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SOUHRN
Our present study was aimed to investigate time-profile kinetics of interleukins, vascular endothelial growth factor (VEGF) in acute inflammatory response follow-
ing traumatic brain injury, and the influence of activated microglial cells in patients who developed severe space occupying lesion (SOL) of secondary traumatic 
brain injury. Interleukins IL-6, monocyte chemo attractant protein (MCP-1), and VEGF had a significant different time-profile kinetics (p<0.05) in patient with, and 
without expansive traumatic brain contusions (SOL). The serum VEGF was significantly higher in trauma patients with uncomplicated brain contusions, and lower 
in patients with SOL. The patients with septic complications developed the sudden increase of TNF alpha and IL-8 within the first 72 hours. Our data suggested 
PSGL and CD68 immunopositivity of microglial cells in both focal and diffuse TBI, predominantly in perivascular space correlated with telolysosome formation in 
cytoplasma. Polymorphism of PAI-1, MTHFR, eNOS, VEGF, and Apo E genes in TBI were in patients with SOL were bound to show up leucocyte plugging in capillaries.

Keywords: traumatic brain injury – acute inflammatory response – microglial cells – interleukins – vascular endothelial growth factor – monocyte chemoat-
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Patomorfologie zánětlivé odpovědi na poranění mozku, hladiny interleukinů v krvi 
a genové polymorfismy

SUMMARY
Naše studie se zabývá kinetikou akutní zánětlivé reakce (interleukinů a vaskulárního endoteliálního růstového faktoru VEGF) po traumatu mozku ve vztahu 
k aktivaci mikrogliálních mozkových buněk u pacientů s expanzní kontuzí v rámci sekundárního traumatu mozku. Interleukin IL-6, monocyt chemoatrahující 
protein (MCP-1) a VEGF mají rozdílný časový nástup u skupin pacientů s rozvojem a bez rozvoje expanzní kontuze mozku (p<0.05). Hodnoty VEGF v krvi byly 
významně vyšší u pacientů s nekomplikovanou mozkovou kontuzí ve srovnání s nižšími hodnotami u pacientů s expanzní kontuzí mozku. Pacienti s rozvojem 
sepse měli výrazný vzestup koncentrací TNF alpha a interleukinu IL-8 v průběhu prvních 72 hodin. P-selektin glykoprotein ligand PSGL a CD68 imunopozitivní 
mikrogliové elementy byly detekovány u obou typů, ložiskových i difuzních poranění mozku, zejména v perivaskulárních prostorech a imunopozitivita ko-
relovala s nálezem telolysosomů v cytoplasmě mikroglie. Pozorovali jsme, že některé polymorfismy genů PAI-1, MTHFR, eNOS, VEGF a Apo E při genetickém 
vyšetření pacientů s traumatem mozku byly spojené s projevem ucpávání kapilár nahromaděnými leukocyty u případů expanzních kontuzí mozku.

Klíčová slova: poranění mozku – akutní zánětlivá reakce – mikroglie – interleukiny – vaskulární endoteliální růstový faktor – monocyt chemoatrahující pro-
tein-1 – genový polymorfismus
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Acute traumatic brain injury (TBI) is characterised by two in-
jury phases, primary and secondary caused by an interaction 
between ischaemic, inflammatory and cytotoxic processes. TBI 
triggers a  series of inflammatory reactions following traumat-
ic brain injury involving blood brain barrier (BBB) impairment, 
manifested by astroglial or endothelial failure. Cytokines and 
growth factor VEGF play a role in neuroinflammation, promot-
ing angiogenesis and vascular stability after traumatic brain in-
jury. Lenzlinger et al. (1) summarised brain damage following 
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traumatic injury as a  result of direct (immediate mechanical 
disruption of brain tissue, or primary injury) and indirect (sec-
ondary or delayed) mechanisms comprising the initiation of 
an acute inflammatory response, including breakdown of BBB, 
edema formation and swelling, infiltration of peripheral blood 
cells and activation of resident immunocompetent cells, release 
of numerous interleukins and chemotactic factors. Published 
data suggested that TBI is associated with disruption of the 
blood–brain barrier (2,3,4,5) and access of proinflammatory cells 
to brain parenchyma (6). TBI is associated with up-regulation of 
interleukin-1 (IL-1), interleukin-6 (IL-6), and tumor necrosis fac-
tor–α. Winter et al. (7) have reported that elevated levels of IL-6 
are associated with improved outcome 6 months after TBI. The 
increase of levels of IL-6 was significantly (p < 0.05) correlated 
with increasing volumes of brain lesion and was also significant-
ly associated with poor functional and neurological outcome 
(8). MCP-1 (monocyte chemoattractant protein-1) play a role for 
blood monocyte recruitment. Semple et al. (9) reported maxi-
mal levels of MCP-1 protein in the brain by 4 h post-injury. VEGF 
plays an important role in aspects of astroglial scar formation 
after TBI. Endogenous VEGF up regulation by astrocytes induces 
angiogenesis, and increases astrocyte proliferation (10). Grad et 
al. (11) reported significantly higher increases of serum VEGF in 
patients with uncomplicated healing, than patients who devel-
oped severe complications during the post-traumatic course, 
such as sepsis, adult respiratory distress syndrome or multiple 
organ failure (p < 0.05). Genetically determined individual dif-
ferences of polymorphism of gene APO E, Angiotensin-con-
verting enzyme, NO synthase, PAI-1 (plasminogen activator 
inhibitor), and MTHFR (methylenetetrahydrofolate reductase) 
are important factors of outcome after TBI and components of 
the response following neurotrauma leading to secondary TBI 
(12). The APOE gene is located on chromosome 19, and three 
major APOE alleles (ε2, ε3, and ε4) code for 3 Apo E isoforms. 
Apo E play a  role in lipid transport in the brain, and recovery 
after a brain injury. Apo E-ε4 is a risk factor for chronic traumatic 
encephalopathy (13), and worse functional and cognitive out-
comes after severe traumatic brain injury (14), and it may mod-
ify the type and severity of brain damage from a  severe trau-
matic brain injury (15). Angiotensin-converting enzyme (ACE) 
plays a central role in the regulation of blood pressure through 
the conversion of angiotensin I to angiotensin II. The ACE gene 
is located on chromosome 17, and insertion/deletion mutation 
in intron 16 may be associated with greater levels of circulating 
ACE (16). According to Ariza et al (17), there was the association 
with D allele with poorer outcome in a 73 patients with moder-
ate and severe TBI, the increased ACE activity associated with 
the D allele may be associated with the risk of vasospasm and 
cerebral blood flow impairment after TBI-related injury.

MATERIAL AND METHODS
 
Group of patients

The enrolled patients with traumatic brain injury (TBI, n=22) 
were divided into group I of space-occupying lesion (SOL) pa-
tients showing progressive expansive cortical contusion sub-
mitted to neurosurgery (n=8). In group I enrolled patients with 
multiple traumas there were 7 cases of predominant injury to 
the head, and one case with predominant injury of head and an-
other thoracic or abdominal organ. Patients submitted to neu-
rosurgery due to SOL were diagnosed with midline shifts more 
than 10 mm, mydriasis, and an intracranial pressure (ICP) ele-
vation more than 10 torr. Within the first 10 days of hospitalisa-
tion, 3 patients in group I died (GOS 1, poor outcome). Patients 

of group II without expansive process (non-space-occupying 
lesion, n=14) did not exhibited the CT scan signs of space-oc-
cupying lesion. In group II enrolled patients with multiple trau-
mas there were 9 cases of predominant injury to the head, and 5 
cases with predominant injury to another thoracic or abdominal 
organ. Within the first 10 days of the study there was none pa-
tients with outcome GOS 1 in the group II. 

Autopsies of DAI cases

Samples (n=7) from autopsy of patients with diagnose of dif-
fuse axonal injury (DAI) were obtained with agreement of De-
partment of Forensic Medicine. The patients with diffuse axonal 
injuries were diagnosed with signs of DAI using nuclear mag-
netic resonance (NMR) performed 2-3 weeks after injury. For-
malin-fixed brain autopsies of deceased DAI patients were cut 
coronally in a way as to make paraffin-embedded sections. 

Electron microscopy

Cortical biopsies were carried out in 8 patients with craniocere-
bral trauma submitted to surgery for expansive lesion (SOL). The 
tissue samples from the pericontusional zone on the border line 
of necrotic contusion tissue were fixed in 3% glutaraldehyde in 
cacodylate buffer and postfixed with 2% osmium tetroxide. After 
dehydration in alcohol series, the samples were embedded into 
Epon resin in accordance with standard procedure. The stained 
ultrathin sections were examined in Philips CM100 electron mi-
croscope (FEI, formerly Philips EO, the Netherlands) and selected 
areas were digitally recorded using MegaViewII slow-scan camera. 
The digital images were processed in Analysis 3.2 Pro software. 

Immunohistochemistry

Formalin-fixed cortical biopsies and also tissues obtained 
during autopsies of patients who died and patients submitted 
to neurosurgery were cut coronally in a way as to make paraf-
fin-embedded sections, which were labelled with anti-VEGF, 
anti-CD68, anti-beta amyloid precursor protein (beta-APP), and 
anti-P-selectin glycoprotein ligand antibodies (Chemicon). The 
colour was developed using a  chromogenic substrate di-ami-
no-benzidine (DAB). Positive tissues for immunohistochemistry 
were used as positive controls (ihcworld.com/_technical_tips/
positive_control_tissue_list.htm).

Biochemical investigation

Blood samples were collected each day for the first 3 days after 
admission to the hospital. Serum cytokines and growth factors 
concentrations were measured by the Evidence Investigator™ 
Biochip Array technology. The core technology is the Randox 
Biochip, a solid-state device containing an array of discrete test 
regions of immobilised specific antibodies. A sandwich chemilu-
minescent immunoassay is employed for the cytokine array. The 
specific antibodies are labelled with horseradish peroxidase (HRP) 
and the chemiluminescent signal is emitted and is detected using 
digital imaging technology. The Evidence Investigator™ Cytokine 
High-Sensitivity Array tests quantitatively for IL-1α, IL-1β, IL-2, IL-4, 
IL-6, IL-8, IL-10, VEGF, IFNγ, EGF, MCP-1 and TNFα simultaneously. 

Genetic investigation

Capillary electrophoresis: Genomic DNA was extracted from 
peripheral blood leukocytes using the commercial QIAamp DNA 
Blood Mini Kit (QIAGEN, Germany). Patients were genotyped for 
mutations in the Factor V Leiden (R506Q), Prothrombin (Faktor II 
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20210A) and MTHFR (C677T) gene using commercial Elucigene 
TRP-F kit and analysis by capillary electrophoresis. 

ARMS PCR: Genomic DNA was extracted from peripheral 
blood leukocytes using the commercial QIAamp DNA Blood 
Mini Kit (QIAGEN, Germany). DNA was mixed with ELUCIGENE 
TRP-F PCR amplification mix. The Elucigene kit uses ARMS™ al-
lele specific amplification technology to detect mutations in the 
human genes. Fluorescent analysis was performed using capil-
lary electrophoresis ABI 3131xl. Genotyping of the 4G/5G poly-
morphism in the PAl-1 promoter region was performed by PCR 
using the following oligonucleotides: 5´-CACAGAGAGAGTCTG-
GCCACGT-3´ (forvard); 5´-CCAACAGAGGACTCTTGGTCT-3´ (re-
verse). Genotyping of A1298C polymorphism in methylenetet-
rahydrofolate reductase gene was performed by PCR using the 
following oligonucleotides: 5´- ATGTGGGGGGAGGAGCTGAC-3´ 
(F); 5´-GTCTCCCAA CTTACCCTTCTCCC-3´ (R). Reactions were 
performed in volumes of 25 µL with 0.1 mol of each oligonu-
cleotide, 1 U of Taq DNA polymerase, 2 mmol of MgCl2 and 0.2 
mmol of each dNTP. (Fermentas, USA). Amplification products 
(20 µL) were subjected to digestion of the specific restriction 
enzyme BsI I  (Fermentas, USA) at 55°C (PAI-1) and MboII (Fer-
mentas, USA) at 37°C (MTHFR). The DNA fragments were sepa-
rated by electrophoresis in 3% agarose gels (Amresco, USA) for 
70 minutes and visualized using GelRed (Biotium, USA).

qRT-PCR: RNA was isolated from paraffin block using isolation 
kit RNeasy Mini Kit (QIAGEN), barrels method. Reverse transcrip-
tion (RT-PCR) carried kit RevertAid H Minus First Strend cDNA 
Synthesis Kit (Fermentas). cDNA was subsequently quantified 
for VEGF gene using absolute qRT-PCR using the kit, Real-Time 
PCR Using RT2 qPCR Primer Assays VEGF (QIAGEN) in Light Cy-
cler LC480 II (Roche). 

StripAssay: Genomic DNA was isolated using QIAamp DNA 
Mini Kit (QIAGEN), followed by amplification and hybridization 
of the strips using a kit CVD StripAssay A (Pentagen, VienaLab) 
was used robotic hybridisation Bee20 (BeeRobotics) and evalu-
ation performed Software (Pentagen). 

Informed consent

The ethics committee at each institution approved this study, 
and written informed consent was obtained from surviving pa-
tients. 

Statistical methods

Data were expressed as mean ± standard deviation (SD). Dif-
ferences in serum protein concentrations between groups were 
tested by the unpaired t-test with Welsh correction, and by 
Deming model of linear regression. Differences at p< 0.05 were 
considered statistically significant. 

RESULTS

The Biochemical kinetics of VEGF, IL-6, and MCP-1 in TBI

The Serum values of VEGF, IL-6, and MCP over first 3 days of sam-
pling are summarized in Table 1. In terms of all data of growth fac-
tor serum level ranging between 1 up to 3 day, the highest values 
of VEGF (303.0±55 vs. 155.4±33 ng/l, p<0.03) were found in group 
II as compared to group I  (SOL). The peak value of VEGF 1339.4 
ng/l was found in patient with diffuse axonal injury. The time-de-
pendent profile of serum VEGF revealed a significant increase in 
group II (138.1±38 vs. 358.8±95 ng/l, p<0.05) from 1st day up to 
2nd-3rd day. We found non-significant development of VEGF se-
rum values in group of SOL patients from 1st day up to 2nd-3rd 
day, although the relevant decrease of VEGF values was revealed 
in 2 patients who died. In terms of IL-6 and MCP-1 serum values, 
the significant increase of IL-6 values (133.5±42 vs. 359.2±85 ng/l, 
p<0.04) was found in group I  (SOL) from 1st day up to 2nd-3rd 
day. We found non-significant development of IL-6 serum values 
in group II of patients with non-space occupying brain contusions 
from 1st day up to 2nd-3rd day. In terms of comparison of IL-6 
values between group I  and II, there were significantly higher 
value of IL-6 in group I patient submitted to neurosurgery during 
the 48-72 hours (359.2±85 vs. 85.57±25 ng/l, p<0.05). We found 
non-significant development of MCP-1 serum values in group of 
SOL patients with non-space occupying brain contusions from 
1st day up to 2nd-3rd day. The significant decrease of MCP-1 val-
ues (853.3±155 vs. 334.5±83 ng/l, p<0.01) was found in group II 
from 1st day up to 2nd-3rd day. In terms of comparison of MCP-1 
values between group I and II, there were significantly higher val-
ue of MCP-1 in group I pacient submitted to neurosurgery during 
the first day (853.3±155 vs. 387.3±117 ng/l, p<0.05). With respect 

Biochemical markers IL-6 (ng/l) MCP-1 (ng/l) VEGF (ng/l)

1 day 2-3 day 1 day 2-3 day 1 day 2-3 day

With SOL 133.5
±42▲

359.2
±85▲□

387.3
±117□

449.4
±126

151.7
±52

135.6
±58

Without SOL 202.4
±73

85.5
±25□

853
±155▼□

334.5
±83▼

138.1
±38▲

358.8
±95▲

Table 1. Biochemical data of either group with respect to time-profile during 3 days after admission. Square (□) indicates differences between both groups of 
patients diagnosed as SOL, and without SOL (p < 0.05). Triangle (▲) indicates differences in one group of patients with respect to time-profile during 3 days 
after admission (p < 0.05). 

Table 2. Data of either group with respect to time-profile during 3 days after admission. Square indicates differences between both groups of patients diag-
nosed as SOL, and without SOL (p < 0.05). Triangle indicates differences in group of patients with respect to time-profile during 3 days after admission (p < 0.05).

Biochemical markers IL-2 (ng/l) IL-8 (ng/l) IL-10 (ng/l) TNF-α(ng/l)

1 day 2-3 day 1 day 2-3 day 1 day 2-3 day 1 day 2-3 day

With SOL 6.4
±2

7.9
±3

91.4
±51

103.3
±30

36.8
±24

2.1
±1

8.9
±2

15.6
±4

Without SOL 6.4
±2

4.8
±1

120.8
±55

46.4
±14

16.3
±8

10.1
±2

6.9
±1

15.4
±4
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Immunohistochemistry of P-selectin glycoprotein ligand, 
and CD68 in focal TBI

In our study we have been performing investigation of P-se-
lectin glycoprotein ligand (PSGL), and CD68 immunopositivity of 
microglial cells in samples of cortical biopsies of patients undergo-
ing neurosurgery due to SOL contusion. We identified attenuated 
leucocyte recruitment in SOL with component of contusions areas 
with predominantly capillary microhaemorhages rather than con-
tusions areas constituing from intraparenchymal haemorrhages. 
There were bigger immunoreactivity of CD68(+), and PSGL(+) 
immunopositive microglial cells. Scattered local immunoreactivi-
ty with anti-PSGL, and anti-CD68 has been detected in grey and 
white matter. CD68-related local immunoreactivity demonstrated 
fagocytic activity of microglial cells in injured patient with SOL. 
We proved strong CD68(+) immunopositivity of microglial cells 
surrounding capillaries in patients with SOL. We identified PSGL 
immunopositivity of perivascular ramified microglial cells (Fig. 1) 
in a case of 74 years old pedestrian knocked down during trafic ac-
cident who suffered brain contusions. In other case there were jux-
tavascular PSGL immunopositive microglial cells inside brain neu-
rophil demonstrating the ramification and branching of microglial 
projections in 51 year old women (Fig. 2) cycling over the railway 

Fig. 1. A case of 74 years old pedestrian knocked down during 
trafic accident who suffered brain contusions. MC – microglial 
cell. Arrowhead indicates PSGL immunopositivity of perivascular 
ramified MC (see in detail). 

Fig. 3. A 75 years old man falling down to the ground striking his 
head. VEGF immunopositivity was identified inside cytoplasm of 
neurons, astroglial cells, and in perivascular spaces. Perivascular 
and pericellular oedema was revealed in contusions area.

Fig. 2. A  51 years old women cycling over the railway crossing 
who was knocked down by a  lorry. Arrowhead indicates jux-
tavascular PSGL immunopositive microglial cells. Ramification 
and branching of microglial projections inside brain neurophil. 
MC – microglial cell. PSGL immunopositivity of MC (see in detail). 
Square indicates pericellular oedema.

of all data, there was a correlation between IL-6 and MCP-1 serum 
values (proved by Deming model of linear regression, p <0.05).

The Biochemical kinetics of IL-2, 8, 10, and TNF alpha in TBI

The serum values of IL-2, 8, 10, and TNF alpha during first 3 
days of sampling are summarized in Table 2. We found non-sig-
nificant development of IL-2, 8, 10, and TNF alpha serum values 
in group I of SOL patients from 1st day up to 2nd-3rd day, and 
non-significant development of IL-2, 8, 10, and TNF alpha serum 
values in group II without SOL. In terms of all data of IL-2, 8, 10, 
and TNF alpha serum level, there were none significant chang-
es of serum values in group I as compared to group II. Cases of 
higher values of TNF alpha: In a SOL cases of group I with con-
tusions areas constituting from significant intraparenchymal 
haemorrhages rather than component of capillary microhae-
morhages, and with bigger leucocyte recruitment and transmi-
gration, and lower immunoreactivity of CD68(+), and PSGL(+) 
positive microglial cells there were 3 cases of patients develop-
ing the sudden increase of TNF alpha and IL-8 within the first 72 
hours. The values of TNF alpha range from 5.10 ng/l up to 45.5 
ng/l, and the values of IL-8 alpha range from 26.3 up to 302.7 
ng/l within the first 72 hours. 

crossing who was knocked down by a lorry. She sustained a base 
skull fracture, and lost consciousness, GCS 3. There were SDH, 
midline shift by over 5 mm, SOL contusions in the left front and 
the left temporal lobes. She underwent neurosurgery due to SOL. 
The state of consciousness improved in one week up to GCS 15. 
In a SOL cases with contusions areas constituting predominantly 
from significant intraparenchymal haemorrhages there were big-
ger leucocyte recruitment and transmigration, and lower immu-
noreactivity of CD68(+), and PSGL(+) positive microglial cells. VEGF 
protein was expressed in astroglial cells in all patients with SOL. 

Immunohistochemistry of VEGF expression in focal and dif-
fuse TBI, and qantification of VEGFA expression

The immunohistochemistry demonstrated a  moderate label-
ling of anti-VEGF antibodies in astroglial and endothelial cells (Fig. 
3). However, in these patients, we identified low values of serum 
VEGF. The lowest values were proved in three patients with GOS 
1 (poor outcome): the man suffering a  fall from height; a  man 
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falling down to the ground striking his head; a woman knocked 
down by a lorry while cycling. VEGF immunopositivity was identi-
fied inside cytoplasma of neurons, astroglial cells, and in perivas-
cular spaces. Perivascular and pericellular oedema was revealed 
in contusions area. Patchy disperse immunopositivity of VEGFA 
have been identified in astroglial cells of patients diagnosed as 
DAI. The real-time polymerase chain reaction (qRT-PCR) for the 
quantification of VEGF-A  mRNA in brain tissues proved higher 
gene expression in patients with expansive contusions in com-
parison with patients diagnosed as DAI (Fig. 4). The highest gene 
expression of VEGF-A mRNA in plasma was identified in patients 
with expansive contusions (SOL).

Ultrastructural findings in focal TBI

Ultrastructural signs of early inflammatory response following 
TBI were studied by electron microscopy in patients submitted 
to neurosurgery due to SOL (expansive contusion). In the early 
stages (patients submitted to neurosurgery up to 24–48 hours 
after admission due to SOL with component of contusions ar-
eas characterised by predominant capillary microhaemorhages 
rather than contusions areas constituting from intraparenchymal 
haemorrhages) an ultrastructural investigation of perivascular 
microglial cells revealed digestion and breakdown of the foreign 
proteins. Perivascular microglial cells exhibited telolysosome with 
hydrophilic and hydrophobic component. There was correlation 
between numerous telolysosomes inside cytoplasma of cells and 
local immunoreaction with anti-CD68 antibody. Microglial cell 
had been activated, nucleus appeared to be indented, there were 
identified vacuoles, and telolysosomes in cytoplasma (Fig. 5). Ax-
onal swelling was accompanied by the formation of axolemmal 
blebs. Axons and myelin sheath were broken up into small frag-
ment. There were identified mitochondrial like vacuoles in axo-
plasma. In a SOL cases with contusions areas constituting from 
significant intraparenchymal haemorrhages there were bigger 
leucocyte recruitment and transmigration (Fig. 6). We observed 
neutrophil rolling and tethering on to endothelial cells, transmi-
gration into extravascular tissue, and signs of neuronophagia in 
which a dying neuron is surrounded by lymphocyte and neuro-
trophil cells. We observed extravasation of red blood cells passing 

through capillary lumen, and proteinaceous fibrillary material in 
oedematous tissue. There were revealed plugging of polymor-
phonuclear neutrophiles (Fig. 4C) and red blood cells in capillar-
ies. We found degranulation of neutrophils, and lysis of erythro-
cytes in contusion zone, and there were identified macrophages 
bearing dense lysosome like organelles, and forming vesicles. 
There were identified mitochondrial like vacuoles in swollen ax-
oplasma. Axonal swelling was accompanied by the formation of 
axolemmal blebs. Axons and myelin sheath were broken up into 
small fragment phagocytes by microglial cells. There were iden-
tified phagocytosis and lysis of red blood cells, degranulation of 
polymorphonuclears, formation of phagolysosomes, and in cyto-
plasm there were a  large granules, and rod–shaped granules in 
a 43 years old man who suffered TBI as a car driver.

Immunohistochemistry of P-selectin glycoprotein ligand, 
CD68, and beta-APP in diffuse TBI 

In patients diagnosed with DAI were not identified torn of 
stretch axons. There were proved wave-like and varicose axons 

Fig. 5. Microglial cells exhibited telolysosome with hydrophilic and 
hydrophobic component. Activated microglial cell, nucleus ap-
peared to be indented (arrowhead). Vacuoles, and telolysosomes 
in cytoplasm (square). Asterisk indicates nucleolus (see in detail).

Fig. 4. A: Panel A demonstrated the results of 
strip assay using a kit CVD StripAssay. B: Panel 
B demonstrated amplification plots of VEGF 
gene using the kit Assays VEGF in Light Cycler 
LC480 II. C: In patients with SOL was identified 
plugging of leucocytes in capillaries. Curved 
line 1 demonstrates standard sample, con-
centration of cDNA 1.00 μg/μl. Curved line 2 
demonstrates sample of contused brain tis-
sue, concentration of cDNA 7.84 μg/μl. Curved 
line 3 demonstrates sample of diffuse axonal 
injuried brain tissue, concentration of cDNA 
1.92 μg/μl.
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with granular beta-APP immunopositivity inside axoplasma (Fig. 
7). Many axons have been appeared swollen and formed a bulb 
like retraction ball. There were perivascular CD68(+) immunopos-
itive microglial cells, juxtavascular rod-like CD68(+) immunopos-
itive microglial cells, and ramified resting PSGL(+) immunoposi-
tive microglial cells in cortical and subcortical grey matter. Patchy 
disperse immunopositivity of VEGF have been identified in as-
troglial cells.

Polymorphism of PAI-1, MTHFR, eNOS, ACE, 
and Apo E genes in TBI

PAI-1 gene restriction fragment lenght polymorphism inves-
tigation of 4G/5G in the promoter region demonstrated in two 
patients the 5G/5G less transcriptionally active allele, and in one 
patient transcriptionally active 4G/5G allele. Genetic variation 
of DNA single nucleotide polymorphisms (SNP) of gene meth-
ylenetetrahydrofolate reductase revealed two of the most in-
vestigated polymorphisms C677T and A1298C in two patients. 
The 677T allele encoding a  thermolabile enzyme with reduced 

activity was identified in one patient, and 1298C allele was too 
identified in one patient. Presence of a T-786C mutation produc-
ing a significant reduction in the NOS3 gene promoter activity, in 
the endothelial NOS (Nitric Oxide Synthase) gene was proved in 
3 patients (fig. 4A). In terms of the polymorphism in exon 7 of the 
NOS3 gene, we detected the Glu298Asp polymorphism (G894T) 
in eNOS in 3 patients. We performed investigation of three major 
APOE alleles (ε2, ε3, and ε4) coding 3 Apo E isoforms. Strip assay 
investigation suggested the presence of the Apo E-ε4 allele in 3 
patients. We studied angiotensin converting enzyme polymor-
phism (the absence (deletion, D) or presence (insertion, I) of a 287 
base-pair DNA fragment inside intron 16). The one patient was 
diagnosed as DI heterozygotes, and two patients were diagnosed 
as I/I wild genotype. None patient in our group was diagnosed for 
mutations in the Factor V Leiden (R506Q), or Prothrombin (Factor 
II 20210A) by capillary electrophoresis.

DISCUSSION

The importance of infiltration and accumulation of polymor-
phonuclear leukocytes (PMNs) into brain parenchyma in TBI 
have been documented (18,19). Infiltration occured in the acute 
post-traumatic period reached a peak by 24 h post-injury. Zhuang 
et al. (20) have suggested a relationship between cortical PMN ac-
cumulation and secondary brain injury, including lowered cerebral 
blood flow (CBF), increased edema, and elevated ICP. Microthrom-
bosis in the cerebral microcirculation caused immediate post-trau-
matic decrease in peri-contusional blood flow (21). Contusions are 
commonly associated with hemodynamic changes including focal 
reductions in cerebral blood flow (22), and TBI is often associated 
with abnormalities in coagulation parameters (23). In our study we 
confirmed the importance of identification of accumulated poly-
morphonuclear leukocytes, and activated microglial cells in SOL, 
and the measurement of interleukin levels. Activated microglia 
have been characterised as being the predominant source of in-
terleukins (24). In terms of comparison of MCP-1 and IL-6 values 
between groups I and II inour study, there were significantly high-
er value of MCP-1 and IL-6 in group I patients submitted to neu-
rosurgery during the first day. According our previous references, 

Fig. 6. 43 years old man who suffered TBI as 
a  car driver. A,B: Extravasation of red blood 
cells (RC). Oedematous brain tissue. Phagocy-
tosis and lysis of red blood cells, and degranu-
lation of polymorphonuclears. Degranulation 
of neutrophiles. Lysis of erythrocytes in con-
tusion zone (arrowhead). C: Phagolysosomes, 
and in cytoplasma there were a large granules, 
and rod–shaped granules (asterisk). D: Signs 
of neuronophagia. Necrotic neuron surrounded 
by neurotrophil cells (square). 

Fig. 7. Wave-like and varicose axons (asterisk) with granular be-
ta-amyloid precursor protein (β-APP) immunopositivity inside ax-
oplasma. Axons have been appeared swollen and formed a bulb-
like retraction ball (arrowhead, see in detail). 
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the BBB breakdown, elevated ICP, and oedema were diagnosed in 
cases of SOL patients (4,5). The activation and proliferation of res-
ident glia were typical of inflammatory events in both focal and 
diffuse TBI. Our data suggested PSGL and CD68 immunopositivi-
ty of microglial cells in both focal and diffuse TBI (25). According 
a different study, the serum VEGF is significantly higher in trauma 
patients with uncomplicated healing (11). In our study, the highest 
values of VEGF (303.0±55 vs. 155.4±33 ng/l, p < 0.03) were found in 
group II (without SOL) as compared to group I (SOL). The time-de-
pendent profile of serum VEGF revealed a significant increase in 
group II (138.1±38 vs. 358.8±95 ng/l, p < 0.05) from 1st day up to 
2nd-3rd day. Grad et al. (11) suggested no significant correlation 
between the peak of serum VEGF and initial Injury Severity Score 
of mechanical injury. In the subgroup of trauma patients with 
uncomplicated healing the authors showed significantly higher 
increases of serum VEGF than the subgroup who developed se-
vere complications during the post-traumatic course, such as sep-
sis, adult respiratory distress syndrome or multiple organ failure 
(p < 0.05). In our study, there were 3 cases of group I with septic 
complications, who developed the sudden increase of TNF alpha 
and IL-8 within the first 72 hours. The values of TNF alpha ranged 
from 5.1 ng/l up to 45.5 ng/l, and the values of IL-8 alpha ranged 
from 26.3 up to 302.7 ng/l within the first 72 hours. We revealed 
the correlation of proinflammatory cytokines IL-6 and MCP-1 with 
space occupying lesion after primary TBI. We demonstrated the 
significant increase of IL-6 values (133.5±42 vs. 359.2±85 ng/l, p 
< 0.04) in group I (SOL) from 1st day up to 2nd-3rd day, and sig-
nificantly higher value of MCP-1 in group I patient submitted to 
neurosurgery during the first day (853.3±155 vs. 387.3±117 ng/l, 
p < 0.05). There was a correlation between IL-6 and MCP-1 serum 
values (proved by Deming model of linear regression, p <0.05). Ho 
L et al. (26) reported the correlation between blood concentration 
of MCP-1 and the severity of TBI and the index of compromised 
axonal fibre integrity in the frontal cortex. The increase of levels of 
cytokine IL-6 was significantly (p < 0.05) correlated with increas-
ing volumes of brain lesion and was significantly associated with 
poor functional and neurological outcome (8). In the retrospec-
tive study, Woiciechowsky et al. (27) demonstrated that severe 
brain injury (GCS score and mortality on day 7) was associated 
with high plasma levels of proinflammatory cytokines within 2 to 
6 hours after the acute event. Authors reported, that all patients 

who died or developed infectious complications within the first 
week showed plasma IL-6 levels more than 100 ng/l on day 1. In 
our study, we found concentration of IL-6 higher than 100 ng/l on 
day 1 in both groups SOL and without SOL. The genetic polymor-
phism of gene APO E, Angiotensin-converting enzyme, NO syn-
thase, PAI-1 (plasminogen activator inhibitor), and MTHFR in (TBI) 
may contribute to variability in outcome of TBI patients (12). In our 
study we confirmed PAI-1 gene restriction fragment length poly-
morphism in one patient with transcriptionally active 4G/5G al-
lele, DNA single nucleotide polymorphisms (SNP) of gene MTHFR 
C677T and A1298C in two patients, presence of a T-786C mutation 
in the NOS3 gene promoter (Nitric Oxide Synthase) in 3 patients, 
and the Glu298Asp polymorphism (G894T) in 3 patients, the pres-
ence of the Apo E-ε4 allele in 3 patients, and D/I polymorphism 
of a 287 base-pair DNA fragment inside intron 16 of angiotensin 
converting enzyme. All gene polymorphisms were detected in pa-
tients diagnosed as SOL, and electron microscopic investigation 
suggested plugging of polymorphonuclear leucocytes in capil-
laries. Gene polymorphism could worse endothelial dysfunction 
in thrombophilic mutation of gene PAI-1 and MTHFR. In patients 
with polymorphism of PAI-1, MTHFR, eNOS, and Apo E genes were 
identified plugging of leucocytes in capillaries.

CONCLUSION

Interleukins IL-6, MCP-1, and VEGF has a different time-profile 
kinetics in patient with, and without expansive traumatic brain 
contusions (SOL). The serum VEGF was significantly higher in 
trauma patients with uncomplicated brain contusions, and low-
er in patients with SOL, and in patients with SOL were higher 
expression of VEGFA mRNA. The patients with septic compli-
cations developed the sudden increase of TNF alpha and IL-8 
within the first 72 hours. Polymorphism of PAI-1, MTHFR, eNOS, 
and Apo E genes in TBI were in patients with SOL were bound to 
show up leucocyte plugging in capillaries. 
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RECENZE

NÁZORY A ÚVAHY SOUDNÍHO LÉKAŘE
MUDr. Oldřich Fryc

Na podzim r. 2013 vydala Ostravská univerzita v Ostravě, Lékařská fakulta, publikaci Prof. MUDr. 
Oldřicha Fryce: Názory a úvahy soudního lékaře. Jde o publikaci neprodejní, náklad: 200 výtisků, 
počet stran: 113 (s 19 tematickými kapitolami), ISBN 987-80-7464-265-4.  
Jak autor, dlouhodobě žijící a pracující ve Švýcarsku, v úvodu upozorňuje, nejde o učebnici. Jsou 
to zkušenosti, myšlenky, nápady a názory, které shromáždil a k nimž dospěl při výkonu svého 
povolání soudního lékaře. Předkládá poměrně velký počet kazuistik, neboť jsou velice poučné 
a potřebné k prohlubování znalostí v oboru. Zdůrazňuje, že texty nemají, nechtějí a ani nemo-
hou nahradit naše učitele.
Zvolené tematické kapitoly se zabývají významem a praktickou problematikou soudního lékař-
ství, jako forenzní medicínské specializace, nejen ve vztahu k provádění pitev, ale i vypracování 
znaleckých posudků (kapitoly Význam soudního lékařství; Pitva; Posudek; Zvláštní typy posudku). 
Názory a úvahy se týkají i vztahu soudního lékaře k jiným profesním i neprofesním subjektům 

(Spolupráce; Soudní lékař a policie; Soudní lékařství a patologie; Soudní lékař a pozůstalí) i sama k sobě (Vzdělávání; Incidenty, omyly, chy-
by; A priori; Kariéra).
Jde o publikaci potřebnou a zajímavou, nejen pro soudní lékaře na začátku své profesní kariéry, ale i na jejím konci, neboť učí systema-
ticky uvažovat. Být soudním lékařem znamená myslet ve schématu příčiny a následku. Ti starší samozřejmě srovnávají své a autorovy 
zkušenosti, neboť život soudního lékaře je určitou „honbou“ za novými zážitky. 
Vážím si duchovního pojetí názorů a úvah profesora Oldřicha Fryce (Nejistota; Mlčenlivost; Etika; Eutanazie a pomoc při sebevraždě), 
neboť svědomí a mravní ponaučení vybízí člověka k reflexi nad svým životem. Každý člověk by měl být k sobě přiměřeně kritický 
i tolerantní. V profesním životě soudního lékaře se vyskytují situace, které nemá právo zapomenout, ač by si přál, aby v zapomenutí 
upadly, neboť ztratit paměť je smutné.
Důležité je, být naladěn na čtení této poučné knihy, která patří do knihovny každého soudního lékaře, a uvědomit si, že nikdo neví 
všechno a člověk ani všechno vědět nemůže.                                                        

Miroslav Dvořák   


