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A B S T R A C T

Background and objective: Circular RNA (circRNA) is an important type of non-coding RNA that has not been
widely researched in traumatic brain injury (TBI). The present study aimd to detect the altered circRNA ex-
pression around an injury site in the mouse cerebral cortex after TBI and explore its potential functions.
Method: C57BL/6 mice were used to construct a controlled cortical impact (CCI) model to simulate TBI. At 24 h
post-TBI, the cortex around the injury site was collected, and the total RNA was extracted to perform RNA
sequencing (RNA-seq). The differentially expressed circRNAs were determined according to the following cri-
teria: |log2(fold change)| > 1, P < .05 and FDR < 0.05. Among them, circRNA chr8_87,859,283–87,904,548 was
preliminarily explored to determine its function.
Results: A total of 8036 altered circRNAs were discovered, and among them, 16 were significantly changed (5
up-regulated and 11 down-regulated). The circRNA chr8_87,859,283–87,904,548 significantly increased by
approximately 4 times in the cerebral cortex around the injury site after TBI and promoted neuro-inflammation
through increasing the CXCR2 protein by sponging mmu-let-7a-5p. As a result, the increased circRNA
chr8_87,859,283–87,904,548 blocked the restoration of neurological function after TBI.
Conclusion: Many circRNAs are significantly up-regulated or down-regulated in the traumatic cerebral pe-
numbra cortex after TBI. Among them, the circRNA chr8_87,859,283–87,904,548 potentially plays a pro-in-
flammatory role, which may have a deleterious effect on neurological restoration after TBI.

.

1. Introduction

Traumatic brain injury (TBI) can be divided into two phases: initial
injury and secondary injury. The initial injury can be worsened by the
secondary injury, resulting in an enhanced inflammatory response and
increased cell death, leading to deficits in neurological function
(O'Connor et al., 2011; Villapol et al., 2012; Zhong et al., 2017a). The
initial injury cannot be changed, but secondary injury can be mitigated
by effective therapy. Although many efforts have been made in the past
decades, TBI remains a severe disease with high mortality and mor-
bidity, and the available therapeutic strategies are limited(Liu et al.,
2014; Werner and Engelhard, 2007), which results in severe economic
burden to societies and families (Loane and Faden, 2010). The complex
biological mechanisms underlying brain damage still need to be eluci-
dated (Liu et al., 2014).

In mammalian cells, ~90% of eukaryotic genomes are transcribed

(Wilhelm et al., 2008), and only 1 to 2% of the genome can transcribed
into mRNA to encode proteins (Birney et al., 2007), suggesting that the
majority of transcripts are non-coding RNA (ncRNA) and do not encode
protein. The ncRNA consists of two major classes: 1) the linear ncRNA,
which is presented as a linearizing strand including microRNA (miRNA)
and long noncoding RNA (lncRNA), and 2) circular RNA (circRNA),
which is a novel class of non-protein coding transcripts with a loop
structure. CircRNA molecules are transcribed and spliced from the
exons of coding or non-coding genes and express across the eukaryotic
tree of life (Salzman, 2016; Ho et al., 2016). It has been proven that
circRNA is substantially enriched in the mouse brain and may be in-
volved in synaptic proteins (You et al., 2015). Moreover, circRNAs are
involved in several diseases, such as glioma (Song et al., 2016), Alz-
heimer's disease, cerebral ischemic stroke (Han et al., 2018; Zhang
et al., 2018), and temporal lobe epilepsy (Li et al., 2018). In addition,
circRNA is related to brain (Veno et al., 2015) and fetal development
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(Szabo et al., 2015), oxygen-glucose deprivation/reoxygenation (OGD/
R)-induced neuronal injury (Lin et al., 2016), periventricular white
matter damage (Zhu et al., 2018) and blood-brain barrier integrity (Bai
et al., 2018), suggesting its potential regulating functions. We hy-
pothesized that circRNA may be involved in the complex biological
mechanisms underlying secondary brain damage after TBI.

No available study has explored circRNA changes after TBI in mice.
Therefore, to understand the circRNA landscape around the injury site
in the mouse cerebral cortex after TBI, we used a high-throughput RNA
sequencing technique to measure circRNA changes in the peri-contu-
sion areas after TBI. A total of 16 circRNAs changed in the traumatic
cerebral cortex after TBI. The enriched pathway, biological process,
cellular components and molecular function of the altered circRNAs
were explored through bioinformatics. The potential regulating net-
work between the differentially expressed circRNAs, mRNAs and
miRNAs was also constructed by bioinformatic calculation. The
circRNA chr8_87,859,283–87,904,548 significantly increased approxi-
mately 4 times after TBI and was chosen for subsequent exploration of
its potential roles. Our results suggest that circRNA
chr8_87,859,283–87,904,548 may play a pro-inflammatory role, which
may cause a deleterious effect on neurological restoration after TBI.

2. Methods and materials

2.1. Animals

Adult male C57BL/6 mice (n=228), aged 12weeks and weighing
20 to 22 g, were obtained from the Experimental Animal Center of
Chongqing Medical University (Chongqing, China) and were divided
into 5 groups: 1) a sham group (which received only a craniotomy, not
TBI impact nor any treatment, n=15); 2) TBI group (which received
only TBI, n=45); 3) Ad-GFP+TBI group (which received TBI and Ad-
GFP virus, n=45); 4) Ad-cirRNA-Chr-8+TBI group (which received
TBI and Ad-cirRNA-Chr-8 virus, n= 45); and 5) mimic+TBI group
(which received TBI and mimic, n= 45). In addition, 18 mice were
used to perform the RNA sequencing assay, and another 15 mice were
used to explore whether mimic could reverse the increased CXCR2. All
mice were housed in cages with a 12-h light/dark cycle, with food and
water ad libitum. For anesthesia induction, mice were administered with
3% isoflurane in 67% N2O / 30% O2 until they were unresponsive to the
tail pinch test, and then 1.5% isoflurane for anesthesia maintenance
(Zhong et al., 2017a).

2.2. Ethic statement

All procedures in the present study were approved by the Animal
Care and Use Committee of Chongqing Medical University. We followed
the ethical guidelines according to the ARRIVE standards. All surgeries
were performed under general anesthesia and efforts were made to
minimize the number of animals used and reduce suffering.

2.3. TBI model

The controlled cortical impact (CCI) model was used to simulate
TBI. As described in our previous study (Rola et al., 2006), CCI was
conducted according to the following parameters: velocity 5.0m/s;
depth 2.0mm and dwelling time100 ms [21−23].

2.4. CircRNA identification and quantification

At 24 h post-CCI, mice (n=18) were anesthetized and decapitated.
The RNA in peri-contusion areas of the brain cortex was isolated, pur-
ified and reversely transcribed to construct a cDNA library. The purified
library products were finally subjected to RNA sequencing on a HiSeq
2500 platform(Rola et al., 2006). All valid sequencing data were pro-
cessed using the following steps: 1) aligned to the mouse genome

(http://genome.ucsc.edu/) (Rola et al., 2006); 2) discarded the reads
that were contiguously aligned to the genomes; and 3) the unmapped
reads were subjected to special analysis for back-splice junction sites
using three algorithms (CIRI, circRNA-finder and find-circ)(Xia et al.,
2017) to identify the possible circRNAs. CircRNA candidates were re-
ported if the head-to-tail junction was supported by at least two reads
and the splicing score was greater than or equal to 10(You et al., 2015).
Genes that gave rise to individual circRNAs were identified by matching
the genomic location of circRNAs to the location of the genes detected
by TopHat/Cufflinks using BED tools(Veno et al., 2015). The DEGseq
software (v1.14.0, Tsinghua University, China) was used to identify the
differentially expressed circRNA based on the following criteria:
|log2(fold change)| > 1, P < .05 and FDR < 0.05(Rola et al., 2006).

2.5. Potential miRNA binding sites

To identify and quantify the miRNA binding sites on circRNA, the
exonic sequences within each circRNA were concatenated using
Ensembl annotation. The number of predicted binding sites (7mer-m8)
for all miRNAs (deposited in miRBase version 19) was counted. The
same procedure was performed on CDS and 3′-untranslational region
(3’-UTR) of mRNA(You et al., 2015).

2.6. KEGG pathway and gene ontology analyses

Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
(http://www.genome.jp) and Gene Ontology (GO) analyses of the
circRNA-derived genes were performed to predict the potential biolo-
gical roles of the circRNA. The rules of “P<0.05 as well as
FDR<0.05” were used as thresholds to define the significantly en-
riched GO terms and pathways(Rola et al., 2006).

2.7. Network analysis

CircRNA may regulate mRNA through sequestering their common
miRNAs. The reciprocally regulating network between circRNAs and
mRNAs was constructed based on the intermediary miRNAs to explore
the potential roles of the circRNAs.

2.8. HT22 cells and BV2 cells culture

The immortalized mouse hippocampal neuron line (HT22) (Salvi
et al., 2016) was purchased from JENNIO Biological Technology
(Guangzhou, China) and was cultured in Dulbecco's Modified Eagle's
Medium (DMEM, Gibco, Carlsbad, USA), including 10% fetal bovine
serum (FBS). A microglial cell line (BV2) (Bhat et al., 2016; Zhang et al.,
2016) was purchased from China Infrastructure of Cell Line Resources
(Shanghai, China) and was grown in DMEM medium, including 10%
FBS. To infect cells, a virus was added and diluted to 2×106 pfu/mL at
2 h after seeding. Lipopolysaccharide (LPS) was dissolved in serum-free
culture medium for a final concentration of approximately 200 ng/ml.
At 24 h after LPS treatment, the culture medium was collected, and the
total protein was harvested to measure the cytokines.

2.9. RT-qPCR

RT-PCR was performed in the following reaction system: 3.6 μL
RNase-free H2O, 0.2 μL forward primer (5 μM), 0.2 μL reverse primer
(5 μM), 1 μL cDNA template, 5 μL SYBR green supermix (1,725,150, and
iTaq™ Universal SYBR® Green, BioRad, Shanghai, China) at 95 °C for
30s, then for 15 s, and after that, at −60 °C for 15 s and 70 °C for 15 s
through 40 cycles(Rola et al., 2006). The primers (online resource 13)
were synthesized by Sangon Biotech Co., Ltd., Shanghai, China. The
relative expression levels of the circRNAs were depicted as 2(−△△CT).
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2.10. Dual-luciferase reporter gene assay

The 3’-UTR of CXCR2 mRNA, containing putative target sites for
mmu-let-7a-5p, was amplified by PCR from genomic DNA. The am-
plicon was inserted downstream of the luciferase reporter gene in a
pMIR-REPORT™ vector according to standard procedures (Promega,
Madison, WI, USA). Plasmid DNA was subsequently isolated from re-
combinant colonies and sequenced to ensure its authenticity. HT22 cells
were co-transfected with wild-(pMIR- CXCR2-wt) or mutant-type
(pMIR- CXCR2-mt) reporter vectors and let-7a-5p mimic or inhibitor
using Lipofectamine 2000 transfection reagent. Cells were collected
36 h after transfection and analyzed using a Dual-Luciferase Reporter
Assay System according to the manufacturer's protocol (Promega). All
the experiments were performed in triplicate.

2.11. RNA-RNA pull-down assay

HT22 cells were harvested when they reached 70–80% confluence,
lysed in buffer with RNase inhibitor and stored in −80 °C for further
use. The full-length circRNA chr8_87,859,283–87,904,548 was ampli-
fied by PCR from mouse genomic DNA and then inserted into a pGEM-T
vector. The recombinant pGEM-T-chr8 plasmids were transfected into
bacterials for further amplification. All amplified pGEM-T-chr8 plas-
mids were collected and cut by DNase I. The correct circRNA
chr8_87,859,283–87,904,548 amplicons were purified and labeled with
biotin. The biotin-labeled circRNA was further connected with strep-
tomycin affinitive magnetic beads. The magnetic bead complex was
then incubated with HT22 cells' lysate, and the pull-down RNA was
harvested and purified. The existence of mmu-let-7a-5p was determined
by q-PCR.

2.12. ELISA and Western blot analysis

Commercially available ELISA assay kits (#SEA133Mu,
#SEA079Mu, USCN Life Science Inc., Wuhan, China) were applied to
detect interleukin (IL)-1b and tumor necrosis factor (TNF)-α(Zhong
et al., 2017a). Nitrite in the culture media was also measured using the
Griess method to assess NO production (Dubovicky et al., 2014). Rabbit
anti-CXCR2 antibody (1:500, MAB2164-SP, Bio-Techne China Co. Ltd.
Shanghai, China) and mouse anti-GAPDH antibody (1:1000, ab8245,
Abcam, Cambridge, UK) were used to conduct Western blotting(Zhong
et al., 2017a).

2.13. Recombinant adenovirus, mmu-let-7a-5p mimic and inhibitor

The circRNA chr8_87,859,283–87,904,548-over-expressing re-
combinant adenovirus (“Ad-cirRNA-Chr-8”, 9× 1010 pfu/mL) and
empty carrier adenovirus (“Ad-GFP”, 5× 1010 pfu/mL) (Heyuan
Biotechnology Co., Ltd., Shanghai, China) were amplified in human
embryonic kidney 293 (HEK293) cells and purified using a Sartorius
Vivapure AdenoPACK 20(Guo et al., 2016). The 50% tissue culture
infectious dose (TCID50) method was applied to detect viral titers(Guo
et al., 2016). The mmu-let-7a-5p mimic and inhibitor were purchased
from RiboBio.

(Guangzhou, China). The mimic and inhibitor (2.5 μ g/2.5 μL) were
diluted with 1.25 μ l of Entranster TM in vivo transfection reagent
(Engreen, Beijing, China). The solution was mixed, kept at room tem-
perature for 15min, and then injected intracerebroventricularly. To
transfect cells, the mimic or inhibitor was diluted to a final con-
centration of 50 ng/μL.

2.14. Intracerebroventricular injection

The adenovirus was diluted to 1.3×1010 pfu/mL with enhanced
transfection solution(Teng et al., 2016). After achieving an appropriate
level of general anesthesia, 3 μL of adenovirus solution were

stereotactically injected into the right lateral ventricle of mice at a rate
of 0.2 μL/min using a 5-μL-gauge microsyringe at the following ste-
reotactic coordinates (mm from the bregma): AP+ 1.5, ML+1, and
DV -2(Donofrio et al., 2006). On the 7th day prior to TBI, the adeno-
virus was injected, and on the 3rd day prior to TBI, the mimic was
injected.

2.15. Measurements of neurological functions

On the 1st, 3rd, 7th and 14th days after TBI, motor function was
assessed via NSS scoring and the rotarod test. Cued learning on the
15th, 16th, 17th, 18th, 19th, and 20th days and spatial memory on the
21st day after TBI were measured using the Morris water maze test. In
the wire grip test, the apparatus consisted of a stainless steel bar (50 cm
long; 2mm in diameter) mounted on two vertical supports and elevated
37 cm above a flat surface (Zhong et al., 2017a; Zhong et al., 2017b).
Mice were placed on the bar midway between the supports and were
observed for 60 s. In the rotarod test, mice were placed on the rotating
rod. The trial ended when the mouse either completed the task (max-
imum of 2min), fell completely off the rungs, or gripped the device and
spun around for two consecutive revolutions without attempting to
walk on the rod (Zhong et al., 2017a; Zhong et al., 2017b). The duration
for which mice remained on the rod was recorded, and the mean was
the final score. In the Morris water maze test, a submerged platform was
placed 1 cm under the water surface, and nontoxic, white pigment was
mixed into the water. Each mouse was released from quadrant 1 to 4
once per day and was allotted 90 s to search the hidden platform. The
trial ended when the mouse either found the platform and stayed on it
for 5 s or did not find the platform within 90 s (Zhong et al., 2017a;
Zhong et al., 2017b). Four trials were performed per day for five con-
secutive days with the location of the platform kept constant. On the
last testing day, the platform was removed and the swimming track,
dwelling time, and path length in every quadrant were recorded by a
computer The assessment was repeated three times on every testing
day. All tests were performed by two investigators who were blinded to
the experimental grouping.

2.16. Statistical analyses

Statistical analyses were performed using SPSS 20 (Chicago, USA).
The results are presented as the mean ± standard deviation (SD). Data
from the NSS, rotarod test, and water maze test were analyzed via re-
peated-measures two-way ANOVA, followed by Tukey's post hoc test to
analyze across the groups(Zhong et al., 2017a). The remaining data
were analyzed via Student's t-test or randomized one-way ANOVA,
followed by Tukey's post hoc test to carry out the group comparisons
(Zhong et al., 2017a). The value P < .05 was accepted as statistically
significant.

3. Results

3.1. The identification of circRNAs in each sample

All the valid sequencing data were submitted to the GEO database
(ID: GSE79441) (Zhong et al., 2016). A large amount of circRNAs were
discovered in the mouse cerebral cortex. For each circRNA, the name of
its derived gene, chromosome orientation, strand location, and starting
and ending sites, as well as its fold change were shown in Online re-
source 1–6 and Table 1. For example: in the Normal 1 sample, a total of
12,582 circRNAs were discovered (Online resource 1). Among these
circRNAs, 6237 were aligned to the positive (+) strand and 6345 were
aligned to the negative (−) strand (Fig. 1, A). The location of all 12,582
circRNAs were differentially distributed into the mouse chromosomes
(Fig. 1, B). CircRNA can be derived from the exons of coding genes, and
the 3-exons-spread was the most common type of circRNA in the
Normal 1 sample (Fig. 1, C). In addition, the volcano plots of the
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expression profile for all the identified circRNAs were shown in Fig. 2A.

3.2. The differentially expressed circRNA in the traumatic cerebral
penumbra cortex after TBI

In the present study, a total of 8036 circRNAs were altered in the
mouse cerebral cortex after TBI (Online resource 7). A detailed de-
scription, including their chromosome location, starting and ending
sites, overlapping among the 6 samples, fold changes and FDR were
shown in Online resource 7. Among the 8036 altered circRNAs, a total
of 16 circRNAs were significantly changed based on the filter rule
[|log2(fold change)| > 1, P < .05 and FDR < 0.05] and shown in
Fig. 2A-B and Table 2 (5 up-regulated and 11 down-regulated).

3.3. Validation of circRNAs expression by RT-PCR

To validate the reliability of circRNA sequencing, five random
circRNAs (Online resource 8) were selected to perform RT-PCR. The
circRNA expression detected by RT-PCR was consistent with that
measured by the RNA-seq (Fig. 2C). This validation indicated the good
reproducibility and reliability of the RNA-seq and circRNA calculation.

3.4. The GO and KEGG analyses of circRNA-derived genes

The possible functions of circRNA may be related to their derived
genes. To predict the possible functions of circRNA, the circRNA-de-
rived genes were subjected to GO and KEGG analyses. A total of 287 GO

Table 1
Circular RNA (circRNA) distribution in each sample.

Sample Total circRNA Strand (+) Strand (−) Most popular type Chromosome distribution

Normal 1 12,528 6237 6345 3-exons-spread all
Normal 2 13,565 6808 6757 3-exons-spread all
Normal 3 14,834 7399 7435 3-exons-spread all
TBI 1 13,574 6797 6777 3-exons-spread all
TBI 2 14,534 7263 7271 3-exons-spread all
TBI 3 12,256 6047 6209 3-exons-spread all

Fig. 1. Strand location, chromosome orientation and exons-spread type of circRNA in the “Normal 1” sample (n=18). (A) The strand location of all circRNA genes.
The “+” means the positive-sense strand, and the “-” means the anti-sense strand. (B) The chromosome orientation of all circRNA. The horizontal axis is the
chromosome number, and the vertical axis is the circRNA count. (C) The exons-spread type of circRNA. The horizontal axis is the exon count, and the vertical axis is
the circRNA count.
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terms (Online resource 9) and 103 KEGG pathways (Online resource
10) were figured out according to the following criteria: P < .05 and
FDR < 0.05. The top 20 biological processes (BP), top 20 molecular
functions (MF) and top 20 cellular components (CC) were shown in
Figs. 3A-C. Additionally, the top 20 pathways were shown in Fig. 3D.
The analyses suggested that circRNA might be involved in several
processes and networks, including neuroinflammation, axon guidance,
synapses.

3.5. The target miRNA prediction of the significantly changed circRNAs and
the regulating network

In present study, one circRNA potentially captured several miRNAs.

On the other hand, one miRNA could be arrested by several circRNAs.
The detailed prediction is shown in Online resource 11 and Table 3. The
significant mRNA alteration in the cerebral cortex after TBI was mea-
sured in our previous study(Zhong et al., 2016), the target miRNA
prediction of mRNA was also calculated in the present study (Online
resource 12, Table 4). It was found that some miRNAs could be com-
petitively captured by both circRNA and mRNA, suggesting that cir-
cRNA may regulate mRNA through sequestering their common com-
petitive miRNAs. The reciprocally regulating network was shown in
Online resource 13.

Fig. 2. Volcano plots, heat map and RT-PCR results of circRNA (n=18). (A) The volcano plots of all the detected circRNA in both the normal and the TBI groups. The
red plots represent significantly changed circRNAs with>2.0-fold-change and corrected P value< .05. (B) The heat map of the 16 significantly changed circRNAs.
Data normalized by Z score transformation were used in the calculation of significant changes in circRNA expression, and the transformed data were used to construct
the heat map. (C) The comparison of the respective results from RNA-seq and RT-PCR to verify the reliability of the RNA-seq technique.

Table 2
The significantly changed circRNAs after TBI.

CircRNA Normal RPKM TBI RPKM Style Log2(Fold change) Gene Length

chr7–116,387,843-116,394,358 5.57 18.60 up 1.74 6515 bp
chr17–65,837,683-65,838,024 13.00 30.89 up 1.25 341 bp
chr8–87,859,283-87,904,548 6.02 25.94 up 2.10 45,265 bp
chr10–90,069,467-90,077,146 0 37.54 up 20 7679 bp
chr18–77,781,210-77,781,820 0 87.60 up 20 610 bp
chr1–119,765,030-119,765,922 9.10 0.85 down −3.42 892 bp
chr9–112,155,417-112,187,766 8.87 0.57 down −3.96 32,349 bp
chr11–29,422,539-29,430,252 12.51 1.37 down −3.20 7713 bp
chr2–69,655,498-69,661,098 13.08 1.71 down −2.94 5600 bp
chr2–24,856,605-24,877,626 25.71 7.79 down −1.72 21,021 bp
chr10–108,831,105-108,993,917 215.64 1.02 down −7.72 162,812 bp
chr7–64,553,646-64,715,547 58.02 0 down −20 161,901 bp
chr6–120,803,307-120,804,132 93.29 0 down −20 825 bp
chr7–59,458,945-59,518,171 64.50 0 down −20 59,226 bp
chr11–30,109,088-30,118,010 59.73 0 down −20 8922 bp
chr7–59,408,781-59,409,326 71.16 0 down −20 545 bp
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3.6. CircRNA chr8_87859283-87904548 regulated CXCR2 by sponging
mmu-let-7a-5p

CircRNA chr8_87859283-87904548 was 261 bp and significantly
increased in the mouse cerebral cortex after TBI (P < .05, Fig. 4A). The
aforementioned regulating network suggested that mmu-let-7a-5p
might be competitively captured by both circRNA chr8_87859283-
87904548 and the mRNA of the C-X-C chemokine receptor type 2
(CXCR2) gene (Online resource 13). Therefore, we hypothesized that
circRNA chr8_87859283-87904548 might regulate the CXCR2 mRNA
by competitively sequestering mmu-let-7a-5p. A series of experiments
were performed to verify this regulating mechanism between
chr8_87859283-87904548 and CXCR2.

3.6.1. 1CXCR2 was regulated by mmu-let-7a-5p
In the dual-luciferase reporter gene assay, the recombinant

CXCR2–3’UTR plasmids, including either the wild-type or mutant-type
binding site of mmu-let-7a-5p, were treated with miRNA mimic or in-
hibitor. Compared to the CXCR2-Wt+Nc group (125.00 ± 21.00), the
relative F-luc/R-luc ratio was significantly decreased in the CXCR2-
Wt+Mimic group (35.00 ± 9.00), but significantly increased in the
CXCR2-Wt+ Inhibitor group (208.00 ± 35.00) (P < .05, Fig. 4B).
When the binding site of mmu-let-7a-5p was mutated, the F-luc/R-luc
ratio was kept at a relatively high level in both the CXCR2-
Mut+Mimic group (274.00 ± 49.00) and CXCR2-Mut+ inhibitor
group (281.00 ± 58.00), and neither the mimic nor the inhibitor in-
fluenced the ratio (P > .05, Fig. 4B).

Fig. 3. KEGG and GO analyses of all changed circRNA (n=18). The GO terms and KEGG pathways were figured out according to the rule: P < 0.05 and
FDR < 0.05. (A) The top 20 biological processes. (B) The top 20 molecular functions. (C) The top 20 cellular components. (D) The top 20 pathways. The horizontal
axis is the “–log10(p-value)”, and the vertical axis is the name of the GO terms or pathways.
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To further verify the effect of mmu-let-7a-5p on CXCR2-mRNA, the
CXCR2 protein was assessed by Western blotting when cells were
treated with either the mimic or inhibitor. The CXCR2 protein level was
significantly raised when cells were treated with the mmu-let-7a-5p
inhibitor but significantly reduced when treated with the mimic
(P < .05, Fig. 4C-D). These data suggest that mmu-let-7a-5p could bind
with the 3’UTR of CXCR2-mRNA to hinder its translation.

3.6.2. mmu-let-7a-5p was pulled down by circRNA chr8_87859283-
87904548

Our network analysis predicted the complementary combination
between mmu-let-7a-5p and circRNA chr8_87859283-87904548. An
RNA-RNA pull-down assay was carried out to explore the combination.
Compared to the antisense group (0.05 ± 0.02), the mmu-let-7a-5p
level was significantly higher in the circRNA-Chr-8 group
(0.74 ± 0.09) and highest in Input group (1.00+ 0.15) (P < .05,
Fig. 4E), suggesting that mmu-let-7a-5p could be pulled down by cir-
cRNA chr8_87,859,283–87,904,548.

3.6.3. CXCR2 was regulated by circRNA chr8_87859283-87904548
CircRNA can function as a miRNA sponge and isolator (Hansen

et al., 2013). Therefore, we hypothesized that circRNA chr8_87859283-
87904548 might weaken the inhibiting effect of mmu-let-7a-5p on
CXCR2-mRNA, resulting in increased production of the CXCR2 protein.
In HT22 cells, when compared to the Ad-GFP group, the CXCR2 protein
was significantly increased in the Ad-cirRNA-Chr-8 group (P < .05,
Fig. 4F-G). In the cerebral cortex of C57BL/6 mice, the CXCR2 protein
was significantly increased in the Ad-cirRNA-Chr-8 group when com-
pared to Ad-GFP group, but this increase was partially reversed by

mimic treatment in the Ad-cirRNA-Chr-8+mimic group (P < .05,
Fig. 4HeI). In C57BL/6 mice, the circRNA chr8_87859283-87904548
level was significantly raised in the traumatic cerebral penumbra cortex
on the 1st, 3rd, and 7th days after TBI when compared with its pre-TBI
level (P < .05, Fig. 4A). Similarly, the CXCR2 protein in the traumatic
cortex was also significantly increased on the 1st, 3rd, and 7th days
after TBI (P < .05, Fig. 4 J-K). These data suggest a potential pro-
moting role of the over-expression of circRNA chr8_87859283-
87904548 for producing more CXCR2 protein.

3.7. Over-expression of circRNA chr8_87859283-87904548 promoted
more production of inflammatory cytokines

3.7.1. The in vitro pro-inflammatory effect of circRNA chr8_87859283-
87904548

CXCR2 has been found to promote acute inflammation(Bajrami
et al., 2016a; Marchelletta et al., 2015; Wu et al., 2015a). Since circRNA
chr8_87,859,283–87,904,548 promoted more CXCR2 protein produc-
tion, we hypothesized that circRNA chr8_87,859,283–87,904,548
might play a pro-inflammatory role. ELISA was conducted to measure
the concentrations of inflammatory cytokines in BV2 cells. LPS induced
a significant increase of IL-1b (381.00 ± 48.00), TNF-α
(493.00 ± 89.00) and NO level (63.00 ± 10.00) when compared to
its counterpart in the Non-treated group (53.00 ± 11.00;
39.00 ± 8.00; 5.00 ± 2.00) (P < .05, Fig. 5A-C), and this increase
was further augmented by Ad-cirRNA-Chr-8 treatment. The con-
centration of IL-1b (603.00 ± 65.00) and TNF-α (962.00 ± 113.00)
in the Ad-cirRNA-Chr-8+ LPS group were significantly higher than
that in the Ad-GFP+LPS group (387.00 ± 55.00; 504.00 ± 96.00)

Table 3
Targeting microRNA (miRNA) prediction of the significantly changed circRNAs.

circRNA miRNA

Name Log2(fold-change-circRNA) Number Example Binding site (Start) Binding site (End)

chr7–116,387,843-116,394,358 1.74 166 mmu-miR-138-5p 3390 4010
chr17_65,837,683_65,838,024 1.25 11 mmu-miR-140-3p 136 158
chr8–87,859,283-87,904,548 2.10 786 mmu-let-7 g-3p 39,624 39,646
chr10–90,069,467-90,077,146 20 134 mmu-miR-138-2-3p 5714 5733
chr18–77,781,210-77,781,820 20 16 mmu-miR-761 163 181
chr1–119,765,030-119,765,922 −3.42 9 mmu-miR-181b-5p 590 616
chr9–112,155,417-112,187,766 −3.96 549 mmu-let-7 g-5p 14,434 14,455
chr11–29,422,539-29,430,252 −3.20 128 mmu-miR-15b-5p 3264 3284
chr2–69,655,498-69,661,098 −2.94 220 mmu-miR-15b-5p 4543 4567
chr2–24,856,605-24,877,626 −1.72 64 mmu-miR-29b-3p 5656 5680
chr10–108,831,105-108,993,917 −7.72 968 mmu-let-7 g-5p 142,298 142,319
chr7–64,553,646-64,715,547 −20 1046 mmu-miR-23b-3p 55,117 55,138
chr6–120,803,307-120,804,132 −20 28 mmu-miR-150-3p 747 768
chr7–59,458,945-59,518,171 −20 309 mmu-miR-99b-5p 18,732 18,754
chr11–30,109,088-30,118,010 −20 295 mmu-miR-23b-5p 7135 7156
chr7–59,408,781-59,409,326 −20 26 mmu-miR-24-3p 90 108

Table 4
Targeting miRNA prediction of the top 10 significantly changed mRNAs.

mRNA miRNA

Name Log2(fold-change-mRNA) Number Example Binding site (Start) Binding site (End)

Tgm1 8.95 3 mmu-miR-3090-3p 97 116
Niacr1 7.86 39 mmu-miR-292a-5p 269 293
Clec4d 8.48 31 mmu-miR-466n-5p 197 218
F10 7.45 60 mmu-miR-1191b-3p 234 255
Slfn4 7.68 6 mmu-miR-383-5p 689 709
Cxcr2 7.74 12 mmu-miR-6961-3p 104 125
Il1f9 7.62 21 mmu-miR-504-3p 692 713
Cxcl3 8.85 2 mmu-miR-466c-5p 376 399
Mefv 8.29 15 mmu-miR-6990-5p 59 80
Gp49a 7.96 5 mmu-miR-697 29 51
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(P < .05, Fig. 5A-B). Similarly, the NO level was also significantly
higher in the Ad-cirRNA-Chr-8+ LPS group (104.00 ± 16.00) than in
the Ad-GFP+LPS group (66.00 ± 13.00) (P < .05, Fig. 5C), in-
dicating an in vitro pro-inflammatory effect of circRNA

chr8_87,859,283–87,904,548; however, the Ad-cirRNA-Chr-8 treat-
ment alone without LPS did not significantly increase IL-1b
(70.00 ± 13.00), TNF-α (60.00 ± 16.00) and NO level (9.00 ± 5.00)
when compared to the Non-treated group (53.00 ± 11.00;

Fig. 4. CircRNA chr8_87,859,283–87,904,548 (circRNA-chr-8) regulates CXCR2 protein level through sequestering mmu-let-7a-5p. (A) The circRNA-chr-8 level in
mouse cerebral cortex after TBI (n=25). (B) The impact of mmu-let-7a-5p on the recombinant CXCR2–3’UTR plasmids. “F-luc/R-luc”: the ratio of the firefly/renilla
luciferase activities; “psiCHECK-2” is the empty plasmid; “mimic” or “inhibitor”: mimetic or inhibitor of mmu-let-7a-5p. (C-D) Western blot assay to measure the
effect of mmu-let-7a-5p on the CXCR2 protein level. (E) The respective mmu-let-7a-5p level under different pull-down conditions (“beads”: blank control; “anti-
sense”: the non-specific RNA chain with 261 bp length; “circRNA-chr-8”: the whole-length circRNA chain). (FeI) Western blot assay to measure the effect of circRNA-
chr-8 adenovirus on the CXCR2 protein level in HT22 cells and mouse cerebral cortex (n= 15). (J-K) The CXCR2 protein level in the mouse cerebral cortex after TBI
(n=25). All the data are expressed as the mean ± SD; one-way ANOVA with Tukey's post hoc test and students' T-test; *p < .05. All experiments were repeated 3
times.
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39.00 ± 8.00; 5.00 ± 2.00) (P > .05, Fig. 5A-C). Moreover, the LPS-
induced increase of IL-1b (381.00 ± 48.00), TNF-α (493.00 ± 89.00)
and NO level (63.00 ± 10.00) was significantly reversed by mmu-let-
7a-5p mimic treatment (200.00 ± 26.00; 249.00 ± 43.00;
29.00 ± 9.00) (P < .05, Fig. 5A-C).

3.7.2. The in vivo pro-inflammatory effect of circRNA chr8_87859283-
87904548

TBI induced a significant increase of IL-1b, TNF-α and NO level
when compared to the sham group (P < .05, Fig. 5D-F), and this in-
crease of inflammatory cytokines was further augmented by Ad-

Fig. 5. In vitro and in vivo pro-inflammatory effects of circRNA-chr-8. ELISA was conducted to measure the levels of inflammatory cytokines. (A-C) The respective
level of IL-1b, TNF-αand NO in differently treated BV-2 cells. “Ad-cirRNA-Chr8”: the adenovirus to over-express circRNA-chr-8; “LPS”: lipopolysaccharide; “mimic”:
mimetic of mmu-let-7a-5p. (D-F) The respective level of IL-1b, TNF-αand NO in mouse cerebral cortex around the injury focus after TBI (n=65). All the data are
expressed as the mean ± SD; one-way ANOVA with Tukey's post hoc test and students' t-test; *p < .05. All experiments were repeated 3 times.

Fig. 6. CircRNA-chr-8 inhibits the restoration of motor and cognitive function in mice after TBI (n= 25). (A) NSS scores. (B) Duration in the rotarod test. (C) Latency
to locate the hidden platform. (D) Length of the swimming tracks in quadrant 4, where the platform was originally located. (E) Dwelling time in quadrant 4. “Ad-
cirRNA-Chr8”: the adenovirus to over-express circRNA-chr-8; “mimic”: mimetic of mmu-let-7a-5p. Repeated-measures two-way ANOVA with Tukey's post hoc test;
*p < .05. All tests were performed by two blind observers.
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cirRNA-Chr-8 treatment. The concentration of IL-1b in the Ad-cirRNA-
Chr-8+ TBI group (879.00 ± 103.00; 714.00 ± 91.00;
398.00 ± 97.00) were significantly higher than that in the Ad-
GFP+TBI group (531.00 ± 68.00; 275.00 ± 85.00;
126.00 ± 68.00) on the 1st, 3rd, and 7th days after TBI (P < .05,
Fig. 5D). Similarly, the concentration of TNF-α in the Ad-cirRNA-Chr-
8+ TBI group (1312.00 ± 179.00; 1110.00 ± 148.00;
508.00 ± 87.00) were significantly higher than that in the Ad-
GFP+TBI group (815.00 ± 97.00; 620.00 ± 93.00;
177.00 ± 51.00) on the 1st, 3rd, and 7th days after TBI (P < .05,
Fig. 5E). Moreover, the NO level in the Ad-cirRNA-Chr-8+TBI group
(202.00 ± 38.00; 161.00 ± 33.00) were significantly higher than that
in the Ad-GFP+TBI group (104.00 ± 23.00; 65.00 ± 11.00) on the
1st and 3rd days after TBI (P < .05, Fig. 5F). These data suggest an in
vivo pro-inflammatory effect of circRNA chr8_87,859,283–87,904,548.
In addition, all of these TBI-induced increases of inflammatory cyto-
kines were partially relieved by mmu-let-7a-5p mimic treatment on the
1st and 3rd days after TBI (P < .05, Fig. 5D-F).

3.8. The over-expression of circRNA chr8_87859283-87904548 blocked
the restoration of neurological function after TBI in C57BL/6 mice

To determine the influence of circRNA
chr8_87,859,283–87,904,548 on the recovery of the neurological
functions of mice following TBI, the NSS test, rotarod test and water
maze test were conducted to assess the motor function, learning ability
and spatial memory, respectively. On the 3rd and 7th day after TBI, the
NSS scores of the Ad-cirRNA-Chr-8+ TBI group (5.50 ± 1.20;
3.50 ± 0.60) was significantly higher than that of the Ad-GFP group
(2.50 ± 0.80; 1.00 ± 0.40) (P < .05, Fig. 6A). On the 1st and 3rd
day after TBI, the NSS scores of the mimic+TBI group (3.20 ± 0.80;
1.20 ± 0.40) was significantly lower than that of the TBI group
(5.60 ± 0.90; 3.00 ± 0.70) (P < .05, Fig. 6A). Furthermore, on the
3rd, 7th and 14th day after TBI, the duration of the Ad-cirRNA-Chr-
8+ TBI group in the rotarod test (30.00 ± 8.00s; 48.00 ± 9.00s;
65.00 ± 13.00s) was significantly shorter than that of the Ad-
GFP+TBI group (63.00 ± 10.00s; 85.00 ± 14.00s;
100.00 ± 11.00s) (P < .05, Fig. 6B), indicating a worse motor func-
tion in the Ad-cirRNA-Chr-8+ TBI group. On the 1st and 3rd day after
TBI, the duration of the mimic+TBI group in the rotarod test
(60.00 ± 10.00; 86.00 ± 12.00) was significantly longer than that of
the TBI group (30.00 ± 11.00; 55.00 ± 12.00) (P < .05, Fig. 6B). On
the 17 th, 18 th, 19 th and 20th days after TBI, in water maze test, the
latency of the Ad-cirRNA-Chr-8+TBI group to find the hidden plat-
form (81.00 ± 11.00s; 79.00 ± 12.00s; 65.50 ± 9.00s;
55.50 ± 11.00s) was significantly longer than that of the Ad-
GFP+TBI group (51.00 ± 13.00 s; 42.00 ± 8.00 s; 28.00 ± 7.00 s;
13.00 ± 5.00 s) (P < .05, Fig. 6C), indicating a worse learning ability
of the Ad-cirRNA-Chr-8+TBI group. On the 16 th and 17 th day after
TBI, the latency of the mimic+TBI group (60.00 ± 8.00 s;
33.00 ± 5.00 s) was significantly shorter than that of the TBI group
(82.50 ± 9.00 s; 54.00 ± 10.00 s) (P < .05, Fig. 6C). On the last
testing day (21st day after TBI, the hidden platform was removed), the
swimming track of the Ad-cirRNA-Chr-8+ TBI group
(123.05 ± 52.00 cm) in quadrant 4, −where the original platform was
located,- was significantly shorter than that of theAd-GFP+TBI group
(402.00 ± 99.50 cm) (P < .05, Fig. 6D). The swimming track of the
mimic+TBI group (661.00 ± 99.00 cm) was significantly longer than
that of the TBI group (435.00 ± 89.50 cm) (P < .05, Fig. 6D). Simi-
larly, the dwelling time of the Ad-cirRNA-Chr-8+TBI group
(9.05 ± 3.00 s) spent in quadrant 4 was also significantly shorter than
that of the Ad-GFP+TBI group (26.00 ± 8.00 s), indicating a worse
memory of the Ad-cirRNA-Chr-8+TBI group (P < .05, Fig. 6E). The
dwelling time of the mimic+TBI group (36.00 ± 6.00 cm) was sig-
nificantly longer than that of the TBI group (21.00 ± 5.50 cm)
(P < .05, Fig. 6D). These data suggest an inhibitory effect of circRNA

chr8_87,859,283–87,904,548 on neurological restoration following
TBI.

4. Discussion

CircRNA has been recently discovered as a new member of en-
dogenous, non-coding RNA. CircRNA has neither 5′–3′ polarities nor
polyadenylated tails and forms covalently closed-loop structure (Qu
et al., 2015), resulting in its stable specialty. CircRNA is endogenous,
relatively abundant, and conserved in mammalian cells (Qu et al.,
2015). CircRNA has been reported to be involved in CNS diseases, such
as glioma (Song et al., 2016), Alzheimer's disease (Lukiw, 2013), and in
brain development (Veno et al., 2015), as well as OGD/R-induced
neuronal injury (Lin et al., 2016). TBI remains a severe acute CNS
disease, and the complex mechanism of secondary brain damage fol-
lowing TBI still needs to be elucidated. Therefore, we presently used
deep RNA-Seq to draw the circRNA atlas in traumatic cerebral pe-
numbra cortex following TBI.

A total of 16 circRNAs were discovered to significantly change after
TBI in our present sequencing study. Unfortunately, it is difficult to
elucidate their exact functions. CircRNA molecules are transcribed and
spliced from the exons of host genes, which they may possibly influence
(Salzman, 2016). CircRNA can regulate the alternative splicing and
modulate the expression of host genes through acting as a miRNA
sponge (Memczak et al., 2013; Zhang et al., 2013; Li et al., 2015).
Therefore, we carried out KEGG and GO analyses for host genes and
showed that the significantly changed circRNAs may be involved in
many important pathways, such as the Ras signaling pathway, oxytocin
signaling pathway and MAPK signaling pathway. These pathways
suggest non-negligible roles of circRNA in secondary injury and neu-
ronal repairing following TBI.

MicroRNA is a type of short (18–22 bp) non-coding RNA that can
bind to the 3’-UTR of mRNA to inhibit its translation (Hu et al., 2015;
Huang et al., 2016; Zhou et al., 2016). CircRNA can act as a sponge to
sequester miRNA (Memczak et al., 2013; Zhang et al., 2013; Li et al.,
2015). If circRNA and mRNA simultaneously hold the binding sequence
for a special miRNA, the circRNA and the mRNA will competitively
capture the same miRNA. Moreover, if the circRNA is significantly in-
creased, more miRNA will be captured by circRNA, and less miRNA can
bind to mRNA, resulting in more active translation and more protein
production, and vice versa. Therefore, the altered expression of circRNA
may regulate translation and protein production through competitively
capturing miRNA. In the present study, the significantly altered ex-
pression of many circRNAs were figured out, and the reciprocally reg-
ulating network between the changed circRNAs and mRNAs was con-
structed based on their intermediary miRNAs. The network analysis
predicted that circRNA chr8_87,859,283–87,904,548, which was sig-
nificantly increased approximately 4 times after TBI, may competitively
capture miRNA mmu-let-7a-5p with CXCR2-mRNA, resulting in more
CXCR2 protein production. Subsequently, we first confirmed the com-
bination of mmu-let-7a-5p with the 3’UTR of CXCR2-mRNA and its
inhibiting effect on CXCR2 translation in the dual-luciferase reporter
gene assay. Secondly, we confirmed the combination of mmu-let-7a-5p
with circRNA chr8_87859283-87904548 in an RNA-RNA pull-down
assay. Thirdly, the CXCR2 protein was significantly increased by over-
expressing circRNA using an adenovirus, but this increase was reversed
by an mmu-let-7a-5p mimic. These results verify our hypothesis that
circRNA chr8_87859283-87904548 competitively captures mmu-let-7a-
5p to produce more CXCR2 protein. Interestingly, the increased CXCR2
was only partially, not absolutely reversed by mmu-let-7a-5p mimic
treatment, indicating that some unrecognized factors may be involved
in the regulating process of chr8_87859283-87904548.

CXCR2 is known as a high affinity interleukin-8 (IL-8) receptor,
which has been reported to rapidly mobilize neutrophils during early
stages of acute inflammation (Bajrami et al., 2016a; Marchelletta et al.,
2015). Moreover, CXCR2 plays an essential role in cerebral endothelial
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activation and subsequent leukocyte recruitment during neuroin-
flammation (Wu et al., 2015a). CXCR2 also has been reported to be
involved in inflammatory diseases, such as lung inflammation (Tiwari
et al., 2016; Lerner et al., 2016), pancreatic inflammation (Steele et al.,
2015), skin inflammation (Hsieh et al., 2014) and kidney inflammation
(Ranganathan et al., 2013). The expression of circRNA
chr8_87,859,283–87,904,548 remained at a high level for a long time
after TBI, leading to increased production of CXCR2 protein in the
traumatic cerebral cortex. Therefore, we inferred that circRNA might
promote inflammatory reaction in the acute phase after TBI. Indeed,
when circRNA chr8_87,859,283–87,904,548 was specially up-regulated
by adenovirus, the concentration of inflammatory cytokines in trau-
matic cerebral cortex or in LPS-irritated BV-2 cells was significantly
elevated, suggesting its pro-inflammatory role. Moreover, those in-
creased inflammatory cytokines were partially decreased by mmu-let-
7a-5p mimic treatment, which further verified the mediating role of
mmu-let-7a-5p in the regulating network of circRNA
chr8_87,859,283–87,904,548. Interestingly, Ad-cirRNA-Chr-8 treat-
ment alone without LPS did significantly up-regulate CXCR2, but did
not significantly increase the inflammatory cytokines in non-irritated
BV2 cells. CXCR2 protein is a receptor for IL-8 and chemokine (C-X-C
motif) ligand 1 (CXCL1) (Bajrami et al., 2016b; Wu et al., 2015b). It
binds to IL-8 or CXCL1 with high affinity and transduces the signal
through a G-protein-activated second messenger system (Bajrami et al.,
2016b; Wu et al., 2015b). The CXCR2 receptor is able to promote the
inflammatory reaction only when it can bind the ligand. When treated
with LPS, the BV-2 cells can secrete CXCL1 (Wu et al., 2015b), which
can bind with CXCR2 and result in increased production of in-
flammatory cytokines. In this inflammatory process, CXCR2 is a pro-
moter, but not an initiator. Hence, the Ad-cirRNA-Chr-8 treatment can
facilitate the increased production of inflammatory cytokines only in
irritated BV-2 cells, but not in resting cells. After TBI, many chemical
and physical factors initiate the inflammatory reaction, and in this
study, the more CXCR2 protein produced, the more inflammatory cy-
tokines produced. Neuroinflammation is considered one of the most
important factors to aggravate secondary brain injury and exacerbate
the functional deficit after TBI (Corps et al., 2015; Cederberg and Siesjo,
2010). Hence, we hypothesized that the increased circRNA
chr8_87,859,283–87,904,548 after TBI may obstruct neurological re-
storation. Indeed, when circRNA chr8_87,859,283–87,904,548 was in-
creased by adenovirus in mouse brain, the performances of the Ad-
cirRNA-Chr-8+TBI groupin the NSS, rotarod test and water maze test
were worse than that in the Ad-GFP+TBI group, indicating that the
elevated circRNA chr8_87,859,283–87,904,548 was not beneficial to
the restoration of motor and memorial function after TBI.

Non-coding RNA consists of several major classes, including miRNA,
lncRNA and circRNA. The changes of miRNA expression in the contu-
sional cerebral cortex (Lei et al., 2009), hippocampus (Liu et al., 2014)
and serum (Sharma et al., 2014) have been previously reported. Ad-
ditionally, the altered lncRNA expression has been identified by a deep
RNA-sequencing approach in our previous study (Rola et al., 2006). In
present study, we reported the altered circRNA expression profile in the
traumatic cerebral cortex of mice following TBI. In fact, Xie et al. (Xie
et al., 2018) and Jiang et al. (Jiang et al., 2018) recently has reported
the altered expression of circular RNA in the traumatic cerebral cortex
of mouse and rat after TBI. Xie et al. (Xie et al., 2018) applied a mi-
croarrays approach to figure out a total of 192 differentially expressed
circRNAs (98 up-regulated and 94 down-regulated) in the traumatic
cerebral cortex of SD rats at 3 h after TBI. We noted that Xie et al. (Xie
et al., 2018) used fluid percussion brain injury to simulate TBI, which
was different from our presently used CCI model. There was no overlap
between the sequencing data of Xie et al. (Xie et al., 2018) and the
present data, which may have resulted from the different genetic
backgrounds, different TBI models and different end points. In addition,
Jiang et al. (Jiang et al., 2018) recently applied the same deep RNA
sequencing approach as the one employed in the present study to figure

out a total of 191 differentially expressed circRNAs (98 up-regulated
and 93 down-regulated) in the traumatic cerebral cortex of C57BL/6
mice at 6 h after TBI. In the study of Jiang et al. (Jiang et al., 2018), 1)
TBI was induced by the CCI model; 2) the parameters were velocity
5.0 m/s; depth 2.0 mm and dwelling time 100ms; 3) the end point to
decapitate was 6 h post-TBI; and 4) the trauma was located in the left
parietotemporal cortex. Compared to the study of Jiang et al. (Jiang
et al., 2018), we used the same TBI model, the same CCI parameters and
the same RNA-sequencing method in the same genetic background to
detect the circRNA alteration post-TBI; however, our present end point
was 24 h post-TBI, and the trauma was located in the right parietal lobe.
Our present sequencing data were discrepant from that of Jiang et al.
(Jiang et al., 2018), which may have resulted from the different end
points, and different trauma locations. Moreover, Jiang et al. (Jiang
et al., 2018) used a 5.5-mm diameter soft plastic film to cover the bone
window, but we closed the bone window with bone wax. The plastic
film was soft and could not completely close the cranial bone window,
which could have relieved the elevated intra-cranial pressure (ICP)
after TBI. The bone wax was tough and completely closed the bone
window, resulting in a higher ICP. We inferred that the differential ICP
post-TBI might also contribute to the discrepant circRNA expression. It
is unfortunate that both Xie et al. (Xie et al., 2018) and Jiang et al.
(Jiang et al., 2018) only performed the sequencing experiment with a
subsequent biological analysis and did not further explore the function
and possible mechanism of the circRNAs. In the present study, we
preliminary found that the circRNA chr8_87,859,283–87,904,548
might play a role in secondary damage post-TBI via its potential pro-
inflammatory effect, which might be not beneficial for neurological
restoration after TBI. Nevertheless, all of these aforementioned studies
(Xie et al., 2018; Jiang et al., 2018) jointly forecast that circRNAs may
play important roles in the physiological and pathological processes
post-TBI. Considering the reciprocal regulating relationship between
circRNA, lncRNA and miRNA, future studies should nottarget the
miRNA or lncRNA alone, as it would be wiser to combine circRNA with
the other existing non-coding RNA to investigate the complex processes
after TBI.

5. Conclusion

A total of 16 circRNAs were significantly changed in the traumatic
cerebral cortex after TBI. Among them, the circRNA
chr8_87,859,283–87,904,548 was significantly increased and poten-
tially plays a pro-inflammatory role, which might cause a deleterious
effect on neurological restoration after TBI.
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