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Abstract: Background: in this study, we investigated the S100B level in plasma of TBI patients and to explore the 
correlation between plasma S100B and neurological outcome in TBI patients. Methods: 82 patients with moderate 
and severe TBI and 60 age-matched controls were enrolled in this study. Samples of plasma were collected within 
24 hours (as the initial value), at 72 and 120 hours post injury. Plasma S100B was measured with ELISA and neu-
rological outcome was assessed by Glasgow Outcome Scale (GOS). We compared different levels of these indexes 
in two groups and further investigated the correlation between each other. Results: we found a significant elevation 
in the levels of the initial S100B in the plasma (P<0.05), which lasted to 72 hours post injury. Furthermore, we 
found the plasma S100B in patients with diffuse axonal injury (DAI) was much higher than that in patients without 
DAI (P<0.05). In addition, there was a positive relationship between the initial S100B and Glasgow Outcome Scale 
at 6 months post injury (r=0.714, P<0.01). Conclusions: we show that S100B increased in plasma of TBI patients, 
especially in patients with DAI and the initial plasma S100B is associated with the neurological outcomes. 
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Introduction

The traumatic brain injury (TBI) is a major cause 
of death and disability in Western countries [1], 
and it has become a major public health prob-
lem in the United States, because 80,000 to 
90,000 people are killed or disables due to TBI 
every year [2]. With the development of nation-
al economy and transportation, the incidence 
rate of brain injury is also increasing in China 
year by year and with more and more lethal 
residues injured due to TBI [3].

The pathophysiological mechanism implicated 
in the cellular and molecular changes after TBI 
remains unclear, and the specific medical treat-
ments for this are also very limited, and further, 
reliable biomarkers for early prediction of prog-
nosis and functional recovery are very few [4, 
5], especially in DAI patients. In recent years, 
many scholars have begun to explore brain 
neuron and glial cell-derived substances in 
fluid whether as an assessment of acute 
encephalopathy, including the severity of the 
TBI, effectiveness of treatment, prognosis and 

recovery of brain function. This type of study, 
based on serum protein levels, focused on the 
neuroimaging, clinical scales and neurophysio-
logical relevance; however, the study with cere-
brospinal fluid (CSF) protein levels and their 
clinical relevance is very limited.

S100B is a low-molecular-weight, calcium-bind-
ing protein, which is glial-specific and expressed 
primarily by astrocytes. It has been shown that 
S100B is implicated in several neurological, 
neoplastic, and other types of diseases, includ-
ing Alzheimer’s disease, Down’s syndrome, epi-
lepsy, amyotrophic lateral sclerosis and type I 
diabetes. It has been suggested that the regula-
tion of S100B has potential for the treatment of 
epilepsy [6-8].

Some studies have shown that there is almost 
no expression of S100B in normal brain tis-
sues, which is consistent in mammals [9-11]. 
Found in animal experiments, S100B was  
significantly increased within the first three 
hours after the brain injury, reaching a peak at 
24 hours, and lasted for nearly a week [12]. 
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Compared to the wildtype mice, the mice with 
knock-out of S100B developed an increased 
astrocyte activity after brain insults [13].

Therefore, in this study, we focused on the plas-
ma levels of S100B in patients with moderate 
and severe TBI. We also investigated the rela-
tionship between these indexes and neurologi-
cal outcome.

Patients and methods

The People’s Hospital of Xishuangbana Human 
Research Review Committee approved the 
study. Patients were selected if the time of inju-
ry could be ascertained to have occurred within 
a 24-hour window from insult to ventriculosto-
my, which was performed for diagnostic and 
therapeutic purposes. Patient’s families gave 
informed consent for the use of CSF and blood 
samples of patients; and there were no addi-
tional risks associated with the study beyond 
standard patient care. Thirty TBI patients with a 
moderate or severe head injury, defined as a 
Glasgow Coma Scale (GCS) score of 12 or less 
on admission, and a ventricular catheter were 
recruited in the study from January of 2012 to 
October of 2012. There were 21 males and 9 
females, with mean age of 48±6 years. 

Patients with TBI were excluded if they were 
thought to have infection, peripheral bleeding 
disorder, tumor and other concomitant trau-
matic injuries, such as thoracic and abdominal 
injuries. Patients with TBI were further grouped 
into the moderate (GCS>8) or severe (GCS<9) 
arm. 15 age and gender-matched control sub-
jects (10 males and 5 females with mean age 
of 47±7 years) were patients with acute head-
ache, in whom head CT were performed to 
exclude intracranial disorders. Control group 
had paired plasma collected at the time of 
head CT. Plasma samples were collected in 
tubes with sodium heparin. After collection, the 
samples of plasma were centrifuged at 3000 
rpm for 10 minutes at 4 Celsius Degree, and 
the supernatant was collected, aliquoted, and 
stored at -80 Celsius Degree.

ELISA for measurement of plasma S100B 

Human S100B Quantikine® ELISA kit (Shang- 
hai, China) was used to measure plasma S10- 
0B level. Microplates were pre-coated with spe-
cific primary antibodies for S100. The specific 
secondary antibodies were conjugated to hor- 
seradish peroxidase. The solution was stopped 
with sulfuric acid. All patients with TBI had 

paired samples at all time points and there 
were no missing data.

Neurological outcome assessment

We used the GOS to evaluate the long-term 
neurological outcome for TBI patients at six 
months post injury. From 4-5, it is considered 
as good outcome; while, less than 4 (0-3), it is 
considered as poor outcome.

Statistical analyses

Statistical analyses were performed using the 
GraphPad Prism software package (version 
6.0; GraphPad Software Inc., San Diego, CA). 
Data are expressed as mean ± standard error 
of the mean (SEM). Two paired groups were 
compared with t test and multiple groups were 
compared with one-way ANOVA. Furthermore, 
the relationship between the parameters was 
tested by Pearson analysis. The ROC was used 
to assess the acute density of S100B for the 
assessment. Significance was set as a P value 
of less than 0.05. 

Results

S100B level in TBI patients and the control 
group 

Plasma S100B (71.34±3.93) ng/mL levels in 
TBI patients within 24 hours was significantly 
different from that in controls (P<0.05) (Table 
1). In addition, the plasma S100B level in 
patients with severe TBI was significantly high-
er than that in patients with moderate TBI 
(82.68±7.22 vs. 42.42±4.94) (Table 2). Furth- 
ermore, the blood level of S100B was further 
increased in patients with DAI compared to th- 
ose without DAI (75.86±9.50 vs. 62.00±4.86). 

S100B changes over time

The plasma S100B level reached the peak 
within 24 hours post injury, which lasted at 
least 72 hours, and there was no statistical dif-
ference between the 24-hour point (71.34± 
13.93) and 72-hour point (49.63±8.93), but 
both of them were different from the 120-hour 
point (26.15±4.89). 

ROC curve for S100B and neurological out-
come

All TBI patients underwent GOS assessment at 
six months after onset by an experienced neu-
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rosurgeon that was blinded to the laboratory 
data. The average score in severe TBI group 
was 2.38±0.64, while that in moderate group 
was 3.91±0.89.

Furthermore, the ROC curve was based on the 
initial plasma S100B and GCS to correlate 
them with the long-term neurological outcome 
assessment. In Table 3, ROC analysis indicat- 
ed that both S100B and GCS status are the 
prediction of patients’ neurological outcome. 
The comparison of ROC curves, however, indi-
cated that the S100B provided a significantly 
better prediction of neurological outcome in TBI 
patients (AUC: 0.819 vs. 0.353). On the ROC 
curve for S100B, the corresponding specificity 
at 75.11 ng/mL was 100%, and the sensitivity 
was 64.7% (Figure 1).

Discussion

In this study, we found increased levels of 
S100B in the plasma of patients with moderate 
and severe TBI. Moreover, the plasma S100B 
level lasted 72 hours post brain injury, and 
recovered to normal level within 120 hours 
post injury. Furthermore, the initial plasma 
S100B was significantly higher in patients with 
DAI compared to those without DAI, which indi-

cated increased S100B might be related to the 
axonal injury specifically. 

The S100B is one of the various members of 
the S-100 protein family. This 92 amino-acid 
protein is encoded by the S100B gene located 
on chromosome 21q22.3 [14]. Although S100B 
is mainly produced by astroglial and Schwann 
cells, additional extracerebral sources have 
been also identified [15]. As protein S100B 
expression is considerably increased in several 
types of cancers, mainly of neuroectodermal 
origin, this biomarker is now used for follow-up 
and therapeutic monitoring of a variety of 
malignancies including melanoma, malignant 
peripheral nerve sheath tumors, schwanno-
mas, paraganglioma stromal cells, histiocyto-
ma, and clear cell sarcomas [15]. Importantly, 
the European Society for Medical Oncology 
(ESMO) has recently concluded that protein 
S100B is the most accurate blood test in the 
follow-up of melanoma patients [16].

In recent years, the clinical usefulness of pro-
tein S100B has extended far beyond the bound-
aries of cancer diagnostics. A meta-analysis of 
22 studies concluded that the sensitivity of this 
biomarker is as high as 98.7% for a positive CT 
scan in patients with mild TBI, with a value of 
specificity approximately 51% [17]. Further 
decreasing the cut-off value to 0.20 μg/L would 
allow identifying brain injury with 99.6% sensi-
tivity and 47.0% specificity. Importantly, it was 
recently demonstrated that the high negative 
predictive values of protein S100B at ED ad- 
mission would safely allow withholding CT 
scans in up to 50% of patients with mild TBI, so 
decreasing the total healthcare cost for patient 
management by approximately 30% [18]. It is 
also noteworthy that the measurement of 
S100B has consistently overwhelmed that of 
other potential biomarkers of brain injury, espe-
cially neuron-specific enolase (NSE) [19, 20].

Indeed, the future of TBI diagnostics is still 
unwritten, and other innovative biomarkers 
such as the neurofilament medium polypeptide 
(NFM) protein may soon be ready for prime time 
[21]. In the meanwhile, it seems reasonable to 
conclude that the measurement of protein 
S100B represents a valuable perspective for 
evaluating both children and adults presenting 
to the ED with mild TBI, provided that an opti-
mal diagnostic cut-offs for ruling out brain 
lesions can be settled.

Table 1. Plasma S100B levels in TBI patients 
and the control group
Group n S100B
TBI group 60 71.34±3.93
Control group 20 3.51±1.53
P P<0.05 

Table 2. Plasma S100B levels in moderate 
and severe TBI patients
Group n S100B
Severe TBI 33 82.68±7.22
Moderate TBI 27 42.42±4.94
P P<0.05

Table 3. A positive correlation between 
S100B and GOS
Time point Correlation P
24 hours 0.475 0.008
72 hours 0.420 0.021
120 hours 0.655 0.001



Increased plasma S100B in TBI patients

12133 Int J Clin Exp Pathol 2016;9(11):12130-12135

Up to now, although some studies have found 
the increased S100B after TBI, nevertheless, 
few of them correlate the altered MMPs with 
the neurological outcome, especially the asso-
ciation with axonal injury. Here, we used the 
ROC curve to find the initial plasma S100B 
could predict the neurological outcome with 
higher sensitivity and specificity, and this fur-
ther strengthened the interest of targeting 
S100B to treat patients with TBI.

Inevitably, there were some limitations in our 
study. First, we held a small number of patient 
samples with a small statistical power. Even 
though, a statistical correlation was identified, 
which indicate the strong predicting role of 
S100B in TBI session. Second, we only focused 
on the S100B, actually, there were other calci-
um-associated proteins might be involved in 
the neuronal injury. Last, despite this promis- 
ing evidence, a major drawback remains. The 
cut-off value used for ruling out a positive CT 
scan in patients with mild TBI varied widely 
across different studies, with thresholds com-
prised between 0.10 and 0.60 μg/L. This is 
mostly attributable to different study popula-
tions and the analytical techniques used for 
measuring protein S100B. As for this issue, 
Bouvier et al. measured the serum concentra-
tion of protein S100B by a commercial chemilu-
minescent immunoassay in a population of 
409 healthy children aged 0-16 years [22], 
reporting that the serum value decreased in 
parallel with the age, i.e. from 0.97 μg/L in chil-

tion (r=0.92), but the overall bias remains too 
high to permit using identical diagnostic thresh-
olds (i.e. values were found to be 27% higher 
with the DiaSorin than with the Roche immuno-
assay). This is not surprising, as similar infor-
mation has also been published by the STIC- 
S100 study group [23]. Notably, Bouvier et al. 
also observed that the reference range of pro-
tein S100B in serum was significantly higher in 
healthy black-skinned than in healthy white-
skinned volunteers, thus highlighting further 
the need to personalize the diagnostic cut-offs 
of this biomarker. Future study is required to 
increase the patients sample and detailed 
stratifying based on patients’ characteristics.

In conclusion, our results show that plasma 
S100B is increased in TBI patients, especially 
in those with traumatic axonal injury, and the 
initial S100B is associated with the neurologi-
cal outcomes. Therefore, we propose that 
S100B may be a predicting factor for the neuro-
logical outcome and monitoring index in TBI 
sessions.
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Figure 1. Comparison 
of ROC curves. Green 
curve: probability of 
neurological outcome 
on GCS status; Blue 
curve: probability of 
neurological outcome 
on S100B status.

dren aged 0-3 months, to 
0.58 μg/L in those aged 4-9 
months, 0.31 μg/L in those 
aged 10-24 months, and 0.20 
μg/L, in children aged 2-16 
years, a value that was found 
to be virtually identical to that 
of the adult population. In- 
deed, this is an essential 
information, wherein different 
protein S100B cut-offs should 
be used for assessing the risk 
of brain lesions in children 
according to their age. Anoth- 
er important finding that em- 
erged from the study of Bou- 
vier et al. is that the two com-
mercially available chemilu-
minescent immunoassays di- 
splay a satisfactory correla-
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