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Hostt  geneti c factor s in the clinica l cours e of HIV-1 infection : 
chemokine ss and chemokin e receptor s 

Thee outcome of HIV-1 infection is highly variable: not all individuals exposed to HIV-1 will become 
infected,, and among individuals who do become infected the time from seroconversion to AIDS 
diagnosiss is highly variable. Some patients may develop AIDS within 3 years, whereas others may 
remainn asymptomatic for over 15 years. The reasons for these differences are not fully understood, 
butt are thought to reflect the complex interactions between virus and host. In the recent years, an 
importantt role for host genetic factors in the pathogenesis of HIV-1 infection has increasingly been 
appreciated.. Many novel genetic polymorphisms have been identified and analyzed for their role in 
HIV-11 transmission and disease progression. In this review, we will give an update of the current 
knowledgee on the role of such polymorphisms in HIV-1 disease. As recent research in this field has 
focussedd on polymorphisms in chemokine and chemokine receptor genes, this will be the main 
themee of our review. 

HIV-11 infection is characterized by a gradual 
andd progressive loss of CD4+ T cells, leading to 
immunee deficiency, opportunistic infections, 
neurologicall  symptoms and malignancies. 
Amongg patients, the clinical course of HIV-1 
infectionn is highly variable. HIV-1 infected 
individualss not receiving anti-retroviral 
therapy,, may develop AIDS within two to three 
yearss after seroconversion (rapid progressors, 
figuree la), or may remain asymptomatic with 
highh CD4+ T cell numbers for over 15 years 
(longg term non-progressors, figure lb). Be-
tweenn these extremes, thelftedian time Between 
seroconversionn and AIDS diagnosis is 8 to 10 
yearss [1]. 
Thee course of infection may be influenced by 
bothh viral and host factors. The host fights 
infectionn amongst others by generating HIV-
specificc cytotoxic T cells and a humoral 
antibodyy response. The error prone nature of 
HIV-11 reverse transcriptase results in the 
generationn of a spectrum of HIV-1 mutants in 
eachh replication cycle (viral quasi-species). The 
growthh advantage of mutants with altered 
antigenicc structures (escape mutants) allows 
thee virus to escape from the suppressive action 
off  the immune system. The variable nature of 
HIV-11 also results in the evolution of other 
biologicall  characteristics, such as replicative 
capacity,, cytopathicity, and cellular tropism. 

Thoughh the significance of the humoral 
immunee system for protection from AIDS 
remainss controversial, cytotoxic CD8+ T cells 
(CTL)) have been shown to significantly 
influencee HIV-1 disease progression. Depletion 
off  CD8+ T cells in SIV-infected macaques 
leadss to a rapid increase in viral replication [2]. 
Inn humans, the presence of CTL has been 
associatedd with reduced viral load and a more 
benignn disease course [3-5]. 
Thee importance of the viral phenotype for 
HIV-11 pathogenesis is supported by multiple 
studies:: experimental infection of macaques 
withh late stage SIV variants resulted in a more 
rapidd disease progression than infection with 
earlyy isolates [6]; hemophiliacs infected with 
neff  deleted attenuated virus variants had an 
extremelyy slow progression of disease [7]; and 
longg term non-progressors more often harbor 
viruss variants with slow in vitro replication 
kineticss [8]. 
Off  special interest is the so-called syncytium-
inducingg (SI) phenotype. SI HIV-1 variants are 
ablee to infect and induce syncytia in T cell 
lines,, due to the ability to use chemokine 
receptorr CXCR4 as a viral coreceptor (there-
foree also referred to as X4 variants [9]). Non-
syncytium-inducingg (NSI) HIV-1 variants in 
generall  are restricted to CCR5 usage (R5 
variants).. Whereas HIV-1 infection is in 
generall  established by a homogenous popu-
lationn of macrophagetropic NSI / R5 HIV-1 
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Figur ee 1. The clinical course of HIV-1 infection by CD4+ T cell numbers and plasma viral RNA load in three 
typicall HIV-1 infected patients, not receiving antiretroviral therapy. A. Rapid progressor, who develops AIDS 
threee years after seroconversion. B. Long term non-progressor, who remains asymptomatic with relatively high 
CD4++ T cell numbers for over 12 years. C. Progressor who developed SI / X4 HIV-1 variants at 6 years after 
seroconversion.. White circles indicate CD4+ T cell numbers, black triangles indicate plasma viral RNA load. 
Triangless at the x-axis indicate the moment of first detection of X4 HIV-1 variants and AIDS diagnosis. 

variants;; SI / X4 HIV-1 variants may evolve in 
approximatelyy half of the HIV-1 infected 
patients.. The emergence of these X4 variants is 
associatedd with a more rapid loss of CD4+ T 
celll  numbers and a more rapid progression to 
AIDSAIDS (figure lc, refs. 10 and 11). 

Soonn after the identification of chemokine 
receptorss as the coreceptors for entry of HIV-1 
intoo human CD4+ T cells, individuals were 
identifiedd that had frequently been exposed to 
HIV-1,, and yet remained uninfected due to a 
homozygouss genotype for an inactivating 
deletionn of 32 base pairs in the CCR5 gene [12-
14].. This observation initiated a search for 
polymorphismss in chemokine receptor and 
chemokinee genes that influence HIV-1 
transmissionn and disease progression. 
Inn this review, we will discuss recent advances 
inn our knowledge of the role of host genetics in 
AIDSAIDS pathogenesis. We will discuss genetic 
factorss that has been shown to significantly 
affectt transmission of HIV-1, progression of 
HIV-11 disease and the evolution of X4 HIV-1 
variants.. Undoubtedly, the most intensively 
studiedd host genetic determinants are located in 
thee Major Histocompatibility Complex (MHC) 
andd in chemokine and chemokine receptor 
genes.. The latter will be the major focus of this 
revieww and will be introduced at first. 

Chemokines ,, Chemokin e Receptor s and 
HIV-1 1 
Chemokiness are small, structurally related 
moleculess involved in chemotaxis of a large 
varietyy of cell types via interaction with G 
protein-coupledd 7-transmembrane spanning 
receptors.. Chemokines play a role in a variety 
off  biological processes, such as lymphocyte 
migrationn to sites of inflammation, migration 
throughh various lymphoid organs during 
lymphocytee development and in angiogenesis 
(reviewedd in refs. 15-17). In 1996, chemokine 
receptorss have been identified as coreceptors 
forr entry of HIV-1 (for references see table 1). 
Virall  entry is a multi-step mechanism, in which 
thee envelope protein gpl20 in succession binds 
too the CD4 molecule and a chemokine receptor. 
Thiss results in a series of conformational 
changes,, which eventually leads to fusion of 
thee viral and cellular membrane. Several 
memberss of the chemokine receptor gene 
familyy have been identified as HIV-1 
coreceptorss (table 1). Of these, CCR5 and 
CXCR44 are thought to be the most relevant in 
vivo,, whereas the in vivo role of the additional 
chemokinee receptors remains to be established. 
Cellularr tropism of HIV-1 variants is primarily 
determinedd by coreceptor expression on the 
celll  surface and coreceptor preference of the 
virus.. Thus, CCR5 expressing cells, such as 
macrophagess and memory CD4+ T cells, can be 
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Tabl ee 1 : Chemokine receptors and structurally related molecules shown to mediate entry of HIV-1 into CD4+ 
cells s 

Chemokine e 
Receptorr family' Receptor r Ligand d Neww nomenclature 

forr ligand2 Referencee 3 

cc c 

cxc c 

CX3C C 
Orphan n 

Chemoattractant t 
receptor r 

Virallyy encoded 5 

CCR2 2 

CCR3 3 

CCR5 5 

CCR8 8 
CCR9 9 
CXCR4 4 

CXCR6/BONZO/STRL333 4 

CX3CR1 1 
BOB/GPR15 5 
GPR1 1 
APJ J 
ChemR23 3 

BLTR R 

US28 8 

MCP1-4 4 

Eotaxin,, Eotaxin-2, 
RANTES,, MIP1a 

MIP1a,, MIPip, RANTES 

I-309 9 
TECK K 
SDF-1 1 

Fractalkine e 
Unknown n 
Unknown n 
Unknown n 
Unknown n 

LTB4 4 

Broadd spectrum of CC 
Chemokines,, fractalkine 

CCL2,, CCL8, 
CCL7.CCL13 3 
CCL11.CCL24, , 
CCL5,, CCL3 
CCL3,, CCL4, 
CCL5 5 
CCL1 1 
CCL25 5 
CXCL12 2 
CXCL16 6 
CX3CL1 1 

[31] ] 

[31,32] ] 

[24,31-34] ] 

[35,36] ] 
[37] ] 
[38] ] 
[39,40] ] 
[35,41] ] 
[39,42] ] 
[42] ] 
[37,43] ] 
[44] ] 

[45] ] 

[35,46] ] 

Chemokiness can be divided in four families on the basis of the spacing between two N-terminal cysteines. Chemokine 
receptorss are named according to the family of chemokines they bind. 2 A new nomenclature for chemokines based on 
chemokinee family names, which consists of family name {C, CC, CXC, CX3C), L (for ligand) and the numbering of the 
respectivee gene, has recently been proposed [16,47]. 3 References for the papers first to describe the molecule as an HIV-1 
coreceptorr are cited. 4 Given the recent identification of a ligand and assignment of a systematic name for this molecule, 
alternativee naming is also given.5 This chemokine receptor is encoded by human cytomegalovirus. 

infectedd by R5 variants whereas CXCR4 
expressingg cells, such as memory and naive 
CD4++ T cells, can bejnfectedjjy X4 variants 
(figuree 2a, refs. 18 and 19). Since naive cells 
aree crucial in the process of T cell renewal, the 
capacityy of X4 HIV-1 variants to infect and 
eventuallyy kil l these cells may explain the more 
rapidd CD4+ T cell decline associated with the 
presencee of X4 HIV-1 variants. It should be 
notedd that post-entry restrictions on HIV-1 
replicationn may also influence tropism, as 
shownn for macrophages and resting T cells, 
thatt may not efficiently support HIV-1 
replicationn despite expression of the 
appropriatee coreceptors [20,21]. 
Thee natural ligands of the HIV-1 coreceptors, 
MlPla,, MIPlp, RANTES (ligands of CCR5) 
andd SDF-1 (ligand of CXCR4), have been 
shownn to inhibit virus replication in vitro [22-
26]]  and high in vitro chemokine production by 
patientt PBMC has been associated with slow 
diseasee progression [27,28]. Furthermore, 
expressionn levels of CCR5 have been shown to 

influencee infectability in vitro [29,30]. 
Therefore,, it can be expected that genetic 

differencess thai influence the pattern ^nd level 
off  expression of chemokines and chemokine 
receptorss may have a major impact on the 
coursee of HIV-1 disease (figure 2b). 

Hostt  Genetic Factor s in HIV-1 diseas e 
progressio n n 
MHC MHC 
Thee Major Histo Compatibility complex 
(MHC;; in humans: human leucocyte antigen, 
HLA)) is a multigene family, which encodes 
proteinss that are involved in regulation of the 
immunee response to foreign antigens. MHC 
Classs I (HLA A, B, and C) molecules are 
expressedd on all nucleated cells and present 
peptidess to cytotoxic CD8+ T cells. MHC class 
III  molecules (HLA DR, DP, and DQ) are ex-
pressedd on B cells, macrophages and antigen 
presentingg cells and present extracellularly 
derivedd antigens to CD4+ T cells. Besides Class 
II  and II molecules, the MHC complex encodes 
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aa variety of proteins, such as proteins from the 
complementt system, tumor necrosis factor 
(TNF)) and the TAP transporter proteins, which 
aree involved in the Class I presentation 
pathwayy [48,49]. 
Thee MHC complex is one of the most 
polymorphicc regions in the human genome, in 
whichh a high degree of linkage disequilibrium 
exists.. A large racial and geographical 
variationn in frequencies of HLA alleles and in 
thee composition of extended haplotypes can be 
observedd [50]. Amino acid substitutions in 
HLAA molecules are concentrated in the binding 
groovee of these molecules and may thus 
influencee which peptides are presented to T 
cells. . 
Manyy studies have focus sed on the role of 
specificc HLA alleles in HIV-1 pathogenesis, 
whichh in some cases have yielded conflicting 
results.. This may in part be due to differences 
inn study design or to inadequate statistical 
powerr to detect subtle effects. These studies 
havee extensively been summarized and 
discussedd in several reviews [48,51-53]. 
Consistentt results have been found for two 
haplotypess (DQ2-DR3-B8-Cw7-Al and DQ1-
DR1-B35-Cw4-All),, that have been asso-
ciatedd with rapid disease progression [51-53], 
Inn addition, a number of HLA alleles from the 
Bw44 group (e.g. B27, B57, B51) are associated 
withh delayed disease progression [54-57]. 
Kasloww et al described a scoring profile 
calculatedd as the sum of the number of 
protectivee (+1) and adverse HLA and TAP 
alleless (-1), and alleles with no effect on HIV-1 
diseasee progression (0). A high HLA scoring 
profilee was associated with delayed 
progressionn to AIDS in two independent 
cohortss [58] and a reduced viral RNA load 
earlyy after seroconversion [59]. 
Thus,, differences in HLA are associated with 
differencess in host response already during 
primaryy infection, leading to a different viral 
set-pointt and subsequent survival. The 
importancee of HLA haplotypes was further 
underscoredd by two studies showing that 
homozygosityy at the HLA A, B and C locus 
wass associated with a more rapid disease 

coursee [60,61]. The mechanisms underlying 
HLA-associatedd differences in HIV-1 disease 
aree not fully understood, but may be related 
withh the number of allele-specific conserved 
peptidee motifs in HIV-1 [62]. 

CCR5CCR5 A32 
Onee of the best-characterized polymorphisms 
inn chemokine receptors is a 32 base pair 
deletionn in the CCR5 gene (CCR5 A32), which 
leadss to a premature frameshift and a non-
functionall  protein that is not expressed on the 
celll  surface. As with other polymorphisms, a 
largee racial variation in the prevalence of the 
CCR55 A32 allele is observed. It is common 
amongg Caucasians, whereas it is virtually 
absentt in African-Americans and Africans 
(tablee 2). The effects of CCR5 A32 on the 
coursee of HIV-1 disease have been widely 
studied,, though primarily in cohorts of subtype 
B-infectedd homosexual men (extensively 
reviewedd in refs. 63-66). In these studies, 
heterozygosityy for CCR5 A32 has been asso-
ciatedd with a delayed progression to AIDS. In 
ann international meta analysis of individual 
patientt data from 10 well-characterized cohorts 
off  seroconverters, a relative hazard of 0.74 for 
progressionn to AIDS was obtained for CCR5 
A322 heterozygosity [67]. The mechanism of 
protectionn most likely involves a reduction of 
thee number of CCR5 positive cells and hence 
thee number of potential target cells for HIV-1, 
whichh may result in reduced virus replication 
alreadyy during primary infection and 
subsequentlyy a lower viral set-point [68,69]. 
Inn HIV-1-infected intravenous drug users, 
hemophiliacss and recipients of contaminated 
bloodd [12,70,71] no effect of CCR5 A32 on 
diseasee progression was observed, whereas a 
protectivee effect was observed among HIV-1-
infectedd children [72,73]. It remains to be 
establishedd whether this is due to study design 
orr whether the effect of CCR5 A32 is indeed 
dependentt on risk group and route of 
transmission. . 
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CCR5CCR5 promoter 
Thee CCR5 5' untranslated region (UTR) 
consistss of three exons and two introns. In this 
region,, twelve single nucleotide poly-
morphismss (SNPs) have been described [74-
777 J, which may, in part, explain differences in 
basall  expression levels of CCR5 among indivi-
dualss homozygous for the wildtype non-deleted 
CCR55 gene. To standardize the different 
numberingg systems for the CCR5 promoter in 
literature,, a numbering system was recently 
proposedd in which the first nucleotide of the 
translationn start site is designated as position 1, 
thee nucleotide immediately upstream of this 
positionn as position - 1, and so on [78]. In the 
paragraphh below, we will use this numbering 
systemm and show the alternative nomenclature 
betweenn brackets. 
Amongg SNPs in the promoter region of CCR5, 
aa high degree of linkage disequilibrium exists, 
allowingg the identification of 4 common 
haplotypess (PI to P4) and 6 rare haplotypes (P5 
too P10), consisting of different combinations of 
100 SNPs [77]. The PI haplotype, including 
T-2135CC (alternative nomenclature T627C, 
T59353C)) was associated with a more rapid 
coursee of disease. SNP G-2459A (alternative 
G59029AA -or G3G3A)- was independently 
describedd to be associated with a more rapid 
diseasee course [76], This SNP is in complete 
linkagee disequilibrium with the T-2135C [79-
81]]  and is now considered to be part of the PI 
haplotype.. The association of these SNPs with 
enhancedd disease progression was observed in 
differentt risk groups, such as homosexuals, 
hemophiliacss and perinatally infected children 
[76,77,79-81].[76,77,79-81]. It is likely that these SNPs or 
linkedd mutations are involved in the regulation 
off  transcription of CCR5, but results in reporter 
assayss have been inconsistent thus far [76,77]. 

CCR2CCR2 641 
AA Valine to Isoleucin transition in the second 
transmembranee region of CCR2 (CCR2 641) 
hass been associated with a delayed progression 
too AIDS [82]. The protective effect of CCR2 
6411 is similar to the effect of CCR5 A32 (RH of 
0.766 in meta-analysis of combined cohorts 

[67],, results from individual cohorts reviewed 
inn [63,64,66]). Though the effect of CCR2 641 
onn disease progression is obvious, the 
mechanismm is still not understood. CCR2 is 
rarelyy used as a coreceptor and the mutated 
CCR22 molecule does not alter in vitro 
infectabilityy of cells [83,84], therefore it is 
unlikelyy that the polymorphism directly 
influencess infection. The mutation in CCR2 is 
inn strong linkage disequilibrium with a single 
nucleotidee polymorphism in the promoter of 
thee CCR5 gene, C-1835T (alternative C927T 
orr C59653T) [74,75] and may thus indirectly 
bee involved in the regulation of expression of 
CCR5.. However, neither basal expression 
levelss of CCR5 nor transcription levels in 
primaryy lymphocytes were reduced in CCR2 
6411 heterozygotes [83,84]. An effect on CCR5 
expressionn has been suggested by the finding 
thatt re-expression of CCR5 after internalization 
byy N-terminal modified RANTES was less 
rapidd in two of three CCR2 641 heterozygotes 
[85].. An alternative explanation for the effect 
off  CCR2 641 was provided by Mellado et al, 
whoo showed that CCR2 641 protein was able to 
formm dimers with CXCR4 after sensitization 
withh the cognate chemokines, whereas the 
normai~CCR̂^ protein was unable tcTdo sö [86]7 
Thiss capacity may thus reduce the amount of 
CXCR44 available on the cell surface among 
CCR22 641 carriers. This, however, does can not 
explainn the finding that CCR2 641 affects the 
virall  load already early in infection, when in 
generall  only NSI / R5 variants are present [87]. 

CX3CR1CX3CR1 2491280M 
Althoughh CX3CR1 is only used by a minority 
off  HIV-1 variants as a coreceptor, an enhanced 
progressionn to AIDS was observed among 
patientss homozygous for CX3CR1 variant 
V249II  T280M. These two amino acid substi-
tutionss result in a reduced capacity to bind the 
cognatee ligand fractalkine [88]. The effect on 
thee course of HIV-1 infection could, however, 
nott be confirmed in three US based cohort 
studiess [89]. 
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RANTESRANTES promoter 
(3-Chemokiness can block HIV-1 infection via 
CCR55 in vitro [22-24] and high production 
levelss of these chemokines have been 
associatedd with less rapid disease course 
[27,28].. In vitro RANTES production levels 
cann vary widely among PBMC from different 
individuals,, which in part may be due to 
differencess in genetic make-up of the RANTES 
gene.. Two SNPs were identified within the 
RANTESS promoter region (C-28G and G-
403A)) [90-92] and recently a variant in intron 1 
(Inl.lC)) was identified [93]. These variants are 
inn strong linkage disequilibrium: almost all 
subjectt who carry Inl.lC also carry -403A, 
whereass -28G always occurs in combination 
withh -403A / Inl.lC. Both promoter SNPs 
displayy increased promoter activity [90,92], 
whereass Inl.lC is associated with a strong 
downn regulation of promoter activity [93]. In a 

A A 

êê % £ \ 

r r 

CCR5 5 1CCR55 CXCR4 

-NN r 

CXCR4 4 

Macrophage e Memory y 
CD4++ T cell 

Naive e 
CD4++ T cell 

cohortt of Caucasian homosexuals the -403A 
-28CC haplotype was associated with a reduced 
progressionn of disease [91], which could not be 
confirmedd in an analyses of 5 US based cohorts 
[93].. In the latter study, Inl.lC was associated 
withh more rapid disease progression in both 
CaucasiansCaucasians and African Americans. 

SDF-1SDF-1 3'A 
Initially ,, a very strong protective effect was 
reportedd for homozygosity for a G to A 
mutationn in the 3' untranslated region of the 
SDF-11 gene (SDF-1 3'A, ref. 94), encoding the 
ligandd for CXCR4. This effect could not be 
confirmedd in other studies [55,74,95-98], 
includingg an international meta-analysis of 
individuall  cohorts (RH=0.99, ref. 67). 

IL-10IL-10 promoter 
Interleukin-100 (IL-10) is a Th2 type cytokine, 
whichh limits secretion of inflammatory 
cytokines,, and reduces infection of macro-
phagess in vitro [99-101]. A promoter mutation, 
IL-100 C-592A (in linkage with C-819T), has 
beenn associated with enhanced progression to 
AIDS,, which was more pronounced in later 
stagess of disease [102]. The mutation was 
associatedd with a reduced capacity to bind 
transcriptionn factors [102] and with reduced 
promoterr activity and IL-10 expression [103]. 
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CCR22 64I 
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Figur ee 2. The role of chemokines and chemokine receptors in HIV-1 infection. A. HIV-1 envelope protein gp120 
bindss to CD4 and a chemokine receptor, leading to fusion of the viral and cellular membrane. Cellular tropism of 
HIV-11 is mainly determined by coreceptor usage of the virus variant and expression of CD4 and an appropriate 
coreceptorr on the target cell. As a consequence, NSI / R5 variants infect macrophages and memory CD4+ T 
cells,, whereas SI / X4 variants infect both naive and memory CD4+ T cells. B. Chemokines may interfere with 
HIV-11 infection by blocking and / or downregulation of expression of chemokine receptors. Natural poly-
morphismss in the genes encoding chemokines and chemokine receptors may influence expression pattern of 
thesee molecules and thus influence HIV-1 infection and proaression of disease. 
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Hostt  geneti c factor s in the acquisitio n of SI / 
X44 HIV-1 variant s 

Thee development of X4 / SI HIV-1 variants is a 
hallmarkk of disease progression, and their 
appearancee has invariably been associated with 
aa more rapid progression to AIDS 
[10,11,105,106].. It is still not understood why 
X44 variants develop in some patients and not in 
others.. Several factors have been suggested to 
influencee the development of X4 variants, 
includingg structural restrictions [107] and loss 
off  fitness during the adaptive process of gpl20 
[108],, levels of proteins that bind to CXCR4, 
suchh as SDF-1 [26] and HIV-1 tat protein 
[109],, and immune control [110]. Recently it 
wass shown that host genetic factors may play 
aree a role in the appearance of X4 HIV-1 
variants. . 

Ann unexpected finding was the association of 
thee CCR2 641 allele with an increased con-
versionn rate toward X4 variants [87,111,112]. 
Ass this mutation is linked to the promoter 
mutationn in CCR5, enhanced X4 conversion 
mayy be due to altered levels or patterns of 
CCR55 expression. Furthermore, a SNP in the 
promoterr of Interleukin-4 (IL-4 C-589T), a Th2 
typee cytokine, was shown to be associated with 
increasedd promoter activity and enhanced 
conversionn to X4 HIV-1 phenotype [111]. The 
effectorr mechanism of this polymorphism 
needss to be defined in more detail, since IL-4 
exertss many immune modulatory functions in 
variouss cell types. Of interest is the finding that 
IL-44 has been shown to downregulate CCR5 
andd upregulate CXCR4 on CD4+ T cells in 
vitroo [100], and to suppress macrophage 
infectabilityy in vitro [99,101]. 

Hostt  geneti c factor s in vira l transmissio n 

HIV-11 may be transmitted from mother to 
child,, via sexual contact, needle sharing, or 
exposuree to contaminated blood products. 
Exposuree to HIV-1 does not invariably lead to 
persistentt infection. A multitude of factors 
influencee transmission rates, such as frequency 
andd magnitude of exposure, inoculum size, 
diseasee stage, CD4+ T cell numbers and 

immunee response of the patient (reviewed in 
[113-116]).. Early in infection, a homogenous 
populationn of mainly macrophage tropic, NSI / 
R55 virus variants can be found, suggesting a 
strongg selection pressure with regard to virus 
phenotypee in acute infection. Indeed, 
susceptibilityy of cells from the exposed 
individuall  to R5 HIV-1 variants has been 
correlatedd with transmission [117,118]. One of 
thee most prominent determinants for 
transmissionn is the viral load in the donor, 
irrespectivee whether it involves homosexual, 
heterosexual,, parenteral or perinatal transmis-
sionn [72,118-122]. 

Thee role of host genetic factors in viral 
transmissionn is typically studied in a case 
controll  setting, in which the prevalence of a 
geneticc marker in a population of HIV-1-
infectedd patients is compared to the prevalence 
off  this marker in an HIV-1 negative control 
groupp or, more extreme, to a group of 
individualss who are known to be exposed to 
HIV-1,, yet remained uninfected (exposed 
uninfected).. There has been considerable 
debatee about the role of host genetic factors in 
protectionprotection against transmission of HIV-1. Part 
off  these conflicting results may be due to 
differencess in the composition of the study 
populationn and selection of the HIV-1 negative 
controll  group. Diverging results have indeed 
beenn reported upon selection of highly exposed 
uninfectedd individuals or non-exposed HIV-1 
negativee individuals as a control group 
[94,102].. Furthermore, confounding factors, 
suchh as viral load in donor, should 
preferentiallyy be taken into account in 
transmissionn studies. 

ChemokineChemokine and Chemokine receptor genes 
Considerablee efforts have been undertaken to 
studyy the role of CCR5 A32 in transmission of 
HIV-1.. Homozygosity for CCR5 A32 has been 
associatedd with protection from transmission, 
inn all risk groups studied [71,123-126]. This 
indicatess an absolute requirement for CCR5 in 
thee establishment of infection, irrespective of 
thee route of entry. Despite the near complete 
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resistance,, the few case reports of infected 
CCR55 A32 homozygotes [127-131] and the 
identificationn of laboratory workers 
accidentallyy infected with T cell line adapted, 
X44 restricted virus variants [132], indicate that 
transmissionn via X4 variants can occur in 
selectedd cases. The role of CCR5 A32 
heterozygosityy in protection from transmission 
hass been more controversial. Though protective 
effectss of CCR5 A32 heterozygosity has been 
reportedd [14,133], the majority of studies fail to 
showw a protective effect of CCR5 A32 
heterozygosityy on transmission [12,69,72,123, 
124,126,134-136]. . 
Polymorphismss in RANTES (-G403A, -C28G, 
Inl.lC),, the ligand for CCR5, were shown to 
bee associated with increased risk of 
homosexuall  transmission [91,93]. This fits the 
findingg that CD4+ T cells from exposed 
uninfectedd individuals express higher levels of 
MlPla,, MIPlp and RANTES upon in vitro 
stimulationn [23,137]. 
Kostrikiss et al [135] reported a significant 
increasee of HIV-1 transmission to African-
Americann infants homozygous for a promoter 
allelee CCR5 C-2132T (or CCR5 C59356T, 
C630T).. This mutation was rare in Caucasians 
andd Hispanicv and a potential role for this 
allelee could not been assessed in these children. 
Johnn et al [138] showed that maternal SDF 3'A 
heterozygosityy was associated with an 
increasedd risk in transmission, which was more 
pronouncedd when transmission occurred via 
breastfeeding. . 

Mannose-BindingMannose-Binding Lectin 
AA role for the innate immune system in 
transmissionn of HIV-1 is suggested by the 
associationn of homozygosity for variant alleles 
off  mannose binding lectin (MBL), and 
consequentlyy low serum levels of MBL, with 
enhancedd transmission [139,140]. MBL is 
involvedd in opsonization of pathogens and 
activationn of the complement system via 
bindingg to mannose and acetylglycosamine, 
andd additionally has been shown to bind HIV-1 
inn vitro. 

IL-4IL-4 and IL-10 promotor 
Polymorphismss in the promoter of the Th2 
cytokinee genes, IL-4 and IL-10, (IL-4 -T589C 
andd IL-10 -C592A), resulting in reduced levels 
off  IL-4 and IL-10, were associated with 
enhancedd heterosexual and homosexual 
transmission,, respectively [102,111]. Given the 
broadd number of immune regulatory functions 
off  these cytokines, it will be difficult to 
pinpointt the mechanism of enhanced 
transmission.. Early after infection mainly 
macrophagetropicc virus variants can be found, 
whichh would suggest that macrophages are an 
importantt target for transmission of HIV-1. 
Macrophagess treated with IL-4 and IL-10 are 
lesss infectable in vitro [99-101]. Reduced 
levelss of IL-10 and IL-4, associated with these 
polymorphisms,, may thus explain enhanced 
transmission. . 

Potentia ll  problem s of epidemiologica l 
geneti cc  studie s of HIV-1 infectio n 

Studiess on the role of host genetic factors in 
HIV-11 disease progression have yielded 
conflictingg results, which in part can be due to 
differencess in study design. These studies are 
criticallyy dependent on an accurate estimation 

endpoints.. Prospective cohort studies in which 
participantss seroconverted during follow-up, 
alloww for an accurate estimate of serocon-
versionn date. Seroprevalent studies, in which 
thee participants were seropositive at study 
entry,, tend to exclude rapid progressors and 
leadd to an inaccurate estimation of the 
seroconversionn date and therefore the survival 
time.. These inaccuracies may mask the effects 
off  a genetic factor under study, especially when 
itss effect is minor or when the disease 
modifyingg mutation is present in a low 
proportionn of the study population. 
Furthermore,, the majority of genetic studies 
havee been performed on cohorts of HIV-1 
subtypee B infected homosexual men. It is at the 
momentt unclear whether results in these 
cohortss can be extrapolated to patients infected 
viaa other routes of transmission or to patients 
infectedd with other subtypes of HIV-1. 
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Furthermore,, race specific differences have 
beenn described in haplotype distribution in the 
CCR55 promotor and relative hazards for 
diseasee progression associated with these 
haplotypess [141]. Analyses of a single SNP 
thatt is part of extended haplotype may 
thereforee be obscured by disease modifying 
effectss of linked SNPs. 

Concludin gg Remark s 

Ourr insights in the role of host genetic factors 
inn the course of HIV-1 infection are growing. 
However,, it is important to note that the 
majorityy of genetic factors described so far, 
onlyy have a relatively mild influence on the 
coursee of disease and can only partly explain 
differencess in disease course among patients. 
Off  note, only a minority of long term non-
progressingg HIV-1 infected individuals carries 
knownn protective alleles and, reversely, the 
presencee of a protective allele does not warrant 
aa benign disease course. Furthermore, the 
majorityy of frequently exposed but uninfected 
individualss do not contain CCR5 A32 homo-
zygouss or other protective genotypes, and 
thereforee other mechanisms, such as a potent 
CTLL response or reduced infectability of CD4+ 

TT lymphocytes, may contribute to the 
resistancee to infection in these individuals 
[116,142,143]. . 

Withoutt doubt, the identification of novel HIV-
11 disease-modifying genetic factors will be 
ongoingg in the coming years, yielding further 
insightss in the complex interplay between virus 
andd host and the relative role of host genetic 
factorss therein. Besides expanding our 
understandingg of the pathogenesis of HIV-1 
infection,, this will hopefully lead to the 
identificationn of critical targets for therapeutic 
interventions. . 
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