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Caspase-3 activity is present in cerebrospinal fluid from patients with
traumatic brain injury
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Abstract

Loss of neurons after traumatic brain injury (TBI) might involve dysregulated apoptosis. Activation of caspase-3 is one hallmark of
apoptosis. Therefore, caspase-3 activity (cleavage of DEVD-afc) was measured in cerebrospinal fluid (CSF) samples (n = 113) from 27
patients with TBI at day 1 t0 14 after trauma. Caspase-3 activity was detected in 31 (27.4%) CSF samples with highest values (> 5.5
.M /min) seen at day 2—5 after trauma. No caspase-3 activity was found in serum from patients or CSF from controls. The presence of
activated caspase-3 in CSF suggests ongoing apoptotic processes during traumatic brain injury. © 2001 Elsevier Science B.V. All rights

reserved.
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Neuronal cell loss after traumatic brain injury (TBI) has
been formerly attributed to necrosis of neurons as a result
of secondary insults. More recent evidence from animal
models (Rink et al., 1995) and findings in human patient
tissues (Ng et al., 2000; Clark et al., 1999) point towards
an involvement of apoptosis in the mechanism of neuronal
destruction following TBI. Apoptosis in neurons, endothe-
lial cells, and astrocytes is triggered through the CD95
system (Leist and Nicotera, 1998). Because high concen-
trations of CD95-ligand were found in cerebrospinal fluid
(CSF) from patients with severe TBI (Ertel et al., 1997),
this points to the involvement of apoptotic processes re-
sponsible for brain damage following TBI.

A group of intracellular cysteine proteases, called cas-
pases has been shown to play a pivotal role in the regula-
tion and execution of apoptosis. Within this group, cas-
pase-3 is the main executioner protease and its activation
marks a point-of-no-return in the complicated cascade of
apoptosis induction. Thus, the presence of active caspase-3
is a good indicator of apoptosis. To date, it is unknown
whether active caspase-3 can be released from cells dying
by apoptosis into CSF following TBI.

Therefore, caspase-3 activity was examined in the CSF
of 27 patients with severe TBI. All patients were treated
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according to our standard protocol for TBI (Stocker et al.,
1995), which was approved by the University Hospital
Medical Ethics Board. Three patients (11.1%) succumbed
to death due to TBI. As a control, the CSF from seven
patients requiring spinal anesthesia for elective orthopedic
surgery (with normal CSF protein content and cell count)
were included in this study after written informed consent.
The control group was comparable to the trauma patients
with regard to age and gender (Table 1).

CSF drained from an indwelling ventricular catheter
was collected from all patients each day at 8§ am between
days 1 and 14 after trauma. However, in some patients, it
was not possible to obtain CSF on consecutive days due to
failure of the intraventricular catheter, collapsed ventricles
due to extensive brain edema or death of the patient. The
preflow (0,5 ml) was discarded and 1-2 ml of the sterile
CSF centrifuged (300 X g, 10 min, 4 °C) and then frozen
immediately at —80 °C until further processing.

Caspase-3 activity in the CSF was measured by a
fluorimetric assay based on the specific hydrolysis of
DEVD-7-amino-4-trifluromethylcoumarin (DEVD-afc, 60
wM) in substrate buffer (50 mM HEPES, pH 7.4, 1%
sucrose, 0.1% Chaps, 10 mM DDT, Thornberry, 1994).
Caspase-3 activity (WM afc /min) was determined by mea-
suring the increase of afc-fluorescence (excitation at 385
nm; fluorescence emission at 505 nm) over 30 min at 37
°C, and calculation of the afc formation /time based on an
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Table 1

Demographic data of patients and controls

Group n Age® Gender® Mortality AIS ISS GCS
Patients 27 36.1 +12.9 24/3 11.1% 48+04 292 +11.9 79 +42
Controls 7 41.6 £ 9.8 6/1 - - - -

AIS: abbreviated injury score (points), ISS: injury severity score (points). GCS: Glasgow coma scale (points).

*Mean age + SD.
®Gender is given as male /female.

afc standard curve. The specificity of the assay for cas-
pase-3 activity was confirmed by the block of fluorescence
increase when samples were re-measured in the presence
of the caspase inhibitors DEVD-CHO (1 wM) or zVAD-
fimk (5 wM). Recovery (105 + 10% at a mixture of sam-
ple:caspase-3 (300 wM /min) of 96:4) and sensitivity (>
0.5 wM/min) of the assay was regularly controlled by
addition of active recombinant human caspase-3 to control
CSF samples.

Caspase-3 activity was detected in 31 of 113 (27.4%)
CSF samples from 20 out of 27 patients (74.1%) with TBI
(Fig. 1). The highest levels of caspase-3 activity were
detected between day 2 (6.5 wM/min), day 4 (5.5
uM /min) and day 5 (6.3 wM/min) after trauma and
declined thereafter. In contrast to CSF from patients, cas-
pase-3 activity was undetectable in CSF from the seven
controls or in parallel serum samples from patients and
controls despite addition of DTT (10 mM) to the samples
which is known to reactivate caspases previously inacti-
vated by mild oxidants or nitric oxide (NO).

The data presented here show that caspase-3 activity is
present in CSF of patients with severe TBI, indicating the
involvement of apoptotic processes in the brain following
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Fig. 1. Caspase-3 activity in CSF from patients with severe traumatic
brain injury compared to controls. Sterile CSF was collected from
patients between day 1 and 14 after trauma and from controls and
immediately frozen until measurement of caspase-3 activity (WM /min).

TBI. Undetectable caspase-3 activity in the circulation
excludes secondary migration of caspase-3 through the
blood—brain barrier. The identification of the mode of
death in human TBI has been complicated by the fact that
only post mortem material can be used where the mecha-
nisms of death are difficult to study. Since the only form
of cell death associated with caspase-3 activation is apop-
tosis (Leist and Jaittela, 2001), the observation of in-
creased activity of this protease in CSF of patients adds
further evidence for the contribution of apoptosis to TBI.
Thus, our results refute arguments that caspase-3 detected
in post-mortem brain tissues from patients with TBI were a
post-mortem artifact (Love et al., 2000).

Sampling of CSF has been used frequently as a mini-
mally invasive method or readily available source to draw
conclusions on the state of injury to the brain, and to
obtain markers of predictive or diagnostic value. Besides
various cytokines indicating inflammatory processes, also
increased concentrations of the apoptosis-inducing CD95L
have been detected (Ertel et al., 1997). This finding is now
complemented by even closer evidence of ongoing apop-
totic processes indicated by the release of activated cas-
pase-3. It should be emphasized that our results do not
allow localization or identification of specific cells under-
going apoptosis in the injured brain or differentiation
between active involvement of caspase-3 and its release
due to cell death. Although preliminary, our study demon-
strates for the first time the presence of active caspase-3 in
CSF from patients with severe head injuries.
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