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SUMMARY

TNF-a is involved in infectious and immuno-inflammatory diseases. Different individuals may have
different capacities for TNF-a production. This might determine a predisposition to develop some
complications or phenotypes of these diseases. The aims of our study were to assess the inter-individual
variability of TNF-a production and to correlate this variability to a single base pair polymorphism
located at position¹308 in TNF gene. We studied 62 healthy individuals. TNF-a production after LPS
stimulation was evaluated using a whole blood cell culture model. The TNF gene polymorphism was
studied by an allele-specific polymerase chain reaction. Other cytokines produced in the culture, soluble
CD14 concentrations and expression of CD14 on blood cells were also measured. Among the 62
individuals, 57 were successfully genotyped. There were 41 TNF1 homozygotes and 16 TNF1/TNF2
heterozygotes. TNF-a production after LPS stimulation of whole blood cell culture was higher
among TNF2 carriers than among TNF1 homozygotes (929 pg/ml (480–1473 pg/ml)versus521 pg/
ml (178–1307 pg/ml);P<0·05). This difference was even more significant after correction of TNF-a

production for CD14 expression on blood cells. In conclusion, the single base pair polymorphism at
position¹308 in the TNF gene may influence TNF-a production in healthy individuals.
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INTRODUCTION

TNF-a plays a key role in many infectious and inflammatory
diseases. Acute infections and active inflammatory diseases
are indeed usually associated with increased production of TNF-
a [1–3]. In some illnesses such as septic shock, the role of TNF-a

in the induction of the inflammatory cascade has been considered
as predominant [4]. Accordingly, anti-TNF therapies have
been successfully used in these infectious or inflammatory diseases
[5–7].

Variations in the production of TNF-a after various stimuli in
healthy subjects might explain predispositions to develop certain
complications or phenotypes of infectious and immuno-inflamma-
tory diseases. A low production of TNF-a after endotoxin stimula-
tion was recently associated with a higher risk of fatal
meningococcal disease [8]. Differences in the capacity for TNF-
a production may be related to the genetic background. Several
TNF gene polymorphisms have been described so far [9,10].
Among them the¹308 single base pair polymorphism (SBPP)
located in the promoter of the gene has been associated with severe

cerebral malaria [11], susceptibility to lepromatous leprosy [12],
scarring trachoma [13], mucocutaneous leishmaniasis [14] and
possibly with some subgroups of Crohn’s disease [15]. However,
its functional significance remains unclear [16,17].

The whole blood cell culture is an elegantex vivotechnique to
study cytokine production, because it keeps the blood microenvir-
onment and avoids the extraction procedure associated with
modification of cell ratios and activation [18]. The variation in
cytokine production with this technique when individuals are
sampled over time is< 15% [19]. It thus represents a technique
of choice to investigate inter-individual variations in TNF-a

production and its relationship to genetic background.
In vivo as well as in a whole blood assay, many other factors

than a genetic polymorphism in the TNF gene may contribute to
the difference observed in TNF-a production capacity. After
stimulation with endotoxin, TNF-a production may be modulated
by the level of expression of the CD14 on immune and inflamma-
tory cells (mainly monocytes) [20], by the level of soluble CD14 in
the milieu [21], as well as by the level of other modulatory
cytokines [22].

The aims of our study were to assess the intersubject variations
in TNF-a production after LPS stimulation in whole blood cell
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culture and to look for correlations between production rates
and the¹308 TNF gene polymorphism. We also studied other
factors possibly influencing TNF-a production in a whole blood
cell culture model including other cytokines produced in the
microenvironment, cellular CD14 expression and soluble CD14
concentrations.

MATERIALS AND METHODS

Subjects
Sixty-two healthy subjects, members of the hospital and the
laboratory staff, were included (26 men and 36 female; mean
(range) age 36 years (22–52 years)). These subjects did not have
any chronic illness and were not affected by any acute medical
problem at the time of the study.

TNF-a production
To detect early production of TNF-a, that cytokine was measured
by a modified one-step culture immunoassay procedure as pre-
viously described [23]. Briefly, 25ml of whole blood or 25ml of
TNF-a standards were incubated in 200ml RPMI (BioWhittaker,
Verviers, Belgium) with or without 100 ng/ml (for the 3-h culture)
or 1 ng/ml (for the 24-h culture) LPS (Salmonella enteritidisfrom
Sigma, St Louis, MO) in sterile and pyrogen-free microplates
coated with anti-TNF-a MoAbs (Biosource Europe, Fleurus,
Belgium). Plates were capped and incubated at 378C for 3 h or
24 h allowing the immunocapture of the produced cytokine. The
caps were then removed and the wells washed intensively to
remove unbound TNF-a. A horseradish peroxidase (HRP) anti-
TNF-a conjugate MoAb (Biosource Europe) was then added to the
plates for 1 h at room temperature with continuous shaking. After
washing, 100ml chromogen solution (TMB) were added to each
well and the plates were incubated at room temperature with
continuous shaking. Two hundred microlitres stop solution were
then added to each well. The colour intensity determined by the
absorbance at 450 nm being proportional to the TNF-a concentra-
tion in the sample, the exact TNF-a concentration in each sample
was then calculated by interpolation from the standard curve.

That procedure was done once in 31 subjects and repeated two
to five times at 2–3-week intervals in a subset of 31 subjects (14
male, 17 females, mean age 32 years (22–50 years); two measures,
n¼ 18; three measures,n¼ 7; four measures,n¼ 2; five measures,
n¼ 4). When several measures were performed, the result was
expressed as the mean value.

IL-1b, IL-6, IL-10 and IL-12 production in whole blood cell culture
The blood was treated as previously described [18]. Blood samples
were collected in apyrogenic heparinized tubes (Vacutainer;
Becton Dickinson, Mountain View, CA). The blood was processed
immediately and diluted with 1/10 RPMI 1640 supplemented with
2 mM glutamine, 100 U/ml penicillin, 100mg/ml streptomycin
(Biowhittaker), and was then distributed in 2-ml wells.
RPMI 1640 was tested for apyrogenicity. LPS (endotoxin fromS.
enteritidis; Sigma) was added at a final concentration of 1 ng/ml or
100 ng/ml. Plates were incubated at 378C with 5% CO2 for 24 h.
The contents of the wells were then collected and centrifuged at
900g for 10 min. Supernatants were recovered and frozen at
¹208C. IL-1b, IL-6, IL-12 and IL-10 concentrations were mea-
sured in the culture supernatants with specific immunoassay
(EASIA from Biosource Europe). Immunoassays were performed
according to the information sheet. The detection limit was 2 pg/ml

for IL-1b, 2 pg/ml for IL-6, 3 pg/ml for IL-10, 1·5 pg/ml for IL-12.
The measurement of IL-1b, IL-6, IL-12 and IL-10 was performed
in 22 out of the 62 subjects.

Soluble CD14 measurement
The soluble CD14 was measured at time 0 before the beginning of
the culture with specific immunoassay (EASIA from Biosource
Europe). The immunoassay was performed according to the
information sheet. The detection limit was 1 ng/ml. Measurement
of soluble CD14 was performed in 32 out of the 62 subjects.

Cellular CD14 expression
CD14 expression on blood cells was assessed at time 0, before the
beginning of the culture, by immunofluorescence staining. Blood
cells were incubated with appropriate dilutions of FITC-conju-
gated anti-CD14 (anti-Leu-M3) for 40 min at 48C. The cells were
then extensively washed. Erythrocytes were haemolysed and the
remaining cells were fixed in 1% paraformaldehyde. Percentage of
positive cells and mean fluorescence intensity (MFI) were analysed
by a FACScan (Becton Dickinson) gating on the total nucleated
cells, as defined by forward and side light scatter. Ten thousand
cells were counted. The percentage of CD14þ cells was assessed in
25 subjects and the MFI in 20 subjects.

TNFa ¹308 genotyping
The genotyping for the SBPP at position¹308 in the TNF gene
was done as previously described [24]. Briefly, a method involving
primers specific for each allele of the G to A polymorphism at
residue¹308 was used. Four primers were used: the 30 primer C1
(position¹144/¹164: 50-TCTCGGTTTCTTCTCCATCG-30) was
used in combination with either the 50 primer C2 (position¹328/
¹308G: 50-ATAGGTTTTGAGGGGCATGG-30), complementary
to the TNF-a 1 allele (TNF1), or the 50 primer C3 (position¹ 308/
¹328A: 50-ATAGGTTTTGAGGGGCATGA-30), complementary
to the TNF-a 2 allele (TNF2). For each DNA sample, two parallel
reactions were performed. The primer pair C1/C2 was used to
produce specific amplification of TNF1; C1/C3 were used to
amplify the TNF2 allele. As an internal control, primer D (position
¹675/¹655: 50-GAGTCTCCGGGTCAGAATGA-30) was added
to each reaction. Amplification was carried out using the cycling
conditions previously described [25]. The genotyping was per-
formed in the 62 subjects, without information on the result of
cytokine production in whole blood cell culture.

Statistical analysis
The reproducibility of TNF-a production over time in a subset of
31 subjects was assessed by the calculation of the coefficient of
variation for each subject and expressed as the mean6 s.e.m. The
production of TNF-a according to the¹308 TNF genotypes was
expressed as a median (range) and compared by using a Mann–
Whitney test. The correlations between TNF-a production and the
production of other cytokines or soluble and cellular CD14 were
assessed by Spearman correlation test.

RESULTS

Intersubject and intrasubject variability of TNF-a production
The mean production of TNF-a in a 3-h whole blood cell culture
after stimulation with 100 ng LPS was 182·9 pg/ml, with a range
from 57 to 341 pg/ml. The mean amount of TNF-a produced in a
24-h whole blood cell culture after stimulation with 1 ng LPS was
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720·4 pg/ml, with a range from 178 to 1473 pg/ml. The variability
of production is illustrated in the histogram of Fig. 1. In the 31
subjects who had repeated determinations of TNF-a production
after 24 h of culture, the mean coefficient of variation was
20·36 2·7%.

Influence of other cytokines released in the culture medium
No significant correlation was found between TNF-a production
and the production of IL-6 (r ¼ 0·02;P¼ 0·93), IL-1b (r ¼ ¹0·33;
P¼ 0·34), IL-12 (r ¼ ¹0·12; P¼ 0·60) or IL-10 (r ¼ 0·37;
P¼ 0·10) after 24 h (Fig. 2a–d).

Influence of the soluble and cellular CD14
The mean plasma concentration of soluble CD14 in our population
was 3243·6 ng/ml (range 1807–6400 ng/ml). No significant corre-
lation was found between TNF-a production after 3 h and 24 h of
culture and the level of soluble CD14 in the plasma at the
beginning of the culture (r ¼ 0·002, P> 0·05; and r ¼ ¹0·18,
P>0·05, respectively).

The mean number of CD14þ cells was 0·368×109/l (range
0·149×109/l – 0·649×109/l). The number of CD14þ cells signifi-
cantly correlated with the levels of TNF-a produced after 24 h
(r ¼ 0·59;P<0·01) (Fig. 3a).

The CD14 cellular expression expressed as MFI was 1005·8
(range 517–1512). The MFI for CD14 significantly correlated with
TNF-a production after 24 h (r ¼ 0·45;P<0·05) (Fig. 3b).

Influence of the¹308 TNF genotype
Among the 62 subjects, 57 were successfully genotyped. Forty-one
were homozygotes for TNF1 while 16 were heterozygotes TNF1/
TNF2. There was no TNF2 homozygote. TNF-a production in a
24-h whole blood cell culture after LPS stimulation was signifi-
cantly higher among TNF2 carriers than among TNF1 homozygotes
(929pg/ml (480–1473 pg/ml)versus 521 pg/ml (178–1307 pg/ml);

P< 0·05) (Fig. 4). After 3 h of culture there was already a
higher production of TNF-a among TNF2 carriers (203·3 pg/ml
(109–341 pg/ml)versus174·0 pg/ml (57–323 pg/ml);P¼ 0·16).

After correction for CD14 expression (number of CD14þ cells
and MFI), TNF-a production was even more significantly higher
among the TNF2 carriers than among TNF1 homozygotes
(2·8×10¹3pg/cell×fluorescence unit (1·6–4·3)versus1·7×10¹3pg/
cell×fluorescence unit (0·5–2·6);P<0·01).

DISCUSSION

We have shown a wide intersubject variability in TNF-a produc-
tion after LPS stimulation in whole blood cell cultures of healthy
subjects. TNF-a production correlated with the number of blood
cells expressing CD14, the intensity of CD14 expression and
depended on the¹308 TNF genotype. The influence of TNF
genotype was even more striking after correction of the amount
of TNF-a production for the CD14 expression.

An intersubject variability in TNF-a production has been
shown in several studies using different methods [26–28]. This
has most often been shown on isolated monocytes or peripheral
blood mononuclear cells (PBMC). The whole blood cell culture
avoids change in cell activation due to extraction procedures, does
not modify the lymphocyte/monocyte ratio and preserves cell–cell
interactions and concentrations of stimulatory and inhibitory
mediators [18]. Thus it is reasonable to think that this model
better reflects how cells behavein vivo than the classical PBMC
model. Our results show that the whole blood of different healthy
subjects exhibits a wide range of TNF-a production after LPS
stimulation. Theoretically, this can represent an important element
determining the type of immune or inflammatory reaction elicited
in vivo by bacterial LPS.

The intersubject variability in such a whole blood cell culture
model may be determined by several factors. LPS activates the
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Fig. 1. Variations in TNF-a production in healthy subjects. Whole blood cell cultures were stimulated with 1 ng/ml LPS and performed for
24 h. TNF-a production was measured by a one-step culture immuno-assay procedure.



cells through binding to CD14. CD14 is mainly expressed
by monocytes [29] and the level of expression depends on
cell maturation [30] and stimulation [31]. Most primary blood
monocytes express a high level of CD14 [32]. In the present study,
TNF-a production was significantly correlated with the number of
CD14þ cells in the blood, confirming thereby previous data from
the literature [18]. In addition, we have also shown a significant
relationship between the MFI for CD14 cellular expression and

TNF-a production. Our observation is in line with a previous
study looking at highly purified monocyte subpopulations and
showing a higher cytokine production after LPS stimulation from
the monocyte subset expressing greater levels of CD14 [33].

Soluble CD14 is shed from cells expressing CD14 [34] and can
bind LPS. Its precise physiological or pathological role is still
unknown but it might antagonize the effect of LPS stimulation
[21]. In our study, however, there was no significant correlation
between plasma levels of CD14 and TNF-a production. This could
be due to the fact that the neutralizing capacity requires much
higher concentrations [35].

Another soluble factor, the lipopolysaccharide binding protein
(LBP), plays a key role in the stimulation of CD14þ cells by LPS
[36]. By binding the LPS and forming a LBP/LPS complex, it
increases the capacity of LPS to stimulate TNF-a production by
1000-fold [36]. LBP is mainly produced by the liver and its
concentration may rise by a factor of 10 during acute-phase
reactions [37]. It certainly would be interesting in the future to
measure this molecule in our whole blood cell culture model.

The other cytokines released in the culture medium may also
influence TNF-a production. IL-1b and IL-12 are considered to be
strong stimulants of TNF-a production [22,38], while IL-6 and
especially IL-10 may have strong inhibitory effects [22,39]. In the
present study, however, there was no correlation between produc-
tion of TNF-a and other cytokines, suggesting that none of those
cytokines strongly influenced TNF-a production in our model.
However, we can not exclude a slight regulatory effect that does
not appear clearly because of the complexity of the factors
involved.

Studies on the intersubject variations in TNF-a production
have often been associated with HLA [27] or TNF genotyping
[17,28]. A possible prominent influence of the genetic background
on TNF-a production implies that it remains stable in an individual
over time. As already shown, the reproducibility of cytokine
production by PBMC of healthy subjects may vary depending on
the method of stimulation [40]. The results obtained with whole
blood cell culture were shown to be more reproducible [18,19]. In
the present study, the 31 subjects who had repeated measurement
of TNF-a production in whole blood cell culture after LPS
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stimulation had a low coefficient of variation, confirming that this
model represents a good model to study the influence of genetic
background on TNF-a production. The possible functional sig-
nificance of the¹308 SBPP in the TNF gene has been suggested by
its position in a non-coding, potentially regulatory area [10], its
association with various infectious diseases characterized by
high TNF-a production [11–14] and with different gene transcrip-
tion capacity [16]. In the present study the carriers of the
TNF2 allele had a higher production of TNF-a after 24 h of
whole blood cell culture. These results are in accordance with
the previous clinical [11–14] and transcription [16] studies sug-
gesting an increased capacity of TNF-a production in TNF2
carriers. However, in a more recent study also using whole
blood cell cultures [8], this difference related to genotype was not
present. This may be due to the complexity of the model, with
many other factors influencing the production of TNF-a. As shown
in the present study, the difference between groups with different
genotypes was more pronounced when a correction was made for some
of these other influencing factors, such as CD14 expression.

In conclusion, our results suggest that besides other parameters
such as CD14 expression by blood mononuclear cells, the¹308
TNF gene polymorphism may influence the magnitude of TNF-a

production in whole blood cell culture after LPS stimulation. In
healthy subjects, a genetically determined capacity for TNF-a

production may predispose to some complications or phenotypes
of infectious and immuno-inflammatory diseases. Further studies
are required to elucidate these points.
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