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Abstract We have performed an extensive analysis of
Th1/Th2 cytokine receptors IL2Rc, IL4Rcv, IL10R, and
IFN~RI gene polymorphisms to evaluate their impact on
AIDS progression. The coding regions and promoters of
these genes were sequenced in the genetics of resistance to
immunodeficiency virus cohort, composed of 327 HIV-1-
positive patients with extreme progression phenotypes,
slow and rapid progressors, and of 446 healthy control
subjects, all of them of Caucasian descent. Overall, 104
single nucleotide polymorphisms and four insertions/
deletions with a minor allelic frequency higher than 1%
were identified, 21 of them being newly characterized. We
observed weak associations for 13 polymorphisms of
IL2Rav, IL4Rov, IL10R«, and IFN~RI, and 11 haplotypes
of IL2Rc, IL4Rc, and IFN~RI. However, we could not
relate these positive signals to any relevant biological
information on the gene function. To affirm these putative
associations in AIDS, further confirmation on other AIDS
cohorts will be needed. This complete catalog of poly-
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morphisms in IL2Ra, IL4Ra, ILI0Rc, and IFN~RI cyto-
kine receptor genes should also be useful for investigating
associations in other immune-related diseases.
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Introduction

The cytokine network plays a central role in the functioning
of the immune system, and it is involved in the prolifera-
tion, differentiation, and death of multiple cell types such
as lymphocytes, monocytes, or dendritic cells (Curfs et al.
1997; Thomson and Lotze 2003). The cytokine receptors
are essential components of this network, and it has been
shown for example that the absence of IL2R is func-
tionally equivalent to the absence of the corresponding
cytokine (Gaffen 2001). Other studies have shown that
inactivating mutations in the alpha chains of the cytokine
receptors can lead to severe, possibly life-threatening
immune disorders (autoimmunity, immunodeficiency and
deregulation of the production of T lymphocytes for
IL2R &, severe immunodeficiency, and higher susceptibil-
ity to mycobacterial infections for [IFNyR1) (Jouanguy et
al. 2000; Sharfe et al. 1997; Willerford et al. 1995).

In human immunodeficiency virus type 1 (HIV-1)
infection, the role and status of the cytokine network has
been extensively investigated by in vivo and in vitro
approaches (Alfano and Poli 2002, 2005; Clerici and
Shearer 1993). If many studies have pointed out the role of
cytokines in acquired immunodeficiency syndrome
(AIDS), only a few have addressed the role of the cytokine
receptors in HIV-1 infection. It has been reported that the
viral protein Tat inhibits the expression of IL2Rx (Puri
et al. 1995) and up-regulates the expression of IL4R«x
(Husain et al. 1996), which is consistent with the dys-
regulation of the Th1/Th2 cytokine balance observed in
HIV-1 infection (Clerici and Shearer 1993). Another study
highlighted a disruption of the IL2R production during
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HIV-1 infection, leading to a dysregulation of the IL2/IL2R
system (David et al. 1998).

To better understand the involvement of the cytokine
network in AIDS development, our group has previously
completed an extensive genomic analysis of Thl/Th2
cytokine genes (Vasilescu et al. 2003). We found signif-
icant associations between disease progression and some
haplotypes of the /L4 and /L 10 genes, which have also been
pointed out by other studies (Breen et al. 2003; Nakayama
et al. 2002). Only one genetic study on /L4Ra has been
performed on cytokine receptor genes regarding their as-
sociation with AIDS (Wang et al. 2004), and to extend our
previous work on Th1/Th2 cytokine genes in AIDS, we
have investigated thoroughly the polymorphisms of the
cytokine receptor genes /L2Rc, IL4Ra, ILI0ORc, and
IFN~RI. We have analyzed these genes by extensive
nucleotide sequencing to clarify whether their genetic var-
iations could influence disease onset and progression. For
that, we used the genetics of resistance to immunodefi-
ciency virus (GRIV) cohort, which consists of two
subpopulations of French Caucasian HIV-1 seropositive
individuals with extreme progression phenotypes: 82
patients with rapid progression (RP) and 245 patients
with slow progression (SP), which are equivalent to the
extreme 1% subset of a cohort of 24,500 seroconverter
patients (Huber et al. 2003). We also included 446 healthy
control (CTR) subjects of similar ethnic origin. The GRIV
cohort is, as far as we know, the largest cohort of its kind in
the world, and its usefulness has already been validated for
several gene associations such as CCR5 (Rappaport et al.
1997; Hendel et al. 1998; Winkler et al. 2004) and human
leukocyte antigens (HLA) (Flores-Villanueva et al. 2003;
Hendel et al. 1999). Single nucleotide polymorphisms
(SNPs) and other genetic variations identified through
sequencing were evaluated for their association with dis-
ease susceptibility and progression.

Materials and methods
The GRIV cohort

The GRIV cohort was established in 1995 in France to
generate a large collection of DNAs for genetic studies on
candidate polymorphisms associated with RP and SP to
AIDS. Only Caucasians of European descent living in
France were recruited to limit the influence of the viro-
genetic and environmental factors. Patients with SP were
defined as seropositive asymptomatic individuals for 8 or
more years with a CD4" cell count above 500 per cubic
millimeter in the absence of antiretroviral therapy. Patients
with RP were defined as patients with a drop in their CD4"
cell count below 300 per cubic millimeter in less than
3 years after the last seronegative test. The DNA was
obtained from fresh peripheral blood mononuclear cells or
from Epstein—Barr virus (EBV)-transformed cell lines. The
CTR subjects are seronegative Caucasians of European
descent living in France.

Genotyping

The primers and conditions used for polymerase chain
reaction (PCR) amplification of the different fragments are
available in Table S1 (supplementary material online). Se-
quencing reactions and analysis were performed as pre-
viously described (Do et al. 2005). For practical reasons, an
initial screening was performed on 150 SP patients, 50 RP
patients, and 150 CTR subjects for polymorphism dis-
covery. The screening was extended to more subjects when
a p value <0.1 was obtained.

Linkage disequilibrium and haplotyping

Linkage disequilibrium (LD) was computed for each pair
of polymorphisms using the  standard method (Hill and
Weir 1994). Haplotype estimates were obtained using the
EM algorithm (Laird 1993) and the Phase2 algorithm
(Stephens and Donnelly 2003; Stephens et al. 2001) either
for all polymorphisms or for selected ones. The haplotype-
tagging polymorphisms have been computed using the
SNP-tagger software (Ke and Cardon 2003).

Statistical analysis

Statistical analyses were performed only on the poly-
morphisms with a minor allele frequency greater than 1%
in our whole population, termed “frequent” polymor-
phisms. The differences in the allelic distributions (SNPs or
haplotypes) between the three groups were examined as
follows: for each allele (with a frequency greater than 1%
in the whole population), the expected numbers of
individuals in each group with and without that allele
were compared using Fisher’s exact test. Four modes of
calculation were used for the genetic analysis: allelic
frequency, dominant mode, recessive mode, and genotypic
distribution. For SNPs, 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, when obtaining a positive signal, the mode of
calculation (dominant or recessive) is precised for the Al
allele in Table 2.

Results
SNP discovery

We systematically screened the IL2Rc, IL4Rc, ILI0R,
and /FN~R1 genes for polymorphisms by resequencing the
exons with their flanking regions and the promoter region
(IL2Ra, IL4Rav, and IFN~RI). In the case of IL10R«, the
promoter was not known, and we sequenced the 1-kb
region upstream of the first exon, assuming that putative
regulatory elements are located within that region. We
identified 108 frequent (minor allele frequency equal or
superior to 1% in our whole population) polymorphisms on



these genes, most of them being SNPs (Fig. 1). Out of these
108 polymorphisms, 27 polymorphisms were on the IL2R«
gene, 51 polymorphisms on the /L4Ra gene, 19 poly-
morphisms on the /L/0R« gene, and 11 polymorphisms on
the IFN~RI gene (Fig. 1). Twenty-one out of these 108

polymorphisms are newly characterized by our study. On
average, we found one polymorphism with a frequency
higher than 1% in every 300 bp (Table 1), which is
consistent with previous studies (Cargill et al. 1999; Nelson
et al. 2004).
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Fig. 1 Genetic organization of the IL2R«, IL4Rc, ILI0R«, and
IFN~RI genes. Coding and untranslated regions are indicated by
solid and open rectangles, respectively. The regions that have been
sequenced are indicated by a horizontal line, with start and end
positions according to the first nucleotide of the initiation codon as
+1 (indicated by a black triangle). The polymorphism numbers are

the attribution numbers from the CNG database (the correspondence
with Genbank SNP database is given in Tables 2 and S2). The newly
characterized polymorphisms are indicated by an asterisk. The
genomic sequences used for alignment are NT 077569.2 (IL2Rx),
NT 010393.15 (IL4Rwx), NT 033899.7 (IL10Rx), and NT 0257
41.13 (IFNyR1)



Table 1 Incidence of polymorphisms identified in the /L2R«, IL4Ra, IL10R, and IFN~RI cytokine receptor genes

Gene IL2R o ILAR o IL10R«x IFNyR1 Total

Frequent polymorphisms 27 51 19 11 108
Newly identified 8 7 2 4 21
Located in exons 6 21 7 2 36
Synonymous 2 5 3 2 12
Nonsynonymous 0 9 4 0 13
UTR 4 7 0 0 11
Base pair sequenced 7,600 9,950 6,650 7,170 31,370
Frequency (polymorphism/base pair sequenced) 1/281 1/195 1/350 1/652 1/290

Associations with AIDS progression

This case-control study is based on the comparison of the
allelic distributions of the polymorphisms between the
patient populations (SP and RP) and the CTR population.
Table 2 provides information regarding the polymorphisms
exhibiting positive (p value from the Fisher’s exact test
lower than 0.05) or borderline (p value lower than 0.1)
association signals, the allelic frequencies, and the local-
ization (intron, promoter, or exons with the amino acid
changes when applicable). The SNP allele frequencies
shown in Table 2 and Table S2 are consistent with those
given in SNP database (dbSNP) except for the SNPs
IL10Rox 27223204, IL10Rx 27223209, IL4ARx 29949368,
and IL4Rx 29949371, for which a difference in frequencies
higher than 10% is observed. Most of the identified poly-
morphisms respect the Hardy—Weinberg equilibrium
(HWE) in cases and in CTRs. Only three polymorphisms
did not fully respect the HWE, all in the SP patients group:
IFNyR1 18041057 (p=0.19), ILARx 28043697 (p=0.12),
and IL4Rax 28054892 (p=0.25) (we used a cut-off of 0.3
since p values lower than 0.3 for HWE tests are very rare in
our cohort).

In the IL2Ro gene, two SNPs (29941451 and 27488615)
and one deletion (29941452) exhibited significant associa-
tions (p<0.05) between SP and CTR populations. In the
IL4Ra  gene, seven SNPs (29952157, 28043697,
28054892, 18979375, 18979376, 29949352, and
29949353) exhibited positive signals. In the IL/0R«
gene, two SNPs (27223205 and 29939777), which are in
LD, exhibit significant associations between the SP and
CTR populations. In the IFNyRI gene, the SNP
IFNYR1 29942463 exhibits a significant association be-
tween the RP and CTR populations (p=0.032). Out of the
13 positive signals (p<0.05) found in the analysis of the
populations two by two, only four remained positive when
comparing simultaneously the three groups SP, RP, and
CTR with a x” test (Table 2); thus, the comparison between
the populations two by two appears more sensitive.

Overall, positive or borderline signals were obtained for
only four SNPs introducing an amino acid change
(Table 2). These amino acid changes are not located in
known active domains (binding or signal transduction) of
these proteins. Two SNPs located in promoter regions
exhibited significant associations: IL4Ro 29952157 and
IFNyYR1 29942463.

Given the high number of polymorphisms, the haplotype
estimation programs could not take all of them into account
for the genes /IL2Ra and IL4Rc. We had to split the
polymorphisms into smaller groups. Thus, it appeared
more informative to compute the haplotypes based on
subgroups of polymorphisms linked to protein variations or
located in promoter regions rather than using all of them.
Table 3 presents the significant and borderline p values
obtained for the estimated haplotypes, and Table S3 of
supplementary material online presents the composition of
all haplotypes. To perform the haplotype calculation in the
IL2Ra gene, we had to exclude the relatively rare
polymorphisms (with a global minor allele frequency
lower than 3%). We were thus able to compute haplotypes
and found some positive signals. The lowest p value
(p=0.041) was obtained for the haplotype IL2Rox Over3% 8
for the comparison between the RP and CTR populations
(Table 3). We also used a smaller group of polymorphisms,
with a global allelic frequency greater than 10%. Using
10% as a cut-off is interesting because it yields the most
frequent haplotypes in the population. The lowest p value
(p=0.006) was obtained for the haplotype IL2R«x -
Overl0%_7 between RP and CTR populations (Table 3).
This haplotype is actually a subhaplotype of IL2Ro -
Over3% 8 (Table S3 of supplementary material online).
The number of polymorphisms in /L4R« was also too high
to perform a complete calculation. By selecting the SNPs
with a minor allele frequency higher than 3%, a signal was
identified for haplotype IL4Rx Over3% 1 (Table 3). By
using a 10% threshold, the signal remained with the cor-
responding subhaplotype IL4Rx _Over10% 1 (Table 3). We
also computed haplotypes with polymorphisms located in
the promoter region, nonsynonymous SNPs (NS), and
nonsynonymous SNPs that introduce changes in the
intracellular domain of the receptors (NSintra) (Table 3).
The haplotype IL4Rx NS 3 is based on nine SNPs, only
one of them being extracellular: the variation Ile75Val
(Table 2). Out of these nine SNPs, five correspond to a
serine change in the intracellular domain. The haplotype
IL4ARx NS 3 presents a positive signal (p=0.041) for the
comparison between the three populations and for the
comparison between the SP and RP populations as well
(»p=0.02). The haplotype IL4Ro NSintra 3, which is a
subhaplotype of IL4Rx NS 3, also presented a significant
association (p=0.016) between the SP and RP populations.
However, it was not possible to correlate this haplotype
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Table 3 Positive (p<0.05) and borderline (p<0.1) signals found with the estimated haplotypes of IL2Rc, IL4Rcv, IL10Rc, and IFN~RI1
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The detailed composition of all haplotypes is given in Table S3 (supplementary material online). SP, RP, and CTR represent the slow
progression, rapid progression, and control populations respectively. The calculation modes AF, D, and R are for allelic frequency,
dominant, and recessive modes, respectively. Promoter, NS, NSintra, Over3%, and Over10% represent, respectively, the SNPs located in the
promoter, the non-synonymous SNPs, the non-synonymous SNPs involving mutations in the intracellular part of the protein, and the SNPs

whose minor allelic frequency is over 3% or over 10%. The tagging polymorphisms for the different haplotypes are highlighted

with the presence or absence of specific serine residues. For
ILIORo, no association has been identified with the

haplotypes, taking all polymorphisms into account,

cven

if some trends emerged (p<0.1). No significant association
was found when computing haplotypes from the four SNPs

associated with a nonsynonymous mutation. For I[FNvR1,
we identified some significant associations for the haplo-
type IFNyR1 10 (p=0.039) and for the haplotype
IFNyYR1 Promoter 4 (p=0.034) using the five SNPs
located in the promoter region.



Discussion

This study was undertaken to identify the genetic
associations between the polymorphisms of the IL2Ra,
IL4Ra, IL10Rw, and IFN~R1 cytokine receptor genes with
resistance/susceptibility to AIDS in the GRIV cohort.
Thanks to our systematic approach, 21 out of the 108
frequent polymorphisms were newly characterized. We
found 13 polymorphisms exhibiting nominally significant
associations (nominal p values <0.05) and 13 other
polymorphisms exhibiting nominally borderline signals
(nominal p values <0.1) with AIDS progression (Table 2).
Except for four polymorphisms, the associations found
correspond to polymorphisms located in introns, whose
biological effects are difficult to interpret. Among these
four polymorphisms, two are located in exons of IL4R«x
coding for the intracellular domain of the receptor, but one
is synonymous (29949353, Leu414Leu), and the other one
(29949352, Glu400Ala) could not be associated with any
known functional property of the protein. The two other
polymorphisms are located in promoter regions
(IL4Ro 29952157 and IFNyR1 29942463), although
these polymorphisms are not located in known transcrip-
tion factor binding sites or enhancing/repressors regions.
Our results did not take into account the multiple testing
(Bonferroni corrections), but as discussed in a previous
work, such corrections in this type of genomic study have
less relevance than the necessary confirmation in other
cohorts (Huber et al. 2003). We also compared the three
groups after removing the known prominent CCR5-A32
effect (Winkler et al. 2004); the results that we found were
similar (data not shown).

IL2Rcv, IL10Rc, and IFN~RI genes had never been
previously investigated for associations in AIDS, and the
extensive characterization of the polymorphisms existing
in these genes will thus be useful for any future genetic
study. Only one genetic study had been performed by
Wang et al. (2004) in the /L4Ra gene dealing with the
nonsynonymous SNP IL4Ro 29949359 (GInS576Arg).
They found a significant association (nominal p value
0.009) for a higher risk of HIV-1 infection. Our allelic
frequencies were different, and no association was
observed in our study. This certainly stems from the fact
that they worked on an African-American population,
while our study deals with a Caucasian population.

Eleven haplotypes also exhibited positive signals
(Table 3). Among them, the haplotypes IL2Rx_Over10% 3
and IFNyR1 10 track the SNP alleles IL2Rox 29941451A
and IFNyR1 29942463T, respectively. Three haplotypes
involve promoter SNPs for /L4Ra and IFN~RI1 (Table 3).
Two haplotypes of /L4Ra involving nonsynonymous SNPs
also presented a weak signal (Table 3). One of them is a
subhaplotype of the other: it is composed of eight
intracellular SNPs, five of them involving a serine mutation
(Table S2 in supplementary material online). Serines are
known to be important for signal transduction; however, no
pattern of amino acids distribution could be identified in
the haplotype giving a positive signal. More refined

analyses of the haplotypes structures should certainly be
performed, but they are not in the focus of the present
work.

Numerous genetic studies have been previously under-
taken on the IL4Ra, ILIOR«, and IFNvyRI cytokine
receptor gene polymorphisms regarding their possible
associations with various diseases. In the /L4Ra gene, the
SNPs IL4Ro 29946391, 29949358, and 29949359 have
all been associated with atopy and asthma (Hershey et al.
1997; Kruse et al. 1999; Mitsuyasu et al. 1998). These
polymorphisms influence the production of immunoglob-
ulin E (IgE) (Kruse et al. 1999; Mitsuyasu et al. 1998) and
further signal transduction by the interleukin-4 receptor
(Kruse et al. 1999). However, these polymorphisms do not
exhibit any signal for their association with AIDS progres-
sion in our study (Table S2, supplementary material online),
nor do haplotypes extracted from these three polymor-
phisms (data not shown). Interestingly, a haplotype com-
posed of SNPs located in exons of IL4Rx has been
associated with diabetes in a Filipino population (Mirel et
al. 2002), and it also presents a borderline signal in our
study (nominal p value=0.07; these data are not shown
because we have used different SNPs for haplotyping). In
the IFNyRI gene, the SNP IFNyRI1 18041057 was
associated with a strong promoter activity for its allele G
(Rosenzweig et al. 2004) but was never associated with any
disease. In our study, this SNP did not respect well the
HWE (p=0.19), but this SNP did not exhibit a positive
signal (Table S2, supplementary material online). The SNP
IFNyR1 29258157 has been associated with a lower risk
of cerebral malaria (Koch et al. 2002) and a lower
expression of IFNyR1 for its allele C (Juliger et al.
2003), but it did not present any signal in our study. In the
ILIORo gene, the SNP IL10R« 17528186 has been
associated with cirrhosis in hepatitis-C infection (Hofer et
al. 2005). In our study, this SNP presents a borderline
signal. No associations with diseases have been described
for the polymorphisms of the IL2R« gene.

In this thorough investigation of the cytokine receptor
genes [L2Ra, IL4R«, IL10R«, and IFN~RI, we identified
new polymorphisms and found putative associations
between some polymorphisms/haplotypes and AIDS pro-
gression. The cytokine receptors are the assembly of two or
more subunits, which are all required for efficient ligand
binding and signal transduction (Thomson and Lotze
2003). IL2R« has a short intracellular domain, and IL4R«,
IL10R«x, and IFNyRI1 have long intracellular domains,
although none of them are sufficient for signal transduction
(Asadullah et al. 2003; Bach et al. 1997; Moore et al. 2001;
Mueller et al. 2002; Shtrichman and Samuel 2001). It will
thus be necessary to complete this study with a genetic
analysis of the beta subunits of the receptors, which are also
essential components of these receptors and of the cytokine
network.

The important amount of data provided in this study will
provide useful leads for further investigation of these genes
in relation with HIV-1 infection because they will need to
be investigated in other cohorts. Given the importance of



the cytokine network in immune reactions, the information
provided in this study should also prove useful for the
study of other immune-related diseases.
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