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Abstract. The association of the tumor necrosis factor  β 
(TNF-β) Nco1 genetic polymorphism with susceptibility to 
sepsis was evaluated in 60 consecutive patients diagnosed 
with sepsis and in 148 healthy blood donors. Genomic DNA 
was extracted from peripheral blood cells and a 782 base-pair 
fragment of the TNF-β gene was amplified by PCR. The 
PCR products were subjected to Nco1 restriction digestion 
and analysed by restriction fragment length polymorphism 
analysis. Tumor necrosis factor α (TNF-α) and the C-reactive 
protein (CRP) serum levels were also determined by ELISA 
and nephelometry, respectively. Among the septic patients, the 
allelic frequencies of TNFB1 and TNFB2 were 0.2833 and 
0.7166, respectively, and they differed from those observed 
in the blood donors (p=0.0282). The TNFB2 allele frequency 
was higher in the septic patients than in the blood donors 
[odds ratio=1.65 (CI 95% 1.02-2.69), p=0.0315]. The TNF-α 
and CRP serum levels and the APACHE II and SOFA clinical 
scores did not differ in the patients with the TNFB1 or TNFB2 
alleles (p>0.05). The results suggest that the TNFB2 allele is 
associated with susceptibility to sepsis, but it was not found to 
be associated with the immunological and clinical biomarkers 
of the disease. 

Introduction 

Sepsis, defined by the presence of both infection and a 
systemic inflammatory response, is a potent activator of the 

host's immune inflammatory and coagulation responses. 
Currently, it is regarded as the most prevalent illness among 
hospitalized patients and is one of the main causes of death in 
the non-coronary care unit (1-3). Although the general direc-
tion of activation is similar between individuals, there are very 
important inter-individual differences in the immune, inflam-
matory and coagulation responses to infection (4). In response 
to infectious stimuli, such as lipopolysaccharides (LPS), 
tumor necrosis factor α (TNF-α) is a cytokine that is released 
early mainly by macrophages, and it is a principal mediator of 
the inflammatory response to infection which stimulates acute 
inflammation by its action on different cells, such as endothe-
lial cells, leukocytes, natural killer cells and hepatocytes. 
The biological actions of TNF-α depend on its concentration. 
Therefore, any genetic variability in the production of TNF-α 
after an infectious stimulus could have a significant impact 
on the degree of inflammatory response and could therefore 
potentially influence the clinical outcome (4). 

Genetic polymorphisms with potential influences on the 
inflammatory response have been identified in a variety of 
antigen recognition pathways, as well as pro- and anti-inflam-
matory cytokines (4). Genetic predisposition has a substantial 
impact on outcome in sepsis (5), modifying both the disease 
process and the approach taken to therapy and is considered 
in the PIRO system for staging sepsis that takes into account 
the predisposition (P), the insult infection (I), the response (R) 
and organ dysfunction (O) (3). Most of the candidate genes 
that could influence the intensity of the inflammatory response 
are located on the highly polymorphic region of human chro-
mosome 6, known as the major histocompatibility complex 
(MHC). These include genes involved in the antigen recog-
nition pathways (HSP70-1, HSP70-2, HSP70-HOM, CD14 
and toll-like receptors) and genes involved in the expression 
of pro-inflammatory cytokines, such as TNF-α and tumor 
necrosis factor β (TNF-β) or lymphotoxin-α (LT-α) (4). 

TNF-β is a cytokine produced by T lymphocytes similar 
to TNF-α, and binds to TNF receptors. It is also expressed 
as a membrane protein, in which one chain of the secreted 
form associates with two subunits of a structurally related 
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membrane protein known as lymphotoxin-β (LT-β). LT-β acti-
vates endothelial cells and neutrophils and is thus a mediator 
of acute inflammatory response, providing a link between 
T-cell activation and inflammation. These biological effects 
of TNF-β are the same as those of TNF-α, consistent with 
their binding to the same receptors. However, as the quantity 
of TNF-β is much less that the amounts of TNF-α made by 
LPS-stimulated mononuclear phagocytes, TNF-β is not readily 
detected in the circulation. Therefore, TNF-β is usually a local 
cytokine and not a mediator of systemic injury (6). 

TNF-α and TNF-β genes are located next to each other 
within the human leukocyte antigen (HLA) class III genes 
on chromosome 6 and evolutionary studies have suggested 
a common ancestor for both genes that duplicates during 
evolution (7). The role of the polymorphisms of these genes 
in the susceptibility of sepsis has been evaluated in different 
populations worldwide (8). A single nucleotide polymorphism 
(SNP) is also found at position +252 located in the first intron 
of the TNF-β gene, and consists of a G in the wild-type allele, 
TNFB1, and an A in the variant allele, TNFB2 (9). Known as 
the Nco1 polymorphism, it has been identified as a potentially 
influential locus in many inflammatory conditions. Studies 
carried out in German white patients with septic shock have 
shown that the TNFB2 allele results in a higher TNF-α secre-
tory capacity than the TNFB1 allele, and that the TNFB2 
allele is also associated with a greater risk of death. Among 
patients with post-operative severe sepsis, 65% of non-survi-
vors and 12% of survivors were homozygous for the variant 
allele (TNFB2/B2) (10).

The TNFB2 variant allele was also a risk factor for the 
development of septic shock in multiple trauma patients (11). 
In these patients, the homozygous genotype for the TNFB2 
variant allele was associated with severe sepsis and high 
serum levels of TNF-α, and the results suggested that the 
TNF-β polymorphism could be a genetic marker of another 
gene located in the MHC region that is associated with 
susceptibility to sepsis. In patients with blunt trauma, severe 
sepsis and increased cytokine production were diagnosed 
among those that presented with the homozygous genotype 
for the TNF-β Nco1 polymorphism, either the homozygous 
genotype wild-type (TNFB1/B1) or the homozygous variant 
allele (TNFB2/B2) (12). Among patients with community-
acquired pneumonia, an association was observed between 
those homozygous for the variant allele (TNFB2/B2) and 
the development of septic shock. However, no association 
was observed between TNFB2/B2 and high mortality (13). 
However, these previous studies were carried out in popula-
tions from the Northern Hemisphere that show a homogeneous 
genetic structure. Few studies were carried out in the coun-
tries from the Southern Hemisphere, including Brazil, that has 
one of the most genetically heterogeneous populations in the 
world. In order to address this question, the objective of the 
present study was to evaluate the association of the TNF-β 
Nco1 genetic polymorphism with susceptibility to sepsis and 
its outcome in Southern Brazilian patients.

Materials and methods

Study design. The protocol was approved by the Institutional 
Research Ethics Committee of the State University of 

Londrina and a voluntary written consent form was obtained 
from the individuals enrolled (or from their legal guardians). 

The prospective study included 60 consecutive patients 
admitted to the University Hospital of Londrina between May 
2007 and June 2008 with severe sepsis or septic shock, defined 
according to the American College of Chest Physicians/
Society of Critical Care Medicine (ACCP/SCCM) consensus 
conference criteria (3). The patients were included in the study 
at the time of sepsis diagnosis, they received standard hospital 
treatment as required and the clinical outcome was monitored 
prospectively. Age, gender, primary site of infection (deter-
mined by clinical presentation and/or positive focus cultures), 
the severity of the sepsis [evaluated by the Acute Physiology 
and Chronic Health Evaluation II (APACHE II) index] (13), 
and organ dysfunction [evaluated by Sequential Organ Failure 
Assessment (SOFA)] (14), were collected at each patient's 
entry into the study. The exclusion criteria were <18 years of 
age, missing informed consent forms and patients with immu-
nosuppression of any etiology, including cancer, receiving 
current immunosuppressive therapy or chemotherapy, human 
immunodeficiency virus (HIV) infection, liver insufficiency 
(Child C) and severe chronic renal disease with dialysis 
therapy. Blood samples were collected within 24 h after the 
sepsis diagnosis. The control group comprised of 148 healthy 
blood donors from the same region that were attended at the 
Blood Bank of Londrina during the same period. Their demo-
graphic data were colleted from the records of the Regional 
Blood Bank of Londrina. All information and the samples 
used in the study were coded and patient and healthy blood 
donor confidentiality was preserved according to the guide-
lines for studies of human subjects.

Immunological assays. Prior to the analysis, peripheral venous 
blood was collected without anti-coagulant, centrifuged and 
stored at -20˚C. TNF-α serum levels were determined by 
enzyme-linked immunosorbent assay (ELISA, Kit Human 
TNF-α eBioscience™, San Diego, CA, USA), with lower 
detection limit of 2 pg/ml. The reference value was <8.2 pg/
ml, according the manufacturer's instructions. CRP serum 
levels were determined by nephelometry (Nephelometer 
100 Analyser BN II™, Dade-Behring – Siemens Healthcare 
Diagnostics Inc., IL, USA), with a lower detection limit of 
<0.175 mg/l. The reference value used was <3 mg/l according 
to the manufacturer's instructions. 

Nco1 genetic polymorphism. Genomic DNA was extracted 
from peripheral blood cells by a salting-out procedure (15) and 
100-200 ng of DNA were used to amplify a 782-bp fragment 
of the TNF-β gene, including the first intron, by polymerase 
chain reaction (PCR) as previously reported (11,12) with some 
modifications. Briefly, the primers used were determined 
according to the GenBank no. X02911 as follows: Primer  1 
(TNF1 sense) 5' CCG TGC TTC GTG CTT TGG GAC TA 
3'; Primer 2 (TNF2 antisense) 5' AGA GGG GTG GAT GCT 
TGG GTT TC 3' (Invitrogen™, Life Technologies, Carlsbad, 
CA, USA). PCR was performed with a final volume of 25 µl, 
with 2.5 mM of each primer, 50 mM MgCl2, 1.25 mM dNTP 
(Invitrogen, Life Technologies), 1.25 units Thermus aquaticus 
thermostable DNA polymerase in the buffer provided 
(Invitrogen, Life Technologies) and 1 µl of the DNA sample. 
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PCR conditions were performed in a thermocycler (PCR 
Sprint-Thermo Hybaid™, Biosystems, Barcelona, Spain) and 
comprised of 5 min denaturation at 94˚C for initial denaturation; 
37 cycles of 45 sec at 94˚C for denaturation, 45 sec at 67˚C for 
the anneling and 45 sec at 72˚C for the elongation; and 10 min 
at 72˚C for final elongation. In all PCR analyses, a negative 
control (without a DNA sample) and a positive control (with 
the amplified 782-bp DNA fragment) were included. 

The PCR products were subjected to restriction fragment 
length polymorphism (RFLP) analysis as described in previous 
studies (11,12) with some modifications. Briefly, 10 µl of the 
PCR product were completely digested with 0.3 µl of Nco1 
10 U/µl enzyme (Invitrogen, Life Technologies) for 4 h at 37˚C. 
Following Nco1 digestion, 10 µl of the digested and undigested 
samples were electrophoresed on a 10% acrylamide gel (100 V, 
3 h), and stained with silver, as described previously (16). The 
TNFB1 allele includes a restriction site for Nco1 which results 
in 196- and 586-bp fragments after digestion and the TNFB2 
allele (lacking the restriction site for Nco1) which results in a 
fragment of 782 bp. The heterozygous genotype TNFB1/B2 
results in three fragments (782, 586 and 196 bp). The images 
of the gel were captured and recorded by a photodocument 
system and the Digi Doc-It Program version 1.1.25.

Statistical analysis. A database with the results was set up 
using the Excel Program of Microsoft Office and the data 
were statistically analysed by the Epi Info Program v.3.3.2 
(17) and SAS v.8.02 (18). Descriptive results of continuous 
variables were expressed as the maximum and minimum 
values, the means ± standard deviation (SD), and the median or 
proportions with 95% confidence intervals (CI) as appropriate. 
Departure from Hardy-Weinberg equilibrium and differences 
in categorical variables were assessed by the Chi-square test 
or Fisher's exact test, where appropriate. The quantitative 
variables were evaluated by the Mann-Whitney test. The odds 
ratio (OR) was calculated by comparing the distributions of 
alleles and genotypes between healthy subjects (reference) 
and septic patients. Two-tailed p-values of <0.05 were used to 
indicate statistical significance. 

Results

Profile of subjects studied. Of the 60 patients included, the 
age ranged from 20 to 91 years (mean, 61.7±17.4; median, 65); 

36 (60%) were male and 24 (40%) were female, with a 
male:female ratio of 1:1.5. Of the 148 blood donors, the age 
ranged from 18 to 62 years (mean, 37.6±10.8; median, 38); 
83 (56.1%) were male and 65 (43.9%) were female, with a 
male:female ratio of 1:1.28. The patients were older than the 
blood donors (Mann-Whitney test, p<0.0001), but they did 
not differ from the blood donors in gender (χ2 test, p=0.6407). 
The primary sites of infection presented by the sepsis patients 
were the respiratory tract in 37 (61.7%), the abdominal tract 
in 14 (23.3%), the urinary tract in 6 (10%) and the skin or 
soft tissue in 2 patients (3.3%). The primary site of infection 
was not determined in 1 (1.7%) patient. At the time of study 
inclusion, severe sepsis was present in 26 (43.3%) patients and 
septic shock in 34 patients (56.7%). 

The septic patients showed higher TNF-α serum levels 
at the time of admission that ranged from <2 to 342.9 pg/ml 
(mean, 16.3±52.4; median, 4.6) when compared to the blood 
donors whose levels ranged from <2 to 134.5 pg/ml (mean, 
6.8±13.6; median, 3.1). However, no significant differences were 
found (Mann-Whitney test, p=0.2070). Increased serum levels 
of CRP were also detected in all of the patients with sepsis at 
the time of admission, and the values were significantly higher, 
ranging from 12.7 to 341  mg/l (mean, 152.4±86.0; median, 
145) when compared to the values obtained among the blood 
donors, which ranged from 0.2 to 10.4 mg/l (mean, 1.7±2.1; 
median, 0.8) (Mann-Whitney test, p<0.0001).

Genotype and allele frequencies. The genotype frequen-
cies presented by the septic patients and blood donors were 
significantly different (Table I), essentially a result of the 
TNFB2 allele frequency (χ2 test=7.1356, p=0.0282). Among 
the septic patients, 7 (11.7%) were homozygous for the allele 
TNFB1 (TNFB1/B1), 20 (33.3%) were heterozygous (TNFB1/
B2) and 33 (55%) were homozygous for the allele TNFB2 
(TNFB2/B2). Among the healthy donors, the heterozygous 
genotype was more frequent, obtained in 75 individuals 
(50.7%), followed by the homozygous TNFB2/B2 detected 
in 52 (35.1%) and TNFB1/B1 in 21 (14.2%) individuals. The 
overall allele frequencies were 0.3630 for the TNFB1 allele 
and 0.6370 for the TNFB2 allele of the TNF-β Nco1 poly-
morphism. The allele frequency of TNFB2 for the septic 
patients (0.7166) was higher than that observed among the 
healthy individuals (0.6047) [χ2 test=4.63, p=0.0315, OR=1.65 
(CI  95% 1.02-2.69)]. Among the 60 septic patients, severe 

Table I. Frequency of the tumor necrosis factor β (TNF-β) Nco1 genetic polymorphism in septic patients and healthy blood 
donors from the Southern Brazilian population.

Group	TN F-β Nco1 genotype frequencya	A llelic frequencyb

	 ----------------------------------------------------------------------------------------------------------------------------------	 ------------------------------------------
	TN FB1/B1, n (%)	TN FB1/B2, n (%)	TN FB2/B2, n (%)	TN FB1	TN FB2

Patients (n=60)	   7 (11.7)	 20 (33.3)	 33 (55.0)	 0.2833	 0.7166
Blood donors (n=148)	 21 (14.2)	 75 (50.7)	 52 (35.1)	 0.3952	 0.6047
Total (n=208)	 28 (13.5)	 95 (45.7)	 85 (40.9)	 0.3630	 0.6370

TNFB1, allele with the restriction site of the Nco1; TNFB2, variant allele without the restriction site of the Nco1; TNFB1/B1, genotype 
homozygous for the allele TNFB1; TNFB1/B2, genotype heterozygous for the allele TNFB1; TNFB2/B2, genotype homozygous for the allele 
TNFB2; aχ2 test=7.1356, p=0.0282; bχ2 test=4.63, p=0.0315, OR=1.65 (95% CI 1.02-2.69). 
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sepsis occurred more frequently in those that presented the 
TNFB1 allele, diagnosed in 14 (51.9%) patients. In contrast, 
shock septic was more frequent among those with the TNFB2 
allele, detected in 21 (63.6%) patients. However, no significant 
difference was obtained (χ2=1.45, p=0.2284).

Association of TNF-β Nco1 genetic polymorphism with 
TNF-α, and CRP serum levels. The TNF-α and CRP serum 
levels obtained in the septic patients and in the healthy indi-
viduals, distributed according the TNF Nco1 polymorphism, 
are shown in Table II. The median serum TNF-α concentra-
tions were higher in both the septic patients and the blood 
donors with the homozygous genotype, TNFB2/B2, when 
compared to the other genotypes, TNFB1/B1 and TNFB1/B2. 
However, the differences were significant only for the blood 
donor values (Kruskal-Wallis test, p=0.9350 and p=0.0109, 
respectively). Although the CRP serum levels were also higher 
in the patients with the TNFB2/B2 genotype, no significant 
differences were obtained (Kruskal-Wallis test, p=0.6140). 
When the TNF-α and CRP serum values were evaluated 
according to the frequency of the TNFB1 and TNFB2 alleles, 
no significant differences were also observed (Table III). 

Association of TNF-β Nco1 genetic polymorphism with the 
APACHE II and SOFA scores, and mortality. The severity 
of illness scores and the mortality rate of sepsis distributed 
according to the TNF-β Nco1 alleles are shown in Table III. 

The APACHE II scores ranged from 16 to 30 (median,  21) 
in the patients with the TNFB1/B1 genotype, from 8 to 37 
(median, 26.5) in the TNFB1/B2 genotype, and from 12 to 41 
(median, 22) in the TNFB2/B2 genotype. The SOFA scores 
ranged from 4 to 18 (median, 11) in the patients with the 
TNFB1/B1 genotype, from 1 to 16 (median, 9) in the TNFB1/
B2 genotype, and from 2 to 17 (median, 8) in the TNFB2/B2 
genotype. Although the APACHE scores were higher among 
the patients that presented the heterozygous and homozygous 
genotypes for the TBFB2 allele when compared to those that 
had the homozygous TNFB1 genotype, the difference was 
not significant. Both the APACHE II and SOFA scores did 
not differ among the TNF-β Nco1 genotypes (Kruskal-Wallis 
test, p=0.7461 and p=0.9147, respectively). When these scores 
were evaluated according to the frequency of the TNFB1 and 
TNFB2 alleles, no significant differences were also observed 
(Mann-Whitney test, p=0.6989 and p=0.7373, respectively). 
Although the frequency of the TNFB2 allele was higher 
among the septic non-survivors compared to the survivors, 
the mortality rate of sepsis did not differ with respect to the 
TNF-β Nco1 alleles (χ2 test=0.7477, p=0.3872). 

Discussion

Sepsis is a complex disease that arises because of the interac-
tion of a person's genotypes with environmental influences 
and most of the evaluation regarding the role of different 

Table II. Distribution of the tumor necrosis factor β (TNF-β) and C reactive protein serum levels in septic patients and healthy 
blood donors from the Brazilian population, according to the TNF-β genetic polymorphism.

	TN F-β genotype
	 ------------------------------------------------------------------------------------------------------------------------------------------------------
Group	TN FB1/B1	TN FB1/B2	TN FB2/B2

Patients (n)	 7	 20	 33
TNF-α (pg/ml)a

  Range	   2.0-51.2	     2.0-232.6	     2.0-342.9
  Mean ± SD	 12.5±18.3	 17.4±50.9	 16.5±58.8
  Median	 4.3	 4.4	 5.0
C reactive protein (mg/l)b

  Range	    83.7-308.0	     28.7-328.0	     12.7-341.0
  Mean ± SD	 165.0±73.2	 136.9±88.2	 159.2±88.2
  Median	 153.0	 135.0	 153.0

Blood donors (n)	 21	 75	 52
TNF-α (pg/ml)c

  Range	     2.0-134.5	 2.0-72.4	  2.0-38.4
  Mean ± SD	 12.0±28.7	 6.1±10.7	 5.9±5.9
  Median	 3.0	 2.6	 4.0
C reactive protein (mg/l)d

  Range	 0.3-6.1	   0.2-10.4	 0.2-9.8
  Mean ± SD	 1.9±1.8	 1.7±2.2	 1.7±2.2
  Median	 1.0	 0.8	 0.8

TNFB1, allele with the restriction site of the Nco1; NFB2, variant allele without the restriction site of the Nco1; TNFB1/B1, genotype homozy-
gous for the allele TNFB1; TNFB1/B2, genotype heterozygous for the allele TNFB1; TNFB2/B2, genotype homozygous for the allele TNFB2; 
SD, standard deviation; aKruskal-Wallis test, p=0.9350; bKruskal-Wallis test, p=0.6140; cKruskal-Wallis test, p=0.0109; dKruskal-Wallis test, 
p=0.2626.



Experimental and Therapeutic Medicine  2:  349-356,  2011 353

genotypes in sepsis is gene association studies (5,19). The 
demographic and clinical characteristics of the septic patients 
enrolled in this study were in accordance with other reports 
(11,20-22), such as the increased number of elderly and male 
patients. Also, the main source of sepsis, the respiratory tract, 
followed by the abdominal, urinary tract and skin or soft 
tissue, were also in accordance with previous studies (21,23). 

The overall frequencies of the TNFB1 and TNFB2 alleles 
obtained were similar to previous studies carried out in 
populations from Northern Hemisphere countries (11,12). The 
present study found that the frequency of the TNFB2 allele 
was significantly higher among septic patients and that this 
allele possesses a significant association with the development 
of sepsis compared to the TNFB1 allele. 

Although the small number of TNFB1 homozygous 
patients with sepsis enrolled in the present study makes the 
association less accurate, with lower OR compared to previous 
studies, the results obtained are in accordance with a certain 
study (11), where individuals with the homozygous genotype 
for the TNFB2 allele showed a significant risk for the devel-
opment of severe sepsis (OR=5.2, 95% CI 1.52-17.95) after 
adjustment for age and trauma severity. Another study (12) 
confirmed that individuals with the homozygous genotype for 
the TNFB2 allele presented a high risk for sepsis (OR=11.0, 
95% CI 1.7-66.7) when compared to heterozygous individuals. 

The OR values found in the previous reports, caused by the 
higher frequency of the homozygosity for the TNFB2 allele 
compared to the frequency obtained in the present study, can 

be explained by the same factors, including the difference in 
the methods that were used to analyse the RFPL products. 
While the previous studies used agarose gel electrophoresis 
to evaluate the fragments obtained after the Nco1 digestion, 
in the present study, we used acrylamide gel electrophoresis, 
which presents an increased sensitivity in differentiating 
samples with inconclusive results obtained using agarose 
gels, and can facilitate the analysis of fragments with 192 bp. 
The higher frequency of the heterozygous genotype obtained 
could also be explained by the heterogeneous ethnic structure 
of the Brazilian population, that has been formed by the 
Southern and Mediterranean Europeans (Portuguese, Italian 
and Middle Eastern populations), Asians, Arabians, Africans 
and Native Amerindians since the 16th century (22). 

As expected, all the patients presented increased CRP 
serum levels, higher than the discriminatory values of 50 mg/l 
suggested for patients in intensive care (25,26), confirming the 
usefulness of this biomarker of systemic inflammation in iden-
tifying patients with sepsis. The CRP and TNF-α serum levels 
from all the individuals evaluated showed that the wide range 
in their values could result from the different microorganisms 
that were isolated from the septic patients (data not shown) 
and the genetic heterogeneity of the inflammatory response 
(4). In addition to environmental factors that trigger cytokine 
secretion (27), in vitro studies have identified that individuals 
can demonstrate consistent differences in leukocyte cytokine 
secretion (28) and that these differences are probably geneti-
cally pre-determined (27). 

Table III. Tumor necrosis factor β (TNF-β) and C reactive protein (CRP) serum levels, and the APACHE II and SOFA scores 
obtained in septic patients from the Brazilian population, according to the TNF-β gene alleles.

Immunological and clinical biomarkers	TN FB1 allelef (n=27)	TN FB2 alleleg (n=33)	P -value

TNF-α serum levels (pg/ml)			   0.7188a

  Range	      2.0-232.6	       2.0-342.9
  Mean ± SD	   16.1±44.4	   16.5±58.8
  Median	 4.3	 5.0
CRP serum levels (mg/l)			   0.5622b

  Range	    28.7-328.0	     12.7-341.0
  Mean ± SD	 144.2±84.1	 159.2±88.2
  Median	 137.0	 153.0
APACHE II			   0.6989c

  Range	    8.0-37.0	   12.0-41.0
  Mean ± SD	 24.0±8.2	 23.7±7.9
  Median	 25.0	 22.0
SOFA			   0.7373d

  Range	    1.0-18.0	     2.0-17.0
  Mean ± SD	  9.1±4.3	   8.6±4.0
  Median	 9.0	 8.0
Survivors (%)	   7 (25.9)	 12 (36.4)	 0.3872e

Non-survivors (%)	 20 (74.1)	 21 (63.6)

TNFB1, allele with the restriction site of the Nco1; TNFB2, variant allele without the restriction site of the Nco1; SD, standard deviation; 
APACHE, Acute Physiology and Chronic Health Evaluation II; SOFA, Sequential Organ Failure Assessment; aMann-Whitney test, 0.1296, 
p=0.7188; bMann-Whitney test, 0.3359, p=0.5622; cMann-Whitney test, 0.1496, p=0.6989; dMann-Whitney test, 0.1125, p=0.7373; eχ2 test, 
0.7477, p=0.3872; fHeterozygous and homozygous for the TNFB1 allele; gHomozygous for the TNFB2 allele.
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Inter-individual variability in the CRP serum levels has 
also been described in previous studies (29,30). A certain 
study demonstrated that 2.9% of the total variation in circu-
lating CRP levels could be explained by two haplotypes among 
eight SNPs, genotypes of the CRP gene (31), conferring the 
different secretion of this phase acute protein. Moreover, the 
precise location of the genetic elements controlling the TNF-α 
response remains unclear (12). The production and response 
of TNF-α are partly regulated at the transcription level and 
the role of many SNPs in the promoter region of TNF-α and 
in the TNF-β gene in the determination of the inflammatory 
disease susceptibility or as a marker of severity has been the 
subject of certain studies (9,10). Regarding the TNF-β poly-
morphism, the TNFB2 allele has been found to be a stronger 
transcriptional activator than the TNFB1 allele, resulting in 
higher TNF-α level. 

The TNF-α and TNF-β genes are tightly linked and only 
1,240 bases separate the polyadenylation site of TNF-β and 
the transcription start site of TNF-α (32). Considering that 
the TNF-α and TNF-β genes are in the same transcriptional 
orientation, and that the TNF-α promoter is located in the 
conserved non-conding sequences within the intergenic 
regions of these two genes, a mechanism for the specific 
and efficient transcription of the TNF-α gene has been 
described  (33). The intrachromosomal interactions formed 
by the TNF-α gene promoter and two distal enhancers could 
promote the formation of a simple loop that brings the 5' 
promoter and 3' termination sequence of a single active gene 
into close proximity. 

The TNF-α serum levels are increased in patients with 
septic shock and are correlated with clinical outcome (10). 
However, because of its short half-life (34), the value of TNF-α 
as a marker of susceptibility or severity for sepsis is limited. 

The present study enrolling Brazilian individuals found an 
association between the TNFB2 allele and the occurrence of 
sepsis, but failed to demonstrate a significant association in 
baseline TNF-α serum levels between the TNFB2 and TNFB1 
carriers. This apparent discrepancy could be explained by 
certain factors. Firstly, the delay between the beginning of 
sepsis and septic shock and the timing of the blood sample 
collection. Animal and human studies have previously shown 
that the peak of serum TNF-α production occurs during the 
first hour after the infectious stimulus. Evaluating serial blood 
samples, it has been demonstrated that the peak of TNF-α at 
the first day of sepsis was 58 pg/ml, and this progressively 
decreased to 27 pg/ml 3 days later (35). Probably, the best time 
to evaluate the intravascular secretion of TNF-α was missed in 
the present study. Secondly, the serum levels of TNF-α do not 
represent the concentration of this cytokine locally produced 
at the site of infection (36-38). Thirdly, the detectable serum 
levels of TNF-α do not take into account the membrane-bound 
form of TNF-α, which is up-regulated in many cells, including 
endothelial cells and leukocytes of patients with multiple 
organ failure (39). Fourthly, the nature of the microorganism 
and primary sites of infection can influence the kinetics and 
the extent of serum TNF-α levels, making these data difficult 
to compare to previous studies (40,41). 

A study on TNF-α and IL-1β cytokines that are synthesized 
at the beginning of the inflammatory cascade has rendered 
different results. A significantly increased serum level of 

TNF-α and IL-1β has been demonstrated in newborns with 
sepsis (42). However, the results of different published studies 
are contradictory. Certain studies found the diagnostic value 
of TNF-α (43,44), while others demonstrated similar or even 
lower levels in infected compared to healthy newborns (45,46). 

Discrepancies in results among studies can also be 
explained by the variation in laboratory methods in performing 
the analysis, the time of the sample collection or the control 
population selected (47). Other factors can also account for 
the discrepant results presented by different studies. Besides 
the relative small study population in the present and previous 
studies on the relation of TNF locus polymorphisms to sepsis 
susceptibility or mortality, differences in the distribution of 
HLA class II alleles based on ethnic distribution of the study 
populations can also influence the results. In the present 
study, the heterogeneity of the septic patient population was 
presented in certain characteristics, such as age, the different 
primary site of infection, the microorganisms isolated from 
their biological samples and the severity of the disease. The 
stimulus required to develop sepsis could be determined 
genetically, but couldd be modified by other factors, such as 
pathogen virulence and comorbid illnesses. 

Previous studies have reported that the TNF-β Nco1 poly-
morphism was associated with mortality (10,20). A certain 
study (48) demonstrated that patients with the heterozygous 
TNFB1/B2 genotype had a 1.6-fold higher relative risk 
for developing post-operative infectious complications. If 
patients with the homozygous TNFB2 genotype developed 
a complication, they had a 1.5-fold higher risk for severe 
complications, and the patients with post-operative sepsis who 
were homozygous for the TNFB2 genotype had significantly 
elevated mortality. 

In the present study, although patients with the TNFB2 
allele were more frequent among those who developed septic 
shock, and this suggests a genetic predisposition for sepsis 
severity, the similar frequencies of the TNFB2 allele that were 
observed in the patients with severe sepsis and septic shock, 
and in the survivors and non-survivors are in accordance with 
previous studies (20,49). This result is consistent with the 
hypothesis that the TNFB2 allele cannot by itself be responsible 
for the difference in the severity of the disease. In Caucasian 
adult septic shock patients, the timing of adequate antibiotic 
therapy was a greater determinant and independent predictor 
of mortality than the TNF-α-308 promoter, the TNF-β Nco1 
and the IL-10-1082 promoter polymorphisms (49). 

Other SNPs in the genes involved in the inflammatory and 
anti-inflammatory response could act in synergism with the 
TNF-β Nco1 polymorphism contributing to the imbalance of 
the immune response and, consequently, to the occurrence 
and/or outcome of sepsis, including the IL-1β (50,51), IL-1ra 
(51,52), IL-6 (53), TLR4 +896 and TNF-α-308 (54), and IL-10 
polymorphisms (50). After adjustment for age, ethnicity, 
gender, burn size and inhalation injury, variant alleles at 
TNF-α 308A, TLR4, IL-6 and CD14 were significantly asso-
ciated with an increased risk for severe sepsis (54).

The cross-sectional approach that was used in this study 
could not definitively address whether the TNF-β Nco1 poly-
morphism can influence the severity of sepsis. This preliminary 
study should be extended to a prospective longitudinal study 
enrolling a great number of patients in order to contribute to 
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the better comprehension of the role of the TNF-β genotypes 
in the development of sepsis. The possibility of identifying a 
genetic biomarker that can be used to detect patients with a 
high risk of sepsis and septic shock early in the disease course 
could influence the treatment of the disease. These high risk 
patients could benefit with early and aggressive therapeutic 
strategies that consider the individual genotype, including 
intervention anti-TNF therapies. 
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