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Abstract
Traumatic brain injury (TBI), due to its high mortality and morbidity, is an important research topic. Apoptosis plays a pathogenic role
in a series of neurological disorders, from neurodegenerative diseases to acute neurological lesions.
In this study, we analyzed the association between apoptosis and the Glasgow Outcome Scale (GOS), to examine the potential of

apoptosis as a biomarker for a TBI outcome. Patients with severe TBI were recruited at the Department of Neurosurgery, Wujin
Hospital Affiliated with Jiangsu University, between January 2018 and December 2019. As a control group, healthy subjects were
recruited. The concentrations of caspase-3, cytochrome c, sFas, and caspase-9 in the cerebrospinal fluid (CSF) were analyzed by
enzyme-linked immunosorbent assay (ELISA). The association between the GOS and the clinical variables age, sex, initial Glasgow
Coma Scale (GCS) score, intracranial pressure (ICP), cerebral perfusion pressure (CPP), initial computed tomography (CT) findings,
and apoptotic factors was determined using logistic regression. The area under the receiver operator characteristic (ROC) curve
(AUC), and thus the sensitivity and specificity of each risk factor, were obtained.
The levels of caspase-3, cytochrome c, sFas, and caspase-9 in the TBI group were significantly higher than those in the control

group (P< .05). The logistic regression results showed that ICP and caspase-3 were significant predictors of outcome at 6 months
post-TBI (P< .05). The AUC was 0.925 and 0.888 for ICP and caspase-3, respectively. However, the AUC for their combined
prediction was 0.978, with a specificity and sensitivity of 96.0% and 95.2%, respectively, showing that the combined prediction was
more reliable than that of the 2 separate factors.
We demonstrated that caspase-3, cytochrome C, sFas, and caspase-9 were significantly increased in the CSF of patients

following severe TBI. Furthermore, we found that ICP and caspase-3 weremore reliable for outcome prediction in combination, rather
than separately.

Abbreviations: AUC = area under the receiver operator characteristic curve, CPP = cerebral perfusion pressure, CSF =
cerebrospinal fluid, GOS = Glasgow outcome scale, ICP = intracranial pressure, ROC = receiver operator characteristic, TBI =
traumatic brain injury.

Keywords: apoptosis, cerebrospinal fluid, traumatic brain injury
Editor: Wen-Jun Tu.

This work was supported by the Changzhou Key R & D Program (CJ20180006),
Wujin Science and Technology Support Program (WS201815), Clinical Science
and Technology Foundation of Jiangsu University (JLY20180085).

The authors declare that they have no conflict of interest.

The datasets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.
a Department of Neurosurgery, Wujin Hospital Affiliated with Jiangsu University,
b Department of Neurosurgery, The Wujin Clinical College of Xuzhou Medical
University, Changzhou, Jiangsu, China.
∗
Correspondence: Dr Wei Jiang, Department of Neurosurgery, Wujin Hospital

Affiliated with Jiangsu University, Changzhou, Jiangsu 213017, China
(e-mail: jw7433150@163.com).

Copyright © 2020 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is
permissible to download, share, remix, transform, and buildup the work provided
it is properly cited. The work cannot be used commercially without permission
from the journal.

How to cite this article: Jiang W, Jin P, Wei W, Jiang W. Apoptosis in
cerebrospinal fluid as outcome predictors in severe traumatic brain injury: an
observational study. Medicine 2020;99:26(e20922).

Received: 29 February 2020 / Received in final form: 8 May 2020 / Accepted: 26
May 2020

http://dx.doi.org/10.1097/MD.0000000000020922

1

1. Introduction

Traumatic brain injury (TBI) is a hot topic among researchers
because of its high mortality and morbidity. Apoptosis has been
recently recognized as a relevant factor in this context, since it
may be important for secondary brain injury. Indeed, apoptosis
plays a pathogenic role in a series of neurological disorders, from
neurodegenerative diseases to acute neurological lesions.[1–3]

Apoptosis requires energy and protein synthesis; moreover, it is
morphologically characterized by condensation and fragmenta-
tion of heterochromatin, and by formation of apoptotic bodies.
Several studies showed neuronal apoptosis in patients with TBI,
as well as in post-mortem specimens and in vivo analyses.[2,4–6]

Apoptotic cell death after trauma is achieved through two
distinct caspase-dependent pathways, an intrinsic and an
extrinsic one. The intrinsic pathway is initiated by the release
of cytochrome c, which leads to the activation of a cascade of
caspases. In contrast, the extrinsic pathway is activated when Fas
ligand (FasL) binds to a death receptor, which also leads to
activation of caspases.[2,7,8] Although overexpression of cyto-
chrome c, FasL, and caspase-3 in brain tissue has been
demonstrated both experimentally and clinically, little is known
about the presence of such factors in the CSF of patients after
TBI.[6,9,10]
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In this study, we analyzed demographic and clinical injury
variables, and their impact on the presence of apoptotic elements in
the CSF of TBI patients, compared to a control group. The
associationbetween theGlasgowOutcomeScale (GOS)andseveral
clinical variables, including apoptotic factors, was determined
using a bivariate logistic regression model. Furthermore, we used
receiver operator characteristic (ROC) curves to examine the
potential of apoptosis as a biomarker for TBI outcome.
2. Methods

2.1. Subjects

Patients with severe TBI were recruited at the Department of
Neurosurgery, Wujin Hospital Affiliated with Jiangsu University,
between January 2018 andDecember 2019. A diagnosis of severe
TBI required a Glasgow Coma Scale (GCS) score �8 and a
positive cranial CT scan. The patients received medical treatment
according to the Guidelines for the Management of Severe
Traumatic Brain Injury, Fourth Edition (Neurosurgery. Septem-
ber 20, 2016). For all TBI subjects, the inclusion criteria were:
(1)
 patient age between 16 and 70 years,

(2)
 an external ventricular drain placed for intracranial pressure

monitoring, and

(3)
 signed consent from next of kin.
As a control group, healthy subjects were recruited. For control
subjects, the inclusion criteria were:
(1)
 patient age between 16 and 70 years,

(2)
 no current or pre-existing brain injuries, neurological

diseases, or bleeding disorders, and

(3)
 signed consent from the subject or next of kin.
Ultimately, 45 patients with severe TBI and 25 controls were
included. The study was approved by the ethical committee of the
Wujin Hospital Affiliated with Jiangsu University. Written
informed consent was obtained from each participant.
2.2. Demographic and clinical injury variables

The independent variables included sex, age, initial GCS,
intracranial pressure (ICP), cerebral perfusion pressure (CPP),
and initial computed tomography (CT) findings. The GCS was
taken within 8hours of injury, to limit the influence of alcohol,
sedatives, or paralytics. The level of brain injury was determined
according to the Marshall classification of traumatic brain injury
based on initial CT findings.
2.3. Outcome variables

The GOS scores were assigned to the TBI subjects 6 months after
injury. Accordingly, the patients were rated with “good
recovery” (5), “moderate disability” (4), “severe disability”
(3), “persistent vegetative state” (2), or “death” (1). In this study,
the GOS categories were then collapsed into 1/2/3 (unfavorable
outcome) vs 4/5 (favorable outcome) for analysis. The GOS is
frequently dichotomized this way to discriminate outcomes.

2.4. Samples

For the TBI group, CSF was collected under sterile conditions,
from the extra-ventricular drain apparatus, within 24hours after
trauma. The control subjects’ CSF was obtained from patients
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who had no intracranial or spinal pathology, and required spinal
anesthesia for other reasons. The samples were centrifuged at
3,000rpm for 10minutes to remove cellular materials, and then
stored at �80°C until analysis.
2.5. Measurement of apoptotic factors

The concentrations of caspase-3, cytochrome c, sFas, and
caspase-9 were analyzed by enzyme-linked immunosorbent
assays (ELISAs) using commercial kits. The optimal dilutions
were determined and ELISAs were performed according to the
manufacturer’s instructions. The following kits were used:
human caspase-3 ELISA kit (ab181418; Abcam, Cambridge,
MA, USA; detection threshold of 58pg/ml); human cytochrome c
ELISA kit (ab221832; Abcam, Cambridge, MA; detection
threshold of 1.1ng/ml); human sFas ELISA kit (ab119571;
Abcam, Cambridge, MA; detection threshold of 3pg/ml); and
human caspase-9 ELISA kit (ab119508; Abcam, Cambridge,
MA; detection threshold of 0.4ng/ml).
2.6. Statistical analyses

The measurement data are expressed as mean ± SD, and the
enumeration data as percentages. The differences between the
groups were statistically analyzed using the t test or the x2 test,
depending on the variables. The associations between the GOS
and the clinical variables age, sex, initial GCS score, ICP, CPP,
initial CT findings, and apoptotic factors were determined using a
bivariate logistic regression model. The analyses were performed
after having removed the outliers, and the area under the ROC
curve and 95% confidence interval (CI) were determined. The
sensitivity and specificity of each independent risk factor were
obtained for a range of different cut-off points. SPSS 17.0 (SPSS
Inc., Chicago, IL, USA) was used to perform the statistical
analyses. P< .05 was regarded as statistically significant.

3. Results

3.1. Clinical characteristics of TBI patients

Based on our inclusion criteria, 45 patients with severe TBI and
25 controls were analyzed. For the TBI group, there were 33
(73.3%) males with mean age 31.3±14.9 year and 12(26.7%)
females with mean age 33.6±13.1 years. For the control group,
there were 18(72.0%) males with mean age 29.8±16.7 year and
7(28.0%) females with mean age 31.2±11.6 years. There were
no significant age or sex differences between the 2 groups
(P> .05). The initial GCS score of the TBI group was 5.64±1.7,
which was significantly lower than that of the control group. The
ICP of the TBI group was 22.1±7.6 mmHg, which was
significantly higher than that of the control group (6.8±1.4
mmHg) (P< .05). On the other hand, there was no significant
difference in the CPP between the TBI (61.4±17.8 mmHg) and
the control group (59.8±9.2 mmHg) (P> .05). In the TBI group,
there were 12 (26.7%) patients with an unfavorable outcome and
33 (73.3%) with a favorable outcome. The initial CT findings of
the TBI group were II (11, 24.4%), III (14, 31.3%), IV (11,
24.4%), V (5, 11.1%), and VI (4, 8.9%) (Table 1).
3.2. Levels of apoptotic factors in the CSF

The CSF levels of caspase-3, cytochrome c, sFas, and caspase-9 in
the TBI groupwere 6.2±1.4ng/ml, 4.3±0.64ng/ml, 169.1±12.3



Table 1

Clinical summary of patients’ data.

Items TBI group (N=45) Control group (N=25) P

Age (yr) 32.7±15.0 30.1±13.0 >.05
Gender (male, %) 33 (73.3%) 18 (72.0%) >.05
Initial GCS 5.64±1.7 15 <.05
ICP (mmHg) 22.1±7.6 6.8±1.4 <.05
CPP (mmHg) 61.4±17.8 59.8±9.2 >.05
GOS (3 mo)
1/2/3 12 (26.7%) –

4/5 33 (73.3%) –

Initial CT findings
I 0 –

II 11 (24.4%) –

III 14 (31.1%) –

IV 11 (24.4%) –

V 5 (11.1%) –

VI 4 (8.9%) –

Table 3

Multivariate logistic regression result for GOS.

Variable B SE OR (95%CI) P

ICP �0.41 0.13 0.667 (0.515,0.865) .002
Caspase-3 �0.93 0.48 0.395 (0.153,1.02) .045

Table 4

ROC analysis results.

Items AUC P
Cut-off
point

Specificity
(%)

Sensitivity
(%)

ICP 0.925 <.001 23.5 92.0 85.0
Caspase-3 0.888 <.001 5.8 88.2 85.1
Combined marker 0.978 <.001 – 96.0 95.2

Jiang et al. Medicine (2020) 99:26 www.md-journal.com
ng/ml, and 1.4±0.44ng/ml, respectively. The CSF levels of
caspase-3, cytochrome c, sFas, and caspase-9 in the control group
were 2.3±0.53ng/ml, 1.2±0.06ng/ml, 15.3±3.0ng/ml, and 0.72
±0.18ng/ml, respectively. Hence, the levels of all the above
apoptotic factors were significantly higher in the TBI than in the
control group (P< .05) (Table 2).
3.3. Multivariate logistic regression

The above results showed that there was a significant difference
between the two groups in the initial GCS, ICP, initial CT
findings, and apoptotic factors. Consequently, we analyzed the
association between the GOS and the initial GCS score, ICP,
initial CT findings, and apoptosis, using a bivariate logistic
regression model. The results showed that ICP and caspase-3
were significant predictors of outcome at 6 months post-TBI
(P< .05) (Table 3). The initial GCS score, initial CT findings, and
other apoptotic factors did not significantly predict the GOS in
the multivariate model.
3.4. ICP and caspase-3 are promising TBI outcome
biomarkers

Next, we determined whether ICP and caspase-3 are reliable
biomarkers for TBI outcome. The area under the ROC curve
(AUC) for ICP was 0.925, whereas that for caspase-3 was 0.888,
which indicated that both ICP and caspase-3 are reliable
biomarkers for TBI outcome. We also sought to understand
whether ICP and caspase-3 in combination was better at
predicting TBI outcome than the two factors taken separately.
The AUC for the combined prediction was 0.978, with a
specificity and sensitivity of 96.0% and 95.2%, respectively,
Table 2

The caspase-3 and cytochrome C levels in control and TBI groups.

Items TBI group (N=45) Control group (N=25) P

Caspase-3 (ng/ml) 6.2±1.4 2.3±0.53 <.05
cytochrome C (ng/ml) 4.3±0.64 1.2±0.06 <.05
sFas (ng/ml) 169.1±12.3 15.3±3.0 <.05
Caspase-9 (ng/ml) 1.4±0.44 0.72±0.18 <.05
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showing that the combined prediction was even more reliable
than that of ICP or caspase-3 alone (Table 4, Fig. 1).

4. Discussion

We demonstrated that the levels of 4 key apoptotic molecules,
namely caspase-3, cytochrome c, sFas, and caspase-9, were
significantly increased in the CSF of patients following severe
TBI. The logistic regression results showed that ICP and caspase-3
were significant predictors of outcome 6 months after TBI.
Furthermore, we found that the combination of ICP and caspase-3
represented a better biomarker for TBI outcome than the two
separately.
There have only been a few reports investigating the intrathecal

release of sFas, caspase-9, or caspase-3 in patients with TBI
through serial CSF measurements.[6,9,11,12] Ertel et al and
Lenzlinger et al demonstrated a prolonged presence of sFas in
the CSF, for up to two weeks after head trauma.[13,14] Previous
studies had shown a significant correlation between sFas,
cytochrome c, and caspase-9 with ICP or CPP.[15–17] In our
work, the increased concentrations of caspase-3, cytochrome c,
sFas, and caspase-9 in the CSF of patients shortly after trauma led
Figure 1. The ROC curve of ICP, caspase-3. The area under the curve (AUC)
for ICP was 0.925, and caspase-3 was 0.888. The AUC for the combined
marker was 0.978, which showed that the combined marker was more reliable
than that separately.

http://www.md-journal.com


Jiang et al. Medicine (2020) 99:26 Medicine
us to speculate that the increasing ICP may correlate with the
levels of these apoptotic factors.
In this study, we found that caspase-3 was a significant predictor

of outcome in TBI patients except ICP. Hence, caspase-3 was the
only GOS predictor among the analyzed apoptotic factors.
Previous studies had shown that the CSF concentration of
caspase-3 significantly correlated with the ICP, indicating that
the CSF caspase-3 levels closely correlated with the extent of brain
damage. In addition, in some studies,western blot analysis revealed
that active caspase-3 expressionwas significantly increased starting
48hourspost-injury, andpersisteduntil the endofday5.[16,18] Both
intrinsic and extrinsic apoptotic pathways activate caspase-3 and
lead to cell death. Caspase-3 cleaves DNA fragmentation factor
subunit alpha (DFFA), alsoknownas Inhibitor of caspase-activated
DNase (ICAD), thus activating it and triggering DNA fragmenta-
tion during apoptosis. In ratmodels, the administration of caspase-
3 inhibitors reduced caspase-3 activity and apoptosis in brain
tissue. Thus, from a therapeutic perspective, the use of modulators
of apoptotic activity by caspase-3 inhibition could represent a new
treatment option for TBI.[19,20]

CSF sampling has been frequently used as a minimally invasive
method, and a readily available source, to draw conclusions on the
state of brain injuries and to obtain markers of predictive or
diagnostic value. Besides various cytokines indicating ongoing
inflammatory processes, increased concentrations of many
apoptotic factors have also been detected.[21–24] In our study,
we found that both ICP and caspase-3 are reliable biomarkers of
TBI outcome. Furthermore, the combination of the two is even
more reliable.

5. Conclusion

We demonstrated that the levels of caspase-3, cytochrome c, sFas,
and caspase-9 were significantly increased in the CSF of patients
following severe TBI. Furthermore, ICP and caspase-3 were
significant predictors of TBI outcome. Finally, the combination of
ICP and caspase-3 was more reliable, as a TBI outcome predictor,
than the two factors alone.
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