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ABSTRACT. The functional consequences of TNF-� promoter SNPs are still controversial and, to date, the func-
tional consequences of TNF-� haplotype combinations in healthy subjects have not been assessed. In order to assess
functional consequences of each TNF-� polymorphism and of their haplotype combination, TNF-� expression
and secretion by LPS-stimulated monocytes from 50 healthy subjects were assessed. Monocytes were isolated and
cultured for four hours, after 100 ng/mL LPS stimulation. mRNA expression was quantified using the real-time
polymerase chain reaction, and TNF-� levels were measured by enzyme-linked immunosorbent assay. Each sub-
ject was genotyped for TNF-� -857 C/T, -238 G/A, -308 G/A polymorphisms. In order to confirm definitively the
functional consequences of these TNF-� polymorphisms, we then performed a systematic review of the literature
for TNF-� SNPs, and then a meta-analysis of the functional studies of the TNF-� -308 G/A SNP. No association
between TNF-� mRNA or protein level expression, and TNF-� -238G/A, -308G/A, -857C/T polymorphisms, studied
either independently or in haplotype combinations, was revealed. Using a meta-analysis for the TNF-� -308 G/A
polymorphism, we confirmed the absence of any association between TNF-� mRNA and protein levels, and TNF-� -
308 G/A genotypes. This study and meta-analysis of the literature confirmed the absence of any functional con-
sequences of the TNF-� -308G/A promoter polymorphism, either alone, or in various haplotype combinations in
healthy subjects.
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NF-� antagonists have dramatically improved the out-
ome in rheumatoid arthritis (RA) [1]. Nevertheless, about
0% of patients fail to obtain any clinical improvement.
everal studies have investigated the association between

he TNF-� -308 G/A polymorphism and the response to
NF-� antagonists in RA, however, the results have been
ontradictory. Our group has suggested that the ancestral
aplotype of the TNF-� promoter, TNF-� -238G/-308G/-
57T, the most frequent among Caucasians, is associated
ith a lower response to adalimumab in homozygous

arriers [2]. When analyzed independently, the TNF-� -
08 G/A genotype was not associated with any specific
esponse profile to adalimumab [2].

ome studies have investigated the functional conse-
uences of TNF-� promoter polymorphisms. Most of these
tudies have focused on each SNP, and have mainly relied
n transfection models or ex vivo cell culture, however,
hese too lead to controversial results [3]. Recent in vivo
tudies did not confirm any functional effect of the TNF-

SNPs when analyzed separately [4, 5]. The functional

onsequences of TNF-� promoter haplotype combinations
ave not been investigated to date in healthy subjects.

11.0285
The first aim of this study was to determine whether
the three TNF-� polymorphisms, as well as their haplo-
type combinations, were associated with varying levels of
TNF-� production in healthy subjects. Moreover, in order
to confirm the functional consequences of these TNF-�
polymorphisms, we performed a systematic review of the
literature and conducted a meta-analysis of previously pub-
lished functional studies of TNF-� promoter SNPs.

PATIENTS AND METHODS

Patients

Fifty healthy subjects (mean age 47±17 years; 29 females)
were included in the study. These subjects had no chronic
illness, were not taking corticosteroids and were exhibiting
no increase in acute phase reactants when included in the
study.

All subjects gave their informed consent to participate to
the study.
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onocyte stimulation and RNA extraction

irstly, PBMCs were isolated by density gradient centrifu-
ation on Ficoll-Hypaque (Sigma Chemical Co., St. Louis
O, USA), immediately after blood collection. Monocytes
ere isolated using LS column positive selection (Miltenyi
iotec).
urified monocytes were stimulated with 100 ng/mL of
PS (E. coli 055 ; Sigma Chemical Co.), and cultured

or four hours at 37◦C and 5% CO2 (RPMI 1640, glu-
amax Gibco, 10% SVF Dutscher, penicillin 100 U/mL,
treptomycin 100 �g/mL, HEPES buffer 10 mM, sodium
yruvate 1mM, and amino acids, Invitrogen). In addition,
nstimulated, baseline monocytes were studied as a con-
rol.
otal mRNA was extracted using commercially availa-
le RNeasy Minikit (Qiagen), and cDNA synthesized
ith OmniscriptTM Reverse Transcriptase (Qiagen) and
ligo(dT) primers (Promega).

NF-� mRNA quantification

eal-time PCR was carried out to quantify TNF-�
xpression using a LightCyclerTM (Roche, Mannheim,
ermany).
rimer probes used for TNF-� mRNA quantification were
or: 5’-CAGAGGGAAGAGTTCCCCAG-3’ and Rev: 5’-
GTAGCCATGTTGTAGCA -3’, with a final product size
f 108 bp.
n order to normalize any possible variation in mRNA
xtraction and cDNA synthesis, expression of �-actin, a
ousekeeping gene, was also used. Primer sets of �-actin
ere For: 5’-GCTGTGCTACGTCGCCCT- 3’ and Rev:
’-AAGGTAGTTTCGTGGATGCC-3’, with a final pro-
uct size of 200 bp.
NF-� and �-actin PCR products were detected using the
ightCycler FastStart DNA Master SYBR Green I (Roche
iagnostics). To correct for variations in mRNA recovery

nd reverse transcription yield, the amount of TNF-
cDNA was normalized with �-actin. Results were

xpressed as increases in normalized values, over that
bserved with untreated cells. Quantitative PCR runs were
onsidered only if amplification efficiencies were high
slopes ranging from -3.2 to -3.6). Each sample was pro-
essed in duplicate, with initial incubation at 96◦C for
0 min, and thermal conditions followed 40 cycles of 95◦C
or 10 s, 60◦C for 15 s, and 72◦C for 20 s. For each run,
erially diluted cDNA of control PBMCs was used for
uantitative standards. We determined the cell equivalence
CE) number of TNF-� and �-actin mRNA in each
ample according to the standard curve generated from
alues obtained with PBMCs. The unit number showing
he relative TNF-� mRNA level in each sample was deter-

ined as a value of TNF-� CE normalized with �-actin
E. Melting-curve analysis was performed to assess the

pecificity of the PCR product. Results were expressed
n duplicate as the TNF-�/�-actin ratio at baseline, after
timulation, and a -fold stimulation/baseline ratio.

oluble TNF-� quantification

NF-� production in cell-free supernatants (sTNF-�) was
etermined in duplicate at baseline and after stimulation

sing Quantikine enzyme-linked immunosorbent assays
R&D Systems, Minneapolis, USA).
TNF-� SNP genotyping

All subjects were genotyped for three TNF-� gene poly-
morphisms (-258G/A, -308G/A, and -857C/T). These
polymorphisms were genotyped by allelic discrimination
TaqMan PCR using a commercial assay kit C_7514879
(PE Applied Biosystems).
We used PHASE (version 2.1) software to perform haplo-
type reconstructions. This Bayesian algorithm provides the
most likely pairs of haplotypes carried by each subject.
The average probability of PHASE certainty in haplotype
inference was 99% for TNF-� haplotypes.

Statistical analysis

All quantitative data are expressed as means (SD) or
medians (IQ25-75) according to their distribution, and all
qualitative data as frequencies (percentages). All geno-
typed SNPs were in Hardy-Weinberg equilibrium.
For each SNP, genotypes and haplotypes were analyzed
for mRNA expression and TNF-� levels using the Mann-
Whitney test.
Statistical analysis was performed on GraphPad (5.1 ver-
sion; 2007), and significance was defined as p<0.05.

LITERATURE REVIEW AND META-ANALYSIS

Search strategy

The bibliographic search was performed using Medline
(January 1990 to October 2009), by two investigators (AM
and CMR) employing the following key words: gene poly-
morphism, single nucleotide polymorphism, TNF-alpha,
TNF-alpha -308 G/A, TNF-alpha -238 G/A, TNF-alpha -
376 G/A, TNF-alpha -863 C/A, TNF-alpha -1031 T/C,
whole blood, PBMCs, monocytes, TNF-alpha mRNA,
TNF-alpha plasma levels, healthy, functional study. Trans-
fection studies in animals were excluded. All other articles
were included in the literature review.

Study selection for the meta-analysis

In order to be included in the meta-analysis, the studies
had to have to reported functional consequences of TNF-
308 G/A SNP, as assessed by mRNA and/or TNF-alpha
protein levels. Studies involving non-Caucasians were
included if the reported GG genotype frequency was simi-
lar to that found in Caucasians. When different categories
of subjects were analyzed in the same study, as for example
patients with a disease condition and healthy controls, they
were independently included in the meta-analysis. Studies
involving transfection in vitro were excluded from the
analysis. Inclusion and exclusion criteria for the meta-
analysis were checked independently for each article by
two reviewers (AM and CMR). In cases of disagreement,
articles were re-examined and discussed until consensus
was achieved.

Data collection

The main outcome measures of TNF-� -308 G/A func-
tional consequence were TNF-� mRNA and protein levels,
as expressed in means with SD or SE. Data collection

and data extraction were performed by one reviewer (AM)
using a predefined form.
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Figure 1
mRNA and TNF-� protein levels according to the TNF-� -308 G/A SNP.
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tatistical analysis

he meta-analysis was performed according to the recom-
endations of the Cochrane Collaboration [6]. The

tandardized mean difference (SMD) was the effect mea-
ure of interest assessing the association between the
NF-� -308 G/A promoter polymorphism and TNF-�
RNA and protein levels. For the meta-analysis, summary
MDs were computed using a random effects models (for
ata demonstrating significant heterogeneity, I2≥50%). To
ssess heterogeneity across studies, we used the I2 statistic
ased on Cochran’s heterogeneity statistic (Q). Firstly, all
tudies were included in the meta-analysis and the TNF-

-308 GG genotype was compared against the AG/AA
ombined group according to mRNA and protein levels.
ecause of the differences in populations and protocols
etween studies, a sub-analysis was performed according
o the methods (e.g. circulating TNF-� levels or PBMCs
nder stimulation), and the subjects included in the studies
healthy subjects or with disease conditions). Then, a meta-
nalysis was conducted in similar way to compare the
ommon GG genotype with the very rare, AA genotype.
eta-analyses were computed using RevMan analyses

oftware (Review Manager (RevMan), In. Version 5.0 ed.

openhagen: The Nordic Cochrane Centre, The Cochrane
ollaboration; 2008).
RESULTS

TNF-� promoter polymorphism distribution

Genotype and haplotype distributions for 50 healthy sub-
jects are shown in the supplementary table 1. Three
subjects carried the rare TNF-� -308 AA genotype and one
subject carried the rare TNF-� -857 TT genotype. Eighteen
subjects (36%) were homozygous carriers of the TNF-�
GGC/GGC ancestral haplotype.

TNF-� mRNA and TNF-� protein levels

The TNF-�/�actin mRNA ratios were 0.9±0.8 at base-
line, 2.6±1.4 after LPS stimulation, and 5.7±5.8 when
expressed as -fold after LPS stimulation relative to base-
line expression. There was no detectable TNF-� protein
level (sTNF-�) at baseline for all subjects, but was reached
4,240±2,050 pg/mL after LPS stimulation. The mRNA
and sTNF-� levels were significantly different before and
after LPS stimulation, either in the whole group, or after

stratification according to various genotype and haplotype
combinations (p <0.001).
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ssociation between TNF-� mRNA, sTNF-� and
NF-� genotypes

s the TNF-� -308 AA genotype was rare, we compared
he TNF-� -308 GG genotype group to the combined TNF-

-308 AG and AA genotype group (TNF-� -308 AG/AA)
figure 1 ). Likewise, the TNF-� -238 GG genotype was
ompared to the combined TNF-� -238 AG and AA geno-
ypes; the TNF-� -857 CC genotype was compared to the
ombined TNF-� -857 CT and TT genotypes. We found
o association between TNF-� mRNA or protein levels
n culture supernatants, or any of these TNF-� genotypes
supplementary figure 1 and supplementary table 2).

ssociation between TNF-� mRNA, sTNF-� and
NF-� haplotype combinations

NF-� mRNA and sTNF-� levels were compared between
NF-� GGC/GGC and the other haplotype combinations.
evels of TNF-� mRNA and of sTNF-� for the TNF-�
GC homozygotous carriers were no different from the
ther haplotype combination carriers (figure 2). Similar
esults were observed when analysis was performed for
he TNF-� GGC/GAC and GGC/GGT haplotypes (sup-

lementary table 2). Other haplotype combinations could
ot be analyzed as they were underrepresented.
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Figure 2
RNA and TNF-� protein levels according to the TNF-� GGC/GGC haplo
Literature review for TNF-� -308 G/A SNP

The literature search yielded 52 citations. There were seven
studies involving in vitro transfection methods (table 1).
Five studies analysed TNF-� mRNA levels in the basal
state or after stimulation (table 2). Nineteen studies exami-
ned TNF-� protein levels, in the basal state or after
stimulation, either in whole blood (seven studies), in
peripheral blood mononuclear cells (PBMCs) (seven stud-
ies), in monocytes, in lymphocytes, in cerebrospinal fluids,
in nasal secretions and in chorioamnion (n=1, respectively)
(table 2). Nineteen studies evaluated TNF-� circulating
levels (table 3).

Regarding studies of the TNF-� -308 G/A SNP selected for
meta-analysis, the literature search yielded 45 citations.
Twenty-four studies exploring the functional conse-
quences of TNF-� -308 G/A were excluded, because data
were expressed as medians with ranges or interquartiles,
or were insufficient for analysis. Twenty one studies met
the inclusion criteria for the meta-analysis. Among them,
three studies examined TNF-� mRNA levels and 19 studies
examined TNF-� protein levels. In seven studies, various
conditions or patient categories were analyzed, and were

included separately in the meta-analysis. Data from our
study were also included in the meta-analysis.
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Table 1
Studies in vitro using transfection to assess TNF-� promoter activity of the TNF-� -308G/A SNP.

Author
Year

5’ Segment 3’ Segment Cell lineage TNF-2/TNF-1
(unstimulated)

Stimulation
(ng/mL)

Time
(hours)

TNF-2/TNF-1
(stimulated)

Stuber 1996 [13] -1,173 to +130 - MonoMac6 - LPS (100) 20 none
Kroeger 1997 [14] -993 to +110 - U937 1 PMA (20) 24 1.3
Bailey 2001 [15] -1,073 to +130 - U937 1.3 LPS+PMA (1,000/10) 18 1.1
Kroeger 2000 [16] -993 to +110 +1,957 to +2,792 U937 - PMA (20) 18 2.2*
Kroeger 2000 [16] -993 to +110 +1,957 to +2,792 U937 1.4 TNF-(5)

IFN-g (100 u/mL)
LPS (5,000)

24 1.1
1.1
2.5*

Kroeger 1997 [14] -993 to +110 +1,957 to +2,792 U937 1 PMA (20) 24 2*
Kroeger 2000 [16] -993 to +110 +1,957 to +2,792 THP1 - PMA (20) 18 1

Brinkman 1996 [17] -619 to +108 - Jurkat 1 PMA (10) 8/24 1.1 /1.1
Bailey 2001 [15] -1,073 to +130 - Jurkat 1 CD23/CD8/PMA(10) 8 0.8
Karimi 2009 [18] -992 to +110 - Jurkat 1.53* (5 �g)

1.97*(3 �g)
2.05*(1 �g)

- - -

Kroeger 1997 [14] -993 to +110 - Jurkat 0.64 PMA (20) 24 1.5
Stuber 1996 [13] -1,173 to +130 - Jurkat - PMA 20 1.2
Brinkman 1996 [17] -619 to +108 +108 to 1951 Jurkat 1 PMA (10) 8/24 1 /1.1
Kroeger 1997 [14] -993 to +110 +1,957 to +2,792 Jurkat 1.1 PMA (20) 24 1.7*
Kroeger 2000 [16] -993 to +110 +1,957 to +2,792 Jurkat - PMA (20) 18 3*
Karimi 2009 [18] -992 to +110 +1,957 to +2,792 jurkat 1 - -

Wilson 1997 [19] -585 to +106 - Raji 5.5* PMA (50) 48 8.4*
Brinkman 1996 [17] -619 to +108 - Raji 0.8 PMA (50) 24/48 1.1/1
Bailey 2001 [15] -1073 to +130 - Raji 1 PMA (50) 24 1.1
Kroeger 2000 [16] -993 to +110 +1,957 to +2,792 Raji - PMA (20) 18 1.3
Brinkman 1996 [17] -619 to +108 +108 to 1,951 Raji 1 PMA (50) 24/48 1/0.9

Kroeger 2000 [16] -993 to +110 +1,957 to +2,792 Hela - PMA (20) 18 1
Kroeger 2000 [16] -993 to +110 +1,957 to +2,792 HepG2 - PMA (20) 18 1.4

*
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p<0.05 TNF-2 vs TNF-1.

iterature review for TNF-� -238 G/A, TNF-�-376
/A, TNF-� -863 C/A, TNF-� -1031 C/T SNPs

he literature search yielded 12 citations. Ten studies
nvolved the TNF-� -238 G/A SNP, two studies TNF-� -
76 C/T, four studies TNF-� -863 C/A and one study
NF-� -1031 T/C (supplementary table 4).

eta-analysis of the TNF-308G/A SNP

s the TNF-� -308 AA genotype is rare, we first compared
he TNF-� -308 GG group to the combined TNF-� -308
G/AA group. We found no difference between the TNF-�
rotein levels of the combined TNF-� -308 AG/AA group
nd those of the TNF-� -308 GG genotype group: the stan-
ardized mean difference (SMD) was -0.19, with a 95%
onfidence interval [-0.48, +0.11] (figure 3A). The hetero-
eneity across studies was large with I2=90%. Similarly, no
ifference could be seen when analysis was performed by
ubgroup involving circulating levels of TNF-� or TNF-�
evels in PBMCs after stimulation, in healthy subjects, or
n different disease conditions (supplementary figures 1-4).
urthermore, no difference was observed in TNF-� mRNA

evels: the SMD was -0.97 (95% confidence interval [-
.67, 0.73]) (figure 3B). When the rare AA genotype was
ompared to the GG genotype, no difference was shown
oncerning TNF-� protein levels: the SMD was -1.01 (95%
onfidence interval [-2.24, 0.22]) (figure 4). The number

f studies available was insufficient to evaluate the mRNA
evels between the TNF-� GG and AA genotypes.
DISCUSSION

We have analyzed for the first time the functional con-
sequences of TNF-� SNPs and haplotype combinations
in healthy subjects, at both transcriptional and post-
translational levels. This study was performed at the basal
state, and after stimulation in monocytes, the cells that
are mainly responsible for TNF-� production. We found
no significant association between TNF-� production and
any of the SNP genotypes or haplotype combinations.
Meta-analysis of the literature confirmed this absence of
association between TNF-� production and SNP geno-
types.

Identifying predictive factors of the response to TNF-�
antagonists in patients with inflammatory diseases remains
a challenging goal. Two types of biomarkers have been sug-
gested to be associated with this response: a high level of
plasma TNF-� before treatment [7], and the presence of the
rare TNF-� -308 A allele. It was tempting to suggest that
an association between these biomarkers and the hypothe-
sis that a functional consequence of these TNF-� promoter
polymorphisms could be a variation in the levels of TNF-
� production. Many studies have examined the functional
consequence of the TNF-� -308 G/A SNP on TNF-� pro-
duction, but the results remain controversial (tables 1-3)
[7-51]. The low number of patients included in each study
or the fact that the rare A genotype (TNF-2) was under-
represented, may explain these discrepancies. These

studies also differed as regards culture duration, concen-
tration of LPS used for cell stimulation, and stimuli.
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Table 3
TNF-� plasma levels according to -308 G/A SNP (literature studies).

Author
Year

Total (n) GG (n) Ethnic
origin

Condition TNF-2/TNF-1

Skoog 1999 [20] 156 99 C Healthy 1.1
Oregon 2008 [12] 100 93 NC Healthy 1
Wennberg 2002 [21] 84 - C Healthy No difference
Kubota 1998 [22] 211 164 C Heart failure 0.8
Ito 1999 [23] 48 35 NC Idiopathic cardiomyopathy 1.1
Mira 1999 [24] 89 54 C Septic shock 1.7
Baseggio 2001 [10] 21 17 C Lymphoma No difference
Cuchacovich 2004 [25] 20 10 NC RA 1.4
Marotte 2008 [7] 39 27 C RA 5.4
Fijen 2001 [26] 12 6 C Healthy (after IV LPS) 1
Tang 2000 [27] 112 86 NC Postoperative (before sepsis) 0.9
Sharma 2007 [28] 112 92 NC Healthy
Sharma 2007 [28] 83 74 NC Sarcoïdosis
Kovar 2007 [29] 87 59 C Healthy (after IV LPS) 1
O’Dwyer 2008 [8] 14 - C Septic shock No difference
Gordon 2004 [30] 213 135 C Septic shock No difference

Tang 2000 [27] 42 29 NC Postoperative (sepsis) 1.6*
Appoloni 2001 [31] 33 25 C Septic shock 1.8*
Gonzalez 2003 [32] 50 41 C IBD 7.3*
Bhushan 2008 [33] 104 74 NC Obesity with obstructive

sleep apnoea
1.3*

Haddy 2005 [34] 752 607 C Healthy families 0.8 (p=0.06)
Oregon 2008 [12] 50 41 NC RA 0.6**

* p<0.05 TNF-2 vs TNF-1.
** p<0.05 TNF-1 vs TNF-2.
C: Caucasians; NC: non-Caucasians; RA: rheumatoid arthritis, IBD: inflammatory bowel diseases; IV: intravenous; A/G: TNF-2/TNF-1; no difference: data not shown.
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ew studies analyzed ex vivo the effect of TNF-� SNPs
t the transcriptional level (table 1). Using a transfection
rotocol, some groups investigated the transcriptional pro-
oter activity of each allele in vitro (table 2) [13-19]. One

roup found nearly twice as much transcription of TNF-�
308 AG/AA (TNF-2), but the selective importance of
’UTR [14, 16] was not confirmed in their last study [18].
nother group found similar results, with a very large
NF-� -308 AG/AA to TNF-� -308 GG (TNF-2/TNF-1)
atio, but this was mainly due to an unusual resistance of
NF-1 to PMA stimulation [19]. A few in vivo studies,
sing allele-specific transcript quantification (ASTQ) and
aploCHIP, could not confirm any difference concerning
308 G/A SNP [4, 5, 17]. Studies that analyzed TNF-�
rotein levels either ex vivo or after stimulation are also
ontradictory, although they mainly reported no effect
tables 1, 3) [7, 8, 10, 12, 20-51].

ome of the previous studies were conducted in dif-
erent pathological situations, such as lymphoma, septic
hock, RA, and not in healthy subjects. In order to
void interference from uncontrolled factors that could
ffect TNF-� production (e.g. treatments, infection versus
nflammation), we chose to study healthy subjects to better
scertain the consequences of genetic background on TNF-
expression. Regarding the 17 studies in the literature that

nvolved healthy subjects, there was no agreement as to
he functional consequences of TNF-1 or TNF-2. Using

he meta-analysis, which included the most of these stud-
es, we were able to identify the absence of any functional
relevance of the TNF-� -308 G/A SNP on transcriptional
as well as post-translational levels, and thus confirm our
own experimental results. More interestingly, using the
meta-analysis, we were able to bring together the largest
number of patients carrying the rare TNF-� -308 AA geno-
type, but we found no difference between this and the
TNF-� -308 GG genotype. In light of our results and of
the literature review, the absence of any significant effect
of TNF-� -308 G/A SNP on TNF-� production is very
clear, in particular in healthy subjects.

Only a few studies have analyzed other TNF-� SNPs
(supplementary table 3). As regards the TNF-� -238
G/A SNP, our results confirm other studies in healthy
subjects; however, the TNF-� -238 AG/AA combined
genotype was underrepresented. Huizinga et al. found
more important levels of TNF-� in the TNF-� -238
GG group, but they could not confirm these results
under different LPS concentrations [35]. In patho-
logical situations, two studies revealed contradictory
results [12, 28]. As regards other SNPs, available data
are too scarce to allow any conclusions to be drawn
[8, 20, 21, 35, 37, 52].

Taking into account the TNF-� involvement in the patho-
genesis of RA, some studies investigated the association
of TNF-� promoter SNPs with response to TNF-� antago-
nists. Again, similarly to the functional studies for TNF-�
production, a number of these studies remain controver-

sial. In 86 patients with RA, the presence of the TNF-� -
308 G/G genotype correlated with a better response to
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Study or Subgroup

he
he2
lu
mekinian
mekinian2

Total (95% CI)
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-10 -5 0 5 10

Figure 3
A) Meta-analysis of TNF-� protein levels [TNF-1 (GG) vs TNF-2 genotypes (AG/AA)].
B) Meta-analysis of mRNA levels (TNF-1 vs combined TNF-2 genotypes).
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tanercept than that seen for the TNF-� -308 A/G geno-
ype [53]. Another study showed that patients carrying the
are TNF-� -308A/A genotype responded poorly to etaner-
ept, whereas the genotype for this SNP was not associated

ith response to infliximab [54]. A recent meta-analysis

ncluding all studies published until 2010, showed that the
TNF-� -308A/G SNP, the most frequently investigated,
was not associated with any clinical response in RA [55].
Recently, our group found that the ancestral TNF-� haplo-
type combination, and not any particular SNP alone, was

associated with response to TNF-� antagonists in RA
[2]. Nevertheless, our results show, for the first time, that



96 A. Mekinian, et al.

Study or Subgroup

bouma
fernandez
huizinga
huizinga2
kubota
mekinian
sharma
skoog
tarkowski

Total (95% CI)
Heterogeneity: Tau2 = 3.21; Chi2 = 116.84, df = 8 (p<0.00001); I2 = 93%
Test for overall effect: Z = 1.62 (p=0.11)

Mean

19,629
54,400
2,900
5,200

6
4,377
46.8
2.25
44.1

SD

7,421
48,000
1,800
2,400

5
1,838

8.12
0.64

4

Total

26
39

106
106
164

34
92
99
32

698

Mean

33,525
161,700

2,700
4,200

4
5,095
87.1
2.27
47.5

SD

4,033
3,500
1,700
1,400

4
1,944

1.2
0.76
8.4

Total

3
1
6
6
8
3

12
7
4

50

Weight

10.7%
9.1%

11.6%
11.6%
11.7%
11.0%
11.4%
11.7%
11.2%

100.0%

IV, Random, 95% CI

-1.87 [-3.17, -0.57]
-2.19 [-4.24, -0.14]

0.11 [-0.71, 0.93]
0.42 [-0.40, 1.24]
0.40 [-0.31, 1.11]

-0.38 [-1.56, 0.80]
-5.21 [-6.15, -4.27]
-0.03 [-0.80, 0.74]
-0.73 [-1.78, 0.33]

-1.01 [-2.24, 0.22]
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Figure 4
Meta-analysis of TNF-� protein levels (GG vs AA genotype).
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aplotype combinations of TNF-� promoter polymor-
hisms do not lead to significant differences in TNF-� pro-
uction in healthy subjects. In particular, while the TNF-�
GC/GGC haplotype has been shown to be associated with

esponse to adalimumab in RA, this haplotype combina-
ion does not lead to different TNF-� mRNA or protein
evels. Nevertheless, other mechanisms could explain
he different responses of the haplotype combinations to
NF-� antagonists, and in particular their different bind-

ng to TNF-�. TNF-� promoter polymorphisms could
lso affect the production of other cytokines, as higher
FN� levels have been shown to be associated with TNF-
[56]. However, we failed to demonstrate any difference

n IFN� production associated with TNF-� genotypes and
ifferent haplotype combinations (data not shown). Link-
ge disequilibrium between lymphotoxin alpha (LTA) and
NF-� polymorphisms should also be taken into account,
s etanercept is able to bind and inhibit both TNF-� and
TA, and therefore limit the effect of these cytokines on
ellular responses. TNF-� haplotype combinations with
TA polymorphisms have been associated with various

evels of LTA and TNF-� [5, 28, 52]. In conclusion,
his study shows the absence of any significant func-
ional association between TNF-� production and SNP
enotypes or haplotype combinations of the TNF-� gene
romoter.
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UPPLEMENTARY DATA
Table 1
Genotype and haplotype combination frequencies.

TNF-� polymorphism Genotypes/haplotypes n (%)

GG 45 (90)
GA 5 (10)

-238G/A AA 0
G allele 95 (95)
A allele 5 (5)

GG 35 (70)
GA 12 (24)

-308G/A AA 3 (6)
G allele 82 (82)
A allele 18 (18)

CC/CC 37 (74)
CT/TT 12 (24)

-857C/T TT/TT 1 (2)
C allele 86 (86)
T allele 14 (14)

GGC/GGC 18 (36)
GGC/GAC 11 (22)
GGC/GGT 11 (22)

Haplotypes GGC/AGC 5 (10)
GAC/GAC 3 (6)
GGC/GAT 1 (2)
GGT/GGT 1 (2)

TNF-� haplotypes are written in order -238G/A, -308G/A, -857C/T.

Table 2
Absence of association between TNF-� mRNA and protein levels, TNF-� SNP genotypes, and haplotype combinations.

TNF-�
Genotypes/haplotypes
(n)

mRNA TNF-�
(unstimulated)

mRNA TNF-�
(stimulated)

mRNA TNF-�
(fold)

Protein TNF-�
(pg/mL)

-238 GG (45) 0.8 [0.13-3.3] 1.6 [0.9-7.8] 3.8 [0.6-26] 4,023 [160-8,080]
-238 GA/AA (5) 1.4 [0.3-1.8] 1.4 [1.3-4.5] 2.4 [1.7-6.8] 4,428 [2,712-6,248]

-308 GG (35) 0.8 [0.15-2.7] 2.3 [1.1-7.8] 3.3 [0.6-26] 4,494 [1,041-7,571]
-308 GA/AA (15) 0.7 [0.13-3.3] 2.1 [0.9-4.9] 6.7 [1.5-18] 3,290 [160-8,080]

-857 CC (37) 0.7 [0.13-3.3] 2.2 [0.9-7.8] 4.4 [0.6-26] 4,417 [160-8,080]
-857 CT/TT (13) 0.8 [0.15-2.7] 2.2 [1.4-4.4] 3.5 [0.8-11] 3,640 [1,070-7,571]

GGC/ GGT (11) 0.9 [0.15-2.7] 2.3 [1.4-4.4] 2.5 [0.8-10.7] 4,889 [1,070-7,571]
Others (39) 0.7 [0.13-3.3] 2.2 [0.9-7.8] 4.3 [0.6-26] 4,023 [160-8,080]

GGC/ GAC (11) 0.4 [0.13-3.3] 3.3 [0.9-4.8] 6.7 [1.5-19] 3,290 [160-8,080]
Others (39) 0.15 [0.8-2.7] 2.2 [0.1-7.8] 3.3 [0.6-26] 4,494 [1,041-7,571]

alues are medians with ranges. Haplotype combinations are written in order -238G/A, -308G/A, -857C/T.
>0.05 between different genotypes and haplotype combinations.
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Study or Subgroup

TNF-α plasma levels

tang2
tang
skoog
sharma2
sharma
kubota

ito
haddy
gonzalez
fijen
cuchkovitch
bhushan
Subtotal (95% CI)

Heterogeneity: Tau2=0.76; Chi2=179.06, df=11 (p<0.00001); I2=94%
Test for overall effect: Z=0.83 (p=0.41)

Mean

971.7
31.5
2.25
46.8
44.7

6
24.6
1.4

8
5,989
12.8
3.4

SD

716
35.6
0.64
8.12

10.47
5

11.1
3.3
19

1,568
16.5
0.7

Total

29
86
99
92
74

164
10

607
41
6

10
74

1,292

Mean

1,526.7
26.7

2.4
63.1
9.12

4.9
27.9

1.2
58

6,147
18.3

4.3

SD

804
27.9

0.8
3.98
3.98

3.1
18.9

3.2
79

775
28.8

0.8

Total

13
26
57
30
9

65
7

145
9
6

10
30

407

Weight

8.3%
9.0%
9.2%
8.8%
7.6%
9.3%
7.2%
9.5%
8.0%
6.7%
7.6%
8.9%

100.0%

IV, Random, 95% CI

-0.73 [-1.41, -0.06]
0.14 [-0.30, 0.58]

-0.21 [-0.54, 0.11]
-2.21 [-2.71, -1.71]

3.52 [2.64, 4.40]
0.24 [-0.05, 0.53]

-0.21 [-1.18, 0.76]
0.06 [-0.12, 0.24]

-1.34 [-2.12, -0.57]
-0.12 [-1.25, 1.02]
-0.22 [-1.10, 0.66]

-1.22 [-1.68, -0.77]
-0.22 [-0.75, 0.30]

GG AG/AA Std. Mean Difference Std. Mean Difference
IV, Random, 95% CI

-1 -0.5 0 0.5 1

Figure 1
TNF-� protein levels according to SNP -308G/A genotypes (studies of TNF-� serum levels).

Study or Subgroup
TNF-α PBMCs
bouma
fernandez
huang
huang2
mycko 1
mycko2
mycko3
mycko4
Subtotal (95% CI)
Heterogeneity: Tau2=0.88; Chi2=63.90, df=7 (p<0.00001); I2=89%
Test for overall effect: Z=0.70 (p=0.48)

Mean

19,629
54,400

654
611

70
1,100

750
250

SD

7,421
48,000

293
268

30
200
300
150

Total

26
39
13
22
68
68
40
40

316

Mean

26,536
102,669

1,164
1,090

45
1,000

600
150

SD

8,947
41,461

355
398

20
10

250
70

Total

16
13
20
31
13
13
13
13

132

Weight

12.5%
12.5%
11.8%
12.7%
12.7%
12.7%
12.6%
12.5%

100.0%

IV, Random, 95% CI

-0.84 [-1.50, -0.19]
-1.02 [-1.68, -0.36]
-1.50 [-2.29, -0.70]
-1.35 [-1.95, -0.74]

0.86 [0.25, 1.47]
0.54 [-0.06, 1.14]
0.51 [-0.12, 1.15]
0.73 [0.09, 1.37]

-0.25 [-0.94, 0.44]

GG AG/AA Std. Mean Difference Std. Mean Difference
IV, Random, 95% CI

-2 -1 0 1 2

Figure 2
TNF-� protein levels according to SNP -308G/A genotypes (PBMCs studies).



102 A. Mekinian, et al.

Study or Subgroup
TNF-α healthy
fijen
haddy
hoffmann
huang
huizinga
huizinga 2
mekinian
mekinian2
mycko 1
mycko2
pociot
sharma2
skoog
Subtotal (95% CI)

Heterogeneity: Tau2=0.38; Chi2=106.74, df=11 (p<0.00001); I2=90%
Test for overall effect: Z=1.07 (p = 0.29)

Mean

5,989
1.4

4,099
611

2,900
5,200

0
4,377

70
1,100

1.1
46.8
2.25

SD

1,568
3.3
457
268

1,800
2,400

0
1,838

30
200
0.78
8.12
0.64

Total

6
607
24
22

106
106
35
35
68
68
68
92
99

1,336

Mean

6,147
1.2

3,774
1,090
3,343
5,485

0
3,931

45
1,000
1.42
63.1
2.4

SD

775
3.2

666
398

2,526
2,501

0
2,512

20
10

0.82
3.98
0.8

Total

6
145

8
31
73
73
15
15
13
13
10
30
57

489

Weight

5.4%
9.9%
7.0%
8.1%
9.6%
9.6%

8.1%
8.1%
8.2%
7.8%
8.7%
9.5%

100.0%

IV, Random, 95% CI

-0.12 [-1.25, 1.02]
0.06 [-0.12, 0.24]
0.62 [-0.20, 1.43]

-1.35 [-1.95, -0.74]
-0.21 [-0.51, 0.09]
-0.12 [-0.41, 0.18]

Not estimable
0.21 [-0.39, 0.82]
0.86 [0.25, 1.47]

0.54 [-0.06, 1.14]
-0.40 [-1.07, 0.26]

-2.21 [-2.71, -1.71]
-0.21 [-0.54, 0.11]
-0.21 [-0.60, 0.18]

GG AG/AA Std. Mean Difference Std. Mean Difference
IV, Random, 95% CI

-1 -0.5 0 0.5 1

Figure 3
TNF-� protein levels according to SNP -308G/A genotypes (studies in healthy subjects).
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tarkowski
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Heterogeneity: Tau2=0.84; Chi2=141.86, df=14 (p<0.00001); I2=90%
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Mean
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6.2%
6.7%
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Figure 4
TNF-� protein levels according to SNP -308G/A genotypes (studies of patients with various diseases).
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