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Abstract

Large-scale genomic studies in cohorts have been made possible for the last few years thanks to the progress of molecular biology and
bioinformatics. This systematic approach allows a better understanding of the molecular mechanisms of disease development and as a con-
sequence can contribute to the rational design of new diagnostic and therapeutic tools. We present here the exhaustive genotyping of a
candidate gene, tumor necrosis factor receptor 1 (TNFR1), in the genetic of resistance to immunodeficiency virus (GRIV) AIDS cohort. This
gene was chosen because it is likely to be involved in the apoptosis pathways of CD4+ and CD8+ T-cells during human immunodeficiency
virus 1 (HIV-1) infection. Seven frequent polymorphisms were characterized in 319 HIV-1 seropositive patients from the GRIV cohort with
extreme disease progression phenotypes, slow progression or rapid progression, and in 427 healthy controls. The TNFR1 gene locus does not
appear to be part of any haploblock and contains only a small haploblock of two successive SNPs. One promoter SNP (TNFR1_17444594,
position –581) and one intronic SNP (TNFR1_27223241, position +11511) gave weak positive signals of association (resp. P = 0.03 and
P = 0.04) as well as two haplotypes. To our knowledge, this is the first genetic association study dealing with the TNFR1 gene in AIDS and the
putative associations identified will need to be validated through other AIDS cohort analyses or by further biological experimentation.
© 2005 Elsevier SAS. All rights reserved.
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1. Introduction

The hallmark of HIV-1 infection is the progressive deple-
tion of CD4+ and CD8+ T lymphocytes, which eventually
leads to a major immunodeficiency corresponding to theAIDS
stage of the infection [1]. The correlation between the deple-
tion of T-cells in HIV-1 infection and apoptosis has been well-
established by the study of the apoptotic pathways in large
groups of patients [2,3]. Furthermore, observations per-
formed on lymph nodes of infected patients have shown that
apoptosis occurs predominantly in non-infected “bystander”

cells, whereas cells productively infected with HIV-1 exhibit
less apoptosis [4]. Several families of proteins are involved
in the induction of apoptosis, such as FAS/FASL, tumor necro-
sis factor alpha (TNF-a), and tumor necrosis factor related
apoptosis-inducing ligand (TRAIL) [5]. The particular role
of the TNF-a/TNFR1 pathway in T-cell apoptosis has been
thoroughly reviewed by Nagata [6]. The role of both
FAS/FASL and TNF-a/TNFR1 pathways in the CD4+ T-cells
depletion during HIV-1 infection has been well documented
[7–9]. An association between the susceptibility to TNF-
induced apoptosis and the in vivo evolution of CD4+ T-cell
numbers has even been proposed [10]. Finally, the activation
of the TNFR1 pathway by TNF-a or by specific antibodies
triggers the expression of HIV-1 in infected cells [11,12]. All
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these findings point out the significant role that the TNF-
a/TNFR1 pathway may play in HIV-1 pathogenesis.

In this context, we have undertaken an extensive genotyp-
ing of the TNFR1 gene in the ‘genetics of resistance to immu-
nodeficiency virus’ (GRIV) cohort in order to determine if
genetic variants could influence disease progression. The
GRIV cohort consists of two sub-populations of Caucasian
HIV-1 seropositive individuals living in France, with extreme
progression phenotypes and gathers presently 100 patients
with rapid progression (RP) and 300 patients with slow pro-
gression (SP). We also included 446 healthy control subjects
of similar ethnic origin. The GRIV cohort corresponds to the
extreme 1% subset of a cohort of 30 000 seroconverter patients
[13] and it is, as far as we know, the largest cohort of its kind
in the world. Its usefulness has already been validated for
several gene polymorphisms such as CCR5 [14–16] and HLA
[17,18]. Polymorphisms, mainly single nucleotide polymor-
phisms (SNPs), were identified through sequencing of the
TNFR1 gene and were evaluated for their association with
disease susceptibility and progression.

2. Materials and methods

2.1. The GRIV cohort and control subjects

The GRIV cohort was established in 1995 in France to
generate a large collection of DNA for genetic studies on can-
didate polymorphisms associated with rapid and slow pro-
gression to AIDS. Only Caucasians of European descent liv-
ing in France were recruited. These criteria limit the influence
of the virogenetic and environmental factors (subjects are all
infected by B strains and live in a similar environment) and
put emphasis on the genetic make-up of each individual to
determine the various patterns of progression. Patients with
slow progression (SP) were defined as seropositive asymp-
tomatic individuals for 8 or more years with a CD4+ cell count
above 500 per mm3 in the absence of antiretroviral therapy.
Patients with rapid progression (RP) were defined as patients
with a drop in their CD4+ cell count below 300 per mm3 in
less than 3 years after the last seronegative test. The DNA
was obtained from fresh peripheral blood mononuclear cells
or from EBV-transformed cell lines. The control (CTR) sub-
jects are seronegative Caucasians of European descent living
in France.

2.2. Genotyping

The primers and conditions used for PCR amplification of
the different fragments are presented in Table 1. Sequencing
reactions were performed according to the Dye Terminator
method using an ABI PRISM® 3730 DNA Analyzer (Applied
Biosystems, Foster City, CA, USA). Alignment, SNP discov-
ery, and genotyping were performed with the software
Genalys®, developed by the Centre National de Génotypage
(CNG) [19]. For practical reasons, an initial screening was
performed on 150 SP, 50 RP, and 150 CTR subjects for poly-
morphism discovery. The screening could then be extended
on more subjects when a positive (P ≤ 0.05) or borderline
(P ≤ 0.1) signal was detected. In this study, we have geno-
typed up to 238 slow progression patients, 81 rapid progres-
sion patients, and 427 control subjects.

2.3. Haplotypes

We estimated haplotypes using the EM algorithm [20] and
the Phase2 algorithm [21,22] either for all polymorphisms or
for selected ones.

2.4. Linkage disequilibrium and haploblocks

Linkage disequilibrium (LD) was computed for each pair
of polymorphisms, using the r2 [23] and the D′ coefficients
[24].

As defined by Gabriel et al. [25], a haploblock is a genetic
region for which there is a low probability that a historical
recombination event occurred: in other words, the SNPs
located within that region exhibit a significant level of link-
age disequilibrium.All identified polymorphisms with a minor
allelic frequency above 1% have been tested for their belong-
ing to a haplotype block (haploblock). The haploblocks in
the genes have been computed using the method developed
by Gabriel et al., which is utilized by the software Haploview
[26].

2.5. Statistical analysis

Statistical analyses were performed only on the polymor-
phisms with a minor allele frequency greater than 1% in our
whole population, termed ‘frequent’polymorphisms. The dif-
ferences in the allelic distributions (SNPs or haplotypes)
between the three groups were examined as follows: for each

Table 1
Primers used to amplify the exons of TNFR1 by PCR. The reaction mixture was: 5 µl DNA (5 ng/µl), 2.4 µl dNTP mix (2.5 mM each), 1.5 µl 10 × ExTaqTM

buffer, 0.3 µl of each primer (10 µM), 0.15 µl ExTaqTM (Takara, Otsu, Shiga, Japan) (5 U/µl), and 5.35 µl water. Thermal cycling conditions for PCR were as
follows: 94 °C, 10 min for one cycle; denaturation, 94 °C, 30 s; annealing, 55–60 °C, 30 s; extension 72 °C, 2 min for 40 cycles; and 72 °C, 10 min for one
cycle

Exons Forward primer Reverse primer
1 5′-CAGAGACTGGATGAGACCTG-3′ 5′-TCCAAAAGGCGGATGAATGG-3′
2–5 5′-GAATGTTTCACTGAGGAAGG-3′ 5′-TCAGATTTGAAGAGCAAGGG-3′
6–8 5′-TAGCTGGCTACCTTCTCAAG-3′ 5′-CAGGGACATTTGGGAGTAAC-3′
9–10 5′-TTCCCTCTAAGTCCCAACCC-3′ 5′-ATCTCACCCCTCAGGATCTG-3′
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allele (with a frequency greater than 1% in the whole popu-
lation), the expected numbers of individuals in each group
with and without that allele were compared using the Fish-
er’s exact test. Four modes of calculation were used for the
genetic analysis: allelic frequency, dominant mode, recessive
mode, and genotypic distribution. For individual polymor-
phisms, there are only two alleles and the P-value for the
dominant mode on one allele is identical to the P-value for
the recessive mode on the other allele. As a consequence,
Table 2 dealing with individual polymorphisms combines the
dominant and recessive modes.

3. Results

3.1. SNP discovery

The TNFR1 gene has been systematically screened for
polymorphisms by sequencing exons with their flanking
regions as well as the 1 kb-region upstream of the first exon,
containing the putative promoter. Overall we identified
23 polymorphisms among which 7 have a minor allele fre-
quency greater than 1% in the whole population (Fig. 1). As
shown in Fig. 1, two SNPs are located in exons:
TNFR1_17444602, located in exon 1, is synonymous
(Pro12Pro, position taken from reference sequence
NP_001056.1) and TNFR1_17444592, located in exon 4,
introduces a non-synonymous change (Arg121Gln).
TNFR1_17444593 and TNFR1_17444594 are located in the
promoter region. Table 2 summarizes the frequency of each
SNP in the SP, RP, and CTR populations, their association with
AIDS progression and the relevant information known to date
for each SNP. For all the SNPs, the allelic distributions fit with
the Hardy–Weinberg expectations in the three SP, RP, and CTR
populations (P > 0.5). The allelic frequencies obtained in our
study are similar to the data provided by the NCBI dbSNP
database regarding the European populations.

3.2. Gene structure

We investigated the presence of haploblocks in the TNFR1
gene, i.e. genetic segments containing adjoining SNPs in link-
age disequilibrium (LD) and thus presenting no evidence of
historical recombination. Globally, the gene appears not to
be part of a haploblock since many SNPs are not in LD
(Fig. 2B,C). We could find only a small haploblock com-
posed of the two successive SNPs TNFR1_17444599 and
TNFR1_17536961 for which the confidence interval for D′
is 0.96–1 (see Fig. 2C).

3.3. Associations with AIDS progression: SNPs

We performed statistical analysis to test whether the poly-
morphisms are associated with disease progression. By Fish-
er’s exact test, two weak positive associations with AIDS
progression were found for two SNPs (Table 2). Ta
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TNFR1_17444594, located in the promoter region, exhibited
P-values of P = 0.036 in dominant mode and P = 0.038 in
allelic frequency mode when comparing the SP and CTR
populations. TNFR1_27223241, located in intron 7, pre-
sented a P-value of 0.048 in the dominant mode when com-
paring the SP and CTR populations.

3.4. Associations with AIDS progression: haplotypes

We estimated the haplotypes using the Phase2 and EM
algorithms, and identical results were obtained with both
approaches. At first, we took into account all seven SNPs
found in the gene. The computation yielded eight different
haplotypes with a global frequency greater than 1%. Table 3
presents all the computed haplotypes, with their allelic fre-
quencies, and P-values in the allelic frequency and the domi-
nant mode (recessive mode yielded no significant associa-
tion). Two of these eight haplotypes presented a positive signal
(Table 3). The haplotype 2 presented significant associations
for the comparison between the SP and RP populations
(P = 0.016 in dominant mode) and for the comparison
between the CTR and RP populations (P = 0.024 in domi-
nant mode). The haplotype 5 presented significant associa-
tions for the comparison between the CTR and SP popula-
tions (P = 0.038 and P = 0.034 in allelic frequency and
dominant mode, respectively). We also computed the haplo-
types derived from the two SNPs located in the promoter
region (TNFR1_17444593 and TNFR1_17444594), but there
was no positive signal (data not shown). Finally, the sub-
haplotypes derived from the haploblock made of the two SNPs
TNFR1_17444599 and TNFR1_17536961 did not exhibit any
association.

4. Discussion

We have undertaken the exhaustive genotyping of the
TNFR1 gene in order to identify new polymorphisms and pos-
sible associations with resistance/susceptibility to AIDS in
the GRIV cohort. We found seven SNPs with a minor allele
frequency greater than 1% in the whole population, but all of

them had been previously described (Table 2). Only one small
haploblock could be defined in the gene (Fig. 2). This latter
observation is important to emphasize, because a trend is cur-
rently being developed: the systematic use of haploblocks to
make genetic association studies. While this trend is legiti-
mate when performing large genome-screenings, it appears
insufficient when dealing with specific candidate genes.
Indeed, it is also important to look for associations involving
the sub-haplotypes derived from non-synonymous variations
(i.e. mutations in the protein) or from promoter SNPs, for
which a biological meaning may be easier to unravel.

Among the seven frequent SNPs, TNFR1_17444594 and
TNFR1_27223241 exhibited positive signals (P ≤ 0.05).
TNFR1_17444594 is located in a 400-kb region upstream of
exon 1 (located at –809/–385 relative to transcription start
site) reported to have inhibiting properties [27]. The particu-
lar role of this SNP in gene transcription remains however
unknown: competition in gel-shift assays or reporter gene
experiments will have to be performed. The other SNP with a
positive signal is intronic and no biological explanation can
yet be provided for this putative association. There were also
haplotypes exhibiting positive signals (Table 3). It appears
difficult to provide a biological interpretation to these asso-
ciations since these haplotypes are not linked to a single SNP
allele.

To our knowledge, this is the first genetic association study
on the role of TNFR1 gene polymorphisms in AIDS. How-
ever, the TNFR1 polymorphisms have been investigated in
other diseases. In particular, the SNP TNFR1_17444602, cor-
responding to the synonymous mutation Pro12Pro, has been
widely investigated by RFLP because the presence of its allele
G creates an MspA1 restriction site [28]. In contrast to our
results inAIDS, associations have been described for this SNP
in diseases such as Crohn’s disease [29] or pancolitis [30].
Conflicting results have been found in Rheumatoid Arthritis:
while the A/A genotype for this SNP has been shown to have
a protective effect in a French population [31], it presented
no association in other Caucasian populations [32–34]. No
association for this SNP were found either in Alzheimer’s
disease [35] or in narcolepsy [36].

Fig. 1. Genetic organization of the TNFR1 gene. Coding and untranslated regions are, respectively, indicated by solid and open rectangles. The regions that have
been sequenced are indicated by a horizontal line, with starting and ending positions numbered in reference to the first nucleotide of the ATG codon, given as
+1. The polymorphisms numbers are the attribution numbers from the CNG database (their position relative to the +1ATG is given in parenthesis, and the
correspondence with Genbank SNP database is given in Table 2). The genomic sequence used for alignment is NT_009759.15.
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Table 3
Detailed information for the estimated haplotypes of the TNFR1 gene. For each haplotype we indicated the global frequency, the frequency in each population SP, RP or CTR with the number of individuals in
parenthesis, the P-value from the Fisher’s exact test for the comparisons SP vs. CTR, RP vs. CTR, SP vs. RP and SP vs. RP vs. CTR, and the calculation mode. SP, RP and CTR represent the slow progression, rapid
progression and control populations, respectively. The calculation modes AF and D are for the allelic frequency and the dominant modes, respectively. Borderline (P ≤ 0.1) and significant (P ≤ 0.05) p-values are
in bold. (*: Bon ferroni corrections were not performed on nominal P values)

Haplotype 1 2 3 4 5 6 7 8

SNPs

17444593 G T G T G G G G
17444594 A A A A A A A A
17444602 G A A A A G G A
17444592 G G G G G A G G
17444599 C T C T C C C T
17536961 G A A A A G A A
27223241 T T C C T T C T

Allelic Frequency (%)
CTR 38.43 (103) 33.58 (90) 13.06 (35) 2.61 (7) 5.60 (15) 2.99 (8) 2.99 (8) 0.75 (2)
RP 34.04 (32) 42.55 (40) 9.57 (9) 6.38 (6) 4.26 (4) 2.13 (2) 1.06 (1) 0.00 (0)
SP 40.08 (105) 32.06 (84) 11.83 (31) 5.73 (15) 1.91 (5) 3.82 (10) 2.67 (7) 1.91 (5)

Nominal p-values *

SP vs. RP AF 0.325 0.077 0.704 0.801 0.251 0.739 0.686 0.331
D 0.290 0.016 0.680 0.790 0.250 0.730 0.680 0.330

RP vs. CTR AF 0.460 0.130 0.460 0.110 0.790 1.000 0.460 1.000
D 0.490 0.020 0.680 0.100 0.780 1.000 0.450 1.000

SP vs. CTR AF 0.720 0.713 0.695 0.083 0.038 0.639 1.000 0.281
D 0.700 0.900 1.000 0.077 0.034 0.630 1.000 0.280

SP vs. RP vs. CTR AF 0.587 0.175 0.666 0.141 0.085 0.701 0.592 0.480
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tiple tests corrections (Bonferroni corrections) in our compu-
tations: as previously suggested [13], our results will need to
be confirmed or infirmed by other cohort studies in AIDS.
Since the TNF-a/TNFR1 pathway appears to play a signifi-
cant role in HIV-1 pathogenesis, this work will have also to
be completed by the study of the TNF-� gene, which is the
main ligand of TNFR1, and a known important factor inAIDS
[39].
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