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Summary:
Introduction: Traumatic brain injury (TBI) triggers a series of reactions resulting in cytoskeletal-related changes varying between focal
and diffuse injuries. Methods: The patients (n=38) were divided into group of diffuse axonal injuries (DAI, n=10) and focal (n=28) in-
juries. Serum hyperphosphorylated neurofilaments (NF-H) and glial fibrillary acidic protein (GFAP) were measured by Biovendor im-
munoassay, and serum S-100B protein was measured by Cobas e411 (Roche) by immunoassay. Immunohistochemistry was performed
with monoclonal antibodies (Chemicon, USA). Results: The median serum S-100B concentration was higher in patients with focal mass
lesions (1.72±0.4 μg/l vs. 0.37±0.1 μg/l, p<0,05) compared to patients with DAI during 10 days of hospitalisation. With respect to all
patients, the highest peak of serum S-100B values (4.21±1.1 μg/l) and GFAP (8.58±2.4 μg/l) were found in expansive lesions. The me-
dian serum NF-H was higher in DAI compared to focal TBI (0.625±0.14 vs 0.139±0.02 ng/l, p<0.05) during all 10 days after admis-
sion. Further, immunohistochemical investigation, in deceased patients with DAI , using NF-H antibody proved positive varicose and wav-
ing axons, and retraction balls. Time-dependent profile of serum NF-H demonstrated the increase of values within 4th up to 10th day
in both groups. Values ranged from 0.263 up to 1.325 ng/l in DAI, and from 0.103 up to 1.108 ng/l in focal injuries. Patients with
expansive contusions had similar levels of serum NF-H as patients without expansive lesions. Immunohistochemistry of cytoskeletal pro-
teins presented strong positive staining of vinculin, vimentin in vessels, GFAP, and S-100B in DAI compared to weak staining in expan-
sive lesions. Conclusion: The time-profile kinetics of all markers may reflect different types of pathophysiological changes of the BBB or
axonal damage in focal and diffuse injuries.
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Imunohistochemické vy‰etfiení a hodnoty S-100B, gliálního fibrilárního kyselého proteinu a neurofilament v séru u poranûní mozku.

Souhrn:
Úvod: Poranûní mozku spou‰tí kaskádu dûjÛ, které mohou u loÏiskov˘ch a difuzních poranûní vést k rÛznému po‰kození cytoskeletu.
Metodika: Pacienti (n=38) byli rozdûleni do skupiny difuzních axonálních poranûní (DAI, n=10) a loÏiskov˘ch poranûní (n=28). Sérové
koncentrace fosforylovan˘ch neurofilament (NF-H) a gliálního fibrilárního kyselého proteinu (GFAP) byly mûfieny imunometodami fy.
Biovendor a sérov˘ S-100B protein pfiístrojem Cobas e411 (Roche). K imunohistochemické detekci proteinÛ ve tkáni byly pouÏity monok-
lonální protilátky (Chemicon, USA). V˘sledky: PrÛmûrné koncentrace S-100B v séru byly vy‰‰í u pacientÛ s loÏiskov˘m poranûním (1,72±0.4
μg/l vs. 0,37±0,1 μg/l, p<0,05) v porovnání s pacienty s DAI v prvních 10 dnech hospitalizace. Nejvy‰‰í hodnoty S-100B (4,21±1,1
μg/l) a GFAP (8,58±2,4 μg/l) byly prokázány u expanzních kontuzí mozku. PrÛmûrné koncentrace NF-H v séru byly vy‰‰í u pacientÛ
s DAI ve srovnání s loÏiskov˘m poranûním mozku (0,625±0,14 vs 0,139±0,02 ng/l, p<0,05) v prvních 10 dnech hospitalizace. Imuno-
histochemické vy‰etfiení, s pouÏitím protilátek proti NF-H, prokázalo zdufiení a zvlnûní axonÛ a retrakãní kuliãky u zemfiel˘ch s DAI.
U obou skupin se hodnoty NF-H v krvi zvy‰ují od 4 do 10 dne po poranûní. U DAI je rozmezí hodnot NF-H od 0,263 do 1,325 ng/l,
u loÏiskov˘ch poranûní mozku od 0,103 do 1,108 ng/l. Pacienti s expanzními kontuzemi mûli hodnoty NF-H v krvi srovnatelné s pa-
cienty bez expansní léze mozku. Imunohistochemické vy‰etfiení proteinÛ cytoskeletu ukazuje intenzivní pozitivitu vinkulinu, vimentinu ve
stûnû cév a GFAP a S-100B proteinu u DAI ve srovnání se slabou pozitivitou ve tkáni u expanzní léze mozku. Závûr: Zmûny hodnot
u v‰ech ukazatelÛ v ãase odráÏí rÛzné patofyziologické zmûny hematoencefalické bariéry a axonÛ u loÏiskov˘ch a difuzních poranûní
mozku.

Klíãová slova: pohmoÏdûní mozku – difuzní axonální poranûní – S-100B protein – GFAP – hyperphosphorylovaná neurofilamenta.
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The outcome of patients with traumatic brain injury (TBI) is sub-
stantially dependent upon the development of the secondary brain
injury. Secondary TBI is, in part, caused by blood brain barrier
(BBB) impairment, manifested by astroglial or endothelial failure.
Astroglial endfeet surrounding capillary lumen influence the tight-
ness, permeability, and trafficking function of the BBB (1,2). The
opening of BBB is caused by ischemia (3,4), by trauma (5,6), by
astroglial disorders (7,8,9,10), and by inflammatory response fol-
lowing injury (11).

Specific proteins released to the circulation after trauma can re-
flect the severity of TBI, and allowed to predict the outcome of pa-
tients follow-up 6 months (12,13). An calcium binding astroglial
protein S-100B is marker of TBI, and several studies established the
relevance of S-100B in blood as a marker of brain damage after
traumatic brain injury (13). Glial fibrillary acidic protein (GFAP)
is a structural glial protein with a higher molecular weight (52 kDa)
than protein S-100B (20 kDa) and the release of GFAP from brain
to the circulation may be different from S-100B (14). GFAP and
vimentin, an intermediate filament protein vimentin found by many
authors in pathology of the brain, who noted the role of vimentin
in the formation of glial scars (13), reflect reactive gliosis. The as-
trogliosis is accompanied by microglial activation, evaluated by
CD-68 staining (15), in the TBI. Microglia might support the onset
of astrogliosis, but might delay or reduce subsequent glial scar for-
mation (16).

In terms of clinical use, Pelinka (17) reported lower serum GFAP
concentrations in diffuse injury than in mass lesions, and higher for
Glasgow outcome scale (GOS) of 1 or 2 than for GOS of 3, 4
(p<0.05), or 5 (p<0.0005). After TBI, GFAP levels in blood were
found higher in nonsurvivors when compared to survivors, howev-
er after multiple trauma without TBI, GFAP remained normal (17).
S-100B was higher in non-survivors (p<0.0005) than survivors. S-
100B was lower in focal lesions of less than 25 ml volume than in
non-evacuated mass lesions (p<0.0005) and lower in swelling than
in midline shifts of more than 5 mm (p<0.005). Both GFAP and S-
100B were accurate for mortality prediction (18). S-100B cutoff val-
ue  between  2.0  and  2.5  μg/l  predicted  unfavorable  outcome
(19,20).

Onaya M investigated diffuse brain injuries (21), and whether
there was a widespread axonal disruption of cerebral white mat-
ter in patients with diffuse axonal injury (DAI). The experimental
DAI in animals revealed mild oedema, significant axonal injury, re-
active astrogliosis, and localized midline cerebellar hemorrhage
(22). Pittella proved in focal TBI axonal injuries in 89.5 % cases at
intensive care unit (23).

Immunoassay for measuring serum hyperphosphorylated neuro-
filaments (NF-H) can monitor axonal disruption in patients with DAI
(24), and the levels of serum proteins S-100B, GFAP and NF-H can
reflect BBB permeability (5,6,25). Kovesdi summarized the influ-
ence of clinical use of biomarkers NSE, S-100B, and GFAP (26).

In progressing expansive contussions the P-selectin facilitates teth-
ering of circulating leukocytes and did their migration into the con-
tusion tissues. The mechanism of upregulation of adhesion mole-
cules such as intercellular adhesion molecule (ICAM), E-selectin,
and P-selectin contributes to promotion of cell death (27) under
the hypoxic conditions.

Aim of the study was to analyze the ultrastructural and immuno-
histochemical BBB impairment and axonal damage in focal and dif-
fuse brain injuries related to monitoring of diffuse and focal brain
trauma by measuring of serum S-100B, NF-H, and GFAP concen-
trations.

SUBJECTS AND METHODS

Group of patients: The enrolled patients (n=38) were divided
into group of diffuse axonal (DAI, n=10) and focal (n=28) brain
injuries. The patients with diffuse axonal injuries were diagnosed
with signs of DAI using nuclear magnetic resonance (NMR) per-
formed 2–3 weeks after injury. All patients were also examined
by cranial computerized tomography (CT). The patients with focal
TBI were divided into two subgroups according to the following
CT-scan findings: (1) patients showing predominantly expansive
cortical contusions (n=12) submitted to neurosurgery; (2) patients
(n=16) without expansive process. The CT scan classification uti-
lizes the degree of midline shift in millimeters and presence or ab-
sence of intracerebral haematoma. Patients submitted to neuro-
surgery for expansive contusion were diagnosed with midline shifts
more than 10 mm, mydriasis, and an intracranial pressure (ICP) el-
evation more than 10 torr. 5 pacients with focal TBI died. Samples
(n=7) from autopsy of patients with diagnosies of DAI were ob-
tained with agreement of Department of Forensic Medicine.

Informed consent: The ethics committee at each institution ap-
proved this study, and written informed consent was obtained from
surviving patients.

Biochemical investigation: Blood samples were collected each
day for 10 days after admission to the hospital. Serum S-100B pro-
tein  concentrations  were  measured  on  immunoassay  analyzer
Roche  Cobas  e411  by  electrochemiluminescence  immunoassay
(Roche, Switzerland). The reference range of S-100B serum con-
centrations of healthy subjects is reported to be less than 0.12 μg/l.
GFAP was measured by Biotrak activity assay system (GE Health-
care, USA). Serum NF-H was measured by ELISA immunoassay
(Biovendor). Serum concentrations of NF-H in healthy subjects is re-
ported to be negative.

Electron microscopy: Cortical biopsies were carried out in 10 pa-
tients with craniocerebral trauma submitted to surgery for expan-
sive lesion. The tissue samples from the pericontusional zone on the
border line of necrotic contusion tissue were fixed in 3% glutaralde-
hyde in cacodylate buffer and postfixed with 2% osmium tetrox-
ide. After dehydration in alcohol series, the samples were embed-
ded into Epon resin in accordance with standard procedure. The
stained ultrathin sections were examined in Philips CM100 electron
microscope (FEI, formerly Philips EO, the Netherlands) and select-
ed areas were digitally recorded using MegaViewII slow-scan cam-
era. The digital images were processed in Analysis 3.2 Pro soft-
ware.

Immunohistochemistry: Formalin-fixed cortical biopsies and al-
so tissues obtained during autopsies of patients who died and pa-
tients submitted to neurosurgery were cut coronally in a way as to
make paraffin-embedded sections, which were labeled with anti-
GFAP, anti-vimentin, anti-NF-H, anti-vinculin, anti-S100, anti-VEGF,
anti-CD68,  and  anti-P-selectin  glycoprotein  ligand  antibodies
(Chemicon). The colour was developed using a chromogenic sub-
strate di-amino-benzidine (DAB).

Statistical methods: Differences in S-100B, GFAP, and NF-H con-
centrations between groups were tested by the unpaired t-test. Dif-
ferences at p<0.05 were considered statistically significant. ROC
test was based on the Mann-Whitney statistic according to DeLong
ER, 1988. Receiver operating characteristic curves (ROC) were ap-
plied for the analysis of predictive power of expansive progresive
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contusion. S-100B value was taken as endpoint for the predictive
analyses.

RESULTS

Biochemical results of S-100B, GFAP, and NF values in focal and
diffuse TBI

Serum values of S-100B, GFAP, and NF-H over 10 days of sam-
pling of 38 included patients in this study are summarized in Table
1. The cut-off levels for the proteins were clearly higher in focal mass
lesions than the reference value of healthy subjects (reference value
for S-100B 0.12 μg/l and for GFAP 0.49 μg/l reported by Vos et
al.). Table 1 shows the release patterns of the proteins under study
in patients with different cerebral trauma pathology according to the
time profile. For all patients, the peak value was found in expan-
sive cerebral contusions for S-100B and GFAP proteins, and the
highest value of NF-H was found in DAI and non-expansive contu-
sions. The decrease of S-100B and GFAP value is showed in both
groups. The median serum S-100B and GFAP concentrations were
higher in patients with focal mass lesions (1.72±0.4 vs. 0.37±0.1
μg/l for S-100B, p<0.05, and 4.21±1.1 vs. 0.49±0.3 μg/l for GFAP,
p<0.05) compared to patients with DAI. Similarly, patients with ex-
pansive contusions had higher concentrations of S-100B and GFAP
than did patients with non expansive contusions treated without neu-
rosurgery. The S-100B and GFAP levels increased in focal mass le-
sions during the first 3 days after admission, but during the 4th to
10th days after admission they decreased dramatically. ROC analy-
sis of S-100B protein and GFAP for expansive contusion revealed
that the cut-off value of S-100B >1.82 μg/l had sensitivity 93 % and
specificity 55 %, and the cut-off value of GFAP >3.24 μg/l had sen-
sitivity 58 % and specificity 83 % for expansive contusions. The me-
dian  serum  NF-H  was  higher  in  DAI  compared  to  focal  TBI
(0.625±0.14 vs. 0.139±0.02 ng/l, p<0.05) with respect to all data
collected within 10 days. We did not established any significant
differences between the groups of 1–3 and 4–10 day. The time-de-
pendent profile of serum NF-H revealed an increase from the 4th to
the 10th days in both groups. Values ranged from 0.263 ng/l up to
1.325 ng/l in DAI, and from 0.103 ng/l up to 1.108 ng/l in focal
brain injuries. Patients with expansive contusions, and non-expan-
sive contusions had similar levels of serum NF-H.

Ultrastructural findings of BBB in progressive expansive
contusions:

Ultrastructural changes of BBB were studied by electron microscopy
in patients submitted to neurosurgery due to expansive contusion, in
order to analyze whether focal lesions are associated with the brain
barrier failure. In the early stages (patients submitted to neurosurgery
up to 24–48 hours after admission) an ultrastructural investigation
of astroglial cells revealed the loss of proteins in their endfeet sur-
rounding the capillary wall. Cytotoxic oedema of astroglial cells was
formed, as well as swelling of astrocytic endfeet. The loss of fibril-
lary proteins was confirmed by immunohistochemistry. Glycogen-rich

and glycogen-depleted end-feet were observed and tight junction
were found to be disconnected (Fig.1) in patients without GCS im-
provement). The mean arterial blood flow of brain contusions tis-
sues kept supplied by oxygen (Fig.2) were monitored by transcra-
nial color-coded Doppler sonography (TCCD).

Ultrastructural changes of axons and synaptic clefts
in expansive contusions:

Axonal changes (Fig.3) in areas adjacent to expansive cortical con-
tusions appeared within 24–48 hours including the accumulation of
multivesicular bodies (Fig.4). Axonal changes and synaptic alterations
were demonstrated. The disappearing synaptic vesicules were ob-
served in synaptic clefts, and an increase in synaptic densities at the
postsynaptic membranes was proved. Neuroaxonal degenerations
of mitochondrial were monitored inside button-like enlargements.

Immunohistochemical changes of cytoskeletal proteins and S-100
in DAI and expansive contusions:

Immunohistochemical investigation proved the loss of immunopos-
itivity of cytoskeletal proteins (GFAP, vinculin and vimentin) in ex-
pansive cortical contusions in patients submitted to neurosurgery
within 24–48 hours in contrast to the local strong immunoreactivity
of anti-GFAP and anti-vimentin antibodies in astroglial cells in DAI
adjacent to the gliding contusions. GFAP (+) astrogliosis was found
in small non-expansive contusions of patients with DAI, and lower
immunoreactivity was also revealed in patients with focal lesions.
Immunopositivity of anti-S100 protein was particularly found in cas-
es of DAI compared to loss of immunopositivity of anti-S100 anti-
body in expansive contusions. Immunohistochemistry of white mat-
ter in DAI demonstrated the immunopositivity of anti-NF (Fig.5) in
both wave-like and varicose axons. Vinculin distribution as a junc-
tional molecule was particularly observed in DAI.

P-selectin glycoprotein ligand, CD68 expression and inflammatory
response in diffuse and focal TBI:

P-selectin glycoprotein ligand (PSGL) immunopositivity (Fig.6)
was proved in activated microglial cells in diffuse and focal TBI.
PSGL facilitates neurotrophils transmigration across the BBB. En-
dothelial cells displayed Weibel-Palade body (Fig.7) proved by elec-
tron microscopy. Ultrastructural investigation demonstrated tether-
ing and rolling of neutrophils in brain capillaries of patients with
expansive contusions. The process of neuronophagy of broken up
neurons by neutrophiles was proved in early stages (patients sub-
mitted to neurosurgery up to 24–48 hours after admission). CD68-
related local immunoreactivity demonstrated fagocytic activity of
microglial cells in patient with focal and diffuse injuries. We proved
strong CD68 immunopositivity of microglial cells surrounding cap-
illaries in patients with expansive contusions.

Hypoxic ultrastructural transformation of expansive contusions,
and the VEGF expression:

Focal ischaemic transformation of injured tissue (Fig.8) oc-
cured in areas with broken cytoskeletal proteins was proved by
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Markers DAI Focal mass lesion Expansive Non-expansive
contusions contusions

All data 1-3 day 4-10 day All 1-3 day 4-10 day 1-3 day 4-10 day 1-3 day 4-10 day
S-100B μg/l 0.37 ± 0.1 0.84 ± 0.4 0.13 ± 0,1 1.72 ± 0,4 2.43 ± 0.6 0.35 ± 0,2 4.21 ± 1,1 0.19 ± 0.1 0.92 ± 0.3 0.47 ± 0.3

GFAP μg/l 0.49 ± 0,3 0,93 ± 0,7 N.A.  4.21  ± 1,1 8.34 ± 1,9 1.12 ± 0.6 8.58 ± 2.4 0.73 ± 0.4 1.85 ± 0.6 N.A.

NF ng/l 0.625 ± 0.14 0.263 ± 0,2 0.607 ± 0,2 0.139 ± 0.02 0.102 ± 0.01 0.41 ± 0.1 0.121 ± 0.02 0.506 ± 0.2 0.061 ± 0.01 0.636 ± 0.2

Table 1. Data of diffuse and focal brain injuries with respect to the time-profiling (1–3 days, 4–10 days) during 10 days after admission to the hospital
(mean ±SD, μg/l for S-100B and GFAP, ng/l for NF). N.A. not available data. Time-profille kinetics of S-100B and GFAP showed a decrease in values
within 10 days, and an NF-H value increase from the 1st up to 10th day. The highest values of S-100B and GFAP were found in expansive contusions.
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Fig. 5. Immunoreactivity with anti-NF antibody was
demonstrated in the injured varicose and wave-like
axons (asterisk) and the forming of retraction ball
was revealed (arrowhead). Lesion in corpus callo-
sum, in patients with DAI, was haemorrhagic called
as gliding contusions (magnification 400x).

Fig. 4. Numerous enlarged wave-like axons (mag-
nification 15000x) were filled with accumulated mul-
tivesicular bodies (MVB see asterisk) and were crowd-
ed by vacuoles (arrowhead). Axoplasmic transport
was locally altered by injury, or hypoxia damaged
tissues related to vasospasms (see fig.2).

Fig. 6. Local immunopositivity with anti-P selectin
glycoprotein ligand (PSGL) antibody (arrowheads)
in cortex of patient with focal TBI (magnification
400x). Labeling with anti-PSGL revealed activated
microglial cells (see in detail).

Fig. 8. A case of knocked down pedestrian during
trafic  accident  who  suffered  brain  contusions,
haemocephalus, subdural haematoma, and skull
fractures. 3 days after neurosurgery patient devel-
oped the GCS improvement up to 13–15 points.
Photomicrograph (magnification 20000x) shows
a dilatation of rough endoplasmic reticulum (as-
terisk) closed nucleus, and mitochondrial bulging
(arrowhead). Cells had been rendered ischemic as
a consequence of vasospasms monitored by TCCD.

Fig. 7. Electron microscopy of the surgical speci-
men showed an endothelial cell bearing the spe-
cialized organelles called Weibel-Palade bodies
(arrowhead) exposed in patients with expansive
contusion (magnification 15000x). Cappilary lu-
men contained red cells (asterisk).

Fig. 9. Photomicrograph of the surgical specimen
shows a injured tissue of patient who suffered TBI
caused by falling downstairs in alcohol intoxica-
tion. Patient was submitted to neurosurgery due to
expansive contusion. Specimen was labelled with
anti-VEGF  antibody.  The  immunohistochemistry
demonstrated a moderate labelling of anti-VEGF
antibodies  in  astroglial  cells  (in  detail),  and
pericelular oedema was ascertained (magnifica-
tion 400x).

Fig. 2. Repeated vasospasm of cerebral arteries re-
fractery  to  calcium  chanel  blocator  drugs  was
proved by way of postoperative transcranial Dop-
pler sonography (TCCD).

Fig.1. 33 years old man suffered TBI as a car driver
who was brought to stop from high speed by strik-
ing of his head on the windscreen frame. After ad-
mission in the hospital GCS was 5 points, during 4
days he developed progresive expansive contusion
in frontal lobe, and was submitted to neurosurgery.
Photomicrograph of the surgical specimens shows a
tight junctions (asterisk) disconnection between en-
dothelial cells (see  zonulae occludens between en-
dothelial cells in detail (arrowhead). Changes of the
BBB appeared within 96 hours. BBB failure allowed
Red cells to pass through capillary into the surround-
ing stroma (magnification 20000x).

Fig. 3. Photomicrograph of the injured axon (The
same case as reported in Fig.1) shows a neuroax-
onal degenerations. Lesions in axon were evalu-
ated  by  electron  microscopy  (magnification
20000x) proving mitochondrial degenerations (as-
terisk) inside button-like enlargements with numer-
ous presynaptic vacuoles (arrowhead).

                                                  



immunohistochemistry. An early structural change in ischaemic
tissue was mitochondrial bulging, dilatation of endoplasmic retic-
ulum bearing ribosomes, and Golgi apparatus. We observed the
increase amount of telolysosomes wrapping round endoplasmic
reticulum. VEGF was expressed in patients with expansive con-
tusions (Fig.9). The immunohistochemistry demonstrated a strong
labelling of anti-VEGF antibodies in astroglial and endothelial
cells around contusions.

DISCUSSION

This study of 38 patients with severe traumatic brain injury demon-
strated the essential diference between focal and diffuse injuries. We
discussed the S-100B, GFAP blood values, and ROC characteristics
in focal and diffuse TBI. Immunohistological and ultrastructural changes
were correlated with some of clinical symptoms (such as uncounscious-
ness, or functional alterations such as the progressive perifocal oede-
ma in expansive contusions) in focal TBI. An increase in serum NF-H
in patients with focal TBI might be explained by axonal changes in ex-
pansive contusions. We established a relation between the releasing
of S-100B and GFAP into blood, and a loss of cytoskeletal proteins
in blood vessels. The alteration to the synaptic clefts can correlate with
a long term uncounsciousness or the venous vasoregulation disorders
(28). The connection between hypoxic transformation of contusion
tissue, and the finding of the highest values of S-100B and GFAP in
expansive contusions was discussed (29).

The highest values of S-100B and GFAP found in expansive
progressive cerebral contusions (see Tab.1) showed the associ-
ation between degree of the BBB failure demonstrated by im-
munohistochemistry and releasing of glial-related proteins. Some
authors (2,3) reported, that serum GFAP concentrations were
lower in diffuse injury than in mass lesions, and higher for Glas-
gow  outcome  scale  (GOS)  of  1  or  2  than  for  GOS  of  3,  4
(p<0.05), or 5 (p <0.0005). In our froup of enrolled patient the
cut-off value of S-100B higher than 1.82 μg/l had sensitivity of
93 % and specificity of 55 %, and the cut-off value of GFAP high-
er than 3.4 μg/l had sensitivity 58 % and specificity 83 % for the
development of progresive expansive contusions. We confirmed
higher S-100B and GFAP values in focal compared diffuse TBI,
as well as reported Pelinka LE, 2004 (17,18). Recently, the pas-
sage of S-100B from BBB was critically revised by Kleindienst et
al. In order to decrease the non-specifity of S-100B in neuro-
surgery trial, we recommended to use the combination of S-100B
(26, 30), NSE, GFAP, and NF-H in relation with immunohisto-
chemistry. We observed a relation between the releasing of S-
100B and GFAP into circulation, and a loss of cytoskeletal pro-
teins in blood vessels. The regional differences in anti-GFAP, an-
ti-vinculin, and anti-vimentin immunoreactivity could result from
the degree of the BBB impairment. In our study the immunohis-
tochemistry demonstrated the loss of GFAP and vimentin reac-
tivity of astroglial end-feet localised inside the cerebral contusion
areas. In contrast, GFAP and vimentin immunoreactivity were well
documented in small cerebral contusions of patients who died
due to diffuse axonal injury. Local immunoreactivity of vinculin
was higher in endothelial cells of DAI than in expansive contu-

sions as a junctional molecule (31). Vos et al. proved that serum
levels of S-100B and GFAP were higher in patients with hypox-
ia (3.2 vs. 1.8 μg/l for S100B, and 1.9 vs. 1.9 μg/l for GFAP)
and hypotension (3.1 vs. 1.9 μg/l for S100B, and 2.5 vs. 1.9
μg/l for GFAP) compared to other patients, but the differences
were not significant (29). With respect to enrolled patients in our
study, those patients with expansive contusion had higher levels
of S-100B and GFAP during the first 3 days (4.21±1.1 μg/l for
S100B, and 8.58±2.4 μg/l for GFAP).

Axonal injury was often occured in focal brain injuries, and in
our study, demonstrating time-dependent profile of serum NF-H,
there was suggested an increase of NF-H values from the 4th to
the 10th days in both groups. Observed axonal changes (wave-like
axons filled with accumulated multivesicular bodies and crowded
by vacuoles) in expansive contusions might also explain an increase
in serum NF-H in patients with focal TBI by way of hypoxia-relat-
ed neuroaxonal degeneration proved by electron microscopy in fo-
cal TBI (see Fig.3,4). Oehmichen M. described axonal injuries in
the brain in cases of non-traumatic death due to cerebral hypoxia
by way of beta-APP expression in secondary brain damage (32).
We confirmed hypoxic transformation of progresive expansive con-
tusions in cases where TCCD revealed vasospasms (see Fig.2) of
cerebral vessels (33).

The inflammatory response following TBI was demonstrated by
ultrastructural and immunohistochemical analyses in patients with
expansive contusions. In progressing expansive contusions the P-
selectin  facilitates  tethering  of  circulating  leukocytes  and  did
theirs migration into the contusions tissues (27) leading to dete-
rioration of pericontusional oedema under hypoxic conditions.
Weibel-Palade bodies, stored P-selectin (34), were demonstrat-
ed in endothelial cell in our surgical speciment. The hypoxia (doc-
umented in histological analysis and related to vasospasms) leads
to an increase in hypoxia induced factor HIF synthesis (35) pro-
moting VEGF production. VEGF increases the permeability of
BBB via the synthesis and release of NO (7), and plays a signif-
icant role in angiogenesis after brain injury (36). Our immuno-
histochemical study revealed a strong labelling of anti-VEGF an-
tibodies in astroglial and endothelial cells around progressive
expanssive contusions.

Based on the present results, we suppose that the kinetics of neu-
robiochemical markers may reflect different types of pathophysio-
logical changes of the BBB in focal and diffuse injury.

CONCLUSSION

The time-profile kinetics of neurobiochemical markers may re-
flect different types of pathophysiological changes of the BBB in
focal and diffuse injuries. Inflammatory response following injury,
hypoxic transformation of contusions, and cytoskeletal proteins dis-
sorders were observed in progresive expansive contusions by elec-
tron microscopy and immunohistochemistry.
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