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Introduction

CD1 glycoproteins are a small family of molecules that present lipid and glycolipid antigens to T cells. Humans have five different CD1 isoforms called CD1a, b, c, d, and e which share a highly conserved alpha heavy chain homologous to the βmicroglobulin-binding domain of major histocompatibility complex class I antigens [START_REF] Martin | Isolation of CD1 genes: a family of major histocompatibility complex-related differentiation antigens[END_REF].

Of these, CD1a-d molecules assemble in the endoplasmic reticulum and travel to the cell surface through the secretory pathway, whereas the CD1e molecule is transported by the endosomal pathway and facilitates the presentation of antigens by all other CD1 antigen-presenting molecules [START_REF] Angenieux | The cellular pathway of CD1e in immature and maturing dendritic cells[END_REF][START_REF] Facciotti | Fine tuning by human CD1e of lipid-specific immune responses[END_REF].

Five closely linked genes, CD1A-E, located on chromosome 1 (1q22-23), encode the human CD1 family of proteins [START_REF] Han | Polymorphism of human CD1 genes[END_REF]. CD1 genes have been detected in all mammalian species analysed to date, but not all CD1 isoforms are expressed in all species. For example, mice and rats do not express the CD1a, b, c, and e genes and have a duplicated CD1d gene, whereas guinea pigs express multiple variants of CD1b and c genes, and rabbits and sheep have lost the CD1c gene [START_REF] Dascher | Evolutionary constraints on CD1 structure: insights from comparative genomic analysis[END_REF].

Among humans, allelic polymorphisms have been observed in all five CD1 genes in exon 2 and exon 3. The polymorphisms of CD1B (T174TC) and CD1C (C99T) are silent and the polymorphisms of CD1D (A136T), CD1D (C136T) and CD1D (C98T) are rare [START_REF] Aureli | Increased CD1D polymorphism: identification of two novel alleles, CD1D*03 and *04, in individuals from Morocco[END_REF]. There are two linked mutations in the CD1A gene, T38C (I13T) and G153C (W51C), generating two alleles [START_REF] Han | Polymorphism of human CD1 genes[END_REF]. CD1E is the most polymorphic CD1 gene with six reported alleles [START_REF] Han | Polymorphism of human CD1 genes[END_REF][START_REF] Mirones | Identification of two novel human CD1E alleles[END_REF][START_REF] Tamouza | Two novel CD1 E alleles identified in black African individuals[END_REF]. The polymorphic nucleotides of the CD1E gene are located in exons 2 and 3, encoding the α1 and α2 domains, respectively [START_REF] Han | Polymorphism of human CD1 genes[END_REF][START_REF] Mirones | Identification of two novel human CD1E alleles[END_REF][START_REF] Tamouza | Two novel CD1 E alleles identified in black African individuals[END_REF].

Little on the allele frequencies of the CD1 genes in African populations has been published so far [START_REF] Aureli | Increased CD1D polymorphism: identification of two novel alleles, CD1D*03 and *04, in individuals from Morocco[END_REF][START_REF] Mombo | Homozygosity for the CD1E*02 allele is associated with a resistance to Plasmodium falciparum malaria infection in Gabonese school children, Asian Pac[END_REF].

The objectives of this study were to: (i) genotype variants of the most highly represented polymorphic CD1 genes in the human population, CD1A and CD1E, in subjects from Gabon, Ivory Coast, Syria, and France; and (ii) compare the allelic frequencies of CD1 variants between Sub-Saharan African (SSA), West Asian and European groups.

Materials and Methods

DNA samples were derived from unrelated, healthy adult individuals from different ethnic backgrounds: 274 SSA subjects of which 105 were from Gabon and 169 from Ivory-Coast, 107 West Asian subjects from Syria, and 181 European subjects from France. All samples were collected from individuals living in each country by members of the author's laboratories. DNA was extracted from all blood samples by the phenol/chloroform procedure. Informed consent was obtained from all participants.

A restriction analysis (using HphI (codon 13) and HaeIII (codon 51) restriction enzymes) of DNA fragments generated by PCR was carried out to detect of the two mutations in exon 2 of the CD1A gene [START_REF] Han | Polymorphism of human CD1 genes[END_REF][START_REF] Tamouza | Two novel CD1 E alleles identified in black African individuals[END_REF].

The CD1E alleles were genotyped using a PCR-RFLP (restriction fragment length polymorphism) assay in which one of the primers had an introduced mismatch to create an Rsa I restriction site [START_REF] Tamouza | Two novel CD1 E alleles identified in black African individuals[END_REF]. Two restriction sites (for Hpa II and RsaI) were used to detect mutations in Exon 2; and three restriction sites (for MaeI, HpaII and DdeI) were used to determine mutations in exon 3 [START_REF] Tamouza | Two novel CD1 E alleles identified in black African individuals[END_REF].

All CD1 variants studied were analyzed against expected Hardy-Weinberg values in each population by Fisher's Exact test. Fisher's Exact test was also used to compare CD1A and CD1E allelic frequencies in populations from Sub-Saharan Africa, West Asia and Europe. All Black subjects were grouped as SSA (not in Africans because the majority of North Africans are white people) while White subjects were grouped as Non-Africans.

Results

CD1 genotypes and allelic frequencies in the four populations are shown in Table 1 and Table 2.

The CD1A genotype distributions concerning both CD1A*01 and CD1A*02 were similar for all populations studied. Statistically, the CD1A genotype distribution was not different between SSA and Non-SSA (P=1, Table 1). Both CD1A*01 and CD1A*02 alleles were in Hardy-Weinberg equilibrium in populations from Gabon, Ivory-Coast, Syria and France (P=0.9, Table 1). The CD1A*02 allele was more prevalent than the CD1A*01 allele in all populations studied (0.92 vs. 0.08).

The CD1E genotype distributions for both CD1E*01 and CD1E*02 were different between SSA and Non-Africans (P<0.001, Table 1). The CD1E*02 allele was the most prevalent in SSA (0.87) while the CD1E*01 allele was the most prevalent in Non-Africans (0.61). We found four CD1E alleles (CD1E*01, CD1E*02, CD1E*05, and CD1E*06) in Gabonese subjects, whereas we only found two alleles (CD1E*01 and CD1E*02) in French subjects (Table 1). The CD1E*05 allele was absent in French subjects, but present in Gabonese subjects at rate of 0.06 (equal frequency that the CD1E*01 allele) and in subjects from Ivory-Coast (0.05) and Syria (0.01).

Both CD1E*01 and CD1E*02 alleles were in Hardy-Weinberg equilibrium in the four populations studied (P>0.7; Table 1).

The CD1E*02 allele was significantly more prevalent in SSA (Gabon and Ivory-Coast) than in Non-Africans (Syria and France) (P<0.001; Table 2). In contrast, the CD1E*01 allele was significantly more prevalent among Non-Africans than in SSA (P<0.001; Table 2). We observed a high prevalence of the CD1E*02 allele in SSA, but a low prevalence in Non-SSA, with the opposite pattern for the prevalence of the CD1E*01 allele (P<0.001; Table 2).

Other populations from Europe and West Asia where CD1A and CD1E variants were analysed were reported for comparison with our results for CD1A and CD1E alleles (Table 2). Fisher's tests revealed the same results that we observed in our studied populations: ethnic differences in the distribution of CD1E, but not CD1A, between SSA and Non-Africans (P<0.001; Table 2).

Discussion

To our knowledge, our study was the first to report CD1 gene polymorphisms in multiple SSA populations. Ethnic differences in CD1E but not CD1A gene polymorphisms between SSA and Non-Africans were observed. The CD1A polymorphism profile was similar in all our studied populations and in other investigated populations [START_REF] Jones | CD1 genotyping of patients with Mycobacterium malmoense pulmonary disease[END_REF][START_REF] Caporale | Susceptibility to Guillain-Barré syndrome is associated to polymorphisms of CD1 genes[END_REF][START_REF] Kuijf | Susceptibility to Guillain-Barré syndrome is not associated with CD1A and CD1E gene polymorphisms[END_REF][START_REF] De Angelis | Polymorphisms of CD1 genes in chronic dysimmune neuropathies[END_REF][START_REF] Golmoghaddam | Polymorphism in Exon 2 of CD1 Genes in Southwest of Iran[END_REF]. The CD1A*02 allele, which was prevalent in all populations, was not associated with defects in surface expression on transfected cells and dendritic cells [START_REF] Seshadri | Human CD1a deficiency is common and genetically regulated[END_REF]. There are conflicting results concerning associations of CD1A alleles with Guillain-Barré syndrome [START_REF] Caporale | Susceptibility to Guillain-Barré syndrome is associated to polymorphisms of CD1 genes[END_REF][START_REF] Kuijf | Susceptibility to Guillain-Barré syndrome is not associated with CD1A and CD1E gene polymorphisms[END_REF][START_REF] Rahman | CD1A and CD1E gene polymorphisms are not associated with susceptibility to Guillain-Barré syndrome in the Bangladeshi population[END_REF]. A microbial infection, tuberculosis, has recently been found to be associated with a CD1A allele in a Vietnamese cohort, but the CD1E alleles were not studied [START_REF] Seshadri | A polymorphism in human CD1A is associated with susceptibility to tuberculosis[END_REF]. This contrasts with an earlier study showing no association with tuberculosis was found between CD1A and CD1E alleles [START_REF] Jones | CD1 genotyping of patients with Mycobacterium malmoense pulmonary disease[END_REF], again showing contradictory results for associations between CD1A variants and disease.

The number of CD1E variants is higher among Gabonese subjects than French subjects, raising the possibility of impaired lipid and glycolipid antigen presentation, because CD1e molecules aid in antigen loading. In contrast to CD1a-d proteins that directly present lipid and glycolipid antigens, CD1e molecules modulate all CD1restricted responses, influencing lipid antigen availability, as well as the generation and persistence of CD1-lipid complexes [START_REF] Facciotti | Fine tuning by human CD1e of lipid-specific immune responses[END_REF]. For example, the CD1E*04 allele that was absent in our study is assembled inefficiently with the CD1b molecule and the complex is poorly transported to late endosomal compartments [START_REF] Tourne | Cutting edge: a naturally occurring mutation in CD1e impairs lipid antigen presentation[END_REF].

The CD1E*05 allele in SSA subjects appeared to be as polymorphic as the CD1E*01 allele, showing that it should be considered in further studies in African populations.

The CD1*05 allele was discovered in black individuals [START_REF] Tamouza | Two novel CD1 E alleles identified in black African individuals[END_REF] and is absent in French population, but a Syrian subject presented this allele suggesting West Asian populations may present a CD1E pattern intermediate between SSA and Europeans. This hypothesis is supported by frequencies observed in a Central Asian population from Bangladesh where the CD1E*02 allele frequency was 49% [START_REF] Rahman | CD1A and CD1E gene polymorphisms are not associated with susceptibility to Guillain-Barré syndrome in the Bangladeshi population[END_REF], an intermediate value between 87.4% (SSA) and 34.9% (Europeans).

Our study shows that the CD1E*02 allele is more prevalent in SSA than in Non-Africans. The prevalence of this allele shows opposite patterns in SSA (Gabon and Ivory-Coast) and Europeans (France) or West Asians (Syria). The higher prevalence of the CD1E*02 allele in SSA, where the burden of infectious diseases remains high, suggests that this allele may be involved in immunity against infectious diseases. A recent study has shown an association between the prevalence of the CD1E*02 allele and resistance to mild malaria [START_REF] Mombo | Homozygosity for the CD1E*02 allele is associated with a resistance to Plasmodium falciparum malaria infection in Gabonese school children, Asian Pac[END_REF]. Another study has shown that the CD1E*02 allele is associated with an enhanced immune response in African American individuals with prostate cancer [START_REF] Webb | A Polymorphism in CD1e is associated with enhanced immune responses in African American Prostate Cancer Patients[END_REF].

Conclusion

Our study has shown that the frequencies of the CD1E*02 allele are high among SSA and low in West Asians and Europeans, whereas the contrary was obtained for the CD1E*01 allele. In contrast, the frequencies of the CD1A alleles are similar for all populations, with a high prevalence of the CD1A*02 allele (91%). The ethnic differences observed for the CD1E alleles in subjects from Sub-Saharan Africa suggest the potential importance of these variants in the context of infectious diseases.
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