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Background: The correlation between serum concentration of neuron specific enolase (NSE), S100B, and the prognosis of
patients with acute spinal cord injury (ASCI) remains controversial.
Material/Methods: Sixty patients with confirmed diagnosis of ASCI were recruited for this study from February 2015 to January
2017. The serum level of NSE and S100B were dynamically measured: on the day of injury and for 2 weeks.
The 60 cases were divided into Group A (1 or more than 1 ASIA grade improved at 6 months after the injury)
and Group B (ASIA grades changed <1 at 6 months after the injury). The serum level of the 2 groups were com-
pared at different time points. And the prognostic value of serum NSE and S100B as biomarkers in patients
with ASCI were calculated by Bayes theorem.

Results: The serum levels of NSE in Groups A and B on the 2" day of injury reached a peak at 66.80+13.76 g/L and
98.87+20.12 pg/L, respectively, and then declined gradually. On the 14" day of injury, the serum levels of NSE
in both groups were 21.23+8.45 and 39.32+16.31 pg/L, respectively, which were much lower than those on the
2" day (P<0.05). The serum levels of S100B in Groups A and B rose after the injury and reached a peak on the
4% day of injury. Then, the levels declined gradually to 1.14+0.64 and 1.97+0.98 pg/L, respectively, 2 weeks af-
ter the injury. Serum levels of NSE and S100B were good biomarkers for predicting the prognosis of ASCI pa-
tients with the sensitivity of 74.35% and 71.79%, the specificity of 71.43% and 66.67%. The cutoff value for
serum NSE and S100B were 29.07 pg/L and 1.67 pg/L respectively. The AUCs were 0.78 (95% Cl: 0.66—0.89)
and 0.76 (95% Cl: 0.63-0.89) respectively for serum NSE and S100B.

Conclusions: Serum levels of NSE and S100B protein can reflect the degree of spinal cord injury and could be potential bio-
markers for the prognosis of acute spinal cord injury.
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Material and Methods

Acute spinal cord injury (ASCI) is a serious disabling disease
that usually leads to sensory disturbance and paresis [1]. ASCI
patients often require lifelong care and rehabilitation treat-
ment, which becomes a great burden to the patients them-
selves, their family, and even society [2-4]. Epidemiological
data has shown that in the United States, 30 to 40 new cases
of ASCI emerge per million people every year and may reach
up to 60 cases in some areas [5].

China still lacks nationwide epidemiological data on ASCI in-
cidence. The number of ASCI patients is estimated to have
exceeded 1 000 000 and increase at a rate of 120 000 year-
ly [6,7]. For a long time, most scholars believed that ASCI pa-
tients do not recover or only have a small chance to recuper-
ate when the nerve cells show no sign of improvement at the
early period after ASCI. Clinically, the severity and prognostic
evaluation of ASCI mostly depends on computed tomography
(CT), magnetic resonance imaging (MRI), or other morphologic
imaging examinations, as well as the physical examination of
neurological functions. However, few studies have employed
objective serological indicators to evaluate the prognosis of
ASCI patients. Clinically, NSE and S100B proteins are usual-
ly used for assessing the severity and prognosis of brain inju-
ry [11-13]. Moreover, the correlation of ASCI patients’ serum
levels of NSE and S100B proteins with their prognosis and the
recovery of their neurological function has also been evalu-
ated according to the previously published studies [14,15].
However, the predicting performance as serum biomarkers
was not exactly the same.

Patients inclusion

Sixty ASCI patients were recruited in this study from February
2015 to January 2017 in the Department of Spine Center of
Tianjin Union Medicine Center. The inclusion criteria were:
1) age from 18 to 65; 2) admission time less than 24 hours
after spinal cord injury; 3) injury site included cervical spinal
cord, thoracic spinal cord, and lumbar spinal cord (Figure 1);
4) must have evidence of history of trauma; and 5) this work
has been complied with all the relevant national regulations,
institutional policies, and in accordance with the tenets of the
Helsinki Declaration, and was approved by the institutional re-
view board of Tianjin Union Medicine Center. Exclusion crite-
ria: 1) injury of the caudaequina or caudaequina root; 2) com-
bined injury of the brain demonstrated by cranial magnetic
resonance imaging; 3) concurrent infection in the injury site of
the spinal cord or other sites; 4) partially or completely disrupt-
ed ASCI; 5) pure spinal shock, spinal concussion, or other func-
tional impairment; and 6) other concurrent malignant tumors.

Severity injury evaluation and grouping

The International Standards for Neurological Classification
of Spinal Cord Injury (ISNCSCI) of American Spinal Injury
Association (ASIA) was used to classify the severity of patients’
functional injuries. The sensory score (SS) and motor score
(MS) based on the ASIA classification were adopted to quanti-
fy ASCI severity. Evaluation was conducted on the day the pa-
tients were admitted to the hospital and in the 6" month after
injury. The samples were divided into the following 2 groups
based on the patients’ feeling and motor recovery situation 6
months after the injury: well-recovered group (Group A: 1 or
more than 1 ASIA grade improved 6 months after the injury)

Figure 1. Magnetic resonance imaging of spinal cord injury: (A, B) cervical spinal cord injury (red arrow); (C, D) lumbar spinal cord

injury (yellow arrow).
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Table 1. The general characteristics of group A and group B.

Factors

Age (year) 40.6+11.2

Male 17 (80.9%)
C Female 4 (91%)
""""" Sampling time from injury () 36823
""""" ASIAsensationscore  1142:162
""""" ASAmotorscore  67.6£165
""""" murysie
 Cemvicalvertebra 6 (286%)
 Thoracicvertebra 5 (238%)

Lumbar vertebra 10 (47.6%)

Group A (n=21)
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Group B (n=39) X2/t P
42.6+13.4 0.58 0.56
0.33 0.56

3.4+£2.0 0.35 0.73
94.7+18.6 4.05 <0.001
50.2+17.4 3.80 <0.001
9 (23.1%) 0.27 0.88

19 (48.7%)

and modestly recovered group (Group B: ASIA grades slightly
changed (<1 ASIA) 6 months after the injury).

Peripheral blood collection

Peripheral venous blood (10 mL) was sampled from the pa-
tients definitively diagnosed with ASCI on the injured day and
on the 2nd, 4th gth gth 10t 12t and 14t day after injury. The
sampled blood was allowed to stand for 10 min at 25°C for
coagulation and then centrifuged at 3000 r/min for 20 min.
The supernatant was obtained and then kept in cold storage
at —80°C for further testing.

Serum NSE and S100B examination

Enzyme-linked immunosorbent assay was used to detect the
NSE and S100B proteins serum levels. The NSE kit used in this
study was purchased from Xiamen Huijia Biotechnology Co.,
Ltd., whereas the S100B kit was purchased from Shanghai
Xinran Industrial Co., Ltd. The NSE and S100B assays strictly
followed the instructional manuals. The sample of each case
obtained from each time point was measured twice, and the
mean value was calculated and used. The test was carried out
with the kits of the same batch and on the same instrument.

Statistical analysis

The data was calculated by SPSS 17.0 software (IBM, Armonk,
NY, USA). Measurement data was demonstrated by %+s.
Data from multiple time points were processed by analysis
of variance for repeated measurements. Prognosis predic-
tion sensitivity and specificity was calculated by the equation
of sensitivity=true positive/(true positive+ false negative),
specificity=true negative/(true negative+ false positive). The

cutoff value of serum NSE and S100B as biomarker for ASCI
patient prognosis were calculated according to the Youden’s
index. A 2-tail P<0.05 was considered statistically significant.

Results

The general character of ASCI patients

The general characteristics of the 2 groups are shown in
Table 1. There was no statistical difference between Group
A and Group B in the aspects of age, gender, and injury site
(P>0.05). However, the ASIA sensation and motor scores for the
Group A were much higher than those of Group B (P<0.001).

Serum NSE and S100B levels

The serum level of NSE and S100B were 26.69+8.21 pg/L,
1.52+0.60 pg/L for Group B and 39.24+12.47 pg/L for the
2.14+0.68 pg/L for Group A, respectively. The serum level of
NSE and S100B in Group B were significant higher than those
of Group A (P<0.05), (Figure 2).

Dynamic changes of serum NSE and S100B

The serum level of NSE in Groups A and B on the 2™ day of inju-
ry reached the peak at 66.80+13.76 g/L and 98.87+20.12 pg/L,
respectively, and then declined gradually. On the 1t day of injury,
the serum concentration of NSE in both groups were 21.23+8.45
and 39.32+16.31 pg/L, respectively, which were much lower than
those on the 2m day (P<0.05). The serum level of S100B in Groups
A and B rose after the injury reached the peak on the 4" day
of injury. Then, the levels declined gradually to 1.14+0.64 and
1.97+0.98 pg/L, respectively, 2 weeks after the injury (Figure 3).
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Figure 2. Scatter plot of serum level of NSE and S100B in the 2 groups.
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Figure 3. Dynamic changes of serum NSE and S100B in ASCI patients.

Table 2. The prognostic value of serum NSE and S100B.

Markers

Sensitivity (%) 74.35 57.87-86.96 71.79 55.13-85.00
””””” Specificity %) 7143 4782-8872 6667  43.03-8541
””””” Cutoffvalue (ug) 2907  NA 167  NA
””””” aC o718 066089 076 06308
" Llkelhoodrato 260 N 25 NA
Prognostic value of serum NSE and S100B Discussion

Serum level of NSE and S100B were good biomarkers for pre-
dicting the prognosis of ASCI patients with sensitivity of 74.35%
and 71.79%, the specificity of 71.43% and 66.67% respective-
ly (Table 2). The cutoff value for serum NSE and S100B were
29.07 pg/L and 1.67 pg/L respectively. The AUCs were 0.78
(95% Cl: 0.66-0.89) and 0.76 (95% Cl: 0.63-0.89) respective-
ly for serum NSE and S100B (Figure 4).

Neurological, imaging, and electrophysiological examinations
are commonly used to evaluate ASCI severity but fail to quanti-
fy the damage extent. Therefore, a quantitative index for ASCI
severity must be established to allow the objective evaluation
of ASCl severity and prognosis. NSE is mainly located in central
neurons but not in gliocytes or other nervous tissues; it is a
specific enzyme to the central neurons. By contrast, the S100
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Figure 4. The ROC curve of serum NSE and S100B as biomarkers for ASCI patient prognosis predication.

calcium binding protein (S100B) is mainly found in the glio-
cytes of the nervus centralis and is a specific protein in neuro-
gliocytes [16]. At present, NSE and S100B are usually adopted
for evaluating the conditions and prognosis of brain injury and
stroke patients in clinical studies. However, few studies have
explored their role in assessing ASCI severity in patients with
spine trauma. NSE and S100B are distributed variably in the
nervous centralis. Besides neurons, gliocytes and other nervous
tissues may be damaged during ASCI [17]. A previous animal
experiment [18] showed obvious increases in the serum levels
of NSE and S100B in ASCI rats. Furthermore, ASCI severity has
been correlated with the serum levels of NSE and S100B pro-
teins, indicating that the serum levels of these proteins could
be used as potential markers of ASCI severity, which is in ac-
cordance with the Marquardt et al. study [19]. Peng et al. dy-
namically monitored the serum level of NSE and S100B in 27
acute ASCI patients. They found that the serum levels of NSE
and S100B in the patients rose rapidly within a short time and
then declined gradually and reached the normal level around
the 10™ day of injury. The serum levels of NSE and S100B were
significantly higher in severe ASCI patients with improved neu-
rological function than in those with substantially recovered
neurological function. Pouw et al. [20] explored the expression
of NSE and S100B in 16 patients who suffered from acute tho-
racic ASCI. They found significant increases in the serum lev-
els of NSE and S100B in acute ASCI patients. Another study
evaluated S100B for individual prediction of functional out-
come in spinal epidural empyema and found that S100B was
a promising serum marker with prognostic significance in the
event of spinal cord compression resulting from epidural em-
pyema. The aforementioned published studies showed that se-
rum NSE and S100B were useful serological markers for pre-
dicting the prognosis of patients with ASCI [21].

Conclusions

In our present study, we included 60 patients with ASCI and
divided these patients into well-recovered and modest-recov-
ered groups. The serum NSE and S100B level were dynamit-
ic tested and applied as biomarkers for the evaluation of the
prognosis of patients with ASCI. We found that the serum lev-
els of NSE and S100B increased obviously early in acute ASCI
patients and declined gradually. This indicated that after inju-
ry, elevated NSE and S100B can be quickly detected in patients
with ASCI. We also found that the prognosis predicting perfor-
mance of serum NSE and S100B as biomarkers was good for
the evaluation of neurologic functional recovery with the sensi-
tivity of 74.35% for NSE and 71.79% for S100B, and specificity
of 71.43% for NSE and 66.67% for S100B. And the cutoff value
for serum NSE and S100B were 29.07 pg/L and 1.67 pg/L re-
spectively. The cutoff value indicates that patients with more
than the cutoff value for NSE and S100B had increased risk
of developing poor prognosis. The serum levels were low in
the well-recovered group but very high in the modest-recov-
ered group. Patient recovery was mainly associated with the
extent of ASCl damage at the time of injury. The serum lev-
els of NSE and S100B were successfully adopted as serologic
markers to evaluate acute ASCI, and high serum levels of NSE
and S100B indicated high ASCI severity.
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