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Purpose: It is becoming increasingly clear that genetic factors play a role in traumatic brain injury (TBI),
whether in modifying clinical outcome after TBI or determining susceptibility to it. MicroRNAs are small
RNA molecules involved in various pathophysiological processes by repressing target genes at the post-
transcriptional level, and TBI alters microRNA expression levels in the hippocampus and cortex. This
study was designed to detect differentially expressed microRNAs in the cerebrospinal fluid (CSF) of TBI
patients remaining unconscious two weeks after initial injury and to explore related single nucleotide
polymorphisms (SNPs).
Methods: We used a microarray platform to detect differential microRNA expression levels in CSF
samples from patients with post-traumatic coma compared with samples from controls. A bioinformatic
scan was performed covering microRNA gene promoter regions to identify potential functional SNPs.
Results: Totally 26 coma patients and 21 controls were included in this study, with similar distribution of
age and gender between the two groups. Microarray showed that fourteen microRNAs were differentially
expressed, ten at higher and four at lower expression levels in CSF of traumatic coma patients compared
with controls (p < 0.05). One SNP (rs11851174 allele: C/T) was identified in the motif area of the
microRNA hsa-miR-431-3P gene promoter region.
Conclusion: The altered microRNA expression levels in CSF after brain injury together with SNP identified
within the microRNA gene promoter area provide a new perspective on the mechanism of impaired
consciousness after TBI. Further studies are needed to explore the association between the specific
microRNAs and their related SNPs with post-traumatic unconsciousness.
© 2016 Production and hosting by Elsevier B.V. on behalf of Daping Hospital and the Research Institute of
Surgery of the Third Military Medical University. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Traumatic brain injury (TBI) is an insult from external physical
force, leading to structural and functional impairments of the brain.
Post-traumatic disorder of consciousness remains a severe conse-
quence of cognitive dysfunction after severe TBI. It is estimated that
over one million people are affected annually by unconsciousness
after TBI all over the world, making it a critical public health
problem, causing a great social and economic burden, particularly
in low- and middle-income countries.1e5 Severe TBI can result in
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prolonged disorders of consciousness, and approximately 10%e15%
of severe TBI patients are discharged from hospital in a vegetative
or minimally conscious state.5 For a long time, in spite of consid-
erable effort, no effective treatment was available for post-
traumatic coma. A recent evidence-based review of current in-
terventions to promote arousal from coma showed that effective
treatments are limited except for amantadine use in children.1 In
another study, Giacino et al5 also found that amantadine acceler-
ated the pace of functional recovery during active treatment in
adult patients with post-traumatic disorders of consciousness, but
its actual clinical improvement was questioned.6 The current situ-
ation demonstrates the limited knowledge available so far about
the complex and multifactorial pathophysiological process of con-
sciousness disorders following TBI. Fortunately, recent evidences
from genetic association studies show that genetic factors,
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especially single nucleotide polymorphisms (SNPs) (single base
mutations), make up the majority of genetic variations in human
population and play an important role in various brain diseases
including TBI.7,8 In addition, the patients exposed to a similar extent
of physical force have experienced different consequences
regarding severity of unconsciousness, indicating variable suscep-
tibility among individuals to impaired consciousness after TBI.

MicroRNAs are small, endogenous, non-coding 21e25-
nucleotide RNAs, which play an important role in regulating gene
expression and in numerous biological and pathological processes.9

These small RNAs are receiving increasing attention as potential
biomarkers for detecting, identifying, classifying, and treating dis-
eases. Various studies have addressed alterations in microRNA
expression levels after experimental TBI. Lei et al10 reported the
alteration in microRNA expression patterns in cerebral cortex of
rats after fluid percussion brain injury. Redell et al11 demonstrated
different microRNA expression levels in hippocampus after
controlled cortical impact. Based on these findings, we concluded
that microRNAs could serve as a potential biomarker for uncon-
sciousness after TBI.

In addition to extracellular signals that can lead to the different
expression of microRNAs in various types of TBI, including brain
injury, ischemia, and physical stimulation,12 variations in DNA
sequence encoding these molecules can also influence microRNA
expression levels. For this reason, we also hypothesized that poly-
morphisms in microRNA genes might have a role in traumatic
coma. However, as far as we know, little information exists that can
be used to correlate microRNA gene polymorphisms with post-
traumatic coma.

In this study, we employed a microarray platform to detect
different expression levels of microRNAs in cerebrospinal fluid
(CSF) of coma patients two weeks after TBI, and then conducted a
bioinformatic scanning over the promoter regions of these micro-
RNA genes to identify the potential functional SNPs.

Materials and methods

Ethics statement

This study was approved by the ethics committee of Renji
Hospital, affiliated to School of Medicine, Shanghai Jiao Tong Uni-
versity, Shanghai, China. Written informed consent was obtained
from each participant's legally authorized representative.

TBI patients and controls

Participants in this study were recruited from head injury ad-
missions to Department of Neurosurgery, Renji Hospital, Shanghai,
China, from September 1, 2008 to September 1, 2011. Patients
meeting the following inclusion criteria were considered eligible
for this study: (1) adults �18 years; (2) severe brain injury with
Glasgow Coma Scale (GCS) score �8 at admission; (3) remaining in
a coma state two weeks after the initial injury (GCS � 8); and (4)
normal intracranial pressure or without radiological evidence of
elevated intracranial pressure. Subjects were excluded if they suf-
fered severe extracranial injury or multi-organ dysfunction. Adults
who received a lumbar puncture for diagnostic purposes and
without confirmed central nervous system diseases were recruited
as controls.

Preparation of CSF

CSF samples were obtained from included patients by lumbar
puncture as part of intensive care treatment. CSF samples from
adults who received a lumbar puncture for diagnostic purposes
were collected as control (described above). The volume of every
sample varied from 6 to 8 ml. Samples were firstly subjected to
cytological examination and only those with normal findings were
included. Then each CSF sample was centrifuged at 3000 � g for
10 min, the sediment was discarded and the supernatant was
stored at �80 �C for further processing.
RNA extraction and chip hybridization and rinsing

Total RNA containing low molecular weight RNA was extracted
with TRIZOL reagent (Invitrogen-Life Technologies, USA) from CSF
samples according to the manufacturer's instructions, and the pu-
rity of total RNA was measured by the ratio of A260/A280. An
absorbance ratio greater than 1.9 is usually considered as an
acceptable indicator of RNA purity. The integrity of total RNA was
qualified using an Agilent Bioanalyzer 2100 capillary electropho-
resis (Agilent Technologies, USA), and samples fell within Asura-
gen's acceptable limits: RNA integrity number (RIN) greater than
7.13,14

Affymetrix platform for microRNA expression analysis (Gen-
eChip® miRNA 3.0 Array), based on mirBase version 17 (http://
www.mirbase.org/), was used to obtain microRNA expression
profiles. This version contains 19 913 probe sets including 5818
human premature and mature microRNAs. A total of 500 ng of total
RNA was labeled using FlashTag™ Biotin HSR RNA Labeling Kit
(Genisphere, USA) according to the manufacturer's procedure.
Labeled miRNAs were hybridized to GeneChip miRNA 3.0 Array as
recommended by the manufacturer.15 The array was washed and
stained using Fluidics Station 450 (Affymetrix) with the fluidics
protocol FS450-0004.
Imaging and data processing

Images were scanned using a Hewlett Packard Gene Array
Scanner 3000 7G (Hewlett Packard, USA). A 2-fold change in
expression level was chosen as a cutoff for categorizing a significant
change in expression level.13
Bioinformatic prediction of SNPs

First, we verified the site information and sequence accuracy of
the specific microRNAs detected in this study. MicroRNAs could be
classified either as intergenic or as intragenic. Intragenic micro-
RNAs are located within other transcriptional units (host genes)
and are transcribed in parallel to their host genes, suggesting that
they share promoters with host genes. Intergenic microRNAs are
located between other transcriptional units and therefore inter-
genic microRNAs have their own transcriptional units and pro-
moters.16 The sequence containing 2000 bp upstream and 500 bp
downstream of transcription start site (TSS) was defined as the
promoter region, and it was downloaded from Eukaryotic Promoter
Database.
Prediction of transcription factors and corresponding motifs

The putative transcription factors of the promoter region and
the corresponding motif areas were identified using TRANSFAC®

database (BIOBASE), which was available at http://www.biobase.
de. The algorithm was Match™ which used a library of position
weight matrices collected in TRANSFAC® database and therefore
offered the possibility of searching for a great variety of transcrip-
tion factor binding sites.17
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Table 2
Baseline characteristics of controls.

Number of patients (male:female) 21 (12:9)
Age (years, means ± SD) 50.4 ± 8.66
Definitive diagnosis (n)
Headache 9
Vertigo 5
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Identification of SNPs in the motif areas

For computational identification, single Nucleotide Poly-
morphism Database (dbSNP) (http://www.ncbi.nlm.nih.gov/SNP/)
was used to identify SNPs in the motif areas. The database also
provided detailed information about SNPs.18
Spinal pain 5
Tinnitus 2

Table 3
Up-regulated and down-regulated microRNAs.

Up-regulated microRNAs Down-regulated microRNAs

microRNA Fold-change p value microRNA Fold-change p value

miR-141 4.62 0.005 miR-1297 �3.44 0.016
miR-572 3.05 0.002 miR-33b �2.61 0.009
Statistical analysis

To determine whether microRNAs detected by microarray
analysis had altered expression levels in coma patients, the ratio of
the two sets of detected signals (coma patients vs controls, log2

transformed, balanced) was calculated. Two-sided student's t
tests were used for group comparison. p < 0.05 was considered as
statistical significance. All statistical analyses were performed using
the statistical package SPSS 19.0.
miR-181a-star 2.47 0.001 miR-933 �2.59 0.042
miR-27b-star 2.37 0.012 miR-449b �2.14 0.022
miR-483-5p 2.36 0.003
miR-30b 2.18 0.030
miR-1289 2.13 0.006
miR-431-star 2.12 0.021
miR-193b-star 2.09 0.002
miR-499-3p 2.01 0.013
Results

A total of 26 (14 males and 12 females) coma patients and 21 (12
males and 9 females) controls were included. Controls were con-
sisted of 9 patients diagnosed with headache, 5 patients with ver-
tigo, 5 patients with spinal pain and 2 patients with tinnitus. Age
(49.1 ± 8.07 vs 50.4 ± 8.66, p > 0.05) and gender showed no sig-
nificant difference between the two groups. (Tables 1 and 2).
Microarray analysis

Samples from controls and coma patients were hybridized to
microarrays containing the known human microRNAs. Expression
of 14 microRNAs in coma group differed from that of controls
(p < 0.05); 10 out of the 14 had higher expression (Table 3) and 4
showed lower expression comparedwith controls (Table 3). Results
were given as fold-change and p values. Of the up-regulated
microRNAs, miR-141 and miR-257 displayed the greatest fold-
changes at 4.62 and 3.05 times of that of controls, while the
remaining microRNAs increased from 2.0 to 2.5-fold. Of the down-
regulated microRNAs, miR-1297 had the greatest fold-change
at �3.44 times in coma group compared with controls.
Table 1
Baseline characteristics of traumatic coma patients.

Number of patients (male:female) 26 (14:12)
Age (years, mean ± SD) 49.1 ± 8.07
GCS in admission (n)
3 5
5 4
6 7
7 3
8 7

GCS two weeks after brain injury (n)
3 3
4 1
5 3
6 6
7 5
8 8

Injury characteristics (n, %)
Mesencephalic cisterns compressed
or absent on initial CT

15 (58)

Midline shift (�5 mm) detected
on initial CT

12 (46)

Signs of intracranial hypertension
detected on initial CT

26 (100)
SNPs of motif areas

We searched the motif areas of the microRNA promoter regions
by querying the dbSNP and identified one SNP (rs11851174 allele: C/
T) within the motif area of microRNA has-miR-431-3P gene pro-
moter region. The SNP site was within chromosome 14 strand þ,
with a mutation from standard base C to T.
Discussion

In the present study, we used microarray platforms to examine
the differential microRNA expression levels in CSF of coma patients
two weeks after brain injury, a time point when the traumatic
pathological features were transited from acute phase to subacute
stage with impaired consciousness. The major findings were that
expression levels of specific microRNAs in CSF of traumatic coma
patients were significantly up- or down-regulated compared with
controls. In addition, one SNP with a potential function of modu-
lating the outcome after TBI was identified in the motif area of
microRNA has-miR-431-3P promoter region.

More specifically, the expression levels of 10 microRNAs were
significantly elevated while 4 microRNAs were decreased, which
was quite different from previous studies reporting more down-
regulated than up-regulated microRNAs after TBI.11,19 Several fac-
tors may contribute to the divergence in experimental results. First,
this study relied on clinical samples rather than on animal
models.10 Second, the time point of sample collection in this study
was two weeks after the initial injury, a subacute phase of TBI,
while most of the other studies used samples from the acute
stage.10,11 Finally, the samples used for microarray analysis in the
present study were CSF rather than the cerebral cortex or
hippocampus.

Themost highly enrichedmicroRNA in CSF of coma patients was
miR-141, which also played a role in suppressing human osteosar-
coma.20 In addition, most of the up-regulated microRNAs were
associated with oncogenesis. For example, miR-431 was related to
the viability of medulloblastoma and glioblastoma cells21; miR-30b
regulated migration and invasion of human colorectal cancer via

http://www.ncbi.nlm.nih.gov/SNP/
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SIX122; miR-483-5p was a candidate serum biomarker for adre-
nocortical tumors23; miR-181 was suggested as having a role in
neuroinflammatory responses of astrocytes.24 Because a single
microRNA can regulate the expression of hundreds of target
genes,11 alteration in a panel of microRNAs could greatly affect the
pathophysiology and outcome of TBI, including post-traumatic
unconsciousness. Some of the predicted target genes of hsa-miR-
431-3p, such as MTRNR2L1, were involved in the process of
ischemia and reperfusion injury of cortical neurons that was initi-
ated after TBI, also indicating that this specific microRNA might
contribute to the pathophysiology of TBI.

Mature microRNAs are sequentially processed from pre-
microRNAs, which in turn are processed from pri-microRNAs, the
primary transcripts of microRNA genes.25 The production of
microRNAs can be altered by variation in DNA sequence within
their genes, including copy number variation, insertion of the DNA
sequence and SNPs.26 Previous studies have shown that SNPs in
microRNA genes may be related to the clinical prognosis of various
diseases.27 Researchers often adopt a cohort study or caseecontrol
study to reveal the associations between SNPs and various diseases,
and it is advisable to sort out the possible functional SNPs before
planning a larger population study.28 However, the possibility of
numerous SNPs in these genes opens the question of which part
should be targeted for scanning as potentially functional SNPs
affecting microRNA expression. Although the regulation of micro-
RNA production involves a complex mechanism and has not been
thoroughly elucidated yet, it has been postulated that the promoter
areas of microRNA genes, especially the transcription factor binding
motifs, play a pivotal role in the biogenesis of microRNA. In addi-
tion, functional SNPs probably sit within the promoters of micro-
RNA genes. Because targeting SNPs within the motif area of
promoter regions might most effectively identify the potentially
functional SNPs, we scanned the motif areas of these microRNA
genes. This scan yielded one relevant SNP (rs11851174 allele: C/T)
within the motif area of the microRNA hsa-miR-431-3P gene pro-
moter, chromosome 14, and strand þ. A query of the data from
HapMap project (version 2010-08_phaseIIþIII) resulted in a brief
overview of the distribution of these alleles among different re-
gions and ethnicities. These data revealed that the mutation rate of
allele C to allele T is the lowest (4.5%) in Gujarati Indian population
in Houston, and the highest in those of African ancestry (39.5%) in
Southwest USA. However, no studies have suggested an association
between this SNP (rs11851174 allele: C/T) and any pathophysio-
logical processes.

Using a bioinformatic approach, we identified one SNP in the
motif areas of the 14 differentially expressed microRNA gene pro-
moter sequences. The SNP rate in these motif areas seemed low;
however, several important points should be made. The regulation
of microRNAs in CSF of coma patients after TBI is a multifactorial
process influenced by both environmental and genetic factors, so
one SNP would not be expected to explain all the differentially
expressed microRNAs. In addition, the identified SNP (rs11851174)
may play a role in regulating the expression level of microRNA hsa-
miR-431-3P by interfering with the binding of transcription factors
tomotif areas. One of the predicted target genes of hsa-miR-431-3P
is MTRNR2L1, which encodes Humanin, a peptide that can protect
cortical neurons from ischemia and reperfusion injury, a patho-
logical process involved in brain injury. Thus, the identified SNP
(rs11851174) could plausibly be related to the consequences of TBI.

This study was not the first to suggest the associations between
genetic polymorphisms and outcome after TBI.29,30 In recent years,
emerging evidence has shown that genetic factors play a role in
these outcomes, and apolipoprotein E (APOE) has received
considerable attention. Using a variety of measures, several in-
vestigators have reported that E4 allele of APOE is associated with a
poor outcome after TBI.31 In addition, genes involved in other
pathophysiological processes, such as cytokine genes, are now be-
ing implicated. For example, researchers have found that
interleukin-6 promoter polymorphism is a risk factor for poor
outcome after ischemic stroke and may affect TBI.

To our best knowledge, this study was the first to demonstrate
an alteration in microRNAs in CSF of coma patients at subacute
stage after TBI. Future studies that use genetic approaches or spe-
cific microRNA mimics/inhibitors may help address whether or not
alterations in these microRNAs can be causally linked to cognitive
dysfunction or other pathologies observed after TBI. With the
development of specificity and delivery of mimetic and inhibitor
compounds, microRNAs altered in CSF of comatose patients after
TBI could be targeted for therapeutic intervention, which may be
useful for post-traumatic coma.

This study had a few limitations, especially the small sample size
and potential consequences for the quality of the statistical results.
In addition, microarray testing is a relatively new technology that
has been applied for cancer diagnosis, prognosis and treatment
planning but also attracts criticism for a lack of reliability and
consistency.32 Thus, an altered microRNA expression profile
detected by microarray platforms required further validation using
other experimental methods like RT-PCR. Furthermore, our detec-
tion of microRNA expression levels in CSF was performed on TBI
patients, and some therapeutic interventions could have interfered
withmicroRNA expression and thus affected our results. Finally, the
motif areas of promoter regions were based on computational
prediction and required experimental confirmation.

The results of this study showed that the expression levels of
specific microRNAs were changed in CSF of patients who had
remained in a coma state for two weeks following TBI. In addition,
one SNP (rs11851174 allele: C/T) was identified by bioinformatic
methods in the motif area of the microRNA has-miR-431-3P gene
promoter region. However, the exact associations of the specific
microRNAs and SNP (rs11851174) with decreased consciousness
after TBI remain unclear. Nevertheless, this discovery was encour-
aging and could serve as a basis for designing either a caseecontrol
or a cohort study to examine associations between the identified
SNP (rs11851174) and traumatic coma.
Acknowledgment

We thank all the staff in Department of Neurosurgery, Renji
Hospital, for their help in conducting this research.
References

1. Meyer MJ, Megyesi J, Meythaler J, et al. Acute management of acquired brain
injury Part III: an evidence-based review of interventions used to promote
arousal from coma. Brain Inj. 2010;24:722e729.

2. Hyder AA, Wunderlich CA, Puvanachandra P, et al. The impact of traumatic
brain injuries: a global perspective. NeuroRehabilitation. 2007;22:341e353.

3. Rabinowitz AR, Levin HS. Cognitive sequelae of traumatic brain injury. Psychiatr
Clin North Am. 2014;37:1e11.

4. Edlow BL, Giacino JT, Wu O. Functional MRI and outcome in traumatic coma.
Curr Neurol Neurosci Rep. 2013;13:375.

5. Giacino JT, Whyte J, Bagiella E, et al. Placebo-controlled trial of amantadine for
severe traumatic brain injury. N Engl J Med. 2012;366:819e826.

6. Mukherjee D, Patil CG, Palestrant D. Amantadine for severe traumatic brain
injury. N Engl J Med. 2012;366:2427e2428.

7. Dardiotis E, Fountas KN, Dardioti M, et al. Genetic association studies in pa-
tients with traumatic brain injury. Neurosurg Focus. 2010;28:E9.

8. Lee PH, Shatkay HF-SNP. computationally predicted functional SNPs for disease
association studies. Nucleic Acids Res. 2008;36:D820eD824.

9. Saugstad JA. MicroRNAs as effectors of brain function with roles in ischemia
and injury, neuroprotection, and neurodegeneration. J Cereb Blood Flow Metab.
2010;30:1564e1576.

10. Lei P, Li Y, Chen X, et al. Microarray based analysis of microRNA expression in
rat cerebral cortex after traumatic brain injury. Brain Res. 2009;1284:191e201.

http://refhub.elsevier.com/S1008-1275(16)00005-5/sref1
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref1
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref1
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref1
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref2
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref2
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref2
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref3
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref3
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref3
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref4
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref4
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref5
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref5
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref5
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref6
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref6
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref6
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref7
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref7
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref8
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref8
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref8
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref9
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref9
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref9
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref9
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref10
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref10
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref10


W.-D. You et al. / Chinese Journal of Traumatology 19 (2016) 11e15 15
11. Redell JB, Liu Y, Dash PK. Traumatic brain injury alters expression of hippo-
campal microRNAs: potential regulators of multiple pathophysiological pro-
cesses. J Neurosci Res. 2009;87:1435e1448.

12. Feng W, Feng Y. MicroRNAs in neural cell development and brain diseases. Sci
China Life Sci. 2011;54:1103e1112.

13. Genini S, Guziewicz KE, Beltran WA, et al. Altered miRNA expression in canine
retinas during normal development and in models of retinal degeneration.
BMC Genomics. 2014;15:172.

14. Vilming Elgaaen B, Olstad OK, Haug KB, et al. Global miRNA expression analysis of
serous and clear cell ovarian carcinomas identifies differentially expressed miR-
NAs including miR-200c-3p as a prognostic marker. BMC Cancer. 2014;14:80.

15. Murria Estal R, Palanca Suela S, Juan Jim�enez I, et al. MicroRNA signatures in
hereditary breast cancer. Breast Cancer Res Treat. 2013;142:19e30.

16. Kashyap N, Pham B, Xie Z, et al. Transcripts for combined synthetic microRNA
and gene delivery. Mol Biosyst. 2013;9:1919e1925.

17. Kel AE. MATCH: a tool for searching transcription factor binding sites in DNA
sequences. Nucleic Acids Res. 2003;31:3576e3579.

18. Sherry ST, Ward MH, Kholodov M, et al. dbSNP: the NCBI database of genetic
variation. Nucleic Acids Res. 2001;29:308e311.

19. Truettner JS, Alonso OF, Bramlett HM, et al. Therapeutic hypothermia alters
microRNA responses to traumatic brain injury in rats. J Cereb Blood Flow Metab.
2011;31:1897e1907.

20. Xu H, Mei Q, Xiong C, et al. Tumor-suppressing effects of miR-141 in human
osteosarcoma. Cell Biochem Biophys. 2014;69:319e325.

21. Tanaka T, Arai M, Jiang X, et al. Downregulation of microRNA-431 by human
interferon-beta inhibits viability of medulloblastoma and glioblastoma cells via
upregulation of SOCS6. Int J Oncol. 2014;44:1685e1690.
22. Zhao H, Xu Z, Qin H, et al. MiR-30b regulates migration and invasion of human
colorectal cancer via SIX1. Biochem J. 2014;460:117e125.

23. Patel D, Boufraqech M, Jain M, et al. MiR-34a and miR-483-5p are candi-
date serum biomarkers for adrenocortical tumors. Surgery. 2013;154:
1224e1228.

24. Hutchison ER, Kawamoto EM, Taub DD, et al. Evidence for miR-181
involvement in neuroinflammatory responses of astrocytes. Glia. 2013;61:
1018e1028.

25. Miao J, Wu S, Peng Z, et al. MicroRNAs in osteosarcoma: diagnostic and ther-
apeutic aspects. Tumour Biol. 2013;34:2093e2098.

26. Bandiera S, Hatem E, Lyonnet S, et al. microRNAs in diseases: from candidate to
modifier genes. Clin Genet. 2010;77:306e313.

27. Chu YH, Hsieh MJ, Chiou HL, et al. MicroRNA gene polymorphisms and envi-
ronmental factors increase patient susceptibility to hepatocellular carcinoma.
PLoS One. 2014;9:e89930.

28. Alshatwi AA, Hasan TN, Syed NA, et al. Identification of functional SNPs in
BARD1 gene and in silico analysis of damaging SNPs: based on data procured
from dbSNP database. PLoS One. 2012;7:e43939.

29. McAllister TW. Genetic factors modulating outcome after neurotrauma. PM R.
2010;2:S241eS252.

30. Dardiotis E, Grigoriadis S, Hadjigeorgiou GM. Genetic factors influencing
outcome from neurotrauma. Curr Opin Psychiatry. 2012;25:231e238.

31. Teasdale GM, Nicoll JA, Murray G, et al. Association of apolipoprotein E poly-
morphism with outcome after head injury. Lancet. 1997;350:1069e1071.

32. Gupta OP, Meena NL, Sharma I, et al. Differential regulation of microRNAs in
response to osmotic, salt and cold stresses in wheat. Mol Biol Rep. 2014;41:
4623e4629.

http://refhub.elsevier.com/S1008-1275(16)00005-5/sref11
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref11
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref11
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref11
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref12
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref12
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref12
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref13
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref13
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref13
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref14
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref14
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref14
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref15
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref15
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref15
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref15
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref16
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref16
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref16
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref17
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref17
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref17
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref18
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref18
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref18
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref19
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref19
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref19
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref19
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref20
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref20
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref20
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref21
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref21
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref21
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref21
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref22
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref22
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref22
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref23
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref23
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref23
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref23
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref24
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref24
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref24
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref24
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref25
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref25
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref25
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref26
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref26
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref26
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref27
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref27
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref27
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref28
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref28
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref28
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref29
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref29
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref29
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref30
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref30
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref30
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref31
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref31
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref31
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref32
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref32
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref32
http://refhub.elsevier.com/S1008-1275(16)00005-5/sref32

	Alteration of microRNA expression in cerebrospinal fluid of unconscious patients after traumatic brain injury and a bioinfo ...
	Introduction
	Materials and methods
	Ethics statement
	TBI patients and controls
	Preparation of CSF
	RNA extraction and chip hybridization and rinsing
	Imaging and data processing
	Bioinformatic prediction of SNPs
	Prediction of transcription factors and corresponding motifs
	Identification of SNPs in the motif areas
	Statistical analysis

	Results
	Microarray analysis
	SNPs of motif areas

	Discussion
	Acknowledgment
	References


