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Serum T protein as a potential biomarker in the
assessment of traumatic brain injury
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Abstract. Traumatic brain injury (TBI) is the leading cause of
mortality and disabilities among all trauma cases. Following
TBI, damage to axons results in T protein hyperphosphory-
lation leading to microtubule instability and t-mediated
neurodegeneration. In addition, t protein is proteolytically
cleaved and is able to access the cerebrospinal fluid (CSF) and
serum; thus, this protein may serve as a potential biomarker
in the diagnosis of injury severity and outcome prediction.
Although a limited number of studies have investigated the
CSF 1 protein levels after TBI, the data are divergent and
conflicting, and investigations into the serum Tt protein levels
have yet to be conducted. Therefore, the present study aimed
to examine the serum t protein levels in the full spectrum of
TBI patients on days 0-14 after TBI, using an enzyme-linked
immunosorbent assay. The protein levels were compared
to the initial Glasgow Coma Score (GCS) and the Extended
Glasgow Outcome Scale (GOS-E), which are used to represent
the injury severity and patient outcome, respectively. In total,
56 patients, including 20 patients with mild TBI (GCS, 13-15),
19 patients with moderate TBI (GCS, 9-12) and 17 patients
with severe TBI (GCS, 3-8), were included in the current study.
The outcome was assessed 1 year after the injury and patients
were classified into the good outcome (40 cases; GOS-E, 5-8)
and poor outcome groups (16 cases; GOS-E, 1-4). The results
indicated that serum t protein levels increased soon after TBI
and reached a peak value at ~2 days after the injury. The serum
T protein levels were significantly higher in the severe TBI group
compared with those in the mild and moderate TBI groups
(P<0.0001). Univariate analysis indicated that poor outcome
was significantly associated with higher serum t protein
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levels on day 2 (P<0.0001). A receiver operating characteristic
curve demonstrated that a t protein level of >116.04 pg/ml on
day 2 resulted in a 93.75% sensitivity and 92.50% specificity
for predicting a poor outcome. Furthermore, a t protein level
of >372.1 pg/ml on day 2 yielded 100% sensitivity and 83.33%
specificity for 1 year mortality in the severe TBI group. In
conclusion, the present study suggests that serum t protein
may serve as a potential biomarker for evaluating the injury
severity and predicting the outcome of TBI patients.

Introduction

Traumatic brain injury (TBI) is one of the leading causes of
mortality and disability among all cases of trauma (1,2). The
incidence of TBI in China is ~95/100,000 people per year,
which is similar to the incidence of stroke; however, TBI also
affects younger individuals, resulting in a significant health
care burden (3). A wide range of injuries are considered as
TBIs, including mild, moderate and severe injuries (4). At
present, the severity of TBI is typically evaluated by the
Glasgow Coma Score (GCS) (4). The GCS characterizes the
level of consciousness on the basis of motor, verbal and eye
responses; the picture provided by these responses enables
comparisons between patients and the assessment of changes
in individual patients over time, and guides the management
of these patients (4). The three components (motor, verbal
and eye responses) can be scored separately or combined
in a sum score, which ranges between 3 and 15 (4). Patients
with TBI may be divided into three groups, according to their
GCS scores: Severe TBI (GCS score, 3-8 points); moderate
TBI (GCS score, 9-12 points); and mild TBI (GCS score,
13-15 points) (4). Certain clinical characteristics, such as the
GCS score and the results of functional imaging studies, are
well established for predicting the outcome of TBI patients (5).
However, these are not accurate and are difficult to quantify
in order to predict the outcome (5). No reliable predictors,
particularly during the early stages following TBI, have been
established to date. Therefore, it may be beneficial to estab-
lish a complementary approach using specific biochemical
biomarkers in the assessment of TBI patients.

T protein is a microtubule-associated protein with a
molecular mass of 48-67 kDa (6). This protein binds to axonal
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microtubules and results in the formation of axonal microtu-
bule bundles, which are essential structural elements in the
axonal cytoskeleton (6). T protein is abundant in the central
nervous system (CNS), and in particular, in unmyelinated
axons and cortical interneurons (6,7). In addition, the t protein
can be detected in the cerebrospinal fluid (CSF) in the majority
of cases, however, the determination of serum T protein levels
in healthy individuals is challenging (8). When damage to
axons occurs following TBI, t protein is released from the
CNS into the CSF and serum, resulting in detectable levels of
the serum protein (9). This suggests that serum t protein may
be a potential biomarker in the assessment of the outcome of
TBI patients.

Several authors have investigated the CSF 1 protein levels
following TBI (10-12); however, the results of these studies
are divergent and conflicting. To the best of our knowledge,
research on serum Tt protein in TBI patients has yet to be
conducted. The predictive value of serum t protein for
TBI patients remains unclear. Therefore, the present study
examined the serum Tt protein levels at different time points
subsequent to TBI, and compared the protein levels to the
injury severity and l-year outcomes of patients. The study
attempted to determine whether serum t protein levels reflect
the injury severity and predict the outcome of TBI patients.

Patients and methods

Patient population. Ethical approval was obtained from the
Wuhan Central Hospital (Wuhan, China), in accordance with
the Helsinki Criteria. Written informed consent was obtained
from all patients. A total of 56 patients (21 females and
35 males; age range, 18-54 years; mean age, 30.4+8.9 years)
with closed TBI (brain tissue was not exposed), who were
admitted to the Department of Neurosurgery at the Wuhan
Central Hospital within 12 h after injury, were enrolled in
the present study between June 2011 and July 2013. TBI
had previously been diagnosed in these patients based on
clinical characteristics, including: i) Complaint of patients;
ii) symptoms, including a headache, vomiting and loss of
consciousness; iii) a physical examination; and iv) imaging,
including a computed tomography scan. Patients were divided
into mild, moderate and severe TBI groups, according to their
initial GCSs, which were determined immediately following
admission. A total of 20 patients formed the mild TBI group
(GCS, 13-15 points), 19 patients formed the moderate TBI
group (GCS, 9-12 points) and 17 patients formed the severe TBI
group (GCS, 3-8 points). All patients were managed according
to the international guidelines for TBI management (13).

Exclusion criteria. The exclusion criteria were as follows: Age
of <18 years or >60 years, admission to the hospital >12 h after
TBI, absence of informed consent, unavailability of blood
sample, and absence of follow-up data. Patients with a history
of neurological disabilities, severe cardiac disease, cervical
spinal cord injury and other severe systemic diseases were also
excluded from the present study.

T protein analysis. Serum samples were obtained from the
TBI patients at 12 h and at 1,2, 3,4, 7 and 14 days after TBI.
Samples were collected in 10 ml separator tubes and then
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Figure 1. Serum Tt protein levels following TBI, shown as line diagrams with
standard deviations. Serum t protein levels increased soon after TBI and
reached a peak ~2 days after the injury. The mean serum t protein levels were
significantly higher in the severe TBI group compared with those in the mild
and moderate TBI groups. ‘P<0.05 and ““P<0.0001, vs. mild and moderate
TBI groups. TBI, traumatic brain injury.

centrifuged at 1,000 x g for 15 min at 4°C. Subsequently, the
serum samples were frozen and stored at -80°C until further
analysis. The t protein levels in the serum were measured
using the Human t Proteins Enzyme-Linked Immunosorbent
Assay (ELISA) kit (CSB-E12011h; Cusabio Biotech Co.,
Ltd., Wuhan, China), according to a previous study (14). The
minimum detectable concentration of t protein was 15.6 pg/ml,
according to the manufacturer's protocol. Prior to analysis
of the serum concentration of t protein, a standard dilution
curve was constructed using standard solutions provided with
the ELISA kit. The dilution curve of the serum samples was
partial to the standard dilution curve, in order to ensure the
accuracy of the measurements.

Outcome assessment. Outcomes were assessed 1 year after
TBI. The outcomes were quantified using the Extended
Glasgow Outcome Scale (GOS-E) (15), and then classified
into the good (GOS-E score, 5-8) and poor (GOS-E score,
1-4) outcome groups. The information was predominantly
collected in the Outpatient Department at the Wuhan Central
Hospital, although certain patients were interviewed by tele-
phone or mail to identify their neurological outcome.

Statistical analysis. Data are expressed as the mean + stan-
dard deviation and were analyzed using the SPSS version 10.0
statistical software package (SPSS, Inc., Chicago, IL, USA).
Mean values in two or more groups were analyzed using
Student's t-test and protected t-test (one-way analysis of vari-
ance). Receiver operating characteristic (ROC) curves were
used to determine the t protein level that was able to yield
the best sensitivity and specificity for predicting the patient
outcome or mortality. The area under the ROC (AUC) was
calculated using the SPSS software. Statistically significant
differences were determined by P<0.05.

Results

Serum T protein levels. T protein is undetectable in the serum
of healthy patients (9). The serum Tt protein levels increased
immediately following TBI. At ~2 days post-injury, the protein
levels peaked and then decreased gradually, although, in
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Table I. Patient data regarding patient numbers, mean serum t protein levels and statistical P-values.
Mean serum t protein levels in TBI groups, (pg/ml)

Time point
after TBI Mild (n=20) Moderate (n=19) Severe (patients) P-value
12h 21.52+3.82 23.79+7.15 31.04+16.89 (n=17) <0.0500
1 day 27.44+4.12 49.97+9.77 135.67+£28 .91 (n=17) <0.0001
2 days 39.14+3.78 85.58+12.72 351.02+73.80 (n=17) <0.0001
3 days 33.46+3.90 73.56£11.57 248.12+52.67 (n=16) <0.0001
4 days 31.55+4.89 65.66+10.45 201.19+46.46 (n=16) <0.0001
7 days 29.54+3.15 39.22+9.28 63.96+14 .45 (n=14) <0.0001
14 days 28.35+2.69 37.44+8.45 93.59+29.98 (n=14) <0.0001

Data presented as the mean =+ standard deviation. TBI, traumatic brain injury.
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Figure 3. Serum Tt protein levels in the mortality and survival cases in the
severe traumatic brain injury group. The mean serum t protein levels were
significantly higher in the mortality cases than in the survival cases (P<0.01).

the severe TBI group, the serum t protein levels increased
slightly between days 7 and 14 (Fig. 1). The mean serum
T protein levels on day 2 were 39.14+3.78 pg/ml in the mild
TBI group, 85.58+12.72 pg/ml in the moderate TBI group
and 351.02+73.80 pg/ml in the severe TBI group. Statistically
significant differences were found among the three groups
(P<0.05 at 12 h and P<0.0001 at days 2-14, after TBI). Data
regarding the mean serum T protein levels, patient numbers
and P-values are summarized in Table I.

100% - Specificity%

Figure 4. ROC curve showing the specificity and sensitivity of serum t pro-
tein levels on day 2 after TBI for (A) 1-year poor outcome (GOS-E, 1-4), and
(B) 1-year mortality (GOS-E, 1) in the severe TBI group. The AUC of the out-
come curve was 0.9781 (95% CI, 0.9472-1.009; P<0.0001), whereas the AUC
of the mortality rate curve was 0.9500 (95% CI, 0.8510-1.049; P<0.01). ROC,
receiver operating characteristic; TBI, traumatic brain injury; AUC, area under
the curve; GOS-E, Extended Glasgow Outcome Scale; CI, confidence interval.

Outcome and survival. Outcomes were assessed 1 year after
TBI using the GOS-E. In total, 40 patients were classified into
the good outcome group and 16 patients, including 2 cases in
the moderate TBI group and 14 cases in the severe TBI group,
were classified into the poor outcome group. Subsequently,
the mean serum t protein levels on day 2 post-TBI between
these groups were compared. The mean serum T protein
level was 341.43+29.29 pg/ml for the poor outcome group
and 72.85+8.99 pg/ml for the good outcome group. This
suggested that the t protein level was significantly higher in
the poor outcome group, as compared with the good outcome
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group (P<0.0001; Fig. 2). In total, 5 cases of mortality were
observed in the patient cohort of the present study: 1 patient
succumbed to the disease on day 3 after TBI, 2 patients
on day 6 and 2 patients within 6 months after discharge
from the hospital. Furthermore, all cases of mortality were
patients from the severe TBI group. A significantly higher
mean serum t protein level was observed in the mortality
cases (452.04+24.23 pg/ml), as compared with that of cases
that survived (309.06+£20.55 pg/ml) in the severe TBI group
(P<0.01; Fig. 3).

Sensitivity and specificity. Using ROC curve analysis, a sensi-
tivity of 93.75% and a specificity of 92.50% were detected for
a poor l-year outcome when the serum Tt protein levels were
>116.04 pg/ml on day 2 after TBI. The calculated AUC was
0.9781 [95% confidence interval (CI),0.9472-1.009; P<0.0001;
Fig. 4A]. Patients from the severe TBI group that succumbed
to the disease had a cut-off level of serum t protein level on
day 2 of >372.1 pg/ml, with a sensitivity of 100% and speci-
ficity of 83.33%, with a calculated AUC of 0.9500 (95% ClI,
0.8510-1.049; P<0.01; Fig. 4B).

Discussion

Previous studies have employed TBI animal models in which
damaged neurons enter a pathological cascade subsequent to
injury, including cytoskeletal changes resulting in the loss
of microtubule density (16,17). This TBI-induced loss of
microtubule density has been found to be associated with a
45% decrease in the levels of microtubule-associated proteins
in previous immunochemical studies (18,19). This suggests
that microtubule-associated proteins may serve as potential
biomarkers for TBI. Therefore, the present study investigated
the potential of using t protein as a biomarker of TBI.

T protein is a small phosphor protein detected in the
axonal compartments of neurons, which binds with microtu-
bules, promoting their stability and assembly (20,21). Human
brain t protein has six isoforms, with a molecular mass of
48-67 kDa, upon sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (22,23). Increased levels of CSF 1 protein are
a possible sign of axonal injury and have been reported in
Alzheimer's disease (24). While t protein can be measured in
the CSF of both healthy and pathological cases, its detection
in the serum of healthy individuals is difficult (8). However,
T protein becomes detectable following TBI, since the damage
to axons results in its release from CNS neurons (24). In the
clinical field, serum t protein has the advantage that it can be
measured by less invasive methods compared with those used
to measure CSF 1 protein (25). Numerous studies revealed that
T protein levels are higher in CSF in severe TBI patients, but
only a limited number of studies have investigated the serum
T protein levels (9,26-28). In addition, previous studies focused
only on severe TBI patients rather than on the full spectrum of
TBI patients, although it has been reported that serum t protein
levels increased even in mild TBI patients (19,29). Therefore,
the course of serum Tt protein levels subsequent to TBI has not
been extensively studied.

In the present study, the serum T protein levels in the full
spectrum of TBI patients (mild, moderate and severe cases)
were detected at different time points subsequent to TBI. The
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results showed that the serum t protein levels increased soon
after TBI. Approximately 2 days after the injury, the protein
levels reached a peak value, and then decreased gradually.
Between days 7 and 14, there was a slight increase in serum
T protein in the severe group. This increase may be due to
the increase of T protein phosphorylation, which was likely
caused by secondary cerebral ischemia damage post-trauma.
However, this should be verified in future studies. In addition,
the mean serum 7 protein levels were found to be significantly
higher in the severe TBI group, as compared with those in the
mild and moderate groups (severe group levels > moderate
group levels > mild group levels; P<0.05), which indicated that
the serum t protein levels may perfectly reflect the severity of
TBI.

Certain authors have shown that there is a positive corre-
lation between high CSF t protein levels and poor patient
outcome (8,30,31). In order to determine whether there was
also a positive correlation between serum Tt protein levels
and patient outcome, the present study compared the serum
T protein levels in the poor and good l-year outcome groups.
The study focused on the serum Tt protein levels on day 2
after TBI, since day 2 showed the most significant differences
among the three groups and thus was the most representative.
The results demonstrated that the mean serum t protein levels
on day 2 were significantly higher in the poor outcome group
compared with those in the good outcome group. An ROC
curve analysis evaluating the ability of serum t protein levels
to predict poor outcome showed an AUC value of 0.9781, with
a 93.75% sensitivity and 92.50% specificity when the T protein
level was >116.04 pg/ml on day 2 after TBI. Furthermore, the
current study detected a sensitivity of 100% and a specificity
of 83.33% for 1-year mortality when the serum T protein level
on day 2 was >372.1 pg/ml.

In conclusion, the study clearly showed the early dynamic
course of serum t protein levels following TBI. The mean
serum T protein levels were significantly higher in the severe
TBI group compared with those in the mild and moderate
group. In addition, a positive correlation was observed
between high serum t protein levels and poor outcome in TBI
patients. Therefore, the findings of the current study suggest
that serum t protein may serve as a potential biomarker
used to evaluate the severity and predict the outcome of TBI
patients.
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