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OBSERVATIONAL STUDY

Neuron-Specific Enolase, ST00 Calcium-Binding Protein B,
and Heat Shock Protein 70 Levels in Patients
With Intracranial Hemorrhage
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Abstract: The authors evaluated neuron-specific enolase (NSE), S100
calcium-binding protein B (S100B), and heat shock protein 70 (HSP 70)
levels and their relationships with in-hospital mortality, Glasgow Coma
Scale (GCS) scores, and National Institute of Health Stroke Scale
(NIHSS) scores.

In total, 35 patients older than 18 years were presented to our
emergency department and were diagnosed with non-traumatic intra-
cranial hemorrhage (ICH) and 32 healthy controls were included. Blood
samples were drawn on days 0 and 5.

S100 calcium-binding protein B and HSP levels were significantly
higher in patients than in controls on days 0 and 5. Neuron-specific
enolase levels were higher in patients than in controls on day 0, but there
was no significant difference on day 5.

S100 calcium-binding protein B was negatively correlated with
GCS, whereas it was positively correlated with NIHSS and bleeding
volume. There was also a negative correlation between NSE and GCS,
but it was not statistically significant. In addition, no significant
correlation was found in terms of bleeding volume or NIHSS. Heat
shock protein 70 was negatively correlated with GCS and positively
correlated with bleeding volume and NIHSS, but these results were not
statistically significant. S100 calcium-binding protein B and HSP 70
levels were significantly higher in those who died compared with
survivors. The areas under the curve of S100 B, NSE, and HSP 70
for mortality were 0.635, 0.477, and 0.770, respectively.

Neuron-specific enolase, SI00B, and HSP 70 levels are simple,
inexpensive, and objective measures in cases of ICH. These tests can be
used to support an assessment for screening ICH patients with clinical
scoring systems, such as GCS and NIHSS.
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Abbreviations: AUCs = The areas under the curve, CK-BB =
Creatine kinase, brain type, CT = Computed tomography, GCS =
Glasgow Coma Scale, HSP 70 = Heat shock protein 70, ICH =
Intracranial hemorrhage, NIHSS = National Institute of Health
Stroke Scale, NSE = Neuron-specific enolase.

INTRODUCTION

In recent years, many investigations have been conducted
regarding predicting reversible and irreversible brain injury
after stroke. After a brain injury, identifying the extent of injury
and making an early determination of the patient’s prognosis are
major challenges for clinicians. No marker, however, has yet
been identified that definitely indicates the extent of brain
injury.! Neuroradiologic imaging techniques, such as ultra-
sound, magnetic resonance imaging, computed tomography
(CT), and positron emission tomography can help in identifying
the localization and volume of hemorrhagic and ischemic
stroke; in addition, they enable early treatment.” Investigators’,
however, attempt to discover markers specific to the brain to
make diagnoses and predict the prognoses of cerebrovascular
diseases, such as by daily repetition of imaging, are impractical.

Similar to troponin T or creatine kinase (CK)-MB, indi-
cating myocardial injury, several biochemical substances have
been evaluated to find a marker specific to brain injuries. To
date, aspartate aminotransferase, adenylate kinase, lactate
dehydrogenase, creatine kinase, and brain type (CK-BB), have
been evaluated as markers for brain injury,> but sufficient
specificity has not been achieved. In recent studies, neurobio-
chemical markers have shown marked improvement in their
ability to identify stroke patients with poor neurologic out-
comes. Neuron-specific enolase and S100B protein have been
proposed as specific neurobiochemical markers of brain injury
following stroke, head trauma, and cardiac surgery.

In this study, correlations between serum NSE, S100B, and
HSP70 levels and the extent of lesions, prognosis, early clinical
neurologic status, and mortality were investigated in patients
with intracranial hemorrhage (ICH).

MATERIALS AND METHODS

Patients and Controls

This study was approved by the Institutional Ethics Com-
mittee. In total, 35 patients older than 18 years (16 men,
19 women) who presented to the Emergency Department of
Firat University Medical School within 24hour after onset of a
nontraumatic ICH were included. Detailed histories and vital
signs were obtained from and neurologic examinations con-
ducted on all patients; GCS and NIHSS were calculated at the
emergency department. National Institute of Health Stroke
Scale scores of 16 to 21 were considered to indicate
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moderate-to-severe stroke, and those over 22 were considered to
indicate severe stroke.’ All patients underwent CT scans, and
the volume of the ICH was estimated. The CT slice with the
largest area of hemorrhage was identified. The largest diameter
(A) of the hemorrhage in this slice was measured. The largest
diameter 90° to A on the same slice was measured next (B).
Finally, the approximate number of 10-mm slices on which the
ICH was seen was determined (C). C was calculated by a
comparison of each CT slice with hemorrhage to the CT slice
with the largest hemorrhage on that scan.® Patients undergoing
intracranial procedures, those using anticoagulant agents, and
those with malignancy, uremia, liver cirrhosis, subarachnoid
hemorrhage, and trauma were excluded.

The patients were compared with 32 healthy individuals.
Similar to the patients, the inclusion criteria were age and sex.
The exclusion criteria were the same as for the patients.

Laboratory Evaluations

Blood samples (5 cc) were drawn from all patients via the
antecubital vein into gel and clot activator tubes on days 0 and 5.
Blood samples were also drawn from the 32 healthy controls in
the same manner. After waiting 10 to 15 min for coagulation,
samples were centrifuged (1000 rpm, 10 min) to obtain serum.
The serum obtained was divided into 2 microcentrifuge tubes
and stored at 70 °C until analyzed.

Serum NSE levels were determined using a Human NSE
ELISA kit (DiaMetra S.r.1,, cat. #: DKO073, Z.1. Paciana, Italy).
Serum S100B levels were determined using a Human S100B
ELISA kit (DiaMetra S.r.1., cat. #: DKO073), and serum HSP 70
levels were determined using a Human HSP 70 ELISA kit
(Adipo Bioscience, cat. #: SK00712-01, Santa Clara, CA)
according to the manufacturers’ protocols.

Statistical Analyses

All statistical analyses were performed using the SPSS
software (ver. 20.0 for Windows; SPSS, Inc., Chicago, IL).
Continuous data are presented as means =+ standard deviations
or medians (minimum—maximum), as appropriate. Before mak-
ing comparisons between groups, we checked whether the
data distribution was normal. A parametric test (independent-
samples #-test) was conducted on data with a normal distri-
bution, and the nonparametric Mann—Whitney U test was used
for non-normally distributed data. A one-way analysis of var-
iance was used for intergroup comparisons. Pearson correlation
test was used to analyze the relationships of the parameters
among groups. Different predictive models were compared by
receiver operating characteristic-area under curve (AUC) stat-
istics. Significance was set at P < 0.05.

RESULTS

In total, 67 subjects were included: 35 patients with a
diagnosis of ICH in the patient group and 32 healthy individuals
in the control group. Of the patients with hemorrhage, 16
(45.7%) were men and 19 (54.2%) were women. Of the con-
trols, 19 (59.3%) were men and 13 (40.6%) women. The mean
age was 60.54+12.28 years in the patient group and
58.03 £8.42 years in the control group. The mean time to
presentation was 2.71 £1.38 hour. Mean GCS and NIHSS
scores were 12.42+£3.36 and 11.54+1.90, respectively. On
CT scans, the mean bleeding volume was estimated as
25.34+£5.06. Of the patients, 29 (82.9%) were admitted to
the neurology and neurosurgery departments, whereas 6
(17.1%) were admitted to the intensive care unit. Of the
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35 patients, 9 (25.7%) died in the department where they
were admitted.

In the patient group, S100B, HSP70, and NSE levels
measured on days 0 and 5 were 0.13 +0.03 and 0.13 +0.04,
0.96+0.54 and 0.80+£0.54, and 31.66 4+ 13.43 and 26.56 +
11.77, respectively. S100 calcium-binding protein B, HSP70,
and NSE levels were 0.08+0.03, 04640.29, and
21.97 £ 11.13, respectively, in the control group. S100B and
HSP 70 levels on days 0 and 5 were significantly higher in the
patient group than in the control group (P <0.001), as were
NSE levels on day 0 (P < 0.01). Neuron-specific enolase levels
on day 5, however, were higher in the patients than in the
controls, but this difference was not statistically significant
(P> 0.05; Table 1).

S100 calcium-binding protein B levels in the patient group
on day 0 were negatively correlated with GCS values
(r=0.467; P<0.01) and positively correlated with bleeding
volume (r=0.564; P<0.001) and NIHSS scores (r=0.397,
P <0.05; Figure 1A-C). Heat shock protein 70 levels in the
patient group on day 0 were negatively correlated with GCS
values (r=0.152; P>0.05) and positively correlated with
bleeding volume (r=0.109; P >0.05) and NIHSS scores
(r=0.233; P> 0.05; Figure 2A-C), but these associations were
not statistically significant. Neuron-specific enolase levels in
the patient group on day 0 were negatively correlated with GCS
values (r=0.155; P > 0.05; Figure 2D), but this difference was
not statistically significant. No correlation, however, was
detected regarding bleeding volume and NIHSS. In the patient
group, a negative correlation was found between bleeding
volume and GCS values (r=0.659; P <0.001), whereas a
positive correlation between bleeding volume and NIHSS
was observed (r=0.558; P <0.001).

When the relationship between these parameters and
mortality was evaluated, it was seen that S100B and HSP 70
levels were significantly higher in patients with an outcome of
in-hospital mortality than in those who survived. In addition,
NSE levels were significantly lower in patients with an outcome
of in-hospital mortality than in those who survived, but this
difference was not statistically significant (Table 2). The AUCs
of S100 B and NSE were lower than that of HSP 70 for mortality
(AUCs for S100 B, NSE, and HSP 70 were 0.635, 0.477, and
0.770, respectively; Figure. 3).

DISCUSSION
We found that S100B, HSP 70, and NSE levels were
significantly higher in the patient than in the control group.
Moreover, S100B and HSP 70 levels were significantly higher
in patients with an outcome of in-hospital mortality than in
those who survived.

TABLE 1. Biochemical Parameters of Groups

Control Oth Day 5th Day
S100B (ug/L)  0.08+0.03  0.134+0.03" 0.13+£0.04™"
HSP70 (ng/mL) 0464029  096+0.72""  0.840.54
NSE (ng/mL) 2197+ 11.13 31.66+13.43"" 26.56+12.77

HSP 70 =heat shock protein 70, NSE =neuron-specific enolase,
S100B = S100 calcium-binding protein.
**P < 0.05; when compared with control group.
P <0.01; when compared with control group.
TP <0.001; when compared with control group.
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FIGURE 1. A, The correlation between Glasgow Coma Scale and ST00B in the patient group. B, The correlation between bleeding volume
and S100B in the patient group. C, The correlation between NIHSS and S100B in the patient group. S100B=S100 calcium-binding

protein.

S100 calcium-binding protein B is a calcium-binding
protein, which is primarily released from astrocytes.” It has
been proposed that S100B, which has 2 subunits (o and B
subunits), regulates several processes, such as intracellular
signaling, growth, cell structure, and energy metabolism.®
Recently, S100B has also been considered a neurotrophic
cytokine. S100 calcium-binding protein B protein was found
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to be related to glial proliferation, axonal growth, and Ca’t
hemostasis.’ It causes neuronal death via an inflammatory
pathway by increasing proinflammatory cytokines, such as
interleukin (IL)-1B, IL-6, and tumor necrosis factor (TNF)-«
and inflammatory stress-related enzymes, such as iNOS, and by
upregulating the nuclear factor-kB pathway.”* When compared
with CK-BB, lactate dehydrogenase, and NSE, S100B protein
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FIGURE 2. A, The correlation between Glasgow Coma Scale and HSP 70 in patient the group. B, The correlation between bleeding
volume and HSP 70 in patient the group. C, The correlation between National Institute of Health Stroke Scale and HSP 70 in patient
the group. D, The correlation between Glasgow Coma Scale and neuron-specific enolase in patient the group. HSP 70 =heat shock

protein 70.
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TABLE 2. Biochemical Parameters in Patients Who Did or Did
Not Survive

Patients
Patients Who
Who Died Survived P Value
S100B (png/L) 0.154+0.04 0.124+0.03 P <0.05
HSP70 (ng/mL) 1.65+0.71 0.83 +0.63 P<0.01
NSE (ng/mL) 3041 +11.28 32.1+14.28 P>0.05

HSP 70 =heat shock protein 70, NSE =neuron-specific enolase,
S100B =S100 calcium-binding protein.

shows higher specificity for brain tissue and is better at meeting
the requirements for being a serum marker of brain injury. Its
sensitivity is very high in terms of indicating cellular injury in
the brain after head trauma. For example, after minor trauma,
serum S100B levels are elevated, even in the presence of an
apparently normal CT scan. In many clinical trials, it has been
found that increased S100B is associated with the extent of
primary injury, the presence of secondary brain injury, and a
poor prognosis.'® $100 calcium-binding protein B is a bio-
marker that indicates the severity of brain injury after ICH and is
amarker of poor prognosis. In our study, we found S100B levels
on day 0 were negatively correlated with GCS values and
positively correlated with bleeding volume and NIHSS in the
patient group. Previous studies found that S100B levels were
significantly higher in patients with ICH than in controls.”"
When S100B elevation in the acute phase was compared with
other parameters predicting prognosis, a negative correlation
was found with GCS values, whereas there was a positive
correlation with bleeding volume.”!' No significant corre-
lations between S100B levels after da;/ 3 and GCS values or
bleeding volume, however, were found.” We think that S100B is
an important marker for predicting prognosis because of the
relationship between S100 and prognostic indicators, such as
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FIGURE 3. The areas under the receiver operating characteristic
curves for mortality and $100 calcium-binding protein B, neuron-
specific enolase, and heat shock protein 70 upon admission to the
emergency room.
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GCS, NIHSS, and bleeding volume in patients with ICH found
in our study and other reports and because of the significant
elevation in cases with an outcome of in-hospital mortality.

Neuron-specific enolase is a glycolytic enzyme '* and a
marker of acute neuronal injury,"> which is localized in the
cytoplasm of neuroendocrine cells and neurons. Its level in
cerebrospinal fluid increases in case of Alzheimer disease,
epileptic seizures, multiple sclerosis, head trauma, and stroke. 14
It was found that NSE is correlated with the severity of brain
injury and clinical status.'® Recent studies have supported the
suggestion that elevated NSE levels in both serum and cere-
brospinal fluid are a sensitive and quantitative marker for
parenchymal brain injury in cases of ICH, ischemic stroke,
and brain injury.'® In our patient group, a negative correlation
was found between NSE levels on day 0 and GCS values, but it
was not statistically significant. In addition, no correlation was
found regarding bleeding volume or NIHSS. A study conducted
by Yuan et al'” that evaluated NSE levels evaluated in patients
with acute ICH found that these levels were significantly higher
in patients than in controls, which is consistent with our
findings. In contrast, they also found a significant positive
correlation between NSE and intracranial volume, whereas
no such correlation was found in our study. This discrepancy
may be attributable to the differences in the numbers of cases in
the studies. Brea et al'® evaluated NSE and S100B levels in
patients with hemorrhagic or ischemic stroke. Similar to our
results, significantly elevated NSE and S100B levels were
detected at admission. It was shown that both parameters had
significantly positive correlations with NIHSS.

Heat shock proteins are found in the endoplasmic reticu-
lum, mitochondria, nucleus, and cytosol in low levels in
response to daily stress.'” Following thermal injury, apoptosis
is inhibited by the synthesis of HSP that aids in the recovery of
damaged cells by limiting injury.?® It is a major stress protein
that can be induced in pathologic conditions in the brain, such as
seizures and cerebral ischemia.! Also it stimulates TNF-o and
IL-8 secretion by binding CD91 receptors of macrophages and
monocytes. These proinflammatory cytokines are released into
circulation immediately after the onset of disease, which makes
these cytokines good markers of early outcomes at the onset of
disease.”*? It was found that increased HSP 70 production has a
neuroprotective effect in cell culture and stroke models.* In
stroke, protein accumulation occurs as a result of acidosis and
oxidative stress. Heat-shock proteins, such as HSP 70, recog-
nize toxic proteins increase stress, prevent the accumulation of
these proteins, and help correct the misfolding of proteins.>* In
our patient group, HSP 70 levels on day 0 were negatively
correlated with GCS values and positively correlated with
bleeding volume and NIHSS. These correlations, however,
were not statistically significant. Manaenko et al*> observed
that geldamycin reduced brain edema and inflammation by
increasing HSP levels in patients; thus, it accelerated the
recovery process. A study conducted by O’Sullivan et al®®
found that HSP levels were increased in patients receiving
diazoxide. Thus, it was found that diazoxide-reduced cerebral
ischemia and hemorrhagic shock by increasing HSP levels. In a
study by Matz et al>’ HSP 70 was detected in glial cells and
neurons surrounding the hematoma after drug-induced intracer-
ebral hemorrhage in rats. It was observed that HPS 70 increased
because of stress in the brain. In a study by Fang et al,** IL-18,
TNF-a, and HSP 70 levels were evaluated in patients with ICH,
and it was found that the earliest elevation in these 3 markers
was detected in HSP 70. Heat shock protein 70 mRNA
secretions began 4 hours after hemorrhage. Its’ levels were

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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found to be significantly higher in patients who did not survive
than in those who did. It was concluded that HSP 70 could be
considered as a marker for the severity of brain injury on the
first day after hemorrhage as well as a predictor of mortality in
patients with spontaneous ICH. In our study, HSP 70 levels
were significantly higher in patients with an outcome of
in-hospital death than in those who survived.

In conclusion, serum S100B, HSP 70, and NSE levels are
simple, inexpensive, and objective measures that can be used to
support the screening of ICH patients with clinical scoring
systems, such as GCS and NIHSS. They provide valuable
information for predicting the prognosis and identifying the
extent of injury, the treatment strategy, the differential diag-
nosis, and the therapeutic efficacy.
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