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Abstract 

Neurotrauma, especially Traumatic Brain Injury (TBI) is a major health concern not only for the civilian population but also for the 
military personnel. Currently there are no precision and regenerative therapies available for the successful treatment of TBI patients. Hence, 
early detection and treatment options may prevent the severity and untoward harmful effects of TBI. However, currently there are no effective 
biomarkers available for the rapid and robust diagnosis as well as prognosis of TBI. Several biomarkers in blood, cerebrospinal fluid (CSF), 
saliva and urine have been explored to assess the onset, progression, severity and prognosis of TBI recently. Present knowledge on the 
blood biomarkers including cytokines and chemokines and in vivo imaging modalities are useful to some extent to detect and treat TBI 
patients. Here, we review S100B, Glial Fibrillary Acidic Protein (GFAP), Neuron Specific Enolase (NSE), Myelin Basic Protein (MBP), Ubiquitin 
C-terminal Hydrolase L1 (UCHL1), tau protein, and alpha II spectrin break down products regarding their usefulness as a set of reliable 
biomarkers for the robust diagnosis of TBI. We suggest that these biomarkers may prove very useful for the diagnosis and prognosis of TBI.
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Introduction 
Traumatic Brain Injury (TBI) is defined as an alteration in 

brain function, or other evidence of brain pathology, caused by 
an external force (Brain Injury Association, Vienna, VA). TBI may 
either be closed (non-penetrating) or open (penetrating) type. TBI 
may result due to military- related and terrorist activities, motor 
accidents, sports injuries, falls, assaults, domestic violence etc. 
TBI is a major health concern in today’s world and is predicted to 
be the third leading cause of mortality and morbidity globally by 
the year 2020 according to the World Health Organization (WHO) 
[1-3]. In the military as well as in the civilian population, TBI is 
one of the most common injuries [4]. TBI is the leading cause of 
long-term disability and a significant cause of death worldwide. 
TBI constitutes approximately 2.4 million emergency department  

 
visits annually in the United States, many of which result in 
hospitalizations and subsequent deaths (Centers for Disease 
Control and Prevention). In the United States, approximately 
1.7 million people are diagnosed with TBI each year, creating 
an economic burden exceeding $56 billion. Approximately 5.3 
million Americans are currently living with TBI. On the combat 
field, TBI from explosive blast exposure is a significant challenge 
for our troops. TBI is also a major health hazard and a potential 
risk factor for Post-Traumatic Stress Disorder (PTSD) and chronic 
neurodegenerative diseases. As per the Defense and Veterans Brain 
Injury Center (DVBIC), more than 383,947 military personnel 
have been diagnosed with TBI since 2000. Furthermore, the 
reports emanating from the Department of Defense (DoD) and the 
Department of Veteran’s Affairs (VA), suggest that nearly 82.3% 
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of the TBI cases are due to mild concussion and invisible injuries. 
Additionally, 56,695 veterans of Operation Enduring Freedom 
and Operation Iraqi freedom (OEF/OIF) enrolled with the VA have 
been evaluated or treated for conditions possibly related to TBI. 

 The categorization of TBI according to severity makes use of 
the Glasgow Coma Scale (GCS) score [5,6]. Although GCS remains 
a key and vital assessment tool to determine the plan of action 
in these patients, overestimation or underestimation of this score 
can occur due to confounding factors such as circadian rhythmicity, 
sedation, analgesia, drug intoxication and poor cooperation of the 
patient [7-9]. A pivotal intervention done in the early stages of TBI 
includes neuroimaging studies which are used in all hospitals as 
an initial diagnostic measure as well as repeatedly later on during 
the course of admittance to measure the progression of damage 
[10,11]. One of the most commonly used neuroimaging modalities 
- Computed Tomography (CT) scan is preferred more than others 
keeping in mind the cost, availability and the technical superiority 
it offers. There have been reports that have concluded the overuse 
of CT scans in the emergency department and up to one third of 
scans could be eliminated [12]. Repeated scans in patients with 
lack of neurological changes have negligible additive value in 
the management of patients with mild to moderate TBI [13-17]. 
Keeping these attributes in mind, the demand of a rapid, accurate, 
inexpensive and reproducible biomarker has risen which can help 
in determining the severity and progression of TBI. Such an entity 
can also help in predicting the outcome and help in planning 
therapeutic interventions according to the timeline of the injury. 

Defined in 2001 by the Biomarkers Definition Working Group 
[National Institutes of Health (NIH)] as a characteristic that is 
objectively measured and evaluated as an indicator of normal 
biological processes, pathogenic processes or pharmacological 
responses to a therapeutic intervention; an ideal biomarker should 
have the following characteristics: high sensitivity and specificity, 
reproducibility, inexpensive and non-invasive. To date there is no 
biomarker which satisfies all the above-mentioned criteria.  This 
review paper aims to summarize the different biomarkers which 
have been assessed in the past and their potential usefulness in 
the long term.

Pathogenesis of TBI 
TBI can be mild, moderate or severe. Mild TBI (mTBI) can 

occur due to an impact on the head which can induce rotational 
acceleration of the brain. At times, there is no impact to the 
head, for example, in a motor vehicle crash that causes a rapid 
rotational acceleration of the head in a restrained occupant. 
mTBI usually does not produce any gross changes in the brain but 
instead can produce a rapid neurophysiological or neurological 
dysfunction that mostly resolves in a short span of time. In 15% 
of the patients, persistent cognitive dysfunction can occur [18-

20]. The mechanisms of TBI consist of two different injuries. The 
primary injury is the consequence occurring immediately after 
the injury and the secondary injury includes the body’s attempt 
to limit and repair the consequences and restore the functional 
and structural integrity [21,22]. The primary case of events 
causes necrosis, tissue deformation and shearing of the neurons, 
axons and glial cells [23]. It also causes excitotoxicity, oxidative 
damage and cerebrovascular derangements. There is also a 
decrease in the mitochondrial respiratory capacity, lysosomal 
damage, activation of the mechanisms involved in apoptosis 
and non-apoptotic delayed cell death, a triggered cascade of 
inflammatory and protein degradation events [24,25]. Also, 
disruption of the Blood Brain Barrier (BBB) after the initial injury 
can occur which increases the permeability within a few hours 
[26,27]. The initial injury eventually produces a loss of cerebral 
vascular autoregulation, an imbalance of the cerebral blood flow 
and metabolism. Ultimately, there is a lack of cerebral oxygen 
and ischemia which can lead to the mitochondrial dysfunction, 
increase in lactate levels, intramitochondrial Ca2+ ions, and a 
lower production of Adenosine Triphosphate (ATP) which leads 
to the failure of maintenance of ATP-dependent ion pumps and 
slow glutamate uptake [28]. The secondary cascade is initiated 
by glutamate which is released by the injured nerve cells and 
causes edema, pro-inflammatory cytokine release and ischemia 
[23,29]. Overall, many metabolic changes occur after a person 
suffers TBI which can include changes in the metabolism of amino 
acids, carbohydrates, and lipids hence affecting the functioning 
of the brain and other organs [30]. All of the above processes 
eventually lead to many clinical symptoms which can range from 
motor deficits to debilitating neurocognitive and personality 
changes [31]. Here, we discuss the role of S100B, Glial Fibrillary 
Acidic Protein (GFAP), Neuron Specific Enolase (NSE), Myelin 
Basic Protein (MBP), Ubiquitin C-terminal Hydrolase L1 (UCHL1), 
tau protein, and alpha II spectrin break down products in the 
pathogenesis of TBI.

S100 Calcium-binding protein B (S100B) 
S100 protein was first identified in 1965 and its three 

subtypes (two related homodimeric and one heterodimeric) were 
identified later. These three proteins include S100A1 (two alpha 
subunits), S100B (two beta subunits) and the third S100 consists 
of both αβ subunits. These three types have similar profiles of 
being released into the serum post traumatic brain injury [32-
35]. S100B is a low affinity calcium-binding protein expressed in 
glial and Schwann cells that regulates intracellular calcium levels 
[32,36,37]. It is released during an astroglial injury and becomes 
elevated in the Cerebrospinal Fluid (CSF) and serum and has a 
good predictive power for prognosis. Apart from being found in 
astrocytes, S100B is also found in adipocytes, chondrocytes and 
in trauma patients without any head injuries [38-40].  It has been 
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shown to correlate with the GCS score and neuroradiological 
findings at the time of hospital admissions [41-44]. A high level of 
S100B during the initial TBI can predict a poor outcome, especially 
if it is accompanied by a second increase in levels of serum S100B 
that occurs during the subacute phase [45-46]. This second peak 
can be due to an ongoing damage to the astroglial cells exhibiting 
excitotoxicity and inflammation, while an initial lower level and 
the lack of second peak and other clinical measures suggest a 
mTBI and a good functional recovery [47,48]. The levels may also 
increase due to the BBB dysfunction [49]. Studies have shown that 
S100B can differentiate between mild and severe TBI [50,51].

Other studies have concluded a relationship between S100B 
levels and the outcome of TBI [41,43,44,50-54]. The serum levels 
of S100B have been used experimentally to rule out mTBI in 
the emergency room. In a clinical study of 1,560 patients with 
minor head injury, initial blood S100B levels had a high negative 
predictive value of 99.7% and therefore has a potential to be used 
as a screening tool to rule out mTBI [55]. Moreover, the utility of 
serum S100B levels is limited in mTBI or concussion which can 
be due to its low specificity and extracranial sources of S100B, for 
example; in muscle injury the moderate levels can rise and give 
a false positive lab test in mTBI [47,48,56]. In the Scandinavian 
literature, there has been a study demonstrating the sensitivity 
of S100B to predict significant intracranial pathology up to 100% 
but with specificity of only 28% [57]. Also, it is important to note 
that S100B lacks specificity in patients with hemorrhagic shock 
or circulatory arrest therefore making it an impractical screening 
tool for brain injury in the neuro intensive care unit [58,59].  
Moreover, in children under the age of 2 years, S100B is not a 
useful marker due to high normal levels in this group [60,61]. Even 
though, S100B has been studied thoroughly and was included into 
the Scandinavian Neurotrauma Committee guidelines, its relative 
limited specificity can cause the overuse of imaging studies in 
brain trauma [62]. Overall, S100B is a factor that can be used as an 
adjuvant marker in a patient with TBI, but its diagnostic utility is 
not clear and still controversial.

Glial fibrillary acidic protein (GFAP) 
GFAP is a monomeric intermediate filament protein which 

is present in the cytoskeleton of astrocytes in the brain [63]. It 
is also expressed by the Leydig cells of the testes [64]. After 
TBI, the concentration of this biomarker is increased in the CSF 
and serum [65,66]. This biomarker is more specific to the brain 
and its concentration is less likely to increase during trauma 
to other parts of the body [67]. A prospective study done in 
which GFAP in serum was measured in patients with severe 
head injury concluded that the levels were not elevated in those 
patients with multiple trauma that did not have TBI [68]. After 
a mTBI, serum levels of GFAP breakdown products (GFAP-BDP) 

increase within an hour and correlate with the GCS ratings, CT 
lesions and neurosurgical interventions [69]. The increase of 
this biomarker suggests injury to the astrocytes and the BBB. It 
has a good sensitivity and specificity for TBI however, it is not a 
good predictor for return to work and Glasgow outcome score; 
which are used to assess the long-term outcome [69,70].  A study 
on patients with mTBI and abnormal findings on CT and MRI of 
the brain showed an elevated level of serum GFAP. However, the 
levels of this biomarker did not predict the patient’s outcomes 
at 6 months after a TBI [70]. Another study demonstrated that 
serum GFAP levels show an unfavorable outcome in patients with 
moderate or severe TBI, however, in patients with mTBI this may 
not be the case due to the non-brain contamination playing a 
greater role in GFAP levels [71]. A study showed that the levels of 
serum GFAP did not differentiate mTBI patients with a negative 
CT scan from patients who had acute orthopedic trauma [72]. This 
could be due to the expression of GFAP outside the Central Nervous 
System (CNS) [73,74]. The levels of GFAP in the CNS have been 
suggested to improve TBI outcome prediction and may serve as 
an intracranial injury marker [75,76]. When compared to S100B, 
GFAP has been reported to have a higher diagnostic accuracy with 
an excellent accuracy in differentiating mTBI patients from non-
TBI controls and it outperforms S100B and UCH-L1 as a predictor 
for positive computed tomography of the head in trauma subjects 
[77-79]. Even though, there is an advantage of GFAP over S100B 
and UCH-L1, the best biomarker still remains yet to be identified. 

Neuron specific enolase (NSE) 
NSE is a glycolytic enzyme which is released due to acute 

neuronal damage in the brain. It is known to have a high specificity 
to the brain but its accuracy to predict a brain injury is limited due 
to its release in the serum during hemolysis. For this very reason, 
it lacks specificity and sensitivity. The serum levels of NSE one-
month post mTBI did not correlate with outcome as reflected by 
the Glasgow outcome scale [80-85]. This biomarker was initially 
identified in the serum and CSF of patients with head trauma and 
those in a state of coma, and its levels in CSF were  proportional 
to the severity of TBI and were associated with an increased 
mortality rate in cases of moderate or severe TBI [84-86]. NSE is 
also present in erythrocytes and endocrine cells and therefore, 
in vitro lysis of erythrocytes from blood contamination in CSF 
samples can raise NSE levels which can be a confounder. The 
studies on CSF NSE levels in patients who have mTBI are lacking 
[32, 86]. A study done in boxers following a bout demonstrated 
that their serum levels of NSE were raised and persisted for two 
months [87].

Myelin basic protein (MBP) 
MBP a component of oligodendrocytes happens to be the 

second abundant CNS proteins found in myelin sheath of neurons. 
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It is released into the blood due to axonal damage and has high 
brain specificity but a delayed release into the blood (24-72 h 
post-injury) which makes it temporally unfavorable. Elevated 
levels of MBP in the serum can also be related to a poor outcome 
[80, 88, 89]. MBP levels may be more specific for TBI than NSE 
levels (specificity 96% versus 64%, respectively); however, its 
sensitivity is suboptimal (44% for MBP versus 71% for NSE) 
[89].  There was no difference in initial levels of serum MBP in 
a pediatric population with mTBI when compared with controls, 
but there was a significant difference in the peak MBP levels 
between patients and controls [89]. Studies have shown a positive 
relationship between the severity of injury and MBP serum levels 
[90-92]. MBP is also expressed on the myelin of peripheral nerves 
and its transcripts are present in the bone marrow and immune 
system and therefore it is not specific to the CNS because in 
severe TBI peripheral nerves are almost always involved [93]. 
Therefore, we conclude that the predictive and diagnostic value 
of this biomarker level in TBI is limited. Even though, it takes 
around a day or two to appear in the serum, once elevated the 
peak levels of MBP can persist for up to two weeks and can be a 
specific indicator for future intracranial hemorrhage, which can 
occur after a TBI [90]. Also, a persistent elevated level after mTBI 
can suggest that this biomarker can be a used as a screening tool 
for the pediatric population. This can be especially useful if the 
child cannot communicate the symptoms or the event that lead 
to the symptoms. Overall, not many studies on MBP are currently 
available but future studies may find a role of this biomarker in 
mTBI [92].

Ubiquitin C-terminal hydrolase L1 (UCHL1) 
UCHL1 has been used as a histological marker for neurons 

because of its high abundance and expression in these cells. It 
is known to be involved in the addition or removal of ubiquitin 
from proteins that have to be metabolized. This makes it a pivotal 
protein in the removal of excess proteins in normal as well as 
neuropathological conditions [93]. Studies have demonstrated 
that UCHL1 levels were increased significantly in patients with 
TBI as compared to controls after the first 24 hours. A significant 
association was also found between UCHL1 levels and measures 
used to assess severity of TBI including GCS, evaluation of lesions 
on CT scans and 6-week mortality of patients with TBI. This 
study also reported that UCHL1 levels were significantly higher 
in patients with unfavorable outcomes 4 days and 8 days post 
TBI [94]. Yet another study reported that the maximum levels of 
UCHL1 during the first 7 days predicted the 3-month mortality 
independently while also being an independent predictor of 
hospital mortality [95,96]. UCHL1 and GFAP together have been 
reported to predict mortality at 6 months post TBI [96]. However, 
UCHL1 has been poor in predicting complete recovery but has 
been fairly predictive of unfavorable outcomes [97]. UCHL1 
alone is unable to predict the outcome at 6 months although 

adding other suitable biomarkers in combination with UCHL1 
can strengthen its predictive value [75]. A pediatric study in 2011 
reported significant differences in the levels of UCHL1 between 
controls and patients with severe or moderate TBI. There was a 
significant negative partial correlation between UCHL1 levels 
and GCS score while no relationship was established between 
concentrations of UCHL1 and clinical symptoms or abnormalities 
in head CT. This study also reported higher concentrations of 
UCHL1 in patients with worse outcomes [75]. A study aimed to 
discover if biomarkers such as UCHL1, GFAP and S100B were able 
to differentiate between normal and abnormal CT head findings in 
patients with mild and moderate TBI concluded that UCHL1 had 
a sensitivity of 100% and a specificity of 39% at a cut off value of  
>40pg/ml and it outperformed GFAP and S100B in reducing the 
use of CT head scan without any compromise in sensitivity [98]. 
Patients with full recovery had lower UCHL1 levels during the first 
two days post TBI when compared to patients with incomplete 
recovery or poor prognosis. A strong negative correlation was 
observed between outcome and UCHL1 levels during the first 3 
days. 

Tau Protein 
Tau is a member of Microtubule Associated Protein (MAP) 

expressed predominantly in neurons and astrocytes. The key 
function of tau includes the stabilization of microtubule and the 
coordinated movement of molecules along the microtubule that 
are regulated by its phosphorylation [99,100]. Normally present 
in a stable, unfolded and monomeric morphology, tau exists in 
hyperphosphorylated state in several neurodegenerative diseases 
including Alzheimer’s Disease (AD) which are collectively referred 
to as tauopathies [99,100].  TBI has also been associated with an 
increased risk of developing neurodegenerative diseases such as 
AD later in life [101-103]. Furthermore, prior TBI is associated 
with an earlier disease onset when compared to patients without 
prior TBI suggesting that TBI plays a pivotal role in acceleration 
of AD pathology [104-107]. This relationship of TBI and tau is 
further strengthened by various studies including a postmortem 
study that revealed diffuse tau pathology in patients many years 
after a TBI [35]. Studies on animal models concluded that TBI 
resulted in accumulation of hyper phosphorylated protein (p-tau) 
as well as neurodegeneration and progressive brain atrophy 
[102,108,109]. Keeping this evidence in mind, tau pathology is 
considered to be one of the key mechanisms of neurodegeneration 
related to TBI [103]. Further studies on the brains from boxers, US 
football players and blast exposed military veterans with Chronic 
Traumatic Encephalopathy (CTE) have reported the presence 
of intracellular Neurofibrillary Tangles (NFTs) as a common 
neuropathological denominator [102,110-114]. Rodent models 
mimicking TBI showed increased levels of tau and p-tau pre tangle 
conformations with white matter degradation and increased 
neuroinflammation 2-3 months after injury [103].
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Alpha II spectrin break down products 
Alpha II spectrin is a cytoskeletal protein which is a substrate 

for caspase-3 and calpain which are calcium activated cysteine 
proteases. It plays a key role in neuronal development, synaptic 
plasticity and cytoskeletal remodeling [115]. The breakdown 
of alpha II spectrin by these enzymes leads to formation of 
breakdown products which include SBDP 145, SBDP 150 and SBDP 
120. SBDP 145 which is 145 kDa protein formed after the cleavage 
is a marker of necrotic cell death activation process [116,117]. 
SBDP 145 levels have been reported to be increased after severe 
TBI in the adult population [118-122]. Studies have also shown 
SBDP 145 to be elevated in pediatric population with TBI [99]. 
Furthermore, increased levels of calpain and calcium have been 
reported to correlate with the magnitude of brain injury in animal 
models [123,124]. SBDP levels in CSF have also been reported to 
remain elevated for 5-7 days after penetrating TBI as compared to 
controls suggesting that the increase may surpass the initial time 
frame of injury as well [121]. SBDP 120 was found to be increased 
in the first few hours post TBI and is known to last for a few days 
[125,126] while the  SBDP 145 and SBDP 150 types occur in the 
first few days and last for about 7 to 14 days [116,126-128]. 

Conclusion 

We conclude that proteins S100B, GFAP, NSE, MBP, UCHL1, tau 
protein, and alpha alpha II spectrin break down products may be 
useful as an adjuvant biomarker in the diagnosis and prognosis 
of TBI. 

Acknowledgement 
This work was supported by the National Institutes of Health 

(NIH) Grant AG048205 and Veterans Affairs Research Career 
Scientist Award to Asgar Zaheer.

References
1.	 Mathers CD, Loncar D (2006) Projections of global mortality and 

burden of disease from 2002 to 2030. PLoS Med 3(11): e442. 

2.	 Anonymous (2013) Report to Congress on Traumatic Brain Injury in 
the United States: Understanding the Public Health Problem among 
Current and Former Military Personnel. National Institutes of Health, 
Centers for Disease Control and Prevention. 

3.	 Anonymous (2014) Surveillance Report of Traumatic Brain Injury-
related Emergency Department Visits, Hospitalizations, and Deaths 
Centers for Disease Control and Prevention.

4.	 Anonymous (2018) DoD Worldwide Numbers for TBI. Defense and 
Veterans Brain Injury Center. 

5.	 Teasdale G, Jennett B (1974) Assessment of coma and impaired 
consciousness. A practical scale. Lancet 2(7872): 81-84. 

6.	 Teasdale G, Maas A, Lecky F, Manley G, Stocchetti N, et al. (2014) The 
Glasgow Coma Scale at 40 years: standing the test of time. Lancet 
Neurol 13(8): 844-854. 

7.	 Yue JK, Robinson CK, Winkler EA, Upadhyayula PS, Burke JF, et al. 
(2017) Circadian variability of the initial Glasgow Coma Scale score in 
traumatic brain injury patients. Neurobiol Sleep Circadian Rhythms 2: 
85-93. 

8.	 La Rosa G, Conti A, Cardali S, Cacciola F, Tomasello F (2004) Does early 
decompression improve neurological outcome of spinal cord injured 
patients? Appraisal of the literature using a meta-analytical approach. 
Spinal Cord 42(9): 503-512. 

9.	 Rundhaug NP, Moen KG, Skandsen T, Schirmer-Mikalsen K, et al. (2015) 
Moderate and severe traumatic brain injury: effect of blood alcohol 
concentration on Glasgow Coma Scale score and relation to computed 
tomography findings. J Neurosurg 122(1): 211-218. 

10.	Wintermark M, Sanelli PC, Anzai Y, Tsiouris AJ, Whitlow CT, eta l. 
(2015) Imaging evidence and recommendations for traumatic brain 
injury: advanced neuro- and neurovascular imaging techniques. AJNR 
Am J Neuroradiol 36(2): E1-E11. 

11.	Wintermark M, Sanelli PC, Anzai Y, Tsiouris AJ, Whitlow CT, et al. (2014) 
Imaging evidence and recommendations for traumatic brain injury: 
conventional neuroimaging techniques. J Am Coll Radiol 12(2): e1-14. 

12.	Melnick ER, Szlezak CM, Bentley SK, Dziura JD, Kotlyar S, et al. (2012) 
CT overuse for mild traumatic brain injury. Jt Comm J Qual Patient Saf 
38(11): 483-489. 

13.	Aziz H, Rhee P, Pandit V, Ibrahim-Zada I, Kulvatunyou N, et al. (2013) 
Mild and moderate pediatric traumatic brain injury: replace routine 
repeat head computed tomography with neurologic examination. J 
Trauma Acute Care Surg 75(4): 550-554. 

14.	Brown CV, Weng J, Oh D, Salim A, Kasotakis G, et al. (2004) Does routine 
serial computed tomography of the head influence management of 
traumatic brain injury? A prospective evaluation. J Trauma 57(5): 939-
943. 

15.	Jacobs B, Beems T, Stulemeijer M, van Vugt AB, van der Vliet TM, et 
al. (2010) Outcome prediction in mild traumatic brain injury: age 
and clinical variables are stronger predictors than CT abnormalities. J 
Neurotrauma 27(4): 655-668. 

16.	Stippler M, Smith C, McLean AR, Carlson A, Morley S, et al. (2012) 
Utility of routine follow-up head CT scanning after mild traumatic 
brain injury: a systematic review of the literature. Emerg Med J 29(7): 
528-532. 

17.	Reljic T, Mahony H, Djulbegovic B, Etchason J, Paxton H, et al. (2014) 
Value of repeat head computed tomography after traumatic brain 
injury: systematic review and meta-analysis. J Neurotrauma 31(1): 78-
98. 

18.	McCrory P, Meeuwisse W, Johnston K, Dvorak J, Aubry M, et al. (2009) 
Consensus statement on concussion in sport - the Third International 
Conference on Concussion in Sport held in Zurich, November 2008. J 
Athl Train 44(4): 434-48.

19.	Roe C, Sveen U, Alvsaker K, Bautz-Holter E (2009) Post-concussion 
symptoms after mild traumatic brain injury: influence of demographic 
factors and injury severity in a 1-year cohort study. Disabil Rehabil 
31(15): 1235-1243. 

20.	Williams WH, Potter S, Ryland H (2010) Mild traumatic brain injury 
and Postconcussion Syndrome: a neuropsychological perspective. J 
Neurol Neurosurg Psychiatry 81(10): 1116-1122. 

21.	Ahmed F, Plantman S, Cernak I, Agoston DV (2015) The Temporal 
Pattern of Changes in Serum Biomarker Levels Reveals Complex and 
Dynamically Changing Pathologies after Exposure to a Single Low-
Intensity Blast in Mice. Front Neurol 6: 114. 

http://10.19080/OAJNN.2020.12.555842
https://www.ncbi.nlm.nih.gov/pubmed/17132052
https://www.ncbi.nlm.nih.gov/pubmed/17132052
https://www.ncbi.nlm.nih.gov/pubmed/4136544
https://www.ncbi.nlm.nih.gov/pubmed/4136544
https://www.ncbi.nlm.nih.gov/pubmed/25030516
https://www.ncbi.nlm.nih.gov/pubmed/25030516
https://www.ncbi.nlm.nih.gov/pubmed/25030516
https://www.ncbi.nlm.nih.gov/pubmed/31236497
https://www.ncbi.nlm.nih.gov/pubmed/31236497
https://www.ncbi.nlm.nih.gov/pubmed/31236497
https://www.ncbi.nlm.nih.gov/pubmed/31236497
https://www.ncbi.nlm.nih.gov/pubmed/15237284
https://www.ncbi.nlm.nih.gov/pubmed/15237284
https://www.ncbi.nlm.nih.gov/pubmed/15237284
https://www.ncbi.nlm.nih.gov/pubmed/15237284
https://www.ncbi.nlm.nih.gov/pubmed/25361494
https://www.ncbi.nlm.nih.gov/pubmed/25361494
https://www.ncbi.nlm.nih.gov/pubmed/25361494
https://www.ncbi.nlm.nih.gov/pubmed/25361494
https://www.ncbi.nlm.nih.gov/pubmed/25424870
https://www.ncbi.nlm.nih.gov/pubmed/25424870
https://www.ncbi.nlm.nih.gov/pubmed/25424870
https://www.ncbi.nlm.nih.gov/pubmed/25424870
https://www.ncbi.nlm.nih.gov/pubmed/25456317
https://www.ncbi.nlm.nih.gov/pubmed/25456317
https://www.ncbi.nlm.nih.gov/pubmed/25456317
https://www.ncbi.nlm.nih.gov/pubmed/23173394
https://www.ncbi.nlm.nih.gov/pubmed/23173394
https://www.ncbi.nlm.nih.gov/pubmed/23173394
https://www.ncbi.nlm.nih.gov/pubmed/24064865
https://www.ncbi.nlm.nih.gov/pubmed/24064865
https://www.ncbi.nlm.nih.gov/pubmed/24064865
https://www.ncbi.nlm.nih.gov/pubmed/24064865
https://www.ncbi.nlm.nih.gov/pubmed/15580014
https://www.ncbi.nlm.nih.gov/pubmed/15580014
https://www.ncbi.nlm.nih.gov/pubmed/15580014
https://www.ncbi.nlm.nih.gov/pubmed/15580014
https://www.ncbi.nlm.nih.gov/pubmed/20035619
https://www.ncbi.nlm.nih.gov/pubmed/20035619
https://www.ncbi.nlm.nih.gov/pubmed/20035619
https://www.ncbi.nlm.nih.gov/pubmed/20035619
https://www.ncbi.nlm.nih.gov/pubmed/22307924
https://www.ncbi.nlm.nih.gov/pubmed/22307924
https://www.ncbi.nlm.nih.gov/pubmed/22307924
https://www.ncbi.nlm.nih.gov/pubmed/22307924
https://www.ncbi.nlm.nih.gov/pubmed/23914924
https://www.ncbi.nlm.nih.gov/pubmed/23914924
https://www.ncbi.nlm.nih.gov/pubmed/23914924
https://www.ncbi.nlm.nih.gov/pubmed/23914924
https://www.ncbi.nlm.nih.gov/pubmed/19593427/
https://www.ncbi.nlm.nih.gov/pubmed/19593427/
https://www.ncbi.nlm.nih.gov/pubmed/19593427/
https://www.ncbi.nlm.nih.gov/pubmed/19593427/
https://www.ncbi.nlm.nih.gov/pubmed/19116810
https://www.ncbi.nlm.nih.gov/pubmed/19116810
https://www.ncbi.nlm.nih.gov/pubmed/19116810
https://www.ncbi.nlm.nih.gov/pubmed/19116810
https://www.ncbi.nlm.nih.gov/pubmed/20802217
https://www.ncbi.nlm.nih.gov/pubmed/20802217
https://www.ncbi.nlm.nih.gov/pubmed/20802217
https://www.ncbi.nlm.nih.gov/pubmed/26124743/
https://www.ncbi.nlm.nih.gov/pubmed/26124743/
https://www.ncbi.nlm.nih.gov/pubmed/26124743/
https://www.ncbi.nlm.nih.gov/pubmed/26124743/


How to cite this article:   Tejas Mehta, Muniba Fayyaz, Gema E Giler, Harleen Kaur, Sudhanshu P Raikwar, et al. Current Trends in Biomarkers for 
Traumatic Brain Injury. Open Access J Neurol Neurosurg. 2020; 12(4): 555842.DOI: 10.19080/OAJNN.2020.12.5558420091

Open Access Journal of Neurology & Neurosurgery

22.	Newcombe VF, Correia MM, Ledig C, Abate MG, Outtrim JG, et al. (2016) 
Dynamic Changes in White Matter Abnormalities Correlate with Late 
Improvement and Deterioration Following TBI: A Diffusion Tensor 
Imaging Study. Neurorehabil Neural Repair 30(1): 49-62. 

23.	Xiong Y, Mahmood A, Chopp M (2013) Animal models of traumatic 
brain injury. Nat Rev Neurosci 14(2): 128-142. 

24.	Gilmer LK, Roberts KN, Joy K, Sullivan PG, Scheff SW (2009) 
Early mitochondrial dysfunction after cortical contusion injury. J 
Neurotrauma 26(8): 1271-1280. 

25.	Arun P, Abu-Taleb R, Oguntayo S, Wang Y, Valiyaveettil M, et al. (2013) 
Acute mitochondrial dysfunction after blast exposure: potential role 
of mitochondrial glutamate oxaloacetate transaminase. J Neurotrauma 
30(19): 1645-1651. 

26.	Alluri H, Wiggins-Dohlvik K, Davis ML, Huang JH, Tharakan B (2015) 
Blood-brain barrier dysfunction following traumatic brain injury. 
Metab Brain Dis 30(5): 1093-1004. 

27.	Shlosberg D, Benifla M, Kaufer D, Friedman A (2010) Blood-brain 
barrier breakdown as a therapeutic target in traumatic brain injury. 
Nat Rev Neurol 6(7): 393-403. 

28.	Bramlett HM, Dietrich WD (2004) Pathophysiology of cerebral 
ischemia and brain trauma: similarities and differences. J Cereb Blood 
Flow Metab 24(2):133-150. 

29.	Greve MW, Zink BJ (2009) Pathophysiology of traumatic brain injury. 
Mt Sinai J Med 76(2): 97-104. 

30.	Jeter CB, Hergenroeder GW, Ward NH, 3rd, Moore AN, Dash PK (2013) 
Human mild traumatic brain injury decreases circulating branched-
chain amino acids and their metabolite levels. J Neurotrauma 30(8): 
671-679. 

31.	Nielson JL, Cooper SR, Yue JK, Sorani MD, Inoue T, et al. (2017) 
Uncovering precision phenotype-biomarker associations in traumatic 
brain injury using topological data analysis. PLoS One 12(3): e0169490. 

32.	Olsson B, Zetterberg H, Hampel H, Blennow K (2011) Biomarker-based 
dissection of neurodegenerative diseases. Prog Neurobiol 95(4): 520-
534. 

33.	Moore BW, McGregor D (1965) Chromatographic and Electrophoretic 
Fractionation of Soluble Proteins of Brain and Liver. J Biol Chem 240: 
1647-1653. 

34.	Isobe T, Ishioka N, Okuyama T (1981) Structural relation of two S-100 
proteins in bovine brain; subunit composition of S-100a protein. Eur J 
Biochem 115(3): 469-474. 

35.	Nylen K, Ost M, Csajbok LZ, Nilsson I, Hall C, Blennow K, Nellgard B, 
Rosengren L (2008) Serum levels of S100B, S100A1B and S100BB 
are all related to outcome after severe traumatic brain injury. Acta 
Neurochir (Wien) 150(3): 221-227. 

36.	Xiong H, Liang WL, Wu XR (2000) [Pathophysiological alterations in 
cultured astrocytes exposed to hypoxia/reoxygenation]. Sheng Li Ke 
Xue Jin Zhan 31(3): 217-221. 

37.	Persson L, Hardemark HG, Gustafsson J, Rundstrom G, Mendel-
Hartvig I, et al. (1987) S-100 protein and neuron-specific enolase 
in cerebrospinal fluid and serum: markers of cell damage in human 
central nervous system. Stroke 18(5): 911-918. 

38.	Rothoerl RD, Woertgen C (2001) High serum S100B levels for trauma 
patients without head injuries. Neurosurgery 49:1490-1491. 

39.	Anderson RE, Hansson LO, Nilsson O, Dijlai-Merzoug R, Settergren G 
(2001) High serum S100B levels for trauma patients without head 
injuries. Neurosurgery 48(6): 1255-1268. 

40.	Raabe A (2001) High serum S100B levels for trauma patients without 
head injuries. Neurosurgery 49(6): 1491-1493. 

41.	Raabe A, Grolms C, Keller M, Dohnert J, Sorge O, et al. (1998) Correlation 
of computed tomography findings and serum brain damage markers 
following severe head injury. Acta Neurochir (Wien) 140(8): 787-791. 

42.	Romner B, Ingebrigtsen T, Kongstad P, Borgesen SE (2000) Traumatic 
brain damage: serum S-100 protein measurements related to 
neuroradiological findings. J Neurotrauma 17(8): 641-647. 

43.	Woertgen C, Rothoerl RD, Metz C, Brawanski A (1999) Comparison 
of clinical, radiologic, and serum marker as prognostic factors after 
severe head injury. J Trauma 47(6): 1126-1130. 

44.	Raabe A, Grolms C, Sorge O, Zimmermann M, Seifert V (1999) Serum 
S-100B protein in severe head injury. Neurosurgery 45(3): 477-483. 

45.	Thelin EP, Johannesson L, Nelson D, Bellander BM (2013) S100B is an 
important outcome predictor in traumatic brain injury. J Neurotrauma 
30(7): 519-528. 

46.	Thelin EP, Nelson DW, Bellander BM (2014) Secondary peaks of S100B 
in serum relate to subsequent radiological pathology in traumatic 
brain injury. Neurocrit Care 20(2): 217-229. 

47.	Bloomfield SM, McKinney J, Smith L, Brisman J (2007) Reliability 
of S100B in predicting severity of central nervous system injury. 
Neurocrit Care 6(2): 121-138. 

48.	Pham N, Fazio V, Cucullo L, Teng Q, Biberthaler P, et al. (2010) 
Extracranial sources of S100B do not affect serum levels. PLoS One 
5(9): e12691. 

49.	Blyth BJ, Farahvar A, He H, Nayak A, Yang C, et al. (2011) Elevated 
serum ubiquitin carboxy-terminal hydrolase L1 is associated with 
abnormal blood-brain barrier function after traumatic brain injury. J 
Neurotrauma 28(12): 2453-2462. 

50.	Rothoerl RD, Woertgen C, Holzschuh M, Metz C, Brawanski A (1998) 
S-100 serum levels after minor and major head injury. J Trauma 45(4): 
765-767. 

51.	Herrmann M, Curio N, Jost S, Wunderlich MT, Synowitz H, et al. (1999) 
Protein S-100B and neuron specific enolase as early neurobiochemical 
markers of the severity of traumatic brain injury. Restor Neurol 
Neurosci 14(2-3): 109-114. 

52.	McKeating EG, Andrews PJ, Mascia L (1998) Relationship of neuron 
specific enolase and protein S-100 concentrations in systemic and 
jugular venous serum to injury severity and outcome after traumatic 
brain injury. Acta Neurochir Suppl 71: 117-119. 

53.	Pelinka LE, Kroepfl A, Leixnering M, Buchinger W, Raabe A, et al. (2004) 
GFAP versus S100B in serum after traumatic brain injury: relationship 
to brain damage and outcome. J Neurotrauma 21(11): 1553-1561. 

54.	Woertgen C, Rothoerl RD, Holzschuh M, Metz C, Brawanski A (1997) 
Comparison of serial S-100 and NSE serum measurements after severe 
head injury. Acta Neurochir (Wien) 139(2): 1161-1164.

55.	Zongo D, Ribereau-Gayon R, Masson F, Laborey M, Contrand B, et al. 
(2012) S100-B protein as a screening tool for the early assessment of 
minor head injury. Ann Emerg Med 59(3): 209-218. 

56.	Neher MD, Keene CN, Rich MC, Moore HB, Stahel PF (2014) Serum 
biomarkers for traumatic brain injury. South Med J 107(4): 248-255. 

57.	Calcagnile O, Unden L, Unden J (2012) Clinical validation of S100B use 
in management of mild head injury. BMC Emerg Med 12: 13. 

58.	Jonsson H, Johnsson P, Backstrom M, Alling C, Dautovic-Bergh C, et al. 
(2004) Controversial significance of early S100B levels after cardiac 
surgery. BMC Neurol 4(1): 24. 

http://10.19080/OAJNN.2020.12.555842
https://www.ncbi.nlm.nih.gov/pubmed/25921349
https://www.ncbi.nlm.nih.gov/pubmed/25921349
https://www.ncbi.nlm.nih.gov/pubmed/25921349
https://www.ncbi.nlm.nih.gov/pubmed/25921349
https://www.ncbi.nlm.nih.gov/pubmed/23329160
https://www.ncbi.nlm.nih.gov/pubmed/23329160
https://www.ncbi.nlm.nih.gov/pubmed/19637966/
https://www.ncbi.nlm.nih.gov/pubmed/19637966/
https://www.ncbi.nlm.nih.gov/pubmed/19637966/
https://www.ncbi.nlm.nih.gov/pubmed/23600763
https://www.ncbi.nlm.nih.gov/pubmed/23600763
https://www.ncbi.nlm.nih.gov/pubmed/23600763
https://www.ncbi.nlm.nih.gov/pubmed/23600763
https://www.ncbi.nlm.nih.gov/pubmed/25624154
https://www.ncbi.nlm.nih.gov/pubmed/25624154
https://www.ncbi.nlm.nih.gov/pubmed/25624154
https://www.ncbi.nlm.nih.gov/pubmed/20551947
https://www.ncbi.nlm.nih.gov/pubmed/20551947
https://www.ncbi.nlm.nih.gov/pubmed/20551947
file:///C:/Users/admin1/Desktop/08-01-2020/OAJNN.MS.ID.555842/OAJNN-RW-19-901_W/Pathophysiology%20of%20cerebral%20ischemia%20and%20brain%20trauma:%20similarities%20and%20differences
file:///C:/Users/admin1/Desktop/08-01-2020/OAJNN.MS.ID.555842/OAJNN-RW-19-901_W/Pathophysiology%20of%20cerebral%20ischemia%20and%20brain%20trauma:%20similarities%20and%20differences
file:///C:/Users/admin1/Desktop/08-01-2020/OAJNN.MS.ID.555842/OAJNN-RW-19-901_W/Pathophysiology%20of%20cerebral%20ischemia%20and%20brain%20trauma:%20similarities%20and%20differences
https://www.ncbi.nlm.nih.gov/pubmed/19306379
https://www.ncbi.nlm.nih.gov/pubmed/19306379
https://www.ncbi.nlm.nih.gov/pubmed/23560894
https://www.ncbi.nlm.nih.gov/pubmed/23560894
https://www.ncbi.nlm.nih.gov/pubmed/23560894
https://www.ncbi.nlm.nih.gov/pubmed/23560894
https://www.ncbi.nlm.nih.gov/pubmed/28257413
https://www.ncbi.nlm.nih.gov/pubmed/28257413
https://www.ncbi.nlm.nih.gov/pubmed/28257413
https://www.ncbi.nlm.nih.gov/pubmed/21524681
https://www.ncbi.nlm.nih.gov/pubmed/21524681
https://www.ncbi.nlm.nih.gov/pubmed/21524681
https://www.ncbi.nlm.nih.gov/pubmed/14285503
https://www.ncbi.nlm.nih.gov/pubmed/14285503
https://www.ncbi.nlm.nih.gov/pubmed/14285503
https://www.ncbi.nlm.nih.gov/pubmed/7238514
https://www.ncbi.nlm.nih.gov/pubmed/7238514
https://www.ncbi.nlm.nih.gov/pubmed/7238514
https://www.ncbi.nlm.nih.gov/pubmed/18193148
https://www.ncbi.nlm.nih.gov/pubmed/18193148
https://www.ncbi.nlm.nih.gov/pubmed/18193148
https://www.ncbi.nlm.nih.gov/pubmed/18193148
https://www.ncbi.nlm.nih.gov/pubmed/12545707
https://www.ncbi.nlm.nih.gov/pubmed/12545707
https://www.ncbi.nlm.nih.gov/pubmed/12545707
https://www.ncbi.nlm.nih.gov/pubmed/3629651
https://www.ncbi.nlm.nih.gov/pubmed/3629651
https://www.ncbi.nlm.nih.gov/pubmed/3629651
https://www.ncbi.nlm.nih.gov/pubmed/3629651
https://www.ncbi.nlm.nih.gov/pubmed/11383727
https://www.ncbi.nlm.nih.gov/pubmed/11383727
https://www.ncbi.nlm.nih.gov/pubmed/11383727
https://www.ncbi.nlm.nih.gov/pubmed/11859839
https://www.ncbi.nlm.nih.gov/pubmed/11859839
https://www.ncbi.nlm.nih.gov/pubmed/9810445
https://www.ncbi.nlm.nih.gov/pubmed/9810445
https://www.ncbi.nlm.nih.gov/pubmed/9810445
https://www.ncbi.nlm.nih.gov/pubmed/10972241
https://www.ncbi.nlm.nih.gov/pubmed/10972241
https://www.ncbi.nlm.nih.gov/pubmed/10972241
https://www.ncbi.nlm.nih.gov/pubmed/10608545
https://www.ncbi.nlm.nih.gov/pubmed/10608545
https://www.ncbi.nlm.nih.gov/pubmed/10608545
https://www.ncbi.nlm.nih.gov/pubmed/10493369
https://www.ncbi.nlm.nih.gov/pubmed/10493369
https://www.ncbi.nlm.nih.gov/pubmed/23297751
https://www.ncbi.nlm.nih.gov/pubmed/23297751
https://www.ncbi.nlm.nih.gov/pubmed/23297751
https://www.ncbi.nlm.nih.gov/pubmed/24146416
https://www.ncbi.nlm.nih.gov/pubmed/24146416
https://www.ncbi.nlm.nih.gov/pubmed/24146416
https://www.ncbi.nlm.nih.gov/pubmed/17522796
https://www.ncbi.nlm.nih.gov/pubmed/17522796
https://www.ncbi.nlm.nih.gov/pubmed/17522796
https://www.ncbi.nlm.nih.gov/pubmed/20844757
https://www.ncbi.nlm.nih.gov/pubmed/20844757
https://www.ncbi.nlm.nih.gov/pubmed/20844757
https://www.ncbi.nlm.nih.gov/pubmed/21428722
https://www.ncbi.nlm.nih.gov/pubmed/21428722
https://www.ncbi.nlm.nih.gov/pubmed/21428722
https://www.ncbi.nlm.nih.gov/pubmed/21428722
https://www.ncbi.nlm.nih.gov/pubmed/9783618
https://www.ncbi.nlm.nih.gov/pubmed/9783618
https://www.ncbi.nlm.nih.gov/pubmed/9783618
https://www.ncbi.nlm.nih.gov/pubmed/12671254
https://www.ncbi.nlm.nih.gov/pubmed/12671254
https://www.ncbi.nlm.nih.gov/pubmed/12671254
https://www.ncbi.nlm.nih.gov/pubmed/12671254
https://www.ncbi.nlm.nih.gov/pubmed/9779161
https://www.ncbi.nlm.nih.gov/pubmed/9779161
https://www.ncbi.nlm.nih.gov/pubmed/9779161
https://www.ncbi.nlm.nih.gov/pubmed/9779161
https://www.ncbi.nlm.nih.gov/pubmed/15684648
https://www.ncbi.nlm.nih.gov/pubmed/15684648
https://www.ncbi.nlm.nih.gov/pubmed/15684648
https://www.ncbi.nlm.nih.gov/pubmed/9479423
https://www.ncbi.nlm.nih.gov/pubmed/9479423
https://www.ncbi.nlm.nih.gov/pubmed/9479423
https://www.ncbi.nlm.nih.gov/pubmed/21944878
https://www.ncbi.nlm.nih.gov/pubmed/21944878
https://www.ncbi.nlm.nih.gov/pubmed/21944878
https://www.ncbi.nlm.nih.gov/pubmed/24937520
https://www.ncbi.nlm.nih.gov/pubmed/24937520
https://www.ncbi.nlm.nih.gov/pubmed/23102492
https://www.ncbi.nlm.nih.gov/pubmed/23102492
https://www.ncbi.nlm.nih.gov/pubmed/15601479
https://www.ncbi.nlm.nih.gov/pubmed/15601479
https://www.ncbi.nlm.nih.gov/pubmed/15601479


How to cite this article: Tejas Mehta, Muniba Fayyaz, Gema E Giler, Harleen Kaur, Sudhanshu P Raikwar, et al. Current Trends in Biomarkers for 
Traumatic Brain Injury. Open Access J Neurol Neurosurg. 2020; 12(4): 555842.DOI: 10.19080/OAJNN.2020.12.5558420092

Open Access Journal of Neurology & Neurosurgery

59.	Routsi C, Stamataki E, Nanas S, Psachoulia C, Stathopoulos A, et al. 
(2006) Increased levels of serum S100B protein in critically ill patients 
without brain injury. Shock 26(1): 20-24. 

60.	Berger RP, Dulani T, Adelson PD, Leventhal JM, Richichi R, et al. (2006) 
Identification of inflicted traumatic brain injury in well-appearing 
infants using serum and cerebrospinal markers: a possible screening 
tool. Pediatrics 117(2): 325-332. 

61.	Piazza O, Storti MP, Cotena S, Stoppa F, Perrotta D, et al. (2007) S100B 
is not a reliable prognostic index in paediatric TBI. Pediatr Neurosurg 
43(4): 258-264. 

62.	Unden J, Bellander BM, Romner B (2013) [Updated management of 
adults with head injuries. Scandinavian Neurotrauma Committee’s 
new guidelines provide guidance at minimal, mild and moderate 
injuries]. Lakartidningen 110(42): 1868-1869. 

63.	Missler U, Wiesmann M, Wittmann G, Magerkurth O, Hagenstrom H 
(1999) Measurement of glial fibrillary acidic protein in human blood: 
analytical method and preliminary clinical results. Clin Chem 45(1): 
138-141. 

64.	Davidoff MS, Middendorff R, Kofuncu E, Muller D, Jezek D, et al. (2002) 
Leydig cells of the human testis possess astrocyte and oligodendrocyte 
marker molecules. Acta Histochem 104(1): 39-49. 

65.	Yang Z, Wang KK (2015) Glial fibrillary acidic protein: from 
intermediate filament assembly and gliosis to neurobiomarker. Trends 
Neurosci 38(6): 364-374. 

66.	Adrian H, Marten K, Salla N, Lasse V (2016) Biomarkers of Traumatic 
Brain Injury: Temporal Changes in Body Fluids. eNeuro 3(6): 
ENEURO.0294-16.2016. 

67.	Honda M, Tsuruta R, Kaneko T, Kasaoka S, Yagi T, et al. (2010) Serum 
glial fibrillary acidic protein is a highly specific biomarker for traumatic 
brain injury in humans compared with S-100B and neuron-specific 
enolase. J Trauma 69(1): 104-109. 

68.	Pelinka LE, Kroepfl A, Schmidhammer R, Krenn M, Buchinger W, et al. 
(2004) Glial fibrillary acidic protein in serum after traumatic brain 
injury and multiple trauma. J Trauma 57(5): 1006-1012. 

69.	Papa L, Lewis LM, Falk JL, Zhang Z, Silvestri S, et al. (2012) Elevated 
levels of serum glial fibrillary acidic protein breakdown products 
in mild and moderate traumatic brain injury are associated with 
intracranial lesions and neurosurgical intervention. Ann Emerg Med 
59(6): 471-483. 

70.	Metting Z, Wilczak N, Rodiger LA, Schaaf JM, van der Naalt J (2012) 
GFAP and S100B in the acute phase of mild traumatic brain injury. 
Neurology 78(18): 1428-1433. 

71.	Shemilt M, Boutin A, Lauzier F, Zarychanski R, Moore L, et al. (2019) 
Prognostic Value of Glial Fibrillary Acidic Protein in Patients with 
Moderate and Severe Traumatic Brain Injury: A Systematic Review and 
Meta-Analysis. Crit Care Med 47(6): e522-e529. 

72.	Posti JP, Hossain I, Takala RS, Liedes H, Newcombe V, et al. (2017) Glial 
Fibrillary Acidic Protein and Ubiquitin C-Terminal Hydrolase-L1 Are 
Not Specific Biomarkers for Mild CT-Negative Traumatic Brain Injury. 
J Neurotrauma. 

73.	Hainfellner JA, Voigtlander T, Strobel T, Mazal PR, Maddalena AS, et al. 
(2001) Fibroblasts can express glial fibrillary acidic protein (GFAP) in 
vivo. J Neuropathol Exp Neurol 60(5): 449-461.

74.	Jessen KR, Thorpe R, Mirsky R (1984) Molecular identity, distribution 
and heterogeneity of glial fibrillary acidic protein: an immunoblotting 
and immunohistochemical study of Schwann cells, satellite cells, 
enteric glia and astrocytes. J Neurocytol 13(2): 187-200. 

75.	Czeiter E, Mondello S, Kovacs N, Sandor J, Gabrielli A, et al. (2012) Brain 
injury biomarkers may improve the predictive power of the IMPACT 
outcome calculator. J Neurotrauma 29(9): 1770-1778. 

76.	McMahon PJ, Panczykowski DM, Yue JK, Puccio AM, Inoue T, et al. (2015) 
Measurement of the glial fibrillary acidic protein and its breakdown 
products GFAP-BDP biomarker for the detection of traumatic brain 
injury compared to computed tomography and magnetic resonance 
imaging. J Neurotrauma 32(8): 527-533. 

77.	Korfias S, Stranjalis G, Psachoulia C, Vasiliadis C, Pitaridis M, et al. 
(2006) Slight and short-lasting increase of serum S-100B protein in 
extra-cranial trauma. Brain Inj 20(8): 867-872. 

78.	Bogoslovsky T, Wilson D, Chen Y, Hanlon D, Gill J, et al. (2017) Increases 
of Plasma Levels of Glial Fibrillary Acidic Protein, Tau, and Amyloid 
beta up to 90 Days after Traumatic Brain Injury. J Neurotrauma 34(1): 
66-73. 

79.	Mahan MY, Thorpe M, Ahmadi A, Abdallah T, Casey H, et al. (2019) Glial 
Fibrillary Acidic 

80.	Mahan MY, Thorpe M, Ahmadi A, Abdallah T, Casey H, et al. (2019) Glial 
Fibrillary Acidic Protein (GFAP) Outperforms S100 Calcium-Binding 
Protein B (S100B) and Ubiquitin CTerminal Hydrolase L1 (UCH-L1) as 
Predictor for Positive Computed Tomography of the Head in Trauma 
Subjects. World Neurosurg 128: ne434-e444. 

81.	Giacoppo S, Bramanti P, Barresi M, Celi D, Foti Cuzzola V, et al. (2012) 
Predictive biomarkers of recovery in traumatic brain injury. Neurocrit 
Care 16(3): 470-477. 

82.	Zurek J, Fedora M (2012) The usefulness of S100B, NSE, GFAP, NF-
H, secretagogin and Hsp70 as a predictive biomarker of outcome in 
children with traumatic brain injury. Acta Neurochir (Wien) 154(1): 
93-103.

83.	Meric E, Gunduz A, Turedi S, Cakir E, Yandi M (2010) The prognostic 
value of neuronspecific enolase in head trauma patients. J Emerg Med 
38(3): 297-301. 

84.	Naeimi ZS, Weinhofer A, Sarahrudi K, Heinz T, Vecsei V (2006) 
Predictive value of S100B protein and neuron specific-enolase as 
markers of traumatic brain damage in clinical use. Brain Inj 20(5): 
463-468. 

85.	Berger RP, Beers SR, Richichi R, Wiesman D, Adelson PD (2007) Serum 
biomarker concentrations and outcome after pediatric traumatic brain 
injury. J Neurotrauma 24: 1793-1801. 

86.	de Kruijk JR, Leffers P, Menheere PP, Meerhoff S, Twijnstra A (2001) 
S-100B and neuronspecific enolase in serum of mild traumatic brain 
injury patients. A comparison with health controls. Acta Neurol Scand 
103(3): 175-179. 

87.	Ramont L, Thoannes H, Volondat A, Chastang F, Millet MC, et al. (2005) 
Effects of hemolysis and storage condition on neuron-specific enolase 
(NSE) in cerebrospinal fluid and serum: implications in clinical 
practice. Clin Chem Lab Med 43(11): 1215-1217. 

88.	Zetterberg H, Tanriverdi F, Unluhizarci K, Selcuklu A, Kelestimur F, et 
al. (2009) Sustained release of neuron-specific enolase to serum in 
amateur boxers. Brain Inj 23(9): 723-726. 

89.	Beers SR, Berger RP, Adelson PD (2007) Neurocognitive outcome and 
serum biomarkers in inflicted versus non-inflicted traumatic brain 
injury in young children. J Neurotrauma 24: 97-105. 

90.	Berger RP, Adelson PD, Pierce MC, Dulani T, Cassidy LD, et al. (2005) 
Serum neuron-specific enolase, S100B, and myelin basic protein 
concentrations after inflicted and noninflicted traumatic brain injury 
in children. J Neurosurg 103: 61-68. 

http://10.19080/OAJNN.2020.12.555842
https://www.ncbi.nlm.nih.gov/pubmed/16783193
https://www.ncbi.nlm.nih.gov/pubmed/16783193
https://www.ncbi.nlm.nih.gov/pubmed/16783193
https://www.ncbi.nlm.nih.gov/pubmed/16452350
https://www.ncbi.nlm.nih.gov/pubmed/16452350
https://www.ncbi.nlm.nih.gov/pubmed/16452350
https://www.ncbi.nlm.nih.gov/pubmed/16452350
https://www.ncbi.nlm.nih.gov/pubmed/17627141
https://www.ncbi.nlm.nih.gov/pubmed/17627141
https://www.ncbi.nlm.nih.gov/pubmed/17627141
https://www.ncbi.nlm.nih.gov/pubmed/24294657
https://www.ncbi.nlm.nih.gov/pubmed/24294657
https://www.ncbi.nlm.nih.gov/pubmed/24294657
https://www.ncbi.nlm.nih.gov/pubmed/24294657
https://www.ncbi.nlm.nih.gov/pubmed/9895354
https://www.ncbi.nlm.nih.gov/pubmed/9895354
https://www.ncbi.nlm.nih.gov/pubmed/9895354
https://www.ncbi.nlm.nih.gov/pubmed/9895354
https://www.ncbi.nlm.nih.gov/pubmed/11993850
https://www.ncbi.nlm.nih.gov/pubmed/11993850
https://www.ncbi.nlm.nih.gov/pubmed/11993850
https://www.ncbi.nlm.nih.gov/pubmed/25975510
https://www.ncbi.nlm.nih.gov/pubmed/25975510
https://www.ncbi.nlm.nih.gov/pubmed/25975510
https://www.ncbi.nlm.nih.gov/pubmed/28032118/
https://www.ncbi.nlm.nih.gov/pubmed/28032118/
https://www.ncbi.nlm.nih.gov/pubmed/28032118/
https://www.ncbi.nlm.nih.gov/pubmed/20093985
https://www.ncbi.nlm.nih.gov/pubmed/20093985
https://www.ncbi.nlm.nih.gov/pubmed/20093985
https://www.ncbi.nlm.nih.gov/pubmed/20093985
https://www.ncbi.nlm.nih.gov/pubmed/15580024
https://www.ncbi.nlm.nih.gov/pubmed/15580024
https://www.ncbi.nlm.nih.gov/pubmed/15580024
https://www.ncbi.nlm.nih.gov/pubmed/22071014
https://www.ncbi.nlm.nih.gov/pubmed/22071014
https://www.ncbi.nlm.nih.gov/pubmed/22071014
https://www.ncbi.nlm.nih.gov/pubmed/22071014
https://www.ncbi.nlm.nih.gov/pubmed/22071014
https://www.ncbi.nlm.nih.gov/pubmed/22517109
https://www.ncbi.nlm.nih.gov/pubmed/22517109
https://www.ncbi.nlm.nih.gov/pubmed/22517109
https://www.ncbi.nlm.nih.gov/pubmed/30889029
https://www.ncbi.nlm.nih.gov/pubmed/30889029
https://www.ncbi.nlm.nih.gov/pubmed/30889029
https://www.ncbi.nlm.nih.gov/pubmed/30889029
https://www.ncbi.nlm.nih.gov/pubmed/27841729
https://www.ncbi.nlm.nih.gov/pubmed/27841729
https://www.ncbi.nlm.nih.gov/pubmed/27841729
https://www.ncbi.nlm.nih.gov/pubmed/27841729
https://www.ncbi.nlm.nih.gov/pubmed/11379820
https://www.ncbi.nlm.nih.gov/pubmed/11379820
https://www.ncbi.nlm.nih.gov/pubmed/11379820
https://www.ncbi.nlm.nih.gov/pubmed/6726286
https://www.ncbi.nlm.nih.gov/pubmed/6726286
https://www.ncbi.nlm.nih.gov/pubmed/6726286
https://www.ncbi.nlm.nih.gov/pubmed/6726286
https://www.ncbi.nlm.nih.gov/pubmed/22435839/
https://www.ncbi.nlm.nih.gov/pubmed/22435839/
https://www.ncbi.nlm.nih.gov/pubmed/22435839/
file:///C:/Users/admin1/Desktop/08-01-2020/OAJNN.MS.ID.555842/OAJNN-RW-19-901_W/Measurement%20of%20the%20glial%20fibrillary%20acidic%20protein%20and%20its%20breakdown%20products%20GFAP-BDP%20biomarker%20for%20the%20detection%20of%20traumatic%20brain%20injury%20compared%20to%20computed%20tomography%20and%20magnetic%20resonance%20imaging.%20J%20Neurotrauma
file:///C:/Users/admin1/Desktop/08-01-2020/OAJNN.MS.ID.555842/OAJNN-RW-19-901_W/Measurement%20of%20the%20glial%20fibrillary%20acidic%20protein%20and%20its%20breakdown%20products%20GFAP-BDP%20biomarker%20for%20the%20detection%20of%20traumatic%20brain%20injury%20compared%20to%20computed%20tomography%20and%20magnetic%20resonance%20imaging.%20J%20Neurotrauma
file:///C:/Users/admin1/Desktop/08-01-2020/OAJNN.MS.ID.555842/OAJNN-RW-19-901_W/Measurement%20of%20the%20glial%20fibrillary%20acidic%20protein%20and%20its%20breakdown%20products%20GFAP-BDP%20biomarker%20for%20the%20detection%20of%20traumatic%20brain%20injury%20compared%20to%20computed%20tomography%20and%20magnetic%20resonance%20imaging.%20J%20Neurotrauma
file:///C:/Users/admin1/Desktop/08-01-2020/OAJNN.MS.ID.555842/OAJNN-RW-19-901_W/Measurement%20of%20the%20glial%20fibrillary%20acidic%20protein%20and%20its%20breakdown%20products%20GFAP-BDP%20biomarker%20for%20the%20detection%20of%20traumatic%20brain%20injury%20compared%20to%20computed%20tomography%20and%20magnetic%20resonance%20imaging.%20J%20Neurotrauma
file:///C:/Users/admin1/Desktop/08-01-2020/OAJNN.MS.ID.555842/OAJNN-RW-19-901_W/Measurement%20of%20the%20glial%20fibrillary%20acidic%20protein%20and%20its%20breakdown%20products%20GFAP-BDP%20biomarker%20for%20the%20detection%20of%20traumatic%20brain%20injury%20compared%20to%20computed%20tomography%20and%20magnetic%20resonance%20imaging.%20J%20Neurotrauma
https://www.ncbi.nlm.nih.gov/pubmed/17060153
https://www.ncbi.nlm.nih.gov/pubmed/17060153
https://www.ncbi.nlm.nih.gov/pubmed/17060153
https://www.ncbi.nlm.nih.gov/pubmed/27312416
https://www.ncbi.nlm.nih.gov/pubmed/27312416
https://www.ncbi.nlm.nih.gov/pubmed/27312416
https://www.ncbi.nlm.nih.gov/pubmed/27312416
https://www.ncbi.nlm.nih.gov/pubmed/31051301
https://www.ncbi.nlm.nih.gov/pubmed/31051301
https://www.ncbi.nlm.nih.gov/pubmed/31051301
https://www.ncbi.nlm.nih.gov/pubmed/31051301
https://www.ncbi.nlm.nih.gov/pubmed/31051301
https://www.ncbi.nlm.nih.gov/pubmed/22528282
https://www.ncbi.nlm.nih.gov/pubmed/22528282
https://www.ncbi.nlm.nih.gov/pubmed/22528282
https://www.ncbi.nlm.nih.gov/pubmed/21976236
https://www.ncbi.nlm.nih.gov/pubmed/21976236
https://www.ncbi.nlm.nih.gov/pubmed/21976236
https://www.ncbi.nlm.nih.gov/pubmed/21976236
https://www.ncbi.nlm.nih.gov/pubmed/18499387
https://www.ncbi.nlm.nih.gov/pubmed/18499387
https://www.ncbi.nlm.nih.gov/pubmed/18499387
https://www.ncbi.nlm.nih.gov/pubmed/16716992
https://www.ncbi.nlm.nih.gov/pubmed/16716992
https://www.ncbi.nlm.nih.gov/pubmed/16716992
https://www.ncbi.nlm.nih.gov/pubmed/16716992
https://www.ncbi.nlm.nih.gov/pubmed/18159990
https://www.ncbi.nlm.nih.gov/pubmed/18159990
https://www.ncbi.nlm.nih.gov/pubmed/18159990
https://www.ncbi.nlm.nih.gov/pubmed/11240565
https://www.ncbi.nlm.nih.gov/pubmed/11240565
https://www.ncbi.nlm.nih.gov/pubmed/11240565
https://www.ncbi.nlm.nih.gov/pubmed/11240565
https://www.ncbi.nlm.nih.gov/pubmed/16232088
https://www.ncbi.nlm.nih.gov/pubmed/16232088
https://www.ncbi.nlm.nih.gov/pubmed/16232088
https://www.ncbi.nlm.nih.gov/pubmed/16232088
https://www.ncbi.nlm.nih.gov/pubmed/19636997
https://www.ncbi.nlm.nih.gov/pubmed/19636997
https://www.ncbi.nlm.nih.gov/pubmed/19636997
https://www.ncbi.nlm.nih.gov/pubmed/17263673
https://www.ncbi.nlm.nih.gov/pubmed/17263673
https://www.ncbi.nlm.nih.gov/pubmed/17263673
https://www.ncbi.nlm.nih.gov/pubmed/16122007
https://www.ncbi.nlm.nih.gov/pubmed/16122007
https://www.ncbi.nlm.nih.gov/pubmed/16122007
https://www.ncbi.nlm.nih.gov/pubmed/16122007


How to cite this article:   Tejas Mehta, Muniba Fayyaz, Gema E Giler, Harleen Kaur, Sudhanshu P Raikwar, et al. Current Trends in Biomarkers for 
Traumatic Brain Injury. Open Access J Neurol Neurosurg. 2020; 12(4): 555842.DOI: 10.19080/OAJNN.2020.12.5558420093

Open Access Journal of Neurology & Neurosurgery

91.	Thomas DG, Palfreyman JW, Ratcliffe JG (1978) Serum-myelin-basic-
protein assay in diagnosis and prognosis of patients with head injury. 
Lancet 1(8056): 113-115. 

92.	Yamazaki Y, Yada K, Morii S, Kitahara T, Ohwada T (1995) Diagnostic 
significance of serum neuron-specific enolase and myelin basic protein 
assay in patients with acute head injury. Surg Neurol 43(3): 267-270.

93.	Kim HJ, Tsao JW, Stanfill AG (2018) The current state of biomarkers of 
mild traumatic brain injury. JCI Insight 3(1).

94.	Gong B, Leznik E (2007) The role of ubiquitin C-terminal hydrolase L1 
in neurodegenerative disorders. Drug News Perspect 20(6): 365-370. 

95.	Papa L, Akinyi L, Liu MC, Pineda JA, Tepas JJ, et al. (2010) Ubiquitin 
C-terminal hydrolase is a novel biomarker in humans for severe 
traumatic brain injury. Crit Care Med 38(1): 138-144. 

96.	Brophy GM, Mondello S, Papa L, Robicsek SA, Gabrielli A, Tepas J, et 
al. (2011) Biokinetic analysis of ubiquitin Cterminal hydrolase-L1 
(UCH-L1) in severe traumatic brain injury patient biofluids. J 
Neurotrauma 28(6): 861-70. 

97.	Mondello S, Papa L, Buki A, Bullock MR, Czeiter E, et al. (2011) 
Neuronal and glial markers are differently associated with computed 
tomography findings and outcome in patients with severe traumatic 
brain injury: a case control study. Crit Care 15(3): R156. 

98.	Diaz Arrastia R, Wang KK, Papa L, Sorani MD, Yue JK, et al. (2014) Acute 
biomarkers of traumatic brain injury: relationship between plasma 
levels of ubiquitin C-terminal hydrolase-L1 and glial fibrillary acidic 
protein. J Neurotrauma 31(1): 19-25. 

99.	Berger RP, Hayes RL, Richichi R, Beers SR, Wang KK (2012) Serum 
concentrations of ubiquitin C-terminal hydrolase-L1 and alphaII-
spectrin breakdown product 145 kDa correlate with outcome after 
pediatric TBI. J Neurotrauma 29(1): 162-167. 

100.	 Mandelkow EM, Mandelkow E (2012) Biochemistry and cell biology 
of tau protein in neurofibrillary degeneration. Cold Spring Harb 
Perspect Med 2(7): a006247. 

101.	 Khatoon S, Grundke-Iqbal I, Iqbal K (1994) Levels of normal and 
abnormally phosphorylated tau in different cellular and regional 
compartments of Alzheimer disease and control brains. FEBS Lett 
351(1): 80-84. 

102.	 Iqbal K, Grundke Iqbal I (1991) Ubiquitination and abnormal 
phosphorylation of paired helical filaments in Alzheimer’s disease. 
Mol Neurobiol 5(2-4): 399-410. 

103.	 Moretti L, Cristofori I, Weaver SM, Chau A, Portelli JN, et al. (2012) 
Cognitive decline in older adults with a history of traumatic brain 
injury. Lancet Neurol 11: 1103-1112. 

104.	 Smith DH, Johnson VE, Stewart W (2013) Chronic neuropathologies 
of single and repetitive TBI: substrates of dementia? Nat Rev Neurol 
9(4): 211-221. 

105.	 Kempuraj D, Ahmed ME, Selvakumar GP, Thangavel R, Dhaliwal AS, et 
al. (2019) Brain Injury-Mediated Neuroinflammatory Response and 
Alzheimer’s Disease. Neuroscientist 16: 1073858419848293.

106.	 Kempuraj D, Mentor S, Thangavel R, Ahmed ME, Selvakumar 
GP, et al. (2019) Mast Cells in Stress, Pain, Blood-Brain Barrier, 
Neuroinflammation and Alzheimer’s Disease. Front Cell Neurosci 13: 
54. 

107.	 Kempuraj D, Selvakumar GP, Thangavel R, Ahmed ME, Zaheer S, 
et al. (2017) Mast Cell Activation in Brain Injury, Stress, and Post-
traumatic Stress Disorder and Alzheimer’s Disease Pathogenesis. 
Front Neurosci 11: 703. 

108.	 Plassman BL, Havlik RJ, Steffens DC, Helms MJ, Newman TN, et al. 
(2000) Documented head injury in early adulthood and risk of 
Alzheimer’s disease and other dementias. Neurology 55(8): 1158-
1566. 

109.	 Nemetz PN, Leibson C, Naessens JM, Beard M, Kokmen E, et al. (1999) 
Traumatic brain injury and time to onset of Alzheimer’s disease: a 
population-based study. Am J Epidemiol 149(1): 32-40. 

110.	 Johnson VE, Stewart W, Smith DH (2012) Widespread tau and 
amyloid-beta pathology many years after a single traumatic brain 
injury in humans. Brain Pathol 22(2): 142-149. 

111.	 Tran HT, LaFerla FM, Holtzman DM, Brody DL (2011) Controlled 
cortical impact traumatic brain injury in 3xTg-AD mice causes 
acute intra-axonal amyloid-beta accumulation and independently 
accelerates the development of tau abnormalities. J Neurosci 31(26): 
9513-9525. 

112.	 Shively S, Scher AI, Perl DP, Diaz Arrastia R (2012) Dementia 
resulting from traumatic brain injury: what is the pathology? Arch 
Neurol 69(10): 1245-1251. 

113.	 Omalu BI, DeKosky ST, Minster RL, Kamboh MI, Hamilton RL, (2005) 
Chronic traumatic encephalopathy in a National Football League 
player. Neurosurgery 57(1): 128-134.

114.	 Goldstein LE, Fisher AM, Tagge CA, Zhang XL, Velisek L, et al. (2012) 
Chronic traumatic encephalopathy in blast-exposed military 
veterans and a blast neurotrauma mouse model. Sci Transl Med 
4(134): 134ra60. 

115.	 McKee AC, Stern RA, Nowinski CJ, Stein TD, Alvarez VE, et. al. (2013) 
The spectrum of disease in chronic traumatic encephalopathy. Brain 
136: 43-64. 

116.	 Wang Y, Ji T, Nelson AD, Glanowska K, Murphy GG, (2018) Critical 
roles of alphaII spectrin in brain development and epileptic 
encephalopathy. J Clin Invest 128(2): 760-773. 

117.	 Yang WJ, Chen W, Chen L, Guo YJ, Zeng JS, et al. (2017) Involvement of 
tau phosphorylation in traumatic brain injury patients. Acta Neurol 
Scand 135(6): 622-627. 

118.	 Yan XX, Jeromin A, Jeromin A (2012) Spectrin Breakdown Products 
(SBDPs) as Potential Biomarkers for Neurodegenerative Diseases. 
Curr Transl Geriatr Exp Gerontol Rep 1(2): 85-93. 

119.	 McGinn MJ, Kelley BJ, Akinyi L, Oli MW, Liu MC, et al. (2009) 
Biochemical, structural, and biomarker evidence for calpain-
mediated cytoskeletal change after diffuse brain injury uncomplicated 
by contusion. J Neuropathol Exp Neurol 68(3): 241-249. 

120.	 Pike BR, Flint J, Dutta S, Johnson E, Wang KK, et al. (2001) 
Accumulation of nonerythroid alpha II-spectrin and calpain-cleaved 
alphaII-spectrin breakdown products in cerebrospinal fluid after 
traumatic brain injury in rats. J Neurochem 78(6): 1297-1306. 

121.	 Zhang Z, Larner SF, Liu MC, Zheng W, Hayes RL, et al. (2009) Multiple 
alphaIIspectrin breakdown products distinguish calpain and caspase 
dominated necrotic and apoptotic cell death pathways. Apoptosis 
14(11): 1289-1298. 

122.	 Cardali S, Maugeri R (2006) Detection of alphaII-spectrin and 
breakdown products in humans after severe traumatic brain injury. J 
Neurosurg Sci 50(2): 25-31. 

123.	 Chen S, Shi Q, Zheng S, Luo L, Yuan S, et al. (2016) Role of alphaII-
spectrin breakdown products in the prediction of the severity and 
clinical outcome of acute traumatic brain injury. Exp Ther Med 11(5): 
2049-2053. 

http://10.19080/OAJNN.2020.12.555842
https://www.ncbi.nlm.nih.gov/pubmed/87549'
https://www.ncbi.nlm.nih.gov/pubmed/87549'
https://www.ncbi.nlm.nih.gov/pubmed/87549'
https://www.ncbi.nlm.nih.gov/pubmed/7540773
https://www.ncbi.nlm.nih.gov/pubmed/7540773
https://www.ncbi.nlm.nih.gov/pubmed/7540773
https://www.ncbi.nlm.nih.gov/pubmed/29321373
https://www.ncbi.nlm.nih.gov/pubmed/29321373
https://www.ncbi.nlm.nih.gov/pubmed/17925890
https://www.ncbi.nlm.nih.gov/pubmed/17925890
https://www.ncbi.nlm.nih.gov/pubmed/19726976
https://www.ncbi.nlm.nih.gov/pubmed/19726976
https://www.ncbi.nlm.nih.gov/pubmed/19726976
https://www.ncbi.nlm.nih.gov/pubmed/21309726/
https://www.ncbi.nlm.nih.gov/pubmed/21309726/
https://www.ncbi.nlm.nih.gov/pubmed/21309726/
https://www.ncbi.nlm.nih.gov/pubmed/21309726/
https://www.ncbi.nlm.nih.gov/pubmed/21702960
https://www.ncbi.nlm.nih.gov/pubmed/21702960
https://www.ncbi.nlm.nih.gov/pubmed/21702960
https://www.ncbi.nlm.nih.gov/pubmed/21702960
https://www.ncbi.nlm.nih.gov/pubmed/23865516
https://www.ncbi.nlm.nih.gov/pubmed/23865516
https://www.ncbi.nlm.nih.gov/pubmed/23865516
https://www.ncbi.nlm.nih.gov/pubmed/23865516
https://www.ncbi.nlm.nih.gov/pubmed/22022780/
https://www.ncbi.nlm.nih.gov/pubmed/22022780/
https://www.ncbi.nlm.nih.gov/pubmed/22022780/
https://www.ncbi.nlm.nih.gov/pubmed/22022780/
https://www.ncbi.nlm.nih.gov/pubmed/22762014
https://www.ncbi.nlm.nih.gov/pubmed/22762014
https://www.ncbi.nlm.nih.gov/pubmed/22762014
https://www.ncbi.nlm.nih.gov/pubmed/8076698
https://www.ncbi.nlm.nih.gov/pubmed/8076698
https://www.ncbi.nlm.nih.gov/pubmed/8076698
https://www.ncbi.nlm.nih.gov/pubmed/8076698
https://www.ncbi.nlm.nih.gov/pubmed/1726645
https://www.ncbi.nlm.nih.gov/pubmed/1726645
https://www.ncbi.nlm.nih.gov/pubmed/1726645
https://www.ncbi.nlm.nih.gov/pubmed/23153408
https://www.ncbi.nlm.nih.gov/pubmed/23153408
https://www.ncbi.nlm.nih.gov/pubmed/23153408
https://www.ncbi.nlm.nih.gov/pubmed/23458973
https://www.ncbi.nlm.nih.gov/pubmed/23458973
https://www.ncbi.nlm.nih.gov/pubmed/23458973
https://www.ncbi.nlm.nih.gov/pubmed/31092147
https://www.ncbi.nlm.nih.gov/pubmed/31092147
https://www.ncbi.nlm.nih.gov/pubmed/31092147
https://www.ncbi.nlm.nih.gov/pubmed/30837843
https://www.ncbi.nlm.nih.gov/pubmed/30837843
https://www.ncbi.nlm.nih.gov/pubmed/30837843
https://www.ncbi.nlm.nih.gov/pubmed/30837843
https://www.ncbi.nlm.nih.gov/pubmed/29302258
https://www.ncbi.nlm.nih.gov/pubmed/29302258
https://www.ncbi.nlm.nih.gov/pubmed/29302258
https://www.ncbi.nlm.nih.gov/pubmed/29302258
https://www.ncbi.nlm.nih.gov/pubmed/11071494
https://www.ncbi.nlm.nih.gov/pubmed/11071494
https://www.ncbi.nlm.nih.gov/pubmed/11071494
https://www.ncbi.nlm.nih.gov/pubmed/11071494
https://www.ncbi.nlm.nih.gov/pubmed/9883791
https://www.ncbi.nlm.nih.gov/pubmed/9883791
https://www.ncbi.nlm.nih.gov/pubmed/9883791
https://www.ncbi.nlm.nih.gov/pubmed/21714827
https://www.ncbi.nlm.nih.gov/pubmed/21714827
https://www.ncbi.nlm.nih.gov/pubmed/21714827
https://www.ncbi.nlm.nih.gov/pubmed/21715616
https://www.ncbi.nlm.nih.gov/pubmed/21715616
https://www.ncbi.nlm.nih.gov/pubmed/21715616
https://www.ncbi.nlm.nih.gov/pubmed/21715616
https://www.ncbi.nlm.nih.gov/pubmed/21715616
https://www.ncbi.nlm.nih.gov/pubmed/22776913
https://www.ncbi.nlm.nih.gov/pubmed/22776913
https://www.ncbi.nlm.nih.gov/pubmed/22776913
https://www.ncbi.nlm.nih.gov/pubmed/15987548
https://www.ncbi.nlm.nih.gov/pubmed/15987548
https://www.ncbi.nlm.nih.gov/pubmed/15987548
https://www.ncbi.nlm.nih.gov/pubmed/22593173
https://www.ncbi.nlm.nih.gov/pubmed/22593173
https://www.ncbi.nlm.nih.gov/pubmed/22593173
https://www.ncbi.nlm.nih.gov/pubmed/22593173
https://www.ncbi.nlm.nih.gov/pubmed/23208308
https://www.ncbi.nlm.nih.gov/pubmed/23208308
https://www.ncbi.nlm.nih.gov/pubmed/23208308
https://www.ncbi.nlm.nih.gov/pubmed/29337302
https://www.ncbi.nlm.nih.gov/pubmed/29337302
https://www.ncbi.nlm.nih.gov/pubmed/29337302
https://www.ncbi.nlm.nih.gov/pubmed/27439764
https://www.ncbi.nlm.nih.gov/pubmed/27439764
https://www.ncbi.nlm.nih.gov/pubmed/27439764
https://www.ncbi.nlm.nih.gov/pubmed/23710421/
https://www.ncbi.nlm.nih.gov/pubmed/23710421/
https://www.ncbi.nlm.nih.gov/pubmed/23710421/
https://www.ncbi.nlm.nih.gov/pubmed/19225412
https://www.ncbi.nlm.nih.gov/pubmed/19225412
https://www.ncbi.nlm.nih.gov/pubmed/19225412
https://www.ncbi.nlm.nih.gov/pubmed/19225412
https://www.ncbi.nlm.nih.gov/pubmed/11579138
https://www.ncbi.nlm.nih.gov/pubmed/11579138
https://www.ncbi.nlm.nih.gov/pubmed/11579138
https://www.ncbi.nlm.nih.gov/pubmed/11579138
https://www.ncbi.nlm.nih.gov/pubmed/19771521
https://www.ncbi.nlm.nih.gov/pubmed/19771521
https://www.ncbi.nlm.nih.gov/pubmed/19771521
https://www.ncbi.nlm.nih.gov/pubmed/19771521
https://www.ncbi.nlm.nih.gov/pubmed/16841024
https://www.ncbi.nlm.nih.gov/pubmed/16841024
https://www.ncbi.nlm.nih.gov/pubmed/16841024
https://www.ncbi.nlm.nih.gov/pubmed/27168849/
https://www.ncbi.nlm.nih.gov/pubmed/27168849/
https://www.ncbi.nlm.nih.gov/pubmed/27168849/
https://www.ncbi.nlm.nih.gov/pubmed/27168849/


How to cite this article: Tejas Mehta, Muniba Fayyaz, Gema E Giler, Harleen Kaur, Sudhanshu P Raikwar, et al. Current Trends in Biomarkers for 
Traumatic Brain Injury. Open Access J Neurol Neurosurg. 2020; 12(4): 555842.DOI: 10.19080/OAJNN.2020.12.5558420094

Open Access Journal of Neurology & Neurosurgery

124.	 Farkas O, Polgar B, Szekeres Bartho J, Doczi T, Povlishock JT, et al. 
(2005) Spectrin breakdown products in the cerebrospinal fluid 
in severe head injury--preliminary observations. Acta Neurochir 
(Wien) 147(8): 855-861. 

125.	 Mondello S, Robicsek SA, Gabrielli A, Brophy GM, Papa L, et al. 
(2010) alphaII-spectrin breakdown products (SBDPs): diagnosis and 
outcome in severe traumatic brain injury patients. J Neurotrauma 
27(7): 1203-1213. 

126.	 Pineda JA, Lewis SB, Valadka AB, Papa L, Hannay HJ, et al. (2007) 
Clinical significance of alphaII-spectrin breakdown products in 

cerebrospinal fluid after severe traumatic brain injury. J Neurotrauma 
24(2): 354-366. 

127.	 Pike BR, Flint J, Dave JR, Lu XC, Wang KK, Tortella FC, et al. (2004) 
Accumulation of calpain and caspase-3 proteolytic fragments of 
brain-derived alphaII-spectrin in cerebral spinal fluid after middle 
cerebral artery occlusion in rats. J Cereb Blood Flow Metab 24(1): 
98-106. 

128.	 Ringger NC, O Steen BE, Brabham JG, Silver X, Pineda J, et al. (2004) 
A novel marker for traumatic brain injury: CSF alphaII-spectrin 
breakdown product levels. J Neurotrauma 21(10): 1443-1456.

Your next submission with Juniper Publishers    
    will reach you the below assets

•	 Quality Editorial service
•	 Swift Peer Review
•	 Reprints availability
•	 E-prints Service
•	 Manuscript Podcast for convenient understanding
•	 Global attainment for your research
•	 Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
•	 Unceasing customer service

                 Track the below URL for one-step submission 
     https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 Licens
DOI: 10.19080/OAJNN.2020.12.5558342

http://10.19080/OAJNN.2020.12.555842
https://www.ncbi.nlm.nih.gov/pubmed/15924207
https://www.ncbi.nlm.nih.gov/pubmed/15924207
https://www.ncbi.nlm.nih.gov/pubmed/15924207
https://www.ncbi.nlm.nih.gov/pubmed/15924207
https://www.ncbi.nlm.nih.gov/pubmed/20408766/
https://www.ncbi.nlm.nih.gov/pubmed/20408766/
https://www.ncbi.nlm.nih.gov/pubmed/20408766/
https://www.ncbi.nlm.nih.gov/pubmed/20408766/
https://www.ncbi.nlm.nih.gov/pubmed/17375999
https://www.ncbi.nlm.nih.gov/pubmed/17375999
https://www.ncbi.nlm.nih.gov/pubmed/17375999
https://www.ncbi.nlm.nih.gov/pubmed/17375999
https://www.ncbi.nlm.nih.gov/pubmed/14688621
https://www.ncbi.nlm.nih.gov/pubmed/14688621
https://www.ncbi.nlm.nih.gov/pubmed/14688621
https://www.ncbi.nlm.nih.gov/pubmed/14688621
https://www.ncbi.nlm.nih.gov/pubmed/14688621
https://www.ncbi.nlm.nih.gov/pubmed/15672634
https://www.ncbi.nlm.nih.gov/pubmed/15672634
https://www.ncbi.nlm.nih.gov/pubmed/15672634
https://juniperpublishers.com/online-submission.php
http://10.19080/OAJNN.2020.12.5558342

	Current Trends in Biomarkers for  Traumatic Brain Injury
	Abstract 
	Introduction 
	Tau Protein 
	Conclusion 
	Acknowledgement 
	References

