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Abstract. Objective: Systemic inflammation subsequent to 
polytrauma is connected to neutrophil (PMN) dysregulation 
characterized by reduced NF-kB-translocation and cytokine 
expression. The dynamics of NF-kB-activation as well as its 
down-stream regulation of IL-8-expression in PMN follow-
ing major trauma remain unclear. The aim of this pilot study 
was to analyse NF-kB nuclear translocation in relation to IL-
8-mRNA-expression in PMN after major trauma.
Patients and methods: PMN were isolated from blood sam-
ples of 15 major trauma patients (New Injury Severity Score, 
NISS > 16) drawn within 90 min and subsequently 6, 12, 24, 
48, 72 h after trauma. NF-kB-translocation was analysed by 
Electrophoretic Mobility Shift Assay, EMSA and quantified 
by densitometry [arbitrary units], IL-8-mRNA-expression by 
RT-PCR, [copies/50 ng RNA]. Additionally, NF-kB-translo-
cation and IL-8-expression in PMN of healthy volunteers 
were analysed natively (-control) and after LPS stimulation 
(+control).
Results: NF-kB-translocation and IL-8-mRNA-expression 
was significantly increased in polytrauma patients (n=15; 
NISS: 34 ± 8 [mean ± SEM]) initially.  In non-survivors, NF-
kB-translocation was significantly increased on admission 
and subsequently reduced within 6 h, while it increased in 
the survivors group. After 24 h, a second significant increase 
in NF-kB-activity and IL-8-expression was found in survi-
vors that was subsequently reduced in both groups.
Conclusion: This pilot study has shown that a concomitant 
initial increase in transcriptional NF-kB-activity and IL-8 
mRNA expression was observed in the early posttraumatic 
period which preceded the down-regulation of the innate im-
mune system.
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Introduction 

Mortality after major trauma is associated with insufficiency 
of the innate immune system [36]. Early destabilisation of 
the innate immune system after trauma has been described  
as Systemic Inflammatory Response Syndrome, SIRS and  
can provoke a posttraumatic transition to Multiple Organ 
Dysfunction Syndrome, MODS which can be followed by 
complete decompensation of organ functions as Multiple 
Organ Failure, MOF [25]. In this context, the macrophage/
leukocyte-system was identified to play a pivotal role in the 
development of the early MODS [12, 23]. Patients suffering 
from blunt multiple injuries exhibit an increase of pro-
inflammatory mediators in the early posttraumatic phase  
[8, 11].

The synthesis and release of these inflammatory cy-
tokines and chemokines represent only the terminal step of 
inflammatory pathways and is regulated by nuclear factors 
such as NF-kB [17]. NF-kB is an inducible cytoplasmatic 
transcriptional factor which is enabled to translocate into 
the nucleus upon activation and bind to promoter regions of 
proinflammtory genes such as IL-1, IL-6, IL-8 and TNF-α. 
In contrast, in posttraumatic immunoparalysis, the capac-
ity of de novo cytokine release in immunocompetent cells 
as well as the amounts of circulating cells could be shown 
to be diminished after major trauma [25]. Within in vitro 
experiments, diminished apoptosis rate with constitutively 
increased I-kB phosphorylation could be demonstrated after 
traumatic challenge.

However, the role of NF-kB in PMN as well as its down-
stream regulation of IL-8 expression in major trauma patients 
remains unclear, so far. Therefore, the aim of this study was 
to investigate NF-kB nuclear translocation by electrophoret-
ic mobility shift assay, EMSA, and the mRNA expression 
of IL-8 by RT-PCR in PMN obtained from major trauma 
patients in the very early posttraumatic period as well as to 
correlate these results to systemic parameters and to clinical 
outcome after trauma.Correspondence to: J. C. Stegmaier
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Patients and methods

Patients

After approval by the local ethics committee [Munich, reference number 
012/00] this prospective pilot study was conducted at our university level 
I trauma center including major trauma patients suffering from multiple 
injuries according to a new injury severity score, (NISS), [4, 31] of at 
least 16 points. The major cause for blunt multiple injuries were high 
velocity traffic accidents as well as falls from a height. Signed informed 
consent was obtained from all patients or in case of unconsciousness 
from a legal representative. Excluding criteria was isolated traumatic 
brain injury, anamnestic malignancies and autoimmune dysfunctions. 
After initial resuscitation and subsequent surgical interventions patients 
were admitted to the intensive care unit.

Control group

In order to establish positive and negative controls, two blood samples 
each were taken from eight healthy volunteers. One sample was proc-
essed natively without stimulation as described below which served as 
negative control. As positive control, from the second blood sample 
PMN were separated after incubation with 10 µl of a 100 ng/ml lipopoly-
saccharide, LPS-solution (Sigma-Aldrich, Munich, Germany) for 2 h for 
inflammatory stimulation and NF-kB activation [34].

Blood sampling and PMN isolation

A total volume of 30 ml whole blood was drawn into ethylenediamine-
tetraacetic acid (EDTA) on admission within 90 minutes and 6 h, 12 h, 
24 h, 48 h and 72 h after the traumatic event. 42.5 ml red blood cell lysis 
buffer (155 mM NH4Cl, 10 mM KHCO3, 0.1 mM ETDA, pH 7.2) was 
added. After lysis time of 10 minutes the samples were centrifuged for 
10 minutes at 450xg at 20 °C. Two additional lysis steps were performed 
with the cell pellet using 5 ml lysis buffer to achieve quantitative lysis 
of the red blood cells. Thereafter, cells (1×108 in 80 µl) were incubated 
with 200 µl CD15 antibody coated micromagnetic beads (Miltenyi Bio-
tech, Auburn, CA, USA) for 15 min at 4 °C for magnetic cell sorting 
(MACS). After incubation the volume was adjusted to 15 ml using PBS/
EDTA buffer and cells were sedimented by a centrifugation step (450xg, 
10 min, 20 °C). The cell pellet was resuspended in 500 µl PBS/EDTA 
buffer and added to a high gradient magnetic separation column using 
the magnetic separator MiniMACS system (Miltenyi Biotech, Auburn, 
CA, USA). The column was washed three times with PBS/EDTA buffer. 
After removing the column from the magnetic field cell elution was per-
formed by addition of 1 ml PBS/EDTA buffer. To save patients material, 
the purity of the PMN preparation was controlled by Fluorescence Ac-
tivated Cell Sorting, FACS analysis of samples from three healthy con-
trols using anti-CD15 antibodies (Beckman Coulter EPICS.XL.MCL., 
Krefeld, Germany).

Nuclear protein extraction

Nuclear protein was extracted as described before [2]. Briefly, 0.5x 
108 PMN were lysed in ice-cold lysis buffer [10 mM HEPES, pH 7.9, 
10 mM KCl, 0.1 mM EDTA, 1 mM dithiothreitol, DTT, 1 mM phe-
nylmethylsulfonyl fluoride, PMSF and 1 % protease inhibitor cock-
tail which contains per ml the following ingredients: 500 µg antipain, 
500 µg aprotinin, 500 µg leupeptin, 50 µg pepstatin, 750 µg bestatin, 
400 µg phosphoramidone, and 500 µg trypsin inhibitor (ROCHE, Man-
nheim, Germany). The cell suspension was incubated on ice for 10 
minutes in order to induce PMN lysis, and centrifuged at 12000xg for 
5 minutes (4 °C). From the supernatant the cytosolic fraction was care-

fully extracted. Then the nuclear pellet was resuspended in ice cold 
lysis buffer (20 mM HEPES, pH 7.9, 0.4 M NaCl, 1 mM EDTA, 1 mM 
DTT, 1 mM PMSF and 1 % protease inhibitor cocktail, see above) and 
rocked vigorously for 20 minutes on a shaking platform. The nuclear 
protein fraction was isolated via centrifugation and total protein con-
centration was determined by Bradford assay (Coomassie Plus, Pierce, 
Rockford, IL, USA). 

Electrophoretic mobility shift assay (EMSA) 
Oligonucleotide labeling

The nuclear protein fraction was subjected to electrophoretic mobility 
shift assay, EMSA, as described before [16]. Briefly, oligonucleotides 
were end-labeled using a double-stranded consensus sequence of NF-
kB (sense: 5´-AGT TGA GGG GAC TTT CCC AGG C-3´, antisense: 
3`-TCA ACT CCC CTG AAA GGG TCC G-5´, Promega, Madison, WI, 
USA) in the presence of [g-32P]-ATP. The labeling reaction was cata-
lyzed by T4-polynucleotide kinase and incubated in 10x kinase buffer 
at 37 °C for 30 minutes. Nuclear extracts (0.8 µg each) were incubated 
in binding buffer (20 mM HEPES, 1 mM EDTA, glycerol 40 %, 2 mM 
DTT, 0,5 mM PMSF, 10 mM MgCl, 5 mM EDTA, pH 7 500 mM NaCl, 
100 mM TrisHCL, pH 7.5, poly(dI-dC), (ROCHE, Mannheim, Ger-
many) for 15 minutes at room temperature. Thereafter, the radiolabeled 
nucleotide was added (approx. 50,000 cpm), and the mixture was again 
incubated for 15 minutes at room temperature. EMSA was performed in 
a 5 % acrylamide gel in 50 mM Tris-45 mM boric acid-0.5 mM EDTA, 
pH 8.4. For specific competition, a 50 fold excess of unlabeled, ‘cold’ 
oligonucleotides was added, as nonspecific competitor SP1 (sense: 5’-
ATT CGA TGC GGG CGG GGC GAG C-3’, antisense: 3’ –TAA GCT 
AGC CCC GCC CCG CTC G-5’, Promega Madison, WI, USA) was 
used. For supershift experiments, each sample was incubated with anti-
p50 antibody (Santa Cruz, CA, USA). EMSA was performed for 2 h 
with 100V using 5 % polyacrylamid gels in 0.5 % TBE, [9] (Tris base, 
boric acid, EDTA), buffer. Gels were dried and exposed to X-ray film 
(Kodak BioMax MR) for up to 3 days at –80 °C to avoid artifacts. After 
development of the autoradiographs the intensity of the blackening ac-
cording to radioactive labeled NF-kB-DNA complexes was quantified 
by densitometry.

RNA preparation

IL-8 mRNA expression was analysed by quantitative RT-PCR as de-
scribed before [22]. Total RNA preparation from lysed PMN was per-
formed using RNeasy midi kit according to the suppliers instructions. 
Nucleic acids were digested by DNase (RNase-Free DNase Set; Qia-
gen). Concentration of isolated RNA was determined by spectophotom-
etry (260nm; Biophotometer, Eppendorf, Hamburg, Germany). Extract-
ed RNA from all samples was stored at –80 °C. 

An aliquot of 8.2 µl standardized to 1 µg of RNA was reverse tran-
scribed using avian myeloblastosis virus-reverse transcriptase (RT) and 
oligo(dT) as primer (First Strand cDNA synthesis kit; Roche, Mannhe-
im, Germany). The obtained cDNA was diluted 1/25 with water and 
10 µl were used for amplification. The quantitative analysis of target 
gene expression was performed on a LightCycler by real time-PCR us-
ing the LightCycler FastStart DNA SYBR Green I kit (Roche, Man-
nheim, Germany) according to the instructions of the supplier. RT-PCR 
was performed by denaturation and polymerase activation (95 °C, 
10 min), amplification of RT-PCR products in a 45 cycle one-step PCR 
including denaturation (95 °C,10 sec)/annealing (68°–58 °C, –0.5 °C/cy-
cle)/extension (72 °C, 16 sec) for each cycle. The results of negative con-
trol samples were set as baseline level. PCR results were standardized to 
this baseline level and given as [copies/50 ng RNA]. Specificity of the 
amplification products was verified by melting curve analysis combined 
with agarose gel electrophoresis. For calculation, data processing and 
documentation the LightCycler analysis software (Version 2.0) was 
used.
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Clinical data

Clinical data concerning age, gender, as well as the New Injury Sever-
ity Score, NISS, was recorded on admission. Vital parameters, such as 
blood pressure, BP, heart rate, HR, ventilation parameters, systemic con-
centration of C-reactive protein, CRP, procalcitonin, PCT, amounts of 
white blood cells, WBC, differential cell counts, therapeutic intensive 
care regime including catecholamines demand, amounts of transfused 
packed red blood cell units (PRBC-U), fresh frozen plasma (FFP) and 
platelets (PU) were recorded according to the detection time points dur-
ing the initial 72 h after trauma.

Data analysis

For EMSA results, the densitometric data is given in [arbitrary units] 
representing the blackening area of the X-ray film, for RT-PCR, data is 
given as [copies/50 ng total RNA] as mean ± SEM. The Sigma Stat® 3.0 
software package (SPSS® Inc., Chicago, USA) was employed for all sta-
tistical analysis. Statistical significance between groups was determined 
by independent two-tailed t-test, ANOVA on ranks and SNK-test. Clini-
cal data according age, NISS, MOF, amounts of transfused red blood 
cell units and fresh frozen plasma units as well as EMSA results are 
given as mean ± SEM. P-values below 0.05 were considered significant.

Table 1. Data concerning age, gender, amounts of transfused red blood cell units, (RB-U), fresh frozen plasma units, (FFP) within 24 h and clinical 
outcome within 40 days after trauma.

Age Gender Injury pattern ISS RBC FFP Clinical outcome

I 33 M Subarachnoidal hematoma, lung con-tusion, rib#,  
scapula#, open°II fibula # 

29 12 10 Neurological disorder  
due to head trauma

II 59 M Serial rib fracture, hemato-pneumothorax, pulmonary  
contusion, diaphragm rupture, myocardial contusion,  
spleen rupture, arteria mesenterica root rupture,  
fracture of scapula, ulna, pelvis, femur, tibia

57 10 12 Deceased

III 74 M TBI°II, complicated °III open humeral fracture, severe  
pelvic trauma with massive retroperitoneal hematoma

38 24 20 Deceased due to MOF

IV 18 M TBI°III, pulmonary contusion, cardiac contusion, serial  
rib fracture, cervical spine fracture, liver rupture°III

57 17 19 Neurological deficits  
due to head trauma

V 29 M TBI II°, Le Fort II°, III° optic nerve laceration, lung 
contusion, hematopneumothorax, serial rib #, severe  
pelvic trauma, open°III ankle #, metarcarpus #, sacrum #

41 19 12 Complete recovery

VI 34 M Thoracic trauma, cardiac contusion, blunt abdominal  
trauma, liver rupture, renal contusion, cervical spine  
fracture, fractures upper

34 15 22 Complete recovery

VII 33 M TBI°II, pulmonary contusion, humeral fracture upper,  
multiple fractures lower extremity

24   8 10 Complete recovery

VIII 74 F TBI°III, fractures of humerus, pelvis, sacrum 26 26 22 Deceased

IX 29 M TBI II°, Le Fort II°, III° optic nerve laceration, lung  
contusion, hematopneumothorax, serial rib #, severe  
pelvic trauma,°III open fractures of ankle, metarcarpus, 
fracture of sacrum

41 19 12 Complete recovery

X 33 M Pulmonary contusion, cardiac contusion, serial rib  
fracture, lumbar spine fracture, renal contusion,  
hematoma of the spleen °II

34 16 38 Rehabilitation hospital

XI 33 M TBI°I, pulmonary contusion, fracture upper extremity,  
multiple fractures of lower extremity

16 11 32 Complete recovery

XII 18 M TBI°III, pulmonary contusion, cardiac contusion,  
serial rib fracture, cervical spine fracture, liver rupture

57 14 16 Neurological deficits  
due to head trauma

XIII 44 F TBI°III, spinal channel bleeding, serial rib fracture,  
hemato-pneumothorax, pulmonary contusion,  
spleen subcapsula hematoma < 50 % surface

29   5   5 Rehabilitation hospital

XIV 75 M Moderate head trauma, scalp laceration, lung contusion,  
serial rib fracture, hematopneumothorax, multiple  
fractures of pelvis

24   6   2 Complete recovery

XV 78 F TBI°III, subdural hematoma, fractures of tibia,  
fibula, pelvis

38   4   0 Neurological disorder  
due to head trauma
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MOF

Multiple organ failure, MOF scores of the enrolled patients were record-
ed according to the sampling time points, respectively and were defined 
following the score by Goris in the modification of Lefering [15, 24] 
which scores ‘O’ for unaffected function of the vital organs such as lung, 
heart, kidney, liver and blood. One point is assigned to each organ sys-
tem if the following functional parameters are presented by the patient: 
mechanical ventilation with a PEEP < 10 and FiO2 < 0.4; blood pressure 
> 100 mmHg with low dose of vasoactive drugs, serum creatinine > 2mg/
dl; SGOT > 25U/l, bilirubin > 2mg/dl; leukocytes > 30,000/µl, platetes 
< 50,000/µl. The maximum of 2 points is scored if patients exhibit more 
severe organ dysfunction such as mechanical ventilation with a PEEP 
> 10 and FiO2 > 0.4; blood pressure < 100 mmHg and/or high dose of va-
soactive drugs, hemofiltration or hemodialysis; SGOT > 50U/l, bilirubin 
> 6mg/dl; leukocytes > 60,000 or < 2,500/µl.

Results

Patient collective and clinical data

15 major trauma patients including 12 males and 3 females 
were enrolled with a mean age of 49 ± 13 [ranging from 18 
to 78 years] who presented a mean NISS of 34 ± 8 in a range 
of 17 to 57. 11 patients survived, four patients died within 
the posttraumatic period due to MOF after 26.3 ± 11.2 
days.

All patients presented signs of posttraumatic SIRS:  
The temperature was 34.8 ± 1.5 °C on admission, 35.4 ± 1.4 °C 
after 6 h and 36.6 ± 1.4 °C after 12 h. The amount of WBC on 
admission was 12,600 ± 2,200/µl, 14,100 ± 2,800/ µl 12 h af-
ter trauma and 13,800 ± 4,200/µl after 24 h. Seven patients 
presented a leukopenia (1,100 ± 270/µl), six patients devel-
oped a leukocytosis (18,700 ± 6,300). In 76 % a significant 
left shift occurred between three and eight hours after trauma 
verified by differential blood count. At 24 h after trauma, 
86 % of the surving but none of the deceased patients pre-
sented a left shift. After 12 h, CRP was elevated to 5.6 ± 1.5mg/

dl, PCT increased to 3.3 ± 0.8ng/ml. Analysis of WBC, CRP 
and PCT adduced no significant differences. In the higher 
MOF group, elastase was inconstantly increased to 
151 ± 43 µg/l.

All patients required mechanical ventilation during at 
least 72 h. The heart rate on admission was 98 ± 25 and 96 ± 24 
after 6 h. In ten patients, the mean arterial blood pressure was 
kept above 68 ± 21 mmHg by catecholamine therapy. The ini-
tial base excess [–4.3 ± 1.2] obtained from blood gas analysis 
provided no significant difference. Lactate concentration in 
survivors was significantly lower on admission (p = 0.02), 
after 12 h (p = 0.002) and 24 h (p = 0.002) as compared to 
non-survivors. In all trauma patients, creatinine kinase was 
increased to 1001 ± 256U/l.

The MOF score was 3.8 ± 0.7 on admission, 4.0 ± 0.9 af-
ter 6 h, 3.9 ± 0.6 after 12 h, 4.1 ± 0.9 after 24 h, 3.6 ± 0.8 after 
48 h and 3.6 ± 0.8 after 72 h. Amounts of transfused packed 
red blood cell units (PRBC-U; approx. volume 300 ml) and 
fresh frozen plasma units (FFP; approx. volume 250 ml) 
within 72 h after trauma as well as clinical outcome within 
90 days are depicted in the Table 1.

Methodological aspects

In control experiments, the cell isolation system using CD15 
antibody coated micro magnetic beads enabled a PMN cell 
fractionation purity of 92 ± 3 % (n = 3, mean ± SEM) control-
led by FACS. From a total number of 0.5x108 cells of each 
sample a variable total nuclear protein fraction ranging from 
2 µg up to 8 µg was isolated.

NF-kB activity

NF-kB translocation increased significantly to 476 ± 148 
[AU] after LPS-stimulation (positive control) (p = 0.028). 

Fig. 1. NF-kB activity is significantly increased biphasically in the 
early posttraumatic period (* p = 0.038; U-test; SNK-test vs. baseline 
of negative control and later time points; # p = 0.04 U-test; SNK-test  
vs. admission[A]).
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Supershift experiments by p50 antibodies exhibited reduced 
blackening (data not shown). In all patients, the transloca-
tion level of NF-kB increased significantly to 84 ± 25 [AU] 
[mean ± SEM] on admission and to 102 ± 26 [AU] at 6 h after 
trauma as compared to healthy volunteers (p = 0.04). Tran-
scriptional activity over all patients was diminished at 12 h 
(5 ± 1 [AU]). Interestingly, nuclear presence increased again 
at 24 h (46 ± 13 [AU]) to return to healthy volunteers level 
(48h: 6 ± 2; 72h: 4 ± 1[AU]).

Mean transcriptional NF-kB activity in non-survivors 
was elevated significantly on admission (378 ± 189 vs. 
46 ± 21; p = 0.002) and (132 ± 66 vs. 107 ± 32) after 6 h as 
compared to surviving patients. After 12 h, the transcription-
al level was diminished fast in both groups (4 ± 2 vs. 6 ± 2) to 
increase again in the survivors group at 24 h (65 ± 18 vs. 8 ± 5 
[AU]; p = 0.004) and to be further on reduced in both groups 
(48h: 6 ± 2 vs. 2 ± 1; 72h: 2 ± 1 vs. 3 ± 1 [AU]) (Figure 1).

NF-kB nuclear translocation was reduced in patients with 
higher MOF scores during the whole analyzed time. After 
6 h, patients who presented a MOF score over 4 presented 
significantly reduced NF-kB activity as compared to the 
lower MOF group (55 ± 18 vs. 134 ± 46 [AU]; p = 0.029). 
While NF-kB was reduced in both groups in 12 h, a second 
activity peak was present after 24 h in the lower MOF 
group.

Patients presenting a MOF score less than 4 points re-
vealed increased neutrophilic NF-kB activity on admission 
and after 6 h (276 ± 104 vs. 53 ± 18 [AU]; p = 0.029) as com-
pared to the higher MOF group (Figure 2).

Patients presenting low and moderate NISS values (NISS 
< 24; > 24< 34) presented relatively constant NF-kB activity 
for the first 6 h (Figure 3). In all groups, NF-kB activity de-
creased at 12 h after trauma to increase again significantly in 
the lower NISS group after 24 h (NISS < 24: 107 ± 6 vs. NISS 
> 34: 14 ± 3 [AU]; p = 0.014). 

IL-8 mRNA expression

IL-8 mRNA expression of natively processed PMN was 
48,010 ± 16,974 [cp/50 ng/RNA]. After LPS stimulation,  
IL-8 mRNA expression increased significantly to 
249,140 ± 88,084 [cp/50 ng/RNA]; (p = 0.001) as compared 
to the negative control. In major trauma patients, IL-8 
mRNA expression was significantly elevated as compared to 
healthy volunteers (p < 0.01) during the whole analyzed 
time. After major trauma, a significant increase of IL-8 
mRNA expression was found within 90 minutes 
(182,769 ± 41290 [cp/50 ng/RNA]) as compared to the sub-
sequent detection time points (12h: 29,342 ± 7,576; p = 
0.036; 48h: 11,799 ± 3,046; p = 0.011; 72h: 7,644 ± 1,973 
[cp/50 ng/RNA]; p = 0.022).

On admission, IL-8 mRNA expression was signifi-
cantly elevated in non-survivors (202,873 ± 61,168 vs. 
22,071 ± 11,036 [cp/50 ng/RNA]; p < 0.05; Figure 4). After 
6 h, mean IL-8 expression was significantly diminished in 
surviving patients (22,488 ± 6,780 vs. 84,210 ± 42,105 [cp/
50 ng/RNA]; p = 0.002). IL-8 expression was reduced in both 
groups (32,062 ± 9667 31,611 ± 15,806 [cp/50 ng/RNA]) at 
12 h after trauma, to be significantly increased in the survi-
vors group after 24 h (103,631 ± 31,246 vs. 26,609 ± 13,305 
[cp/50 ng/RNA]; p = 0.043). 

Patients developing moderate MOF showed increased IL-
8 expression level within the first 24 h (Figure 5). After 6 h, 
IL-8 expression was significantly increased as compared to 
the higher MOF group (36,893 ± 13,044 vs. 166,147 ± 62,798 
[cp/50 ng/RNA]; p = 0.019). 

Regarding the anatomic injury severity according to a 
NISS < 24 points significantly increased IL-8 expression 12h 
after trauma was detected (45,115 ± 13,043 [cp/50 ng/RNA]) 
as compared to the higher NISS group (NISS < 34: 
11,588.7 ± 2,992.0; NISS > 34: 22,544.9 ± 6,582.2 [cp/50 ng/
RNA]; p = 0.02). The lower NISS group exhibited a second 
significant increase of IL-8 expression at 72 h after trauma 

Fig. 3. While NF-kB activity was relatively constant within the first 6 h, 
it increased in the high NISS group (> 34) to be diminished in all groups 
after 12 h. In patients presenting moderate injury severity, a significant 
increase of NF-kB translocation was identified at 24 h after trauma  
(p = 0.014).
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(14,106.7 ± 3,642.2 [cp/50 ng/RNA]) as compared to highly 
injured patients (NISS > 24< 34: 3,035.9 ± 783.9; NISS > 34: 
6,531.3 ± 1,686.4 [cp/50 ng/RNA]; p = 0.04) (Figure 6). 

Discussion

PMN play a pivotal role in the first response to injury. Ad-
ditionally to superoxide and elastase synthesis [7, 8), PMN 
are enabled to synthesize inflammatory mediators such as 
IL-8. PMN are characterized by a high turn-over which is 
especially regulated by apoptosis. Physiologically, PMN 
having fulfilled their function in the tissue, undergo apop-
tosis. Within the posttraumatic period a delayed apoptosis 
was demonstrated which can last up to 3 weeks after trauma 
[30]. NF-kB translocation was shown after various artificial 
stimulation such as hypoxia, LPS, TNFa and IL-6 [27, 32, 
33]. While TNFa as well as IL-1ß were found elevated at 
the beginning of the posttraumatic inflammatory cascade, 
they both induce augmented secretion of IL-8 which leads 
to leukocyte recruitment and activation [18]. Cytokine syn-
thesis is increased in the early posttraumatic period followed 
by hyporesponsiveness. Neutrophilic NF-kB induction with 
consecutive cytokine synthesis was shown after external 
stimulation [32]. NK-kB dependent inhibition of posttrau-
matic apoptosis was shown after in vitro stimulation by sera 
of major trauma patients [27]. Differential blood analysis 
provided a significant left shift in surviving patients. Such a 
left shift was not found in non-survivors later than 24 h post 
trauma. Surviving patients might exhibit lower apoptotic ef-
fects with consecutive stimulation of bone marrow towards 
increased granulopoesis [20]. Further more RelA was shown 
to play a key role in apoptotic regulation. Rel A deficient 
mice exhibited significantly increased apoptosis rate and em-
bryonic lethality [20]. Apoptosis leads to diminished phago-
cytic capacity and synthesis of pro-inflammatory mediators 

while pro-inflammatory reaction followed by reduced apop-
tosis rate in PMN and consecutive phosphorylation of I-kB 
was demonstrated [29].

Following the transcriptional NF-kB signalling, IL-8 ex-
pression was increased on admission to be rapidly reduced. 
IL-8 expression was shown to be mainly induced by NF-
kB [3, 14]. Over the whole analysed period, significantly 
increased neutrophilic IL-8 mRNA expression was found 
after major trauma as compared to healthy volunteers. The 
initial increase of IL-8 mRNA expression over all patients 
appeared stronger than the up-stream NF-kB translocation. 
This phenomenon might be due to initial posttraumatic prim-
ing effects as well as to alternative transcriptional pathways 
responsible for IL-8 induction such as AP1 [38]. Further 
more, NF-kB undergoes degradation within 90 minutes af-
ter trauma. Reduction of pro-inflammatory mediators release 
due to I-kB stabilization following major trauma has been 
previously described [40]. While post mortem analysis of 
plasmatic IL-8 concentration revealed significantly higher 
values in traumatically deceased patients [19], significantly 
elevated plasma IL-8 level was recorded in respect of devel-
oping MODS after major trauma [13]. Following our results, 
IL-8 mRNA expression was significantly reduced in patients 
exhibiting highly affected organ functions (MOF > 4). In ac-
cordance, significant induction of IL-8 mRNA expression 
was found in surving patients as well as in patients with 
moderate MOF.

Increased neutrophilic ROS were investigated in septic 
patients as well as in septic shock due to higher apoptosis 
rate [25]. While elastase synthesis seems to be significantly 
influenced by trauma and hemorrhage (5, 35], in our hands, 
systemic release of elastase was only inconstantly increased 
in the higher MOF group but not in non-survivors. 

In vitro effects of IL-8 on PMN are increased chemotax-
is, adherence and degranulation [39]. Within posttraumatic 
ARDS as well as within ischemia-reperfusion syndrome, IL-

Fig. 5. After 6 h, IL-8 mRNA expression was significantly reduced in 
patients presenting a MOF score > 4 points, (*p = 0.019). In the higher 
MOF group, IL-8 mRNA expression was significantly reduced within 
12–72 h after trauma as compared to the positive control (#p = 0.03).
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Fig. 6. Patients with moderate injury severity revealed significantly in-
creased IL-8 mRNA expression at 12 h and 24 h after trauma as compared 
to the higher NISS groups (NISS < 34: NISS > 34: p = 0.02). In the lower 
NISS group, IL-8 expression increased significantly 72 h after trauma as 
compared to higher affected patients (NISS > 24 < 34 p = 0.04).
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8 was demonstrated to increase PMN migration in the tis-
sue as well as to prolong inhibition of apoptosis by these 
tissue damaging effects [21]. No specific inhibitors of IL-8 
have been identified up to now [26, 28]. IL-8 expression after 
elective surgery was shown to be constant [40]. Following 
our analysis, no change of cytokine expression could be in-
vestigated due to surgical interventions in the posttraumatic 
period

In densitometric analysis of EMSA results, a significant 
increase of NF-kB translocation was found within the first 
90 minutes after trauma and after 6 h. The second peak after 
24 h fits well to the previously described biphasic immuno-
logical activation in monocytic cells after trauma [20]. 

No NF-kB activity in monocytic cells was found by ini-
tial detection on day one after trauma [1]. NF-kB reduction 
was shown to be preceded by an initial significant posttrau-
matic increase as compared to healthy volunteers [6, 34].

For validation of injury severity the NISS in the modi-
fication of Osler et al was used which reflects the sum of 
squares of the most severe traumatic lesions regardless of the 
anatomic region [4, 31]. In accordance to the valid paradigm 
[10] but in contrast to further investigation of I-kB in major 
trauma patients, significantly increased NF-kB activity as 
well as increased down-stream IL-8 expression was found in 
patients exhibiting a moderate injury severity (NISS < 24).

As including criteria a NISS over 16 points was chosen 
as a parameter of critical increased incidence for the devel-
opment of posttraumatic MOF [37]. Within a retrospective 
analysis of 1,278 multiple trauma patients an 80 % incidence 
for SIRS development as well as for MODS (85 %) could be 
shown in correlation with high NISS.

In conclusion we investigated neutrophilic transcription-
al activity of NF-kB in relation to IL-8 mRNA expression 
briefly after major trauma within this pilot study regarding 
the anatomical injury severity, the development of organ 
failure as well as the clinical outcome. Thereby, a concomi-
tant initial increase of transcriptional activity and the IL-8 
mRNA expression could be elucidated in the early posttrau-
matic period which precedes the down-regulation of the in-
nate immune system. The demonstrated biphasic increase of 
the nuclear factor kB as well as of the down-stream IL-8 
expression fits well to the previously described biphasic dy-
namic immune response to injury. We demonstrated a cor-
relation of high NF-kB, IL-8 levels and increased mortality 
after trauma.

Acknowledgements. The authors thank the physicians and nurses of the 
Intensive Care Unit and the Emergency Department (Department of 
Traumatology and Orthopedic Surgery, Ludwig-Maximilians-Univer-
sity Munich) for their permanent support. We thank Dieter Muehlbayer, 
Christine Bretz and Angelika Steinle (Institute of Clinical Chemistry 
and Laboratory Medicine, Ludwig-Maximilians University Munich)  
for logistic support and Claudia Geissler for her invaluable technical 
support.

References

  [1] 	Adib-Conquy M, Asehnoune K, Moine P, Cavaillon JM. Long-
term-impaired expression of nuclear factor-kappa B and I kappa B 
alpha in peripheral blood mononuclear cells of trauma patients. J 
Leukoc Biol 2001; 70: 30–8.

  [2]	Adib-Conquy M, Moine P, Asehnoune K, Edouard A, Espevik T, 
Miyake K et al. Toll-like receptor-mediated tumor necrosis factor 
and interleukin-10 production differ during systemic inflammation. 
Am J Respir Crit Care Med. 2003; 168: 158–64.

  [3] 	Baeuerle PA. IkappaB-NF-kappaB structures: at the interface of 
inflammation control Cell 1998; 95: 729–31.

  [4] 	Baker SP, O’Neill B. The injury severity score: an update. J.Trauma 
1976; 16: 882–5.

  [5] 	Bhatia R, Dent C, Topley N, Pallister I. Neutrophil priming for 
elastase release in adult blunt trauma patients. J Trauma 2006; 60: 
590–6.

  [6] 	Biberthaler P, Stegmaier J, Mayer V, Kirchhoff C, Neth P, Mus-
sack T et al. Initial posttraumatic translocation of NF-kappaB and 
TNF-alpha mRNA expression in peripheral blood monocytes of 
trauma patients with multiple injuries: a pilot study. Shock 2004; 
22: 527–32.

  [7] 	Botha AJ, Moore FA, Moore EE, Sauaia A, Banerjee A, Peter-
son VM. Early neutrophil sequestration after injury: a pathogenic 
mechanism for multiple organ failure. J Trauma 1995; 39: 411–7.

  [8] 	Cioffi WG, Burleson DG, Pruitt BA, Jr. Leukocyte responses to 
injury. Arch Surg 1993; 128: 1260–7.

  [9] 	Dunican AL, Leuenroth SJ, Grutkoski P, Ayala A, Simms HH. TN-
Falpha-induced suppression of PMN apoptosis is mediated through 
interleukin-8 production. Shock 2000; 14: 284–8.

[10] 	Ertel W, Keel M, Infanger M, Ungethum U, Steckholzer U, Trentz 
O. Circulating mediators in serum of injured patients with septic 
complications inhibit neutrophil apoptosis through up-regulation of 
protein-tyrosine phosphorylation. J Trauma 1998; 44: 767–75.

[11] 	Faist E, Ertel W, Mewes A, Strasser T, Walz A, Alkan S. Mediators 
and the trauma induced cascade of immunologic defects. Prog Clin.
Biol Res 1989; 308: 495–506.

[12] 	Faist E, Mewes A, Strasser T, Walz A, Alkan S, Baker C et al. Al-
teration of monocyte function following major injury. Arch Surg  
1988; 123: 287–92.

[13] 	Frink M, Pape HC, Van Griensven M, Krettek C, Chaudry IH, 
Hildebrand F. Influence of sex and age on mods and cytokines after 
multiple injuries. Shock 2007; 27: 151–6.

[14] 	Ghosh S. Regulation of inducible gene expression by the transcrip-
tion factor NF-kappaB. Immunol.Res. 1999;19:183–9.

[15] 	Goris RJ. Pathophysiology of shock in trauma. Eur J Surg  2000; 
166: 100–11.

[16] 	Guha M, Mackman N. LPS induction of gene expression in human 
monocytes. Cell Signal. 2001; 13: 85–94.

[17] 	Hang CH, Shi JX, Li JS, Li WQ, Wu W. Expressions of intestinal 
NF-kappaB, TNF-alpha, and IL-6 following traumatic brain injury 
in rats. J Surg Res 2005; 123: 188–93.

[18] 	Hietbrink F, Koenderman L, Rijkers G, Leenen L. Trauma: the role 
of the innate immune system. World J Emerg Surg 2006; 1:15.

[19] 	Hildebrand F, Stuhrmann M, Van Griensven M, Meier S, Hasenkamp 
S, Krettek C et al. Association of IL-8-251A/T polymorphism with 
incidence of Acute Respiratory Distress Syndrome (ARDS) and 
IL-8 synthesis after multiple trauma. Cytokine 2007; 37: 192–9.

[20] 	Kobayashi SD, Voyich JM, Whitney AR, Deleo FR. Spontaneous 
neutrophil apoptosis and regulation of cell survival by granulocyte 
macrophage-colony stimulating factor. J Leukoc Biol  2005; 78: 
1408–18.

[21] 	Kushi H, Saito T, Makino K, Hayashi N. IL-8 is a key mediator of 
neuroinflammation in severe traumatic brain injuries. Acta Neuro-
chir.Suppl 2003; 86: 347–50.

[22] 	Landes J, Langer S, Kirchhoff C, Schuetz C, Joneidi-Jafari H, Steg-
maier J et al. Snapshot assessment of RNA-expression in severely 
burned patients using the PAXgene Blood RNA system: a pilot 
study. Burns 2008.

[23] 	Lederer JA, Rodrick ML, Mannick JA. The effects of injury on the 
adaptive immune response. Shock 1999; 11: 153–9.

[24] 	Lefering R, Goris RJ, van Nieuwenhoven EJ, Neugebauer E. Revi-
sion of the multiple organ failure score. Langenbecks Arch Surg  
2002; 387: 14–20.

[25] 	Mannick JA, Rodrick ML, Lederer JA. The immunologic response 
to injury. J Am Coll Surg 2001; 193: 237–44.



554	 J. Stegmaier et al.      Inflamm. res.

[26] 	Matsushima K, Oppenheim JJ. Interleukin 8 and MCAF: novel in-
flammatory cytokines inducible by IL 1 and TNF. Cytokine 1989; 
1: 2–13.

[27] 	McDonald PP, Bald A, Cassatella MA. Activation of the NF-kap-
paB pathway by inflammatory stimuli in human neutrophils. Blood 
1997; 89: 3421–33.

[28] 	Mukaida N. Pathophysiological roles of interleukin-8/CXCL8 in 
pulmonary diseases. Am J Physiol Lung Cell Mol Physiol 2003; 
284: L566–L577.

[29] 	Nolan B, Collette H, Baker S, Duffy A, De M, Miller C et al. Inhi-
bition of neutrophil apoptosis after severe trauma is NFkappabeta 
dependent J Trauma 2000; 48: 599–604.

[30] 	Ogura H, Tanaka H, Koh T, Hashiguchi N, Kuwagata Y, Hosotsubo 
H et al. Priming, second-hit priming, and apoptosis in leukocytes 
from trauma patients. J Trauma 1999; 46: 774–81.

[31] 	Osler T, Baker SP, Long W. A modification of the injury severity 
score that both improves accuracy and simplifies scoring. J Trauma 
1997; 43: 922–5.

[32] 	Partrick DA, Moore FA, Moore EE, Barnett CC, Jr., Silliman CC. 
Neutrophil priming and activation in the pathogenesis of postinjury 
multiple organ failure. New Horiz 1996; 4: 194–210.

[33] 	Pepperl S, Dorger M, Ringel F, Kupatt C, Krombach F. Hyperoxia 
upregulates the NO pathway in alveolar macrophages in vitro: role 
of AP-1 and NF-kappaB. Am J Physiol Lung Cell Mol Physiol 
2001; 280: L905–L913.

[34] 	Stegmaier J, Kirchhoff C, Kanz KG, Mayer V, Landes J, Euler E 
et al. Analysis of NF-kappaB nuclear translocation in PMN-neu-
trophils of major trauma patients in the early post-traumatic period: 
a pilot study. World J Surg 2006; 30: 2142–51.

[35] 	Toda Y, Takahashi T, Maeshima K, Shimizu H, Inoue K, Morimatsu 
H et al. A neutrophil elastase inhibitor, sivelestat, ameliorates lung 
injury after hemorrhagic shock in rats. Int J Mol Med 2007; 19: 
237–43.

[36] 	Trentz OA, Handschin AE, Bestmann L, Hoerstrup SP, Trentz OL, 
Platz A. Influence of brain injury on early posttraumatic bone me-
tabolism. Crit Care Med 2005; 33: 399–406.

[37] 	Waydhas C, Nast-Kolb D, Trupka A, Zettl R, Kick M, Wiesholler J 
et al. Posttraumatic inflammatory response, secondary operations, 
and late multiple organ failure. J Trauma 1996; 40: 624–30.

[38] 	Yagmur Y, Ozturk H, Unaldi M, Gedik E. Relation between sever-
ity of injury and the early activation of interleukins in multiple-
injured patients. Eur Surg Res 2005; 37: 360–4.

[39] 	Yoshimura T, Matsushima K, Tanaka S, Robinson EA, Appella E, 
Oppenheim JJ et al. Purification of a human monocyte-derived neu-
trophil chemotactic factor that has peptide sequence similarity to 
other host defense cytokines. Proc Natl Acad Sci USA 1987; 84: 
9233–7.

[40] 	Zallen G, Moore EE, Johnson JL, Tamura DY, Aiboshi J, Biffl WL 
et al. Circulating postinjury neutrophils are primed for the release 
of proinflammatory cytokines. J Trauma 1999; 46: 42–8.

To access this journal online:
http://www.birkhauser.ch/IR


