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Abstract  
Long non-coding RNAs (lncRNAs) play a key role in craniocerebral disease, although their expression profiles in human traumatic brain 
injury are still unclear. In this regard, in this study, we examined brain injury tissue from three patients of the 101st Hospital of the Peo-
ple’s Liberation Army, China (specifically, a 36-year-old male, a 52-year-old female, and a 49-year-old female), who were diagnosed with 
traumatic brain injury and underwent brain contusion removal surgery. Tissue surrounding the brain contusion in the three patients was 
used as control tissue to observe expression characteristics of lncRNAs and mRNAs in human traumatic brain injury tissue. Volcano plot 
filtering identified 99 lncRNAs and 63 mRNAs differentially expressed in frontotemporal tissue of the two groups (P < 0.05, fold change 
> 1.2). Microarray analysis showed that 43 lncRNAs were up-regulated and 56 lncRNAs were down-regulated. Meanwhile, 59 mRNAs 
were up-regulated and 4 mRNAs were down-regulated. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
analyses revealed 27 signaling pathways associated with target genes and, in particular, legionellosis and influenza A signaling pathways. 
Subsequently, a lncRNA-gene network was generated, which showed an absolute correlation coefficient value > 0.99 for 12 lncRNA-mR-
NA pairs. Finally, quantitative real-time polymerase chain reaction confirmed different expression of the five most up-regulated mRNAs 
within the two groups, which was consistent with the microarray results. In summary, our results show that expression profiles of mRNAs 
and lncRNAs are significantly different between human traumatic brain injury tissue and surrounding tissue, providing novel insight re-
garding lncRNAs’ involvement in human traumatic brain injury. All participants provided informed consent. This research was registered 
in the Chinese Clinical Trial Registry (registration number: ChiCTR-TCC-13004002) and the protocol version number is 1.0. 
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Graphical Abstract   

Involvement of long non-coding RNA and mRNA in human traumatic brain injury (TBI)

Introduction 
Traumatic brain injury (TBI) is the leading cause of death 
and disability in adults and imposes an enormous economic 
and health burden on the world every year (Chen and D’Es-
posito, 2010). Although many resources have been invested 
in researching TBI, its prognosis is still poor (Holloway and 
Quill, 2010). Consequently, an increasing number of studies 

have sought to investigate the specific mechanisms of TBI. 
Previous studies have shown that primary and secondary 
injury are two pathological processes of TBI (Ghajar, 2000; 
Hirschi et al., 2017). Secondary injury is reversible com-
pared with primary injury and is considered to be the main 
cause of death after TBI. Accordingly, a previous study on 
the mechanism of secondary injury after brain trauma has 
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received much attention in recent years (Kan et al., 2012). 
Primary injury is caused by immediate mechanical insult, 
which leads to focal contusions, further axonal injury, and 
hematomas (Liu and Wang, 2017). In contrast, secondary 
injury results from delayed metabolic, biochemical, and cel-
lular changes that are initiated by the primary insult, and it 
can subsequently trigger microglia activation, astrocyte pro-
liferation, and neuronal cell death (Shi et al., 2011). Despite 
this understanding, the underlying cellular and molecular 
mechanisms of TBI remain unclear.

Previous studies have confirmed a number of pathways and 
genes that are involved in brain injury, including GPR56 (Gi-
era et al., 2015), the Cdk2–p27Kip1 pathway, and Wnt/β-cat-
enin signaling (Fancy et al., 2014; Salmaso et al., 2014). How-
ever, increasing evidence shows that despite the presence of 
protein coding genes, many noncoding RNAs (ncRNAs) that 
were previously thought to be ‘‘junk RNAs” are also involved 
in many diseases and biological processes (Chen et al., 2016). 
Indeed, these RNAs directly impact upon mRNA translation 
(Twiss et al., 2016). NcRNAs consists of two main classes: 
long ncRNAs (lncRNAs), which are a new class of non-pro-
tein coding transcripts > 200 nucleotides in length; and small 
ncRNAs, with lengths < 200 nucleotides (e.g., microRNAs) 
(Jiang et al., 2015). LncRNAs are involved in regulating cell 
biological behavior. Previous studies have shown that ln-
cRNAs play an important role in various pathophysiological 
processes of brain diseases. Further, targeting lncRNAs can 
effectively reverse progression of brain tumors, Alzheimer’s 
disease, and ischemic stroke (Dharap et al., 2012; Tan et al., 
2013). A study also showed that lncRNAs might be involved 
in  methamphetamine-induced neuronal apoptosis by modu-
lating neuronal coding genes (Xiong et al., 2017). In addition, 
lncRNAs are strongly associated with nervous system devel-
opment and neurodegenerative diseases (Roberts et al., 2014; 
D’Haene et al., 2016; Quan et al., 2017). LncRNAs not only 
have specific expression profiles in brain tissue but also can be 
used as potential independent prognostic molecular markers 
(Mercer et al., 2008). Altogether, these studies show that ln-
cRNAs may play an important role in regulating pathological 
processes of brain diseases. Discovery of lncRNAs and their 
functional studies in regulatory networks may help us fur-
ther understand disease pathogenesis. Recently, Zhong et al. 
(2016) reported that a large amount of lncRNAs are markedly 
down-regulated or up-regulated in the cortex surrounding 
the injury region of mice after TBI.

However, as is commonly known, mouse genes and the 
pathophysiology of brain damage are different compared 
with humans. Thus, if human brain injury tissue is used to 
with a lncRNA chip, the findings will be closer to the real 
situation in human brain injury. Accordingly, to determine 
the potential role of lncRNAs in human TBI, we performed 
a comprehensive analysis of mRNA and lncRNA profiles 
in human TBI tissue and adjacent brain contusion tissue. 
Moreover, Kyoto Encyclopedia of Genes and Genomes 
(KEGG) databases and Gene Ontology (GO) were used 
to analyze differentially expressed mRNAs and determine 
their biological functions. By constructing a co-expression 

network, the relationship between differential expression of 
mRNAs and lncRNAs was analyzed.

This is the first report to investigate the expression pro-
files of mRNAs and lncRNAs in human TBI by microarray. 
These differentially expressed lncRNAs may play a partial or 
key role in progression and/or development of human TBI. 
In the future, more work is needed to determine if these ln-
cRNAs can be used as novel therapeutic targets for human 
TBI.

Subjects and Methods
Design
This is an observational study. This study followed the 
STrengthening the Reporting of OBservational studies in 
Epidemiology (STROBE) statement (Additional file 1). 

Patient samples and RNA extraction
Paired brain contusion tissue and adjacent brain contusion 
tissue were retrospectively randomly collected from three 
patients with TBI. 

Diagnostic criteria
All patients were diagnosed with severe TBI, and underwent 
surgery at the 101st Hospital of Chinese People’s Liberation 
Army, China, from January to August 2016. The study pro-
tocol was approved by the Medical Ethics Committee of the 
101st Hospital of Chinese People’s Liberation Army (approval 
number: 2016-YXLL-008; Time of Ethics approval: 2016-01-
01). Severe TBI mainly refers to: (1) extensive brain contu-
sion, extensive skull fracture, brain stem injury or intracra-
nial hematoma; (2) loss of consciousness for > 6 hours and 
Glasgow Coma Scale of 3 to 8; and (3) obvious positive signs 
of nervous system dysfunction, and obvious changes in vital 
signs (Brain Trauma Foundation, American Association of 
Neurological Surgeons and Congress of Neurological Sur-
geons, 2007; Jiang et al., 2014). 

Inclusion criteria 
(1) The age range was 30–60 years. (2) The Glasgow Coma 
Scale score at admission was 6–8 points. (3) The cause of 
TBI was a traffic accident. (4) Craniotomy indications and 
severe TBI diagnostic criteria refer to TBI treatment guide-
lines (Brain Trauma Foundation, American Association of 
Neurological Surgeons and Congress of Neurological Sur-
geons, 2007). 

Exclusion criteria 
(1) Brain hernia, shock, or unstable signs of life at hospital 
admission. (2) Acute brain swelling during surgery. (3) Seri-
ous underlying diseases (such as thrombocytopenia and can-
cer). (4) The family refused to undergo surgery. Clinical and 
pathological information for the patients is listed in Table 1. 

Brain contusion tissue and adjacent brain contusion tissue 
were extracted from each patient. Adjacent brain contusion 
tissue was labeled as the control group, and brain contusion 
tissue labeled as the TBI group. Samples were obtained with 
informed consent. If the patient’s injury was too serious for 
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self-approval, consent was provided by the patient’s guard-
ian or entrusted agent. In the absence of removal of normal 
brain tissue, adjacent brain contusion tissue was defined as 
the tissue 1.5 cm from the brain contusion. During the op-
eration, bipolar electrocoagulation was first used to extract 
contusion tissue from the center of the contusion area, and 
then adjacent brain contusion tissue was extracted from the 
non-functional area next to the contusion. Specimens were 
immediately frozen in liquid nitrogen and stored at −80°C 
after surgical removal. A total of 100 mg brain tissue was 
taken, and 1 mL RNA extraction reagent, Trizol (Invitrogen, 
Carlsbad, CA, USA), was added. Total RNA was exacted 
from brain contusion tissue and adjacent brain contusion 
tissue according to the manufacturer’s instructions. RNA 
was quantified using a NanoDrop 1000. RNA integrity was 
assessed by standard denaturing agarose gel electrophoresis.

Gene microarray
Arraystar Human lncRNA Microarray version 2.0 (Aksom-
ics, Shanghai, China) was designed for global profiling of 
human lncRNAs and protein coding transcripts. LncRNAs 
were collected from authoritative databases including 
RefSeq, Ensembl, and University of California Santa Cruz 
(UCSC) Known Genes (Chen et al., 2013; Volders et al., 
2013). Differentially expressed lncRNAs and mRNAs show-
ing statistical significance between the two groups were 
identified by P-value, false discovery rate, and fold change 
filtering. Hierarchical clustering and combined analysis were 
performed using homemade scripts.

Gene ontology and KEGG pathway analysis
Gene ontology (GO, http://www.geneontology.org/) is a 
main bioinformatics tool for describing gene and gene prod-
ucts across all species. It provides an ontology of defined 
terms representing gene product properties, and covers 
three domains: biological processes, molecular functions, 
and cellular components (Gene Ontology, 2006). Two-sided 
Fisher’s exact test was used to detect overlap between the 
differentially expressed list and GO annotation list that was 
greater than expected by chance. False discovery rate was 
calculated to correct P-values. Enrichment scores were cal-
culated among differentially expressed genes. As the enrich-
ment increases, the corresponding function is more specific. 
Kyoto Encyclopedia of Genes and Genomes (KEGG, http://
www.genome.jp/kegg/) pathways were also used to map 
differentially expressed genes. Enrichment and statistics cal-
culations were similar to GO analysis.

Co-expression network construction
The lncRNA-mRNA co-expression network was construct-

ed based on correlation between differentially expressed 
lncRNAs and mRNAs. An algorithm from a previous study 
was used (Yu et al., 2012). Red color represents up-regulated 
mRNAs or lncRNAs, and blue color represents down-regu-
lated mRNAs or lncRNAs. Node size represents the degree 
of change. Solid line indicates a positive correlation, and 
dashed line indicates a negative correlation.

Quantitative real-time polymerase chain reaction 
(qRT-PCR) analysis
Total RNA was extracted from brain contusion tissue and 
adjacent brain contusion tissue using an RNAsimple Total 
RNA kit (TIANGEN Biotech, Beijing, China). Total RNA 
was reverse-transcribed using PrimeScript™ RT reagent kit 
with gDNA Eraser. qRT-PCR was performed using SYBR® 
Premix Ex Taq™ II and a 7500 Real-Time PCR System (Ap-
plied Biosystems, Foster City, CA, USA) (Wang et al., 2017). 
Primer sequences are listed in Table 2. Relative quantifica-
tion of gene expression was calculated using the formula: 2–

ΔΔCt, ΔΔCt = (Cttarget gene − Ctβ-actin)injury − (Cttarget gene − Ctβ-actin)
injury surrounding. Three independent experiments were 
performed for each condition.

Statistical analysis
All data are presented as the mean ± SEM. Statistical analy-
ses were performed using SPSS 20 software (IBM, Armonk, 
NY, USA). Differences between the control group and 
TBI group were analyzed using Student’s t-test. Spearman 

Table 1 Clinical characteristics of patients with traumatic brain injury 

Patient Age (year) Sex Diagnosis Brain tissue contusion location Adjacent brain tissue contusion location Other  illness

1 52 Female Severe traumatic brain injury Right temporal Right temporal Hypertension
2 36 Male Severe traumatic brain injury Left frontal Left frontal /
3 49 Female Severe traumatic brain injury Right frontotemporal Right frontotemporal /

Table 2 Primer sequences for quantitative real-time polymerase 
chain reaction analysis in brain contusion tissue and adjacent brain 
contusion tissue

Gene Sequence (5'–3')
Product 
size (bp)

HSPA1B Up-stream: CCA TTG AGG AGG TGG ATT AGG G 100
Down-stream: ATG ACA TAG GAA AAC AGC AGC A

PPBP Up-stream: GAA CTC CGC TGC ATG TGT AT 100
Down-stream: CGA CTT GGT TGC AAT GGG TT

HSPA1A Up-stream: TGG AGC TTC AAG ACT TTG CAT 100
Down-stream: GCA AGT TCA GTA CTT CAC CAA A

IL-8 Up-stream: CCA GGA AGA AAC CAC CGG AA 100
Down-stream: GCA AGT TCA GTA CTT CAC CAA A

S100A12 Up-stream: GGG GTT AAC ATT AGG CTG GGA 100
Down-stream: GCA AGT TCA GTA CTT CAC CAA A

Actin Up-stream: AAC AAC GCA TCT CAT ATT TGG AA 125
Down-stream: AAC AAC GCA TCT CAT ATT TGG AA

HSPA1B: Heat shock protein family A (Hsp70) member 1B; PPBP: pro-
platelet basic protein; HSPA1A: heat shock protein family A (Hsp70) 
member 1A; IL-8: interleukin 8 (also known as C-X-C motif chemokine 
ligand 8 [CXCL8]); S100A12: S100 calcium binding protein A12; bp: base 
pair.
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correlation analysis was used to analyze co-expression rela-
tionships between lncRNAs and mRNAs (Li et al., 2016). A 
value of P < 0.05 was accepted as statistically significant.

Results
Differentially expressed lncRNAs and mRNAs between 
control and TBI groups
LncRNA and mRNA expression profiles were detected in 
three TBI and three control groups. Volcano plot filtering 
identified 99 differentially expressed lncRNAs (P < 0.05, 
fold change > 1.2) (Figure 1A and B). Among them, 43 ln-
cRNAs were up-regulated and 56 lncRNAs were down-reg-
ulated. In the TBI group, n333955, n332943, n335470, 
ENST00000384390, and n341115 were the five most signifi-
cantly up-regulated lncRNAs. While, TCONS_00018733-
XLOC_008489, OTTHUMT00000076953, NR_029967, 
ENST00000433249, and n381234 were the five most signifi-
cantly down-regulated lncRNAs (Table 3). Next, we com-
pared mRNA expression profiles of the TBI group with the 
control group. 

In total, we identified 63 differentially expressed mRNAs 
(P < 0.05, fold change > 1.2) (Figure 1C and D). Among 
them, 59 mRNAs were up-regulated and 4 mRNAs were 
down-regulated. In the TBI group, heat shock protein family 
A (Hsp70) member 1B (HSPA1B), pro-platelet basic pro-
tein (PPBP), heat shock protein family A (Hsp70) member 
1A (HSPA1A), C-X-C motif chemokine ligand 8 (CXCL8; 
also known as interleukin 8 (IL-8), and S100 calcium bind-

ing protein A12 (S100A12) were the five most significantly 
up-regulated mRNAs. Olfactory receptor family 7 subfamily 
A member 5 (OR7A5), retinoic acid receptor responder 3 
(RARRES3), meiotic nuclear divisions 1 (MND1), and major 
histocompatibility complex, class II, and DR Beta 3 (HLA-
DRB3) were the four most significantly down-regulated 
mRNAs (Table 4).

To further examine these differentially expressed genes, 
we selected genes that changed > 1.2-fold to build a hier-
archical clustering map. As shown in Figure 1A and B, the 
three TBI groups clustered together in one group, which 
was mostly distinct from the control group. Overall, chang-
es in the state from control group to TBI group were also 
found to be separated by differences in expression profiles 
of mRNAs or lncRNAs (Figure 1). These results show that 
potential dynamic interactions between coding RNAs and 
lncRNAs may remold the whole transcriptomic landscape 
during the pathological process of TBI.

GO and KEGG pathway analyses
GO analysis of the differentially expressed genes was per-
formed to identify the attributes of gene products in cellular 
components, biological processes, and molecular functions 
(Shi et al., 2015). GO analysis showed that the differential-
ly expressed mRNAs were primarily enriched for synaptic 
transmission, neutrophil chemotaxis, and neuronal action 
potential propagation (related to biological processes) 
(Figure 2A), plasma membrane, synaptic vesicle, and volt-

Figure 1 Differential expression 
profiles of mRNAs and lncRNAs 
in TBI and control groups. 
(A, B) Heat maps comparing ex-
pression profiles of mRNAs (A) and 
lncRNAs (B) in TBI and control 
groups (> 1.2-fold change; P < 0.05). 
Green represents down-regulated 
genes and red represents up-regu-
lated genes. (C, D) Volcano plot of 
P values as a function of weighted 
fold change for mRNAs (C) and 
lncRNAs (D) in frontotemporal 
tissue of TBI and control groups. 
The vertical dotted line delimits 
up- and down-regulation. Red plots 
represent significant mRNAs and 
lncRNAs with > 1.2-fold change 
and corrected P < 0.05. Each sam-
ple was analyzed in triplicate. TBI: 
Traumatic brain injury; mRNAs: 
messenger RNAs; lncRNAs: long 
non-coding RNAs. 
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Figure 2 Enrichment analysis of pathways and GO terms for differentially expressed mRNAs in frontotemporal TBI tissue. 
(A–C) GO analysis according to biological process, cellular component, and molecular function, respectively. (D) Pathway analysis based on KEGG 
database. A value of P < 0.05 using two-sided Fisher’s exact test was defined as statistically significant.

age-gated potassium channel complex (related to cellular 
components) (Figure 2B), and voltage-gated potassium 
channel activity, voltage-gated sodium channel activity, and 
delayed rectifier potassium channel activity (related to mo-
lecular functions) (Figure 2C). Next, we performed pathway 
analysis using the KEGG database. Dysregulated mRNAs 

were associated with 27 biological pathways, including legio-
nellosis, influenza A, antigen processing and presentation, 
rheumatoid arthritis, and the estrogen signaling pathway 
(Figure 2D). Altogether, these results suggest that the target 
genes are linked to 27 signaling pathways, especially those 
involved in legionellosis and influenza A signaling pathways. 

Table 3 Top five up-regulated and down-regulated lncRNAs in 
frontotemporal traumatic brain injury tissue

LncRNA log2 (fold change) P 

Top five up-regulated lncRNAs
n333955 5.240 0.047
n332943 3.103 0.034
n335470 3.094 0.027
ENST00000384390 2.970 0.012
n341115 2.635 0.000

Top five down-regulated lncRNAs
TCONS_00018733-XLOC_008489 –2.017 0.050
OTTHUMT00000076953 –1.956 0.012
NR_029967 –1.892 0.002
ENST00000433249 –1.868 0.038
n381234 –1.843 0.003

Gene symbols for ENST00000384390, OTTHUMT00000076953, and 
NR_029967 are SNORD14D, HCG24 and MIR329-1, respectively.

Table 4 Top five up-regulated and top four down-regulated mRNAs 
in frontotemporal traumatic brain injury tissue

Accession number of mRNA Gene name log2 (fold change) P 

Top five up-regulated RNAs
NM_005346 HSPA1B 3.260 0.003
NM_002704 PPBP 2.830 0.042
NM_005345 HSPA1A 2.513 0.008
NM_000584 IL-8 2.443 0.042
NM_005621 S100A12 2.223 0.027

Top four down-regulated mRNAs
NM_017506 OR7A5 –1.777 0.017
NM_004585 RARRES3 –1.450 0.026
NM_001253861 MND1 –1.398 0.038
BC001023N HLA-DRB3 –1.383 0.040

HSPA1B: Heat shock protein family A (Hsp70) member 1B; HSPA1A: 
heat shock protein family A (Hsp70) member 1A; PPBP: pro-
platelet basic protein; IL-8: interleukin 8 (also known as C-X-C motif 
chemokine ligand 8 [CXCL8]); S100A12: S100 calcium binding protein 
A12; OR7A5: olfactory receptor family 7 subfamily A member 5; 
RARRES3: retinoic acid receptor responder 3; MND1: meiotic nuclear 
divisions 1; HLA-DRB3: major histocompatibility complex, class II, DR 
beta 3.
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Table 5 Top 10 KEGG pathways related to target genes in frontotemporal traumatic brain injury tissue 

Signaling pathway Count P Gene

Legionellosis 3 0.000 |HSPA1B|IL-8|HSPA1A|
Influenza A 4 0.000 |IL8|HLA-DRB3|HSPA1B|HSPA1A|
Antigen processing and presentation 3 0.000 |HLA-DRB3|HSPA1B|HSPA1A|
Rheumatoid arthritis 3 0.000 |FOS|IL8|HLA-DRB3|
Estrogen signaling pathway 3 0.000 |HSPA1B|FOS|HSPA1A|
MAPK signaling pathway 4 0.001 |FOS|HSPA1B|FGF12|HSPA1A|
Cholinergic synapse 3 0.001 |GNG3|FOS|KCNQ5|
Toxoplasmosis 3 0.001 |HLA-DRB3|HSPA1B|HSPA1A|
Dopaminergic synapse 3 0.001 |SCN1A|GNG3|FOS|
Systemic lupus erythematosus 3 0.001 |HIST1H2BG|HIST1H2AE|HLA-DRB3|

HSPA1B: Heat shock protein family A (Hsp70) member 1B; HSPA1A: heat shock protein family A (Hsp70) member 1A; IL-8: interleukin 8 
(also known as C-X-C motif chemokine ligand 8 [CXCL8]); HLA-DRB3: major histocompatibility complex, class II, DR beta 3; FOS: Fos proto-
oncogene; FGF12: fibroblast growth factor 12; GNG3: G protein subunit gamma 3; KCNQ5: potassium voltage-gated channel subfamily Q member 5; 
SCN1A: sodium voltage-gated channel alpha subunit 1; HIST1H2BG: histone cluster 1 H2B family member G; HIST1H2AE: histone cluster 1 H2A 
family member E.

Table 6 Top 8 lncRNA-mRNA pairs with correlation coefficients > 
0.99 in frontotemporal traumatic brain injury tissue

mRNA LncRNA COR

Positive correlation
KCNV1 NR_0331 0.996
FGF12 n338875 0.995
CDH10 n340484 0.995
HLA-DRB3 ENST00000458993 0.995
CDH10 n338875 0.994
Negative correlation
TOX ENST00000459259 –0.991
CDH10 ENST00000441293 –0.994
PIP4K2C ENST00000458993 –0.996

COR: Correlation coefficients; KCNV1: potassium voltage-gated 
channel modifier subfamily V member 1; FGF12: fibroblast growth 
factor 12; CDH10: cadherin 10; HLA-DRB3: major histocompatibility 
complex, class II, DR beta 3; TOX: thymocyte selection associated 
high mobility group box; PIP4K2C: phosphatidylinositol-5-phosphate 
4-kinase type 2 gamma.

The top 10 KEGG pathways related to the target genes are 
listed in Table 5.

Establishment of a lncRNA-mRNA co-expression 
network
Building lncRNA regulatory networks may help high 
throughput analysis of interactions between lncRNAs and 
genes. Using NCBI software, one lncRNA-gene network was 
established on the basis of interactions between lncRNAs 
and genes (Figure 3). We found 12 lncRNA-mRNA pairs 
with absolute correlation coefficient values > 0.99. Most 
pairs (9/12) were positively correlated, and the remaining 
(3/12) pairs negatively correlated. The top 8/12 lncRNA-mR-
NA pairs with correlation coefficients > 0.99 are shown in 
Table 6. These results show that there is a close relationship 
between lncRNAs and mRNAs. 

Expression levels of mRNAs measured by qRT-PCR
To confirm our microarray data, five up-regulated mRNAs 

(HSPA1B, PPBP, HSPA1A, IL8, and S100A12) were cho-
sen, and their expression levels were further examined by 
qRT-PCR. CT values were normalized to actin. The chosen 
mRNAs show differential expression in the TBI group com-
pared with the control group (Figure 4), confirming our 
microarray results.  

Discussion
TBI is a problem of epidemic magnitude involving both ci-
vilian, military service members, and professional athletes. 
In the United States, more than 1.3 million emergency de-
partment visits account for TBI, while TBI accounts for a 
third of almost all injury-related deaths. It is estimated that 
the annual financial burden of TBI in the United States is 
$76.5 billion, including lifetime direct medical expenses and 
productivity losses (Rockhill et al., 2012). TBI can also result 
in a variety of sensory and motor deficits, emotional impair-
ments, and sleep disturbances (Qu et al., 2016). Neurological 
effects of TBI include primary injury events occurring at the 
time of trauma, as well as subsequent cell death and neuro-
nal tissue damage caused by secondary injury events (Loane 
and Faden, 2010; Algattas and Huang, 2013; Simon et al., 
2017). These sequelae and injuries cause many difficulties 
for the daily lifes of patients. In recent years, mechanistic 
research on TBI has become a focus, as the findings can 
help alleviate tissue damage caused by secondary injury and 
improve prognosis of TBI. For example, in an in vitro TBI 
model, neuronal apoptosis was reduced by up-regulation of 
miR-21 with miR-21 agomir, which was mediated via the 
PTEN-AKT signaling pathway (Han et al., 2014). Inflamma-
tory factors (such as tumor necrosis factor and IL-1α/β) are 
thought to be targets for reducing inflammation or apopto-
sis in TBI (Shojo et al., 2010). Many lncRNAs in the cortex 
of injury sites are markedly up-regulated or down-regulated 
in mice after TBI, which may be involved in various patho-
logical processes (Zhong et al., 2016).

A recent study suggested that lncRNAs play a key role in 
gene regulation and expression and actively participate in 
various pathological processes of brain diseases (Yan et al., 
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Figure 4 Quantitative real-time polymerase chain reaction of mRNA 
expression in frontotemporal traumatic brain injury tissue. 
Expression levels of the five mRNAs shown are consistent with mi-
croarray data. All results are expressed as the mean ± SD of three inde-
pendent experiments (*P < 0.05, **P < 0.01; Student’s t-test). HSPA1A: 
Heat shock protein family A (Hsp70) member 1A; HSPA1B: heat shock 
protein family A (Hsp70) member 1B; S100A12: S100 calcium binding 
protein A12; PPBP: pro-platelet basic protein; IL-8: interleukin 8 (also 
known as C-X-C motif chemokine ligand 8 [CXCL8]).
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2015). However, comprehensive research regarding lncRNAs 
in TBI is still lacking, and understanding of their role in TBI 
is limited. Accordingly, in this study, we obtained for the 
first time complete mRNA and lncRNA expression profiles 
of three human TBI and three control samples by mRNA 
and lncRNA gene expression microarray. Differentially ex-
pressed mRNAs and lncRNAs were screened by the volcano 
plot method. A total of 99 lncRNAs (43 up-regulated and 
56 down-regulated) and 63 mRNAs (59 up-regulated and 4 
down-regulated) were found to be differentially expressed 
between TBI and control samples. Expression of these genes 
could be clearly distinguished by hierarchical clustering. 
Moreover, five mRNAs were chosen and their expression 
determined by qRT-PCR. Encouragingly, the qRT-PCR 
results were in good agreement with the microarray results, 
demonstrating reliability and accuracy of our microarray 
data. In the present study, HSPA1B, PPBP, HSPA1A, IL8, 
and S100A12 were the five most significantly up-regulated 
mRNAs, while OR7A5, RARRES3, MND1, and HLA-DRB3 
were the four most significantly down-regulated mRNAs 
in the TBI group. Heat shock proteins are encoded by gene 

Figure 3 
LncRNA-mRNA 
network analysis 
of frontotemporal 
traumatic brain 
injury tissue. 
Dots represent mR-
NAs, and pentagons 
represent lncRNAs. 
Red color represents 
up-regulated mRNA 
or lncRNA, and blue 
c o l o r  r e p r e s e n t s 
d o w n - r e g u l a t e d 
mRNA or lncRNA. 
Node size represents 
the degree of change. 
Solid line indicates a 
positive correlation, 
a n d  d a s h e d  l i n e 
indicates a negative 
correlation. 
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families and play key roles in tumor progression, cell sur-
vival, and tumorigenesis (Wang et al., 2018). Hsp70-1a and 
hsp70-1b are the two major hsp70 proteins, sharing more 
than 99% of their amino acids. Hsp70-1a and hsp70-1b are 
encoded by the HSPA1A and HSPA1B genes, respectively. 
They play key roles in maintaining protein synthesis and in-
tegrity. HSP70 may play an important role in neuronal sur-
vival after TBI. HSP70 loss increases brain damage after TBI 
in mice (Mayer and Bukau, 2005; Daugaard et al., 2007; Ero-
glu et al., 2014). PPBP-encoded protein is a platelet-derived 
growth factor belonging to the CXC chemokine family and 
an effective chemokine and activator of neutrophils. PPBP 
has been shown to stimulate a variety of cellular processes, 
including intracellular cAMP accumulation, prostaglandin 
E2 secretion, mitosis, and glycolysis. Further, PPBP may 
prevent excitotoxic brain injury of newborns by reducing 
microglial activation in vivo and maintaining mitochondrial 
membrane potential in vitro (Wegleiter et al., 2014; Guo et 
al., 2017; Kinouchi et al., 2017). IL-8-encoded protein is a 
primary mediator of inflammatory responses and belongs to 
the CXC chemokine family. IL-8 is thought to be involved 
in blood-brain barrier dysfunction, causinxg microvascular 
injury that is neutrophil-dependent (Jiang et al., 2017; Kim 
et al., 2017). S100A12 plays an important role in immune re-
sponses and inflammatory processes and is a copper-, zinc- 
and calcium- binding protein. Its pro-inflammatory activity 
includes chemokine production, promotion of cytokines, 
and recruitment of leukocytes. Determination of serum 
S100A12 concentration might contribute to early prognosis 
in severe TBI patients, and may be associated with brain 
inflammation (Berrocal-Almanza et al., 2016; Zhao et al., 
2017; Feng et al., 2018). In this study, these genes were dif-
ferentially expressed. Considering the above studies, we be-
lieve that these genes may play a key role in human TBI and 
contribute to diagnosis and treatment of TBI in the future. 
Moreover, OR7A5, RARRES3, MND1, and HLA-DRB3 were 
the four most significantly down-regulated mRNAs in the 
TBI group. A previous study found that OR7A5 is a protein 
coding gene that interacts with odor molecules in the nose 
to trigger a neuronal response that results in olfactory sense. 
Among its related pathways are GPCR signaling and the 
olfactory signaling pathway (Fuchs et al., 2002). RARRES3 
is a growth regulator or tumor suppressor whose expression 
is up-regulated by the synthetic retinoic acid, tazarotene 
(Suarez-Calvet et al., 2017). The product of the MND1 gene 
can stimulate recombinase activity of RAD51 and DMC1, 
which are required for resolution of meiotic double-strand 
breaks (Chi et al., 2007; Dorosh et al., 2013). HLA–DRB3 
plays a central role in the immune system by presenting 
peptides derived from extracellular proteins, which belong 
to HLA class II beta chain paralogues (Chowdhary et al., 
2015). We have not found any previous study examining 
these genes in TBI models of animals or humans. Consider-
ing that our experimental results show marked down-reg-
ulation, their specific biological functions in human TBI 
deserve to be further investigated. In this study, we also 
found that the five most significantly up-regulated lncRNAs 

were n333955, n332943, n335470, ENST00000384390, and 
n341115. Furthermore, TCONS_00018733-XLOC_008489, 
OTTHUMT00000076953, NR_029967, ENST00000433249, 
and n381234 were the five most significantly down-regu-
lated lncRNAs. LncRNAs are recognized as transcriptional 
regulators (Yoon et al., 2013; Long et al., 2017) that regu-
late protein coding gene expression by trans and cis-action 
mechanisms. However, no studies have so far reported asso-
ciation of these differentially expressed lncRNAs with TBI. 
Nevertheless, regarding expression of mRNAs, we believe 
that these up-regulated lncRNAs are also involved in the 
pathological process of TBI. Therefore, further experiments 
will be performed to investigate the function of these differ-
entially expressed lncRNAs in TBI.

For comprehensive understanding of these differentially 
expressed mRNA genes, their possible biological functions 
were analyzed using GO and KEGG databases. Our GO 
analysis revealed that the largest portion of mRNAs are 
located in the plasma membrane and involved in synaptic 
transmission and delayed rectifier potassium channel activi-
ty. According to KEGG pathway analysis, the most enriched 
pathways for the differentially expressed coding genes were 
legionellosis, influenza A, antigen processing and presenta-
tion, rheumatoid arthritis, estrogen signaling pathway, and 
MAPK signaling pathway, among others. 

Many protein coding genes require lncRNAs for transcrip-
tional regulation. Thus, the differentially expressed mRNAs 
with differentially expressed lncRNAs were combined to 
build a co-expression network and gain new understanding 
on the function of lncRNAs. The results identified a total of 
119 network nodes and 299 connections between 46 coding 
genes and 73 lncRNAs. In the co-expression network, 213 
pairs showed positive and 86 pairs showed negative connec-
tions. However, this co-expression network analysis is not 
very reliable and can only provide a preliminary prediction. 

The results of our study are somewhat different from a 
previous study (Zhong et al., 2016). We believe there are 
several reasons for this. First, humans and mice are differ-
ent species, with natural differences between them. Second, 
in the study of Zhong et al., experiments were performed 
between experimental and control groups in different mice. 
In contrast, the experiments in our study were performed 
in the same patient; therefore we minimized errors as much 
as possible. Third, in this study, brain tissue in the control 
group was not normal and instead was obtained from tissue 
surrounding the brain injury. Consequently, edema, exuda-
tion, or other inflammatory reactions may be present, which 
may affect the experimental results. Last, our sample size is 
relatively small. Therefore, although our results provide a 
clue for further study of potential mechanisms of gene regu-
lation in human TBI patients, we must verify and investigate 
the related genes.

TBI is one of the main causes of injury-related death at 
present, with a serious social burden worldwide. The po-
tential molecular mechanisms and pathophysiology of TBI 
are unknown, and more functional studies of candidate 
lncRNAs are needed to comprehensively understand the 
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roles of these molecules in TBI. The expression profile of 
differentially expressed mRNAs and lncRNAs in human 
TBI tissue has been first shown in this study. Altogether, our 
results show that expression levels of lncRNAs in TBI tissue 
are markedly different from control tissue, indicating that 
these lncRNAs might be involved in the pathophysiological 
process of human TBI. It is necessary to further study the 
molecular regulatory mechanism of lncRNAs in TBI to fur-
ther understand the pathogenesis of TBI, which might indi-
cate underlying prognostic indicators and biological targets 
of TBI in the future.
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