 2 h). Then, the protein samples were electroblotted onto polyvinylidene �uoride
(PVDF) membranes. After blocking with 5% skimmed milk powder (1 h, room temperature), the
membranes were washed 3 times with TBST for 10 min each time. Afterwards, the membranes were
incubated (4 °C) overnight, followed by an incubation with antibodies as follows: anti-tyrosine
hydroxylase (Th) (1: 1000, Abacam, ab75875, MA, USA), anti-TRAF5 (1: 1000, Abacam, ab137763, MA,
USA), anti-I-κB (1: 1000, Abacam, ab32518, MA, USA), p-NF-κB (phospho S536) (Abcam, ab86299, 1:
1000), anti-NF-kB (1: 1000, Abacam, ab32536, MA, USA), anti-Nrf2 (1: 1000, Abacam, ab31163, MA, USA),
anti-HO-1 (1: 1000, Abacam, ab13248, MA, USA) ), anti-Bax (1: 1000, Abacam, ab32503, MA, USA), anti-
Bcl2 (1: 1000, Abacam, ab182858, MA, USA), and anti-Caspase3 (1: 1000, Abacam, ab13847, MA, USA),
anti-Iba1 (1: 200; Abcam, ab178846, MA, USA). Washed with TBST, the membranes were incubated with
horseradish peroxidase (HRP) labeled anti-rabbit or anti-mouse secondary antibody (concentration 1:
3000) for 1 h. Then, we washed the membrane 3 times with TBST (10 min each). Finally, Western blot
reagent (Invitrogen) was applied for color imaging, using Image J for analyzing the gray value of each
protein.

2.9 MTT Assay
100 µL SH-SY5Y cells (logarithmic growth phase) were seeded into a 96-well plate (about 4 × 103/well)
and incubated at 37 °C, with 5% CO2 and 100% humidity for 24 hours. Afterward, we added an equal
volume of PBS to the control group (5 repetitive wells each group) and continued to add 50 µL MTT
(5 g/L) after 24 hours of incubation. 4 hours later, the supernatant was discarded and 150 µL DMSO was
added into each well. Then the plate was placed in a platform rocker for shaking for 1 hour. When the
crystals were dissolved, a microplate reader was utilized to detect the OD value in each well (570 nm
wavelength).

2.10 Measurement of malondialdehyde (MDA), superoxide
dismutase (SOD) and glutathione peroxidase (GSH-PX)
After the brain tissues were weighed, 9 times volumes of cold saline (containing protease inhibitors) were
added for homogenization Then, the samples subjected to a centrifugation at 3000 xg for 20 minutes
(4 °C). After that, the supernatant was collected. Regarding Rot-treated SNHG7 cells, the cell supernatant
was collected according to the group, and centrifuged at 1000 × g (10 min, 4 °C). Next, the supernatant
was collected. SOD and GSH content in brain tissues or cells were determined respectively with the help
of Superoxide dismutase (SOD), glutathione peroxidase (Glutathione peroxidase (GSH-PX) and
malondialdehyde (MDA), a procedure carried out under the requirements of the kit. The above oxidative
stress factor detection kits were purchased from Nanjing Jiancheng Bioengineering Institute (Nanjing
Jiancheng Bioengineering Institute, China).

2.11 Enzyme linked immunosorbent assay (ELISA)
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To begin with, the test tube was �lled with 10 mL venous blood. Standing for 1 hour at room temperature,
the sample was subject to a centrifugation (3000 r/min, 5–10 minutes). Next, the upper serum was
collected and relocated to the refrigerator (-20 °C) for overall detection. Following that, the SD rat brain
tissues were weighed, shredded, and added with 12 volumes of normal saline. The brain tissues in
normal saline were then transported to a homogenizer for thorough mixing and crushing to deliver a brain
tissue homogenate. Furthermore, the brain tissue homogenate was centrifuged (6000 r/min, 15 min,
4 °C), and then the supernatant was collected for detection. Then, the supernatant of Rot-treated SNHG7
cells was collected based on the group. After a 10 min centrifugation (1000 × g, 4 °C), the supernatant
was collected as required.

All experimental steps conformed to the instructions provided by the ELISA kit in determining the content
of IL-1β, IL-6, TNF-α and lactate dehydrogenase (LDH) release. The test kits were obtained from Nanjing
Jiancheng Bioengineering Institute (NanJing JianCheng Bioengineering Institute, China).

2.12 Luciferase reporter assay

The DNA sequences ampli�ed were cloned into the pmirGLO dual luciferase vector (Promega, Madison,
WI, USA) to generate wild-type (WT) SNHG7 3-UTR, mutant (MUT) SNHG7 3-UTR, wild-type (WT) TRAF5 3-
UTR, mutant (MUT) TRAF5 3-UTR reporter vectors. The cells were seeded into a 24-well plate overnight.
Then Lipofectamine 2000 was used to transfect SNHG7-WT, SNHG7-MUT, TRAF5-WT, TRAF5-MUT
reporter vectors and miR-425-5p mimics (Invitrogen, Carlsbad, CA, USA) into SH-SY5Y cells. Through the
dual-luciferase reporter system (Promega, Madison, WI, USA), luciferase activity was determined after
48 h of transfection.

2.13 RNA immunoprecipitation (RIP) assay

To determine the relations between SNHG7 and miR-425-5p, miR-425-5p and TRAF5, Magna-RNA
combined with the binding protein immunoprecipitation kit (millipore, Bedford, Ma, USA) was used to
conduct the RIP test. The SH-SY5Y cells (transfected with miR-424-5p or miR-NC) at 80% con�uence were
collected and lysed in a complete RIP lysate buffer. Then the cell lines were co-immunized with RIP buffer
containing magnetic beads with anti-argonaute 2 (Ago2) antibody (Millipore) or negative control healthy
rat IgG (Millipore). The immunoprecipitated RNA was isolated and the relative enrichment of SNHG7 and
TRAF5 in the lysates was examined by qRT-PCR.

2.14 Statistical analysis

The data analysis was carried out via SPSS software (version 20.0, Chicago, IL, USA). The data were
displayed as mean ± standard deviation (SD). Student’ t-test, along with χ2 were employed to access the
statistical differences between the two groups. The correlation relationship was determined by Pearson
correlation test. P < 0.05 was regarded as statistically signi�cant.

3 Results
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3.1 SNHG7 and miR-425-5p expression characteristics in
PD patients
Aiming at determining the SNHG7 and miR-425-5p expressions in PD patients, qRT-PCR was employed to
detect the expressions in 36 PD patients and 20 healthy donors. The results indicated that compared with
the healthy donors, SNHG7 was up-regulated in PD patients plasma, while miR-425-5p was down-
regulated (Fig. 1A, B). Pearson correlation analysis exhibited that SNHG7 in PD patient plasma was
negatively correlated with miR-425-5p expression (Fig. 1C). Furthermore, the IL-1β, IL-6, and TNF-α relative
expressions in the plasma were detected via ELISA. The results indicated that the levels of IL-1β, IL-6, and
TNF-α in PD patient plasma were obviously increased (Fig. 1D). By conducting Pearson correlation
analysis, we found that SNHG7 was positively correlated with IL-1β, IL-6, TNF-α in PD patient plasma,
while miR-425-5p revealed a negative correlation with IL-1β, IL-6, TNF-α (Fig. 1E, F). Therefore, the results
suggested that both SNHG7 and miR-425-5p might play a role in PD.

3.2 SNHG7 inhibition attenuated neuronal apoptosis in PD
model in vivo and in vitro
To better understand the biofunctions of SNHG7 on PD, we used Rot to construct a PD model in SD rats.
Meanwhile, LV-si-SNHG7 was used to establish a rat model with downregulation of SNHG7. The
spontaneous locomotor activity test, carousel experiment and bevel experiment were conducted to
comprehensively assess the motor skills of rats. As Fig. 2A showed, the rats in the Rot + LV-si-NC group
showed evident behavioral damage in comparison to the Sham group. However, the Rot + LV-si-SNHG7
group showed marked less behavioral damage than the Rot + LV-si-NC group (Fig. 2A). The �gure of
tyrosine hydroxylase (TH) positive cells in substantia nigra (SN) was detected by immunohistochemistry,
and it was found that Rot-induced TH positive cell number in SD rats was prominently reduced, while
knocking down SNHG7 reversed Rot’s effect on TH positive cell number in SD rats (Fig. 2B). Additionally,
Western blot was applied to detect TH relative expression in the SN area. Results indicated that TH
relative expression enhanced in the Rot + LV-si-SNHG7 group compared to the Rot + LV-si-NC group
(Fig. 2C). Moreover, Caspase3 staining was used to detect the number of apoptotic neurons. As a result,
more Caspase3 positive staining cells were found in the the Rot + LV-si-NC group (compared with Sham
group), however, SNHG7 knockdown obviously inhibited Caspase3 labeled apoptotic cells (Fig. 2D). To
further verify the effect of SNHG7 in modulated rotenone induced neuronal damage, si-SNHG7 was used
to establish a SNHG7-downregulated cell model in SH-SY5Y cells (Fig. 2E), which were also treated with
Rot. Next, the cell viability, release of LDH and apoptosis were determined. The results showed that
compared with control group, Rotenone signi�cantly inhibited cell viability (Fig. 2F), promoted LDH
expression (Fig. 2G) and enhanced apoptosis (Fig. 2H). However, downregulating SNHG7 increased cell
viability, reduced LDH expression and cell apoptosis (Fig. 2F-H). The above results illustrated that SNHG7
knockdown exerted neuro-protective effects against rotenone induced PD both in vivo and in vitro.



Page 10/25

3.3 SNHG7 inhibition attenuated in�ammation and
oxidative stress in PD models
In the PD rat model, we further validated whether SNHG7 regulated PD's in�ammation and oxidative
stress. Here, immuno�uorescence was performed to test Iba1-labeled microglial cells. The �ndings
suggested that microglial cell activation in the PD model was remarkably stimulated, while SNHG7
knockdown notably reduced microglial activation (Fig. 3A and B). Moreover, the proin�ammatory
cytokines in brain tissues was measured by ELISA. The results showed that the levels of IL-1β, IL-6, and
TNF-α were all overexpressed in the Rot + LV-si-NC group (compared with the Sham group), while SNHG7
inhibition attenuated the in�ammatory responses in the PD model (Fig. 4A). Next, the expression of
oxidative stress factors including MDA, SOD, and GSH-PX in brain tissues were also determined. We
discovered that knocking down SNHG7 attenuated MDA level but enhanced SOD and GSH-PX level in the
brain tissues, suggesting that SNHG7 downregulation inhibited oxidative stress response (Fig. 4B). Then,
we examined the relative expression of TRAF5, I-κB, p-NF-κB, Nrf2, HO-1 using Western blot. TRAF5 and p-
NF-κB expressions in the Rot + LV-si-SNHG7 group were markedly down-regulated comparing to that of
the Rot + LV-si-NC group, while the expression of I-κB, Nrf2 and HO-1 were elevated conspicuously
(Fig. 4C). Similarly, we investigated the regulatory role of SNHG7 on the in�ammation and oxidative
stress in BV2 cells induced by LPS. ELISA results showed that SNHG7 inhibition repressed Rot-induced
upregulation of in�ammatory cytokines (IL-1β, IL-6, and TNF-α) (Fig. 4D). After detecting the oxidative
stress factors’ expression, we reported that in Rot-treated cells, the relative expression of MDA raised
signi�cantly while SOD and GSH-PX were decreased. After suppressing SNHG7, the relative expression of
MDA was distantly down but SOD and GSH-PX expressions was enhanced (Fig. 4E). Additionally, the
expressions of TRAF5 and p-NF-κB in the LPS + si-SNHG7 group were greatly down-regulated compared
with the LPS + si-NC group, while the expressions of I-κB, Nrf2, and HO-1 were signi�cantly increased
(Fig. 4F). The above results indicated that SNHG7 inhibition could relieve microglia mediated
in�ammation and oxidative stress via regulating TRAF5/I-κB/NF-κB pathway.

3.4 SNHG7 targeted miR-425-5p
To explore the downstream molecular mechanism of SNHG7, we analyzed the SNHG7 candidate targets
through the StarBase database (http://starbase.sysu.edu.cn). Interestingly, miR-425-5p had the binding
sites with SNHG7 (Fig. 5A). The dual luciferase reporter assay and RIP assay were applied to determine
the interactions between SNHG7 and miR-425-5p. As the results were shown, miR-425-5p mimics reduced
the luciferase activity of BV2 cells transfected with SNHG7 (wild-type), but exerted minimal effect on the
luciferase activity of mutant SNHG7. Moreover, the enrichment of SNHG7 in anti-Ago2 antibody
precipitation complex was remarkably increased following miR-424-5p mimics transfection. What’s more,
the miR-425-5p relative expression the PD model (both in vivo and in vitro) were declined, while
downregulation of SNHG7 promoted miR-425-5p expression (Fig. 5D and E). The above results showed
that SNHG7 may function as a ceRNA by sponging miR-425-5p.
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3.5 SNHG7 overexpression inhibited miR-425-5p mediated
neuroprotective effects
To further investigate the SNHG7/miR-425-5p axis in PD, SH-SY5Y cells were transfected with miR-425-5p
mimics and/or SNHG7 overexpressing plasmids. The results showed overexpression of miR-425-5p
inhibited SNHG7 level (Fig. 6A), at the same time, SNHG7 overexpression suppressed miR-425-5p level
(Fig. 6B). Next, the cell viability of SH-SY5Y cells was tested by MTT assay, which showed that the cell
viability in the Rot + miR-425-5p group was apparently enhanced (compared with Rot group), while
supplementation of the SNHG7 overexpressing plasmids resulted in a remarkable decrease in cell
viability (Fig. 6C). Additionally, ELISA assay was performed to ascertain the LDH level. We found that
miR-425-5p mimics obviously reduced LDH expression, which was signi�cantly blocked following SNHG7
overexpression (Fig. 6D). Besides, the expression of apoptosis-related proteins (Bax, Bcl2, and Caspase3)
were examined via western blot in each group, and results stated that miR-425-5p decreased the Rot-
induced Bax and Caspase3 overexpression and Bcl2 downregulation, nevertheless, compensation of
SNHG7 reversed those effects (Fig. 6E). Hence, SNHG7 promoted rotenone mediated neuronal damage
via inhibiting miR-425-5p.

3.6 SNHG7 promoted TRAF5/NF-κB activation by
competitively binding to miR-425-5p
To further verify the underlying mechanism of SNHG7/miR-425-5p axis in regulating microglia activation,
the relative expression of in�ammatory factors and oxidative stress factors were detected by ELISA. It
turned out that miR-425-5p overexpression inhibited the in�ammatory cytokines and oxidative stress
induced by LPS in BV2 cells, which were inhibited by SNHG7 (Fig. 7A and B). Next, the result of western
blot showed that the TRAF5 and p-NF-κB expressions in the LPS + miR-425-5p group declined, while the I-
κB, Nrf2 and HO-1 expressions increased in comparison to LPS group. However, SNHG7 reversed the
effects induced by miR-425-5p (Fig. 7C, D). The above statistics indicated that SNHG7 promoted the
activation of TRAF5/NF-κB pathway in microglia through competitively binding with miR-425-5p.

3.7 miR-425-5p targeted TRAF5
In an effort to reveal the downstream mechanism of miR-425-5p, the bioinformatics database Starbase
(http://starbase.sysu.edu.cn) was employed to �nd the miR-425-5p downstream genes. In this study,
TRAF5 was identi�ed as an important target molecule towards miR-425-5p (Fig. 8A). To clarify whether
miR-425-5p targeted TRAF5, the dual luciferase activity assay and RIP assay were conducted, which
showed that miR-425-5p dramatically inhibited the TRAF5 WT luciferase activity, but exerted minimal
effect on TRAF5 MUT. Moreover, the Anti-Ago2 RIP assay demonstrated that miR-425-5p mimics led to
markedly high level of TRAF5 in the anti-Ago2 group (Fig. 8B, C). These �ndings showed that miR-425-5p
could target TRAF5.
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4 Discussion
In the present study, we explored a novel network of SNHG7-miR-425-5p-TRAF5 axis in PD progression.
Our data showed that downregulation of SNHG7 markedly repressed the in�ammation and oxidative
stress through upregulating miR-425-5p, thus inhibiting TRAF5/NF-κB pathway.

Though the cause of PD remains to be explored, PD patients were found to manifest reduced TH content,
activated microglia, and decreased lactate dehydrogenase (LDH) [21–23]. Interestingly, studies on PD
pathogenesis have exhibited that in�ammation and oxidative stress causes dopaminergic cell death,
which instead facilitated PD in�ammation [24]. What’s more, the activation of in�ammation and oxidative
stress could be the biomarkers for the early diagnosis of PD [25]. Thus, inhibiting the in�ammation and
oxidative stress of PD might bring out direct therapeutic effects for clinical treatment. For instance, niacin
[26], epalrestat [27] and bruceine D [28] could ameliorate PD progression via modulating in�ammation
and oxidative stress. In our study, we also detected the levels of proin�ammatory cytokines (including IL-
1β,TNF-α and IL-6) in the serum of PD patients. It was found that all of IL-1β TNF-α and IL-6 were
overexpressed in PD patients compared with those in healthy donors, and the result was consistent with
previous studies [29–30].

Multiple evidences have indicated that the aberrant-expressed lncRNAs are involved in the development
PD, a positive sign in regulating the neural development, oxidative stress, apoptosis, and
neuroin�ammation of PD [31–33]. For example, lncRNA-UCA1 is highly expressed in MPP+-induced PD
rat brain tissues and SH-SY5Y cells. LncRNA-UCA1 leads to nerve damage and apoptosis by up-
regulating SNCA [34]. Furthermore, other lncRNAs such as MALAT1 [35], and SNHG14 [36] are all
overexpressed in PD and promotes its progression. In this study, our data suggested that SNHG7 is
upregulated in PD patients and PD models (both in vivo and in vitro). Interestingly, the high level of
SNHG7 had a positive relationship with TNF-α and IL-6 in the serum of PD patients. Functionally,
knockdown of SNHG7 expression could not only alleviate rotenone mediated neuronal damage and
microglial activation, but also signi�cantly mitigate the levels of in�ammatory cytokines and oxidative
stress. Therefore, SNHG7 is considered to be a biomarker of PD and also play a role in PD progression via
modulate neuronal damage and microglial activation.

MiR-425-5p is a member of miRNAs. Increasing evidences have shown that miR-425-5p are involved in
the progression of cancers. For instance, miR-425-5p is overexpressed in gastric cancer (GC) and predicts
poor outcome of GC patients [37]. In addition, several studies have indicated that miR-425-5p has
powerful effects against in�ammation. For example, miR-425-5p was found to be downregulated in LPS-
induced sepsis, and enhancing miR-425-5p level markedly relieves the in�ammation and septic liver
damage via negatively modulating the RIP1-induced necroptosis [38]. Interestingly, miR-425 also exerts a
role in central nervous system diseases. For instance, miR-425-5p was signi�cantly downregulated in
mild traumatic brain injury (mTBI) at early time-points and identi�ed as a well candidate for diagnosis of
mTBI [39]. Besides, miR-425-5p is also considered to be a marker of antidepressant response and
regulate MAPK/Wnt-system genes [40]. Interestingly, recent study showed that low level of miR-425 is
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correlated with MPTP induced dopaminergic neuron loss, while miR-425 overexpression obviously
attenuated necroptosis activation and dopaminergic neuron loss, and improved locomotor behaviors [41].
Here, our study indicated that miR-425-5p was lowly expressed in PD patients and had negative
correlations with the proin�ammatory cytokines in the peripheral blood. Moreover, upregulation of miR-
425-5p showed mighty effects against rotenone induced neuronal damage and microglial in�ammations.
Therefore, miR-425-5p serves as a promising mediator and therapeutic target for PD.

The lncRNA-miRNA interaction has attracted accumulated attentions, particularly in tumor development
and in�ammation [42–43]. Interestingly, by conducting bioinformatics analysis, we found that miR-425-
5p contains the binding sites with SNHG7. Our gain- and loss- of assays showed that downregulation
SNHG7 enhanced miR-425-5p level, while overexpressing SNHG7 led to miR-425-5p inhibition as well
signi�cantly reduced the neuroprotective and anti-in�ammatory effects of miR-425-5p. Thereby, we
proved that the overexpressed SNHG7 could promote neuron damage and microglia activation at least
through sponging miR-425-5p.

The TRAF family has been proved to participate in the progress of pathology in PD. For example,
triggering receptor expressed on myeloid cells-2 (TREM2), a newly identi�ed receptor expressed on
microglia, remarkably reduced MPTP-induced dopaminergic neurodegeneration and neuroin�ammation
in PD by downregulating the TRAF6/TLR4-mediated activation of the MAPK and NF-κB signaling
pathways [44]. In another study, telmisartan has neuroprotective effects in the rotenone rat model of
Parkinson's disease through Inhibition of endoplasmic reticulum stress-activated IRE1α-TRAF2-caspase-
12 apoptotic pathway [45]. TRAF5 is also a vital member of TRAF family. Interestingly, it has been found
that TRAF5 is overexpressed in NeuN- and GFAP-labeled cells in a rat acute spinal cord injury (SCI) model
[46]. Moreover, TRAF5 is also a mediator of several CNS diseases such as ischemic brain infarction [47],
Huntington's disease [48], and HIV-1 gp120-induced apoptosis in human neurons [49]. In our study, we
found that TRAF5 was a target of miR-425-5p by bioinformatics analysis. Downregulating SNHG7 and
overexpressing miR-425-5p both inhibited TRAF5 expression in the PD model in vivo and in vitro.
Moreover, as an upstream molecule of NF-κB, TRAF5 promotes NF-κB activation, a feature widely
recognized by scholars. Accumulated evidence has shown that TRAF5 mediates the activation of NF-κB
signaling pathway, and engages in cell apoptosis, the occurrence of in�ammation and immune regulation
[50–52]. In this study, we found that miR-425-5p inhibited TRAF5, which in turn constrained the activation
of the I-κB/NF-κB pathway, thereby reducing in�ammation and oxidative stress, and weakening cell
apoptosis.

5 Conclusion
In summary, this study indicated that SNHG7 was upregulated in PD patients; SNHG7 functioned as a
ceRNA by sponging miR-425-5p and promoted TRAF5 mediated in�ammation and oxidative stress.
SNHG7 low expression or miR-425-5p overexpression profoundly attenuated neuronal apoptosis,
in�ammation and oxidative stress in PD. Taken together, this research established a novel regulatory axis
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of SNHG7/miR-425-5p/TRAF5/ NF-κB axis in PD. However, in the future, more studies are needed to verify
this network in the progression of PD.
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Figures

Figure 1

Expression characteristics of SNHG7 and miR-425-5p in PD patients. (A, B) The relative expression of
SNHG7 and miR-425-5p in the plasma of healthy donors and PD patients was detected by qRT-PCR. (C)
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Pearson correlation analyzed the correlation between SNHG7 and miR-425-5p in PD patients' plasma. (D)
ELISA was applied to measure the IL-1β, IL-6 and TNF-α relative expressions in the plasma of patients
and healthy controls. (E) Pearson correlation test analyzed the correlation between SNHG7 and IL-1β, IL-6,
TNF-α in the plasma of PD patients. (F) Pearson correlation test analyzed the correlation between miR-
425-5p and IL-1β, IL-6, TNF-α in the plasma of PD patients. *** P <0.001.

Figure 2

SNHG7 inhibition attenuated neuronal apoptosis in PD models in vivo and in vitro. (A) The spontaneous
locomotor activity test, carousel experiment and bevel experiment were used to comprehensively evaluate
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the rat’s motor skills. (B) Immunohistochemistry was utilized to detect the number of tyrosine hydroxylase
(TH) positive cells in the substantia nigra (SN) area of rats. (C) Western blot was employed to detect the
TH relative expression in rat SN region. (D) TUNEL staining was used to detect the apoptotic neuron
number in rats. (E) SH-SY5Y cells with low SNHG7 expression were constructed, and qRT-PCR was used
to detect the SNHG7 relative expression. (F) MMT detected neuronal proliferation. (G) ELISA assay was
used to detect LDH levels of cells in each group. (H) The relative expression of apoptotic proteins: Bax,
Bcl2 and Caspase3 was detected by western blot assay. && P <0.01, &&& P <0.001 (vs Sham); *P<0.05, **
P <0.01, *** P <0.001.

Figure 3

SNHG7 inhibition attenuated Iba1 labeled microglia activation in the rat PD models. (A).
Immuno�uorescence was used to detect Iba1 labeled microglia in the SN area. (B) Western blot was
conducted to detect Iba1 expression in the SN area. *** P <0.001.
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Figure 4

SNHG7 inhibition mitigated in�ammation and oxidative stress in PD models. (A) ELISA was utilized to
detect the IL-1β, IL-6 and TNF-α expressions in SD rat brain tissue. (B) The oxidative stress related factors
(including MDA, SOD, and GSH-PX) in brain tissues were detected. (C) Western blot was used to detect the
relative expression of TRAF5, I-κB, NF-κB, Nrf2, HO-1 in the SN area. (D) The expressions of in�ammatory
factors IL-1β, IL-6 and TNF-α in BV2 cells were detected. (E) ELISA was used to detect the expression of
in�ammatory oxidative stress factors: MDA, SOD and GSH-PX in BV2 cells. (F) Western blot was carried
out to detect the relative expression of TRAF5, I-κB, NF-κB, Nrf2, HO-1 in BV2 cells. *P<0.05, ** P <0.01, ***
P <0.001.
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Figure 5

SNHG7 targeted miR-425-5p. (A) The online database Starbase (http://starbase.sysu.edu.cn/) was used
to predict the binding sites between SNHG7 and miR-425-5p. (B, C) The luciferase reporter assay (B) and
RIP assay (C)were conducted in BV2 cells to further verify the targeting relationship between SNHG7 and
miR-425-5p. (D, E) The miR-425-5p relative expression was detected the PD model in vivo (D) and in vitro
(E) by qRT-PCR, respectively. NS P>0.05, *P<0.05, ** P <0.01, *** P <0.001.
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Figure 6

SNHG7 overexpression inhibited the neuroprotective effects of miR-425-5p on neurons. SH-SY5Y cells
were transfected miR-425-5p mimics and/or SNHG7 overexpressing plasmids and then subjected to
rotenone (500 nM). (A, B) The SNHG7 and miR-425-5p relative expressions in each group of SH-SY5Y
cells was detected via qRT-PCR. (C) MTT was for detection of neuron viability. (D) ELISA was used to
detect LDH levels. (E) Western blot was used for detecting the apoptosis-related proteins’ expressions
(Bax, Bcl2, and Caspase3) in each group. *P<0.05, ** P <0.01, *** P <0.001.
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Figure 7

SNHG7 promoted TRAF5/NF-κB activation through competitively binding to miR-425-5p. BV2 cells were
transfected miR-425-5p mimics and/or SNHG7 overexpressing plasmids and then subjected to LPS (10
μg/mL). (A) ELISA was used to estimate the relative expression of in�ammatory factors: IL-1β, IL-6 and
TNF-α. (B) ELISA was applied detecting the relative expression of oxidative stress factors: MDA, SOD and
GSH-PX. (C, D) Western blot was used for detecting the expression of TRAF5, I-κB, NF-κB, Nrf2, HO-1 in
each group. *P<0.05, ** P <0.01, *** P <0.001.
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Figure 8

miR-425-5p targeted TRAF5. (A) The online database Starbase (http://starbase.sysu.edu.cn/) was used
to predict the binding site between miR-425-5p and TRAF5. (B, C) In SH-SY5Y cells, luciferase reporter
assay and RIP assay were used to further verify the targeting relationship between miR-425-5p and
TRAF5. NS P>0.05, *** P <0.001.


