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The tumor necrosis factor alpha (TNF-␣) ⴚ308 G/A and TNF-␤ NcO1 polymorphisms have been described
to be associated with an increased risk for sepsis in critically ill patients. Functional consequences associated
with these polymorphisms remain unclear. We compared the genotype distribution of these TNF polymorphisms with susceptibility to severe sepsis and leukocyte function in blunt trauma patients (n ⴝ 70; mean
injury severity score, 24 points [range, 4 to 57). Severe sepsis was defined according to the American College
of Chest Physicians-Society of Critical Care Medicine consensus conference criteria. Genotyping for the NcO1
polymorphism (alleles TNFB1 and TNFB2) was performed by PCR and digestion of the products with NcO1,
and that for the TNF-␣ ⴚ308 G/A polymorphism (alleles TNF1 and TNF2) was performed by real-time PCR.
Leukocyte function was assessed by measurement of the production of endotoxin-induced cytokines (TNF-␣,
interleukin-6 [IL-6], and IL-8) in whole blood. TNF-␣, IL-6, and IL-8 were determined by enzyme-linked
immunosorbent assay. For the genotypes of the TNF-␣ ⴚ308 G/A polymorphism, differences in the frequency
of development of severe sepsis were not detectable. Patients developing severe sepsis after trauma were
significantly more likely to posses a homozygous genotype of the TNF-␤ NcO1 polymorphism. Compared with
heterozygotes, the odds ratio for the TNFB2/B2 genotype for the development of severe posttraumatic sepsis
was 11 (P ⴝ 0.01), and that for the TNFB1/B1 genotype was 13 (P ⴝ 0.014). TNF-␣ ⴚ308:TNF-␤ NcO1
haplotype analysis showed that the TNFB2:TNF2 haplotype is significantly negatively associated with development of severe sepsis. Patients homozygous for the TNFB1 or TNFB2 allele showed a persistently higher
cytokine-producing capacity during at least 4 to 8 days after trauma than the heterozygotes. In patients
homozygous for the TNF1 allele, a higher TNF-␣- and IL-8-producing capacity was found only at day 1 after
trauma. Although the TNF-␤ NcO1 polymorphism appears to be less likely to be causative for development of
severe sepsis after trauma, it is thus far the only genetic marker identified which can be used as a relevant risk
estimate for severe sepsis in trauma patients immediately after the injury.
been described to be associated with severe clinical forms of
infectious diseases (7, 15, 22, 37), i.e., the NcO1 polymorphism
of the TNF-␤ (LT␣) gene and a ⫺308 G/A polymorphism in
the TNF-␣ promoter region. The guanine-to-adenine transition at position ⫺308 in the TNF promoter, which defines the
rare allele TNF2 and is strongly associated with the major
histocompatibility complex haplotype HLA-A1, B8, DR3, has
been reported to influence TNF promoter activity and to be
associated with enhanced TNF-␣ production in vitro and in
vivo by some investigators (15, 17, 40, 43), while others could
not confirm differences in TNF promoter activity in relation to
position ⫺308 (1, 6, 36).
In patients with cerebral malaria and mucocutanous leishmaniasis, the TNF-␣ ⫺308G/A polymorphism has been shown
to be associated with outcome and clinical course of the disease (7, 22). In patients with meningococcal disease (42), the
TNF-␣ ⫺308G/A polymorphism was not associated with outcome, indicating that the significance of the TNF-␣ ⫺308G/A
polymorphism does not in general extend to infectious diseases.
The biallelic restriction fragment length polymorphism in
the first intron of the TNF-␤ gene at positions 1064 to 1069,
which is identified by the restriction fragments TNFB1 (5.5 kb)

Cytokines are integral components of the host’s immune
response to infection or tissue damage, and, in particular, tumor necrosis factor (TNF) is thought to play a pivotal role (4,
35). Furthermore, an innate profile of cytokine production and
a genetic predisposition for fatal infectious diseases has been
supposed (3, 42). Subsequently, the TNF gene was considered
as a candidate predisposing gene in fatal infectious diseases,
and the role of TNF gene polymorphisms in host defense and
their influence on cytokine production were studied.
The TNF locus is located on chromosome 6 within the major
histocompatibility complex class IV gene cluster. It consists of
the functional gene for TNF-␣, which is positioned between
the TNF-␤ (lymphotoxin ␣ [LT␣]) gene and the LT␤ gene. So
far at least nine polymorphisms and five microsatellites in the
TNF locus have been characterized, and some of them have
been found to be strongly associated with certain HLA alleles
(33).
Two of these polymorphisms in the human TNF locus have

* Corresponding author. Mailing address: Department of Trauma
Surgery, University Hospital Mannheim, Theodor-Kutzer-Ufer 1-3,
68167 Mannheim, Germany. Phone: 49 621 383 2915. Fax: 49 621 383
2009. E-mail: matthias.majetschak@uch.ma.uni-heidelberg.de.
1205

Downloaded from http://cvi.asm.org/ on November 20, 2019 by guest

Received 24 September 2001/Returned for modification 5 March 2002/Accepted 6 June 2002

1206

MAJETSCHAK ET AL.

CLIN. DIAGN. LAB. IMMUNOL.
TABLE 1. Demographic data for the study population

Polymorphism and
genotype

n

Mean age ⫾ SEM
(yr)

% Male

Mean ISS ⫾
SEM (median)

ISS range

% Died

Total

70

37 ⫾ 2

65

24 ⫾ 1.3 (22)

4–57

8.6

TNF-␣ ⫺308 G/A
TNF1/TNF1
TNF1/TNF2

46
24

39 ⫾ 3
37 ⫾ 3

59
68

24 ⫾ 1.6 (20)
23 ⫾ 2.6 (22)

4–57
8–41

8
8

TNF-␤ NcO1
TNFB1/TNFB1
TNFB1/TNFB2
TNFB2/TNFB2

12
27
31

47 ⫾ 7
37 ⫾ 2.8
37 ⫾ 3.4

83
62
61

32.5 ⫾ 2.2 (33)
22 ⫾ 1.6 (22)
23 ⫾ 2.6 (22)

25–41
8–41
4–57

25
4
7

obtain a global measure of the patients’ actual reactivity towards an inflammatory challenge.
MATERIALS AND METHODS
Patient evaluation and study protocol. The protocol used was approved by the
local ethics committee. Seventy patients sustaining blunt trauma were considered
for entry into the study. Patients were assigned an injury severity score (ISS) (11)
by independent evaluators. Exclusion criteria were (i) age of ⬍18 years or ⬎65
years, (ii) admission ⬎8 h after trauma or secondary admission, (iii) penetrating
injuries, and (iv) any chronic illness. Injuries of the various body regions (head
and neck, face, thorax, abdomen, extremities, and skin) were classified by using
the abbreviated injury scale (AIS) (11). The clinical course was monitored prospectively in all patients. Severe sepsis was defined according to the American
College of Chest Physicians-Society of Critical Care Medicine consensus conference criteria (2) and was diagnosed not before day 5 after trauma. The demographic data for the patients are given in Table 1. The patients’ mean ISS ⫾
standard error of the mean (SEM) was 24 ⫾ 1.3, with the following AIS values
of the specific body regions (mean ⫾ SEM): head and neck, 1.4 ⫾ 0.2; face, 0.5
⫾ 0.1; thorax, 1.6 ⫾ 0.2; abdomen, 1.4 ⫾ 0.2; extremities, 2.6 ⫾ 0.1; and skin, 0.4
⫾ 0.1.
All patients requiring surgical intervention received standard surgical care and
postoperative intensive care unit treatment. Blood samples were drawn within
24 h after admission (designated day 1) and on subsequent days (7:00 to 8:00 p.m.
on days 2, 4, 6, 8, and 14 after injury) of hospitalization. Blood (9 ml) was
collected in plastic tubes (NH4-heparin tube; Sarsted, Nümbrecht, Germany)
along with the routine baseline laboratory work-up and was immediately used for
stimulation ex vivo.
Ex vivo endotoxin stimulation of whole blood. A human whole-blood assay was
used as previously described (18). In brief, whole blood mixed 1:1 (vol/vol) with
cell culture medium (RPMI 1640 [GibcoBRL, Karlsruhe, Germany], 64 IU of
penicillin per ml, 64 g of streptomycin per ml) was transferred to microtiter
plates (Falcon 3072 Microtest III tissue culture tube; Becton Dickinson, Paramus, N.J.). Samples were prepared in duplicate. The mixtures were incubated at
37°C and 5% CO2 with endotoxin (lipopolysaccharide [100 ng/ml] from Salmonella enterica serovar Friedenau [stock solution, 5 mg/ml]) (generously provided
by H. Brade, Forschungszentrum Borstel, Borstel, Germany) for 4 h. Control
mixtures were incubated without endotoxin. After incubation, the supernatants
were separated and stored at ⫺20°C.
Immunologic assays of cytokines. (i) TNF-␣. TNF-␣ in supernatants of the
endotoxin-stimulated blood was measured with an enzyme-linked immunosorbent assay (ELISA). Microtiter plates (Nunc, Wiesbaden, Germany) were coated
with a monoclonal anti-human TNF-␣ antibody (Genzyme, Rüsselheim, Germany). The plates were washed three times and were incubated with blocking buffer
(10% fetal calf serum in phosphate-buffered saline) for 1 h. After washing three
times, a standard curve was prepared using serial dilutions of human recombinant TNF-␣ (Genzyme), and standards and samples were added to the plates.
After incubation for 2 h, the plates were washed again and a second biotinlabeled TNF-␣ antibody (Genzyme) was added. After incubation for 1 h, the
plates were washed again, followed by a 1-h incubation with horseradish peroxidase-labeled streptavidin (Sigma-Aldrich, München, Germany). All samples and
standards were assayed in duplicate. Mean values for each were used in calculating sample concentrations by using a linear regression analysis of the optical
density (Dynatech MR 5000 micro-ELISA autoreader; test filter, 405 nm; ref-
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and TNFB2 (10.5 kb) by NcO1 digestion, has been described to
be associated with several autoimmune diseases (10, 29, 30).
The TNFB1 allele has been described to be strongly associated with the A1, B8, DR3 haplotype (28). The TNF-␤ NcO1
polymorphism was found to be correlated with an amino acid
variation of the TNF-␤ sequence at position 26, which is asparagine for the TNFB1 sequence and threonine for the
TNFB2 sequence (23). Furthermore, it was described that the
TNF-␤ response of peripheral blood mononuclear cells from
TNFB1-homozygous individuals is significantly increased after
phytohemagglutinin stimulation, whereas monocytes from
TNFB2-homozygous individuals showed a significantly increased interleukin-1␤ (IL-1␤) and TNF-␣ response after phytohemagglutinin and endotoxin stimulation (23, 25, 29, 30).
Recently, it has been shown that the TNF-␤ NcO1 polymorphism is associated with high mortality in severe sepsis of
various origins (37) and with a significantly increased risk for
the development of severe sepsis in multiply injured blunt
trauma patients (20). Although the TNF-␣ ⫺308 G/A polymorphism has not been found to be associated with mortality
in severe sepsis (36), an association of the rare TNF2 allele
with susceptibility and mortality in septic shock patients has
been described (24). However, functional consequences associated with these polymorphisms in inflammatory situations
such as sepsis or trauma remain unclear. Moreover, until now
no human TNF gene polymorphism which is substantially related to TNF production in health and disease states has been
identified, and TNF gene expression has been shown to be
regulated only in part by transcriptional events (27, 39).
To further compare the roles of these two TNF gene polymorphisms as predisposing markers for severe infectious complications, we studied the genotype distribution of the TNF-␣
⫺308 G/A and TNF-␤ NcO1 polymorphisms in connection
with the development of severe sepsis and leukocyte function
in blunt trauma patients. In order to exclude influences of cell
preparation techniques and to preserve a natural environment,
leukocyte function was tested in a whole-blood assay system
using the ex vivo cytokine (TNF-␣, IL-6, and IL-8) response to
endotoxin as a functional parameter (8, 13, 19). Since functional consequences associated with the TNF-␣ ⫺308 G/A and
TNF-␤ NcO1 polymorphisms are controversial and despite the
fact that these polymorphisms are certainly not decisive in the
regulation of the IL-6 and IL-8 response to endotoxin, TNF-␣,
IL-6, and IL-8 were determined because of their biological
relevance in inflammatory and septic responses in order to
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RESULTS
Allele frequencies and genotype distribution. The overall
allele frequencies were 0.83 for the TNF1 allele and 0.17 for
the TNF2 allele of the TNF-␣ ⫺308 G/A polymorphism and
0.36 for the TNFB1 allele and 0.64 for the TNFB2 allele for the

TABLE 2. Association between TNF-␣ ⫺308 G/A and TNF-␤
NcO1 genotypes
TNF␤ NcO1 genotype

TNFB1/TNFB1
TNFB1/TNFB2
TNFB2/TNFB2

No. with the following TNF␣ ⫺308 G/A
genotype:
TNF1/TNF1

TNF1/TNF2

1
14
31

11
13
0

TNF-␤ NcO1 polymorphism. Twelve patients (17%) were homozygous for the allele TNFB1, 31 patients (44%) were homozygous for the allele TNFB2, and 27 patients (39%) were
heterozygous (TNFB1/TNFB2). Forty-six patients (66%) were
homozygous for the TNF1 allele of the TNF-␣ ⫺308 G/A
polymorphism, and 24 patients (34%) were heterozygous. No
homozygotes were observed for the TNF2 allele of the TNF-␣
⫺308 G/A polymorphism (Table 1). A significant association
(P ⬍ 0.001) was found between the two TNF gene polymorphisms. The distribution of the genotype combinations showed
that all TNFB2 homozygotes were TNF1 homozygotes for the
TNF-␣ ⫺308 G/A polymorphism but that the TNF-␤ NcO1
TNFB2 allele was not always associated with the TNF-␣ ⫺308
TNF1 allele (Table 2).
Ex vivo whole blood cytokine response to endotoxin. Figure
1 shows the ex vivo cytokine responses of the patients’ whole
blood to endotoxin for the different genotypes of the TNF-␣
⫺308 G/A polymorphism. Significant differences between the
TNF1/TNF1 and TNF1/TNF2 genotypes were found on day 1
after trauma for TNF-␣ and IL-8 production, with a higher
cytokine-producing capacity in patients homozygous for the
TNF1 allele. For IL-6 production, significant differences between the TNF1/TNF1 and TNF1/TNF2 genotypes were not
detectable, although in patients with the TNF1/TNF1 genotype
the whole-blood IL-6 response to endotoxin was slightly higher
during the 14-day observation period.
The endotoxin-induced cytokine production by the patients’
whole blood, depending on the genotype of the TNF-␤ NcO1
polymorphism, is shown in Fig. 2. Even though statistically
significant differences between the genotypes of the TNF-␤
NcO1 polymorphism were found only on day 2 for TNF-␣
production, on days 1 to 4 for IL-6 production, and on days 1
and 2 for IL-8 production compared with the heterozygous
genotype, patients with a homozygous genotype showed a persistently higher cytokine-producing capacity for at least 4 to 8
days after trauma.
Development of severe sepsis. Fourteen out of 70 patients
(20%) developed severe sepsis during the posttraumatic
course. The source of infection was predominantly pneumonia.
All septic patients had positive blood cultures (41% gramnegative isolates and 59% gram-positive isolates). The first
relevant clinical isolates were Enterococcus in two patients,
Klebsiella-Enterobacter in one patient, Klebsiella pneumoniae in
one patient, Escherichia coli in one patient, Klebsiella oxytoca in
one patient, Pseudomonas aeruginosa in one patient, Staphylococcus epidermidis in four patients, and Staphylococcus aureus
in four patients. One patient had two isolates.
For the genotypes of the TNF-␣ ⫺308 G/A polymorphism,
differences in the frequency of development of severe sepsis
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erence filter, 490 nm) versus TNF-␣ concentration on the standard curve. For the
standard curves of each plate, r2 was 0.98 to 1.0. The lower detection limit was 30
pg/ml.
(ii) IL-6 and -8. Commercially available ELISA kits were used for determinations of IL-6 and IL-8 (both obtained from Endogen, Freiburg, Germany;
lower detection limit, 30 pg/ml) in supernatants of whole-blood cultures according to the manufacturer’s instructions.
Genotyping for the TNF-␣ ⴚ308 G/A polymorphism. Blood samples were
drawn, and each patient’s genomic DNA was extracted by standard phenolchloroform extraction (34) from peripheral blood mononuclear cells obtained by
Ficoll density gradient centrifugation or from whole blood by using a commercially available DNA isolation kit (QIAmp blood kit; Qiagen, Krefeld, Germany)
according to the manufacturers’ instructions. One microliter (20 to 80 ng) of
genomic DNA was used. Genotyping for the TNF ⫺308 G/A genetic polymorphism was performed in a real-time PCR assay with specific fluorescence-labeled
hybridization probes, as reported recently (26). The thermocycler was a LightCycler instrument (Roche Diagnostics, Basel, Switzerland). The primers (sense,
5⬘-AAGGAAACAGACCACAGACCTG; antisense, 5⬘-GGTCTTCTGGGCCA
CTGAC) were used at 0.5 mol/liter, and the detection probe specific for the G
allele (TNF1) (5⬘-AACCCCGTCCCCATGCC) and the anchor probe (5⬘-CAA
AACCTATTGCCTCCATTTCTTTTGGGGAC) were used at 0.2 mol/liter.
The 10-l PCR mixture contained 1 l of reaction buffer. Sixty PCR cycles were
run, with one PCR cycle consisting of denaturation at 95°C for 0 s and then
20°C/s, annealing at 57°C for 15 s, and extension at 72°C for 10 s. A sample was
classified as TNF ⫺308 genotype AA (TNF2/TNF2), AG (TNF1/TNF2), or GG
(TNF1/TNF1) according to the derivative melting curves.
Genotyping for the TNF-␤ NcO1 restriction fragment length polymorphism.
The genotype of the NcoI restriction fragment length polymorphism of the
TNF-␤ gene was determined by PCR amplification and enzymatic digestion of
the products with NcoI as described previously (20). PCR was performed using
1 U of Thermus aquaticus thermostable DNA polymerase (Boehringer, Mannheim, Germany), 0.2 mol of deoxynucleoside triphosphates, 200 pmol of each
primer, 1 or 0.1 l of chromosomal DNA, 50 mM KCl, 10 mM Tris-HCl, and 1.5
mM MgCl2 (pH 8.3) in a total volume of 100 l. A 782-bp fragment of the TNF-␤
gene including the first intron was amplified by 37 cycles of denaturation (30 s at
95°C), primer annealing (30 s at 50°C), and DNA extension (45 s at 72°C) in an
automated PCR cycler (GeneAmp PCR system 2400; Perkin-Elmer, Darmstadt,
Germany). The following nucleotide sequences were used for PCR amplification
(37): 5⬘CCGTGCTTCGTGCTTTGGACTA3⬘ and 5⬘AGAGGGGTGGATGCT
TGGGTTC3⬘. Seventeen microliters of the PCR product was digested with 1 l
of NcoI endonuclease (10 U/l; Gibco, Eggenstein, Germany) and 2 l of 50 mM
Tris-HCl–10 mM KCl–1 mM dithiothreitol–0.1 mg of bovine serum albumin/ml
for 2 h at 37°C. This resulted in complete digestion of the PCR product, since
extension of incubation time and addition of fresh enzyme did not change the
result. The TNFB1 allele includes a restriction site for NcoI which results in 196and 586-bp fragments after digestion. Following NcoI digestion, 10-l portions of
digested and undigested samples were electrophoresed in a nonreducing 1.5%
agarose gel (160 V, 1 h) and stained with ethidium bromide. The bands were
visualized under UV light and digitized with a video camera (VarioCam; Phase,
Lübeck, Germany).
Statistical analysis. If not otherwise mentioned, data are expressed as the
mean ⫾ the SEM. The Pearson correlation coefficient, chi-square test, KruskalWallis H test, and Mann-Whitney U test were used to test for significant differences between the groups and were calculated with the SPSS for Windows
release 10.0.7 program. A two-tailed P value of ⬍0.05 was considered significant.
Statistical significance of the odds ratio (OR) associated with a particular genotype (OR ⫽ n1n4/n2n3, where n1 is the number of sepsis patients carrying the
genotype, n2 is the number of controls carrying the genotype, and n3 and n4 are
the corresponding numbers of sepsis and control patients not carrying the genotype) was calculated by using a 2 distribution with one degree of freedom
(21), where 2PMH ⫽ [(n1-4 ⫺ 1)/(n1n4 ⫺ n2n3)2]/[(n1 ⫹ n2)(n3 ⫹ n4)(n1 ⫹
n3)(n2 ⫹ n4)] must be ⬎3.841 to attain a P value of ⬍0.05. A 95% confidence
2
interval [OR共1 ⫾ 1.96/ 冑 PMH兲] excluding the value 1 corresponds to statistical significance.
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were not detectable (Table 3). In contrast, patients homozygous for the TNFB2 or TNFB1 allele had a significantly higher
incidence of severe posttraumatic sepsis than patients with the
heterozygous genotype (Table 3). Compared with the heterozygous genotype, the OR for the B2/B2 genotype for the
development of severe posttraumatic sepsis was 11 (P ⫽ 0.01),
and for the homozygous TNFB1 genotype the OR was 13 (P ⫽
0.014). The demographic data for the patients showed that
severity of injury, measured using the ISS, was significantly

FIG. 2. Ex vivo whole-blood cytokine response to endotoxin in
trauma patients carrying the TNFB1/TNFB1, TNFB1/TNFB2, or
TNFB2/TNFB2 genotype of the TNF-␤ NcO1 polymorphism. Values
are means ⫾ SEMs. F, TNFB1/TNFB1 genotype (n ⫽ 9 to 12); ■,
TNFB2/TNFB2 genotype (n ⫽ 22 to 30); E, TNFB1/TNFB2 genotype
(n ⫽ 15 to 24). ⴱ, P ⬍ 0.05 for TNFB1/B2 versus TNFB1/TNFB1; #,
P ⬍ 0.05 for TNFB1/TNFB2 versus TNFB2/TNFB2. For further details, see Materials and Methods.

higher in patients homozygous for the TNFB1 allele than in
patients with the TNFB2/B2 and TNFB1/B2 genotypes (P ⬍
0.05 by the Kruskal-Wallis H test). This difference was caused
by a higher AIS for the body regions head-neck (3.5 ⫾ 0.5
[TNFB1/TNFB1] versus 1.0 ⫾ 0.3 [TNFB2/TNFB2] and 1.3 ⫾
0.3 [TNFB1/TNFB2]) and extremities (3.0 ⫾ 0.3 [TNFB1/
TNFB1] versus 2.8 ⫾ 0.2 [TNFB2/TNFB2] and 2.1 ⫾ 0.3
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FIG. 1. Ex vivo whole-blood cytokine response to endotoxin in
trauma patients carrying the TNF1/TNF1 or TNF1/TNF2 genotype of
the TNF-␣ ⫺308 G/A polymorphism. Values are means ⫾ SEMs. ■,
TNF1/TNF1 genotype (n ⫽ 39 to 44); 䊐, TNF1/TNF2 genotype (n ⫽
13 to 19). ⴱ, P ⬍ 0.05. For further details, see Materials and Methods.
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TABLE 3. Genotype distribution in trauma patients with and without development of severe sepsis
ISS
(no. of patients)

4–57 (70)

Genotype

P

OR [95% confidence interval]

Yes

No

10
4

36
20

0.76

9
4
1

22
8
26

0.78, 0.01 (0.014)a

11 [1.7–66.7] (13 [1.8–95.5])a

Homozygousb (TNFB1/TNFB1,
TNFB2/TNFB2)
TNFB1/TNFB2

13

30

0.008

11 [1.92–66.1]

1

26

TNF-␣ ⫺308 G/A

TNF1/TNF1
TNF1/TNF2

10
4

28
16

0.59

TNF-␤ NcO1

TNFB2/TNFB2
TNFB1/TNFB1
TNFB1/TNFB2

9
4
1

15
8
21

0.81, 0.007 (0.024)a

12.6 [1.97–80.5]
(10.5 [1.3–82.8])a

13

23

0.008

11.87 [1.97–71.4]

1

21

TNF-␣ ⫺308 G/A

TNF1/TNF1
TNF1/TNF2

TNF-␤ NcO1

TNFB2/TNFB2
TNFB1/TNFB1
TNFB1/TNFB2

Homozygous (TNFB1/TNFB1,
TNFB2/TNFB2)
TNFB1/TNFB2
a

The first value is for the comparison with TNFB1/TNFB1, and the second value is for the comparison with TNFB1/TNFB2. Values in parentheses are for the
comparison of the TNFB1/B1 genotype with the TNFB1/B2 genotype.
b
Patients homozygous for the allele TNFB1 or TNFB2.

[TNFB1/TNFB2]). Therefore, the genotype distribution was
compared to sepsis development in the subgroup of multiply
injured patients (ISS of ⬎15), who carry a high risk for sepsis
development. The genotype groups of these patients (n ⫽ 58)
were homogenous regarding the demographic parameters age,
sex, ISS, and AIS for the body regions face, thorax, abdomen,
extremities, and skin. Only the AIS of the head-neck region
was higher in multiply injured patients homozygous for the
TNFB1 allele (3.5 ⫾ 0.5 [mean ⫾ SEM]) than in patients
carrying the TNFB2/B2 (1.4 ⫾ 0.5 [mean ⫾ SEM] and
TNFB1/B2 (1.5 ⫾ 0.5 [mean ⫾ SEM]) genotypes. Similar to
the case for the entire patient population, there were no differences in the frequency of development of severe sepsis
between the genotypes of the TNF-␣ ⫺308 G/A polymorphism, whereas in multiply injured patients the OR for the
B2/B2 genotype of the TNF-␤ NcO1 polymorphism for the

development of severe posttraumatic sepsis was 12.6 (P ⫽
0.007), and for the homozygous TNFB1 genotype the OR was
10.5 (P ⫽ 0.024), compared with the heterozygous genotype
(Table 3). TNF-␣ ⫺308:TNF-␤ NcO1 haplotype analysis
showed that the TNFB2:⫺308 A haplotype is significantly negatively associated with sepsis development (Table 4). A significant positive correlation with development of severe sepsis
was not found for any of the different haplotypes.
DISCUSSION
The TNF-␣ ⫺308 G/A and the TNF-␤ NcO1 polymorphisms
have both been described to be associated with survival in
sepsis or septic shock of various origins (24, 37, 38). Furthermore, we recently reported that the TNFB2/TNFB2 genotype
of the TNF-␤ NcO1 polymorphism is significantly associated

TABLE 4. TNF-␣ ⫺308:TNF-␤ NcO1 haplotypes and development of severe sepsis in blunt trauma patients
No. of patients with the following no. of haplotypesa and with/without
development of severe sepsis:

Haplotype

TNFB1:TNF1
TNFB1:TNF2
TNFB2:TNF1
TNFB2:TNF2
a
b
c

rb

2

1

0.5

0

0/1
0/0
9/31
0/0

5/25
4/11
1/14
0/0

0/13
0/13
0/13
0/13

9/31
10/46
4/12
14/57

Haplotypes of heterozygotes were scored as a 0.5 probability for each haplotype.
r, Pearson correlation coefficient for correlation between the number of the patients haplotypes with sepsis development.
P, Level of statistical significance.

⫺0.13
0.048
0.11
⫺0.24

Pc

0.3
0.69
0.35
0.047
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⬎15 (58)

Polymorphism

Development
of severe
sepsis (n)
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clinical course and not to the presence or absence of disease
should be taken into consideration.
Haplotype analysis indicates that none of the TNF-␣ ⫺308:
TNF-␤ NcO1 haplotypes is significantly positively associated
with development of severe sepsis. On the contrary, the
TNFB2:TNF2 haplotype was found to be negatively associated
with the development of severe sepsis after blunt trauma. In
line with our data, a recent study with a population of community-acquired pneumonia patients (41) showed that TNFB2
homozygous individuals posses a significantly increased risk for
the development of septic shock, whereas no association with
septic shock development was found for the TNF-␣ ⫺308 GA
polymorphism. Moreover, Waterer et al. (41) described a significant association of the TNFB2:TNF1 haplotype with septic
shock susceptibility. Although we could not detect a significant
association of the TNFB2:TNF1 haplotype with susceptibility
to severe sepsis in our patients, the inverse finding of a negative correlation of the TNFB2:TNF2 haplotype with development of severe sepsis confirms the assumption that the TNF-␣
⫺308 locus may exert an influence on sepsis development in
trauma patients. In accordance with the weak differences in
leukocyte function between the genotypes of the two polymorphisms, the data strengthen the hypothesis that the TNF-␤
NcO1 polymorphism is a genetic marker associated with sofar-unknown genetic elements responsible for sepsis susceptibility and possibly with regulation of leukocyte function. This
would be in line with the finding that patients with development of severe sepsis after severe blunt trauma present with a
significantly increased cytokine producing capacity in the early
posttraumatic period compared with patients with an uncomplicated recovery (9, 14).
Although it was not an aim of our study to compare mortalities of trauma patients having the different TNF-␣ ⫺308
G/A and TNF-␤ NcO1 genotypes, it should be noted that
compared with patients with all other genotypes, TNFB1 homozygous trauma patients showed an at least threefold-higher
mortality. While this might be a chance observation due to the
small number of TNFB1 homozygotes, an increased mortality
in these patients cannot be excluded until a larger cohort of
patients is studied.
Taken together, in contrast to the TNF-␣ ⫺308G/A polymorphism, the TNF-␤ NcO1 polymorphism was found to be
significantly associated with the development of severe sepsis
in blunt trauma patients. Although the TNF-␤ NcO1 polymorphism appears less likely to be causative for development of
severe sepsis after trauma, it is so far the only genetic marker
identified which can be used as a relevant risk estimate for
severe sepsis in trauma patients immediately after the injury.
Even though knowing the risk for severe sepsis would be without therapeutic consequences today, it may lead to the development of a new therapeutic approach adapted to the genetic
background of the individual and to the discovery of causative
genetic elements which are involved in the regulation of the
immune response to blunt trauma in the future.
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