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Summary

Focal cerebral contusion can be dynamic and expansive. It has
been proved that subsequent expansive contusion is caused by
brain parenchyma damage, especially BBB damage. We
investigated a group of patients with traumatic brain injury. The
patients (n=18) were divided into group I (n=7) of patients
submitted to neurosurgery due to expansive contusion, and
group II (n=11) of patients without surgery. Serum
concentrations of NSE and S-100B protein were measured by
electrochemiluminescence immunoassay, interleukin-6 (IL-6) was
measured by chemiluminescent sequential immunometric assay
and matrix metalloproteinases (MMP-9, MMP-2) were measured
by immunoassays. Cortical biopsy specimens of brain were
investigated by electron microscopy in patients with trauma brain
injury submitted to neurosurgery. Biochemical investigation from
first day up to third day after traumatic brain injury proved
increased values of IL-6 (302.2+119.9 vs. 59.6+£11.9 ng/l,
p<0.02) and S-100B protein (3.064+1.064 vs. 0.649+0.182 pg/I,
p<0.05) in patients with expansive lesion compared to patients
without expansive contusion. Significantly higher levels of MMP-9
(150.4+£28.46 vs. 74.11£13.16 ng/l, p<0.05) and of MMP-2
(814.5+£126.3 vs. 523.1+25.28 ng/I, p<0.05) were found during
first 3 days after admission in group I compared to group II.
MMP-9 has also elevated in group II from lower values after
admission (74.11+13.16 ng/I) up to high levels on the 10th day
of hospitalization (225.1£49.35 ng/l). Ultrastructural investigation
of endothelial cells and surrounded tissue revealed perivascular
hemorrhage, increased pinocytic activity of endothelial cells, and

cytotoxic edema of astroglial cells. Multivesical bodies were
disclosed inside the endothelial cells. Higher levels of serum
protein S-100B and IL-6 correlated with ultrastructural changes
of endothelial cells, and with inflammatory response following
TBI, respectively.
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Introduction

Traumatic brain injury (TBI) is one of the major
causes of morbidity and mortality. Outcome for brain-
injured patients is determined by the type, severity, and
location of the injury. Focal brain injuries comprising such
as contusions, and diffuse injuries differ fundamentally
(Graham et al. 1988). Focal cerebral contusion can be
dynamic and expansive. Increasing intracranial pressure
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subsequent to uncontrollable swelling is the most frequent
cause of death in TBI patients (Ragaisis 2002). It has been
proved that subsequent expansive contusion is caused by
brain parenchyma damage, especially the blood-brain
barrier (BBB) damage (Baldwin et al. 1996, Adelson et al.
1998). Poor clinical management can bring the increase of
hypoperfusional (pericontusional) zone and leads to
expansion of contusion into normal brain. BBB failure
occurring in traumatic brain injury is caused in part by
activation of the proinflammatory factors (Holmin et al.
1995, 1998) and matrix metalloproteinases (such as MMP-
9). BBB protective cascades have recently been described,
including NO-mediated interleukin-6 (IL-6) released by
glia. Interleukin-6 has been shown to trigger production of
matrix metalloproteinase inhibitors (Cucullo et al. 2003).
Other markers, such as NSE and S-100B, released from
damaged tissue have been used to monitor the extent of
traumatic brain injury (Woertgen et al. 1997, 1999, 2002,
Herrmann et al. 2000, Kukacka et al. 2006, Naeimi et al.
2006, Sawauchi et al. 2005). As specific marker of blood-
brain barrier leakage rather than of neuronal damage was
hypothesized S-100B protein. Experimental data with
patients undergoing iatrogenic BBB disruption with
mannitol suggests that S-100B was an early marker of
BBB opening (Kapural er al. 2002). Ultrastructural
investigation of expansive contusions reveals perivascular
hemorrhage (Schalen et al. 1991), astrocytic swelling
(Castejon 1998), changes in the myelin, lysosome
abnormalities and lipofuscin content of nerve cells
(Castejon 2004), infiltration of the macrophages, and
apoptosis (Conti ef al. 1998).

Subject and Methods

Patients

Eighteen patients with traumatic brain injury were
investigated. The patients were divided into group I (n=7)
of patients submitted to neurosurgery, and group II of
patients (n=11) without surgery. All patients were
examined by cranial computerized tomography (CT). All
these patients were diagnosed as having suffered focal
brain injury according to the CT scan performed during
admission. Four patients in group II were diagnosed with
signs of diffuse axonal injury (DAI) according to NMR
injury. The CT
classification utilizes the degree of midline shift in

performed 2-3 weeks after scan

millimeters and presence or absence of intra- and
extracerebral hematoma according to the classification of

Marshall et al. (1992). In patients submitted to

neurosurgery due to expansive contusion, there were
diagnosed midline shifts greater than 10 mm and the
intracranial pressure (ICP) elevation above 10 mm Hg.

Informed agreement
The ethics
approved this study, and written informed consent was

committee at each institution

obtained from all patients.

Biochemical investigation

Blood samples were collected during 10 days
Serum NSE and S-100B protein
concentrations were measured on immunoassay analyzer
Roche
immunoassays (Roche, Switzerland). The range of NSE

after admission.

Elecsys 2010 by electrochemiluminescence
serum concentrations of healthy subjects is reported to be
below 15.2 pg/l and for S-100B protein below 0.12 ug/l.
IL-6 was measured on analyzer Immulite 1000 by
chemiluminescent sequential immunometric assay (DPC,
USA) and matrix metalloproteinases (MMP-9, MMP-2)
were measured by Biotrak activity assay system (GE
Healthcare, USA).

Electron microscopy

Cortical biopsies of 7 patients with craniocerebral
trauma submitted to surgery due to expansive lesion were
processed for electron microscopy in following way: The
tissue samples from pericontusional zone on the border line
m 3 %
glutaraldehyde in cacodylate buffer and postfixed with 2 %

of necrotic contusions tissue were fixed

osmium tetroxide. After dehydration in alcohol series, the
samples were embedded into Epon resin according to the
classical procedure. The stained ultrathin sections were
examined in Philips CM100 electron microscope (FEI,
formerly Philips EO, the Netherlands) and selected areas
were digitally recorded using MegaViewll slow-scan
camera. The digital images were processed in Analysis 3.2
Pro software.

Statistical methods

Differences in NSE, S-100B, MMP-9, MMP-2,
and IL-6 concentrations between groups were tested by
the unpaired t-test. A p<0.05 was considered as

statistically significant.

Results

Biochemical results
In order to analyze whether the type of brain
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Table 1. Data of either group with respect to time-profile during 10 days after admission.

Markers 1-3 day 1-3 day 4-6 day 4-6 day 7-10 day 7-10 day
group I group II group I group II group I group II
S100B (ug/l) 3.06£1.06" 0.6440.18" 0.71+0.29 0.59+0.36 0.23+0.03 0.15+0.07
NSE (ug/l) 42.59+7.60 37.57£6.92 17.94£2.89 29.63£7.58 27.75£0.04" 17.70£7.26"
MMP-9 (ng/l) 150.4+28.46" 74.11£13.16" 47.69+6.46" 183.9+49.05" 52.56+14.42"  225.1+49.35"
1L-6 (ng/l) 3022+119.9 59.60£11.93" 408.5+280.8" 51.94+12.27" N.A. 24.46+7.43
MMP-2 (ng/l) 814.5£126.3" 523.14£25.28" 570.8+36.33 680.4144.13 514.4x18.20 501.0+87.29

Asterisk indicates differences between both groups (p<0.05). N.A. (not available)

contusion was associated with different release of the
inflammatory and neurospecific markers, we divided
patients into two groups according to the expansive
behavior of contusion. We measured NSE, S-100B
proteins, MMP-9, MMP-2, and IL-6 in the blood of
patients submitted to neurosurgery due to expansive
lesion (Group I) and in patients with contusion without
expansive behavior (Group II). Table 1 shows the value
of proteins in both groups with regard to time-profile
after injury. A significant difference between both groups
was reached within the first 72 h.

The data indicate that all patients with contusion
head injury had higher value of S-100 B and NSE serum
concentration compared to the values of healthy controls
(cut-off value for S-100B 0.105 pg/l and for NSE
15.5 pg/l). With respect to all patients, the data showed a
longer release of both markers (S-100B, NSE) during
10 days after injury. Value of S-100B in group I of
patients with neurosurgery decreased significantly within
the first 6 days. In group II we observed only a slight
decrease of S-100B protein within the first 10 days.
Within the first three days after traumatic brain injury,
higher values of S-100B protein (3.064+1.064 vs.
0.649+0.182 pg/l, p<0.05) were proved in group I
compared to group II. No significant changes were found
in levels of NSE within the first 10 days in either group.

As concerns metaloproteinases, the biochemical
results confirmed significantly higher levels of MMP-9
(150.4+28.46 vs. 74.11£13.16 ng/l, p<0.05), and MMP-2
(814.5£126.3 vs. 523.1+£25.28 ng/l, p<0.05) in group I
compared to group II within the first 72 h after admission.
The value of MMP-9 increased dramaticaly in patients
without surgery, and value of MMP-9 ranged from
74.11£13.16 ng/l up to 225.1+49.35 ng/l during the first
10 days after admission. MMP-9 in patients undergoing
neurosurgery decreased significantly within the first

6 days. We revealed no significant decrease of MMP-2 in
patients submitted to neurosurgery within the first 6 days.
No significant difference was found in MMP-2 values
during 4-10 days in either group.

With respect to the proinflammatory factor I1L-6,
increased values of IL-6 (302.2+119.9 vs. 59.6+11.9 ng/l,
p<0.02) were proved in both groups within the first up to
third day after traumatic brain injury. Higher values of
IL-6 were found in group I (408.5£280.8 vs. 51.94+12.27
ng/l, p<0.05) compared to group II during the fourth up to
sixth day. We found no significant increase of IL-6 in
patients submitted to neurosurgery within the first 6 days.
Value of IL-6 increased in group I and decreased in group
II during 10 days after admission.

Morphological results

Ultrastructural changes of BBB were studied by
electron microscopy in patients submitted to
neurosurgery due to expansive contusion. In the early
stages (patients submitted to neurosurgery up to 24 h after
admission) an ultrastructural investigation of endothelial
cells and surrounding tissue revealed perivascular
hemorrhage. Parenchymatous hemorrhages were also
observed. The extracellular space appeared considerably
enlarged with the presence of proteinaceous
hematogenous edema fluid and fibrinous organization.
The capillary wall displayed increased vacuolar and
vesicular endothelial transport (Fig. 1). Pinocytic activity
of endothelial cells was increased. Longitudinal folds
were found on the endothelial surfaces BBB opening was
assessed by observation of extravasated proteins (fibrous
matter of fibrin). Basement membrane thickening was not
observed, and tight junctions were intact (Fig. 2).

Lysosome alterations and lipofuscin content of
capillary endothelial cells and pericytes were proved. The
limiting

lysosomes showed fragmentation of their
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Fig. 1. Increased pinocytic activity of endothelial cells (arrow)
and swelling of astrocytic perivascular processes (asterisk) were
observed. mt — mitochondrion inside the endothelial cell. Scale
bar: 1 pm.

Fig. 2. Tight-junctions of endothelial cells were intact (asterisk)
and early endosomal structures were formed (arrow). Scale bar:
0.2 pm.

membranes and an associated dense granulation.
Lipofucsin granules and multivesicular bodies (Fig. 3)
were also distinguished in endothelial cells and pericytes.
Cytotoxic edema of astroglial cells was formed, and
vacuolization and swollen astrocytic end-feet were
observed (Fig. 4). The neutrophil recruitment and
tethering on endothelial cells was found. The first stage
of neuronophagic reaction was observed. Inflammatory

response followed the ganglial cells necrosis.

Discussion

We focused on the pathological morphology of
endothelial cells in BBB maintenance of its integrity. We

Fig. 3. Multivesical bodies were observed inside endothelial cells
(arrow) and longitudinal folds and invaginations (asterisk) were
found on their surface. Scale bar: 0.5 pm.

Fig. 4. Cytotoxic edema of astroglial end-feet was formed
(asterisk). L — capillary lumen. Scale bar: 0.5 um.

analyzed excised tissue obtained from those patients who
underwent neurosurgery due to expansive contusion.
Similar changes of ultrastructural patterns, as described
here, have also been reported by Castejon (1998, 2004).
The role of pericytes in maintenance of BBB is still
unclear in details. BBB failure may also be monitored by
measuring proteins S-100B and IL-6 released from
perivascular astrocytes. According to the hypothesis of
Kapural et al. (2002) S-100B protein should be a specific
marker of BBB leakage. In our study we confirmed that
higher levels of serum protein S-100B correlated with the
changes in ultrastructure of blood brain barrier
(endothelial cells and astrocytes) in expansive contusions.
According to Holmin et al. (1995, 1998) BBB failure is
partly caused by activation of proinflammatory factors.
This activation may contribute to the progression of tissue
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damage and matrix destruction leading to BBB failure
after a traumatic brain injury. We confirmed that the
patients with expansive contusion had higher level of
IL-6 (1-3 days mean value 302.2 ng/l, and 4-6 days mean
value 408.5 ng/l) than the patients without neurosurgery.
These data monitoring the increase of IL-6 during the
first up to third day after admission correlated with the
conclusion of Holmin and Hojeberg (2004) proving
strong  expression of pro-inflammatory cytokine
interleukin (IL)-1-beta, and IL-6 in patients undergoing
surgery less than 24 h after the trauma. In the central
nervous system, matrix remodeling by MMPs plays a
major role in maintaining BBB integrity. The values of
MMP-9 were elevated in group of the patients without
neurosurgery and ranged from 74.11£13.16 ng/l up to
225.1449.35 ng/l during 10 days of hospitalization.
However, none of the signs of clinical response on BBB
damage preceded by elevation of MMP-9 were proved on
the CT scans. Our study documented that the higher value
of IL-6 corresponded with inflammatory response after
TBI, and higher value of S-100B protein correlated with
changes in ultrastructure of astroglial end-feet. In patients
without neurosurgery the values of MMPs were higher
for 4-10 days.

importance of surgery. The secondary TBI may impair

These findings might reflect the

the outcome of patient. We have demonstrated that the
decrease of MMP-9 and MMP-2 in group I can prevent
triggering of secondary TBI, especially the BBB leakage.
Increased value of IL-6 confirmed this hypothesis with
respect to the reports that IL-6 plays the role of BBB
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