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IL- 44 promoter polymorphism and HIV infection 

Associationn between an interleukin-4 promoter polymorphism and 

thee acquisition of syncytium inducing CXCR4 using human 

immunodeficiencyy virus type 1 variants 

Abstract t 

Background:: A polymorphism at position -589 in the interleukin 4 (IL-4) promoter region was recently 

describedd to be associated with the presence of syncytium-inducing CXCR4 using (X4) HIV-1 variants. 

Objective:: To study the IL-4 promoter polymorphism -589T in relation to HIV-1 disease progression 

andd acquisition of X4 variants. 

Design:: Retrospective longitudinal study among 342 HIV-1 infected homosexual men who participated 

inn the Amsterdam Cohort study. 

Methods:: Polymerase chain reaction was used in combination with restriction fragment length 

comparisonn to identify IL-4 promoter genotypes. 

Results:: Carriers of the -589 C/C genotype and carriers of the -589T allele (either -589 C/T 

heterozygotess or -589 T/T homozygotes), showed comparable progression to AIDS (Relative Hazard 

[RH],, 0.94; P=0.71), and survival (RH IL-4 -589 C/T or T/T, 0.94; P=0.69). In contrast to a previously 

reportedd study, we found that the -589T polymorphism was associated with a delayed acquisition of X4 

variantss (RH. 0.56; P=0.02 for IL-4 -589 C/T or T/T). After the appearance of X4 HIV-1, a trend 

(P=0.06)) towards a more accelerated progression to AIDS was observed for carriers of the -589T allele. 

Conclusion:: In the Amsterdam Cohort of homosexual men with HIV infection, the IL-4 -589T promoter 

polymorphismm was associated with a delayed acquisition of X4 variants but did not affect overall disease 

progression. . 

Keywords:: HIV-1, interleukin (IL)-4. viral phenotype, X4 variants, disease progression 

Introduction n 

Thee outcome of HIV-1 infection can vary between individuals and depends on host and viral factors. 

Amongg those viral factors are replication rate, cell tropism and syncytium-inducing (SI) phenotype 

(1,2,4,24,25).. With the discovery of chemokine receptors as coreceptors for HIV-1, the basis for cell 

tropismm and SI capacity have been elucidated (9-11). Non-syncytium-inducing (NSI) HIV-1 variants use 

chemokinee receptor CCR5 as coreceptor for cell entry while SI HIV-1 variants alternatively or in 

additionn use CXCR4 (8,31,32). 

Thee emergence of CXCR4 using (X4) HIV-1 variants has been associated with an accelerated CD4+ T 

celll  loss and faster disease progression (5.12.20). X4 variants appear in only 507c of HIV-1 infected 
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individualss and predominantly when the CD4+ cell number has declined below 500 cells/ \x\ (13). The 

underlyingg mechanism for these observations is still unclear. 

Followingg HIV-1 infection a deterioration of the immune system is observed. One of the hallmarks is a 

skewingg from T helper 1 (Thl) to T helper 2 (Th2) type or T helper 0 (ThO) type responses (3,15-17). It 

hass been proposed that a Th2 cytokine pattern might influence the acquisition of X4 HIV-1 variants (26). 

Inn vitro studies have shown that interleukin 4 (IL-4). one of the key Th2 regulatory cytokines, had a 

differentt effect on the replication of macrophagetropic compared to T-tropic HIV-1 variants (23,27.30). 

Inn addition a down-modulating effect of IL-4 on CCR5 expression and an upregulating effect on CXCR4 

expressionn in vitro has been reported (27,29,30). 

Recentlyy in a cross-sectional study, a C-to-T single nucleotide polymorphism located -589 base pairs 

(bp)) upstream of the IL-4 open reading frame was associated with an increased frequency of X4 HIV-1 

variantss (18). This polymorphism has previously been associated with an increased IL-4 promoter 

activityy and with elevated IgE serum levels in asthmatic family's (21). 

Too further substantiate these findings we analyzed a possible association between the IL-4 -589T 

promoterr polymorphism and the acquisition rate and prevalence of X4 HIV-1 variants and the clinical 

coursee of HIV infection in the Amsterdam Cohort of homosexual men with HIV infection. 

Materialss and Methods 

StudyStudy population 

Thee study population consisted of Caucasian homosexual men. who were enrolled in the Amsterdam 

Cohortt on HIV-1 infection and AIDS between October 1984 and March 1986, as described previously 

(7). . 

Off  these participants 238 men were already positive for HIV-1 antibodies during the cohort study. The 

remainingg 131 men seroconverted during follow up. Five of the seroprevalent men refused further 

participation. . 

Thee censor date was set at 1 January 1996, by that time none of the individuals had received highly 

activee antiretroviral therapy (HAART). 

Inn previous epidemiological studies on the incidence of HIV-1 infections it was shown that infection in 

seroprevalentt men occurred on average 1.5 years before entry into the Amsterdam Cohort studies (28). 

Thereforee the time of seroconversion was set at 1.5 years before study entry for seroprevalent men. No 

differencess in AIDS-free survival were found between seroconverting and seroprevalent participants 

usingg Kaplan-Meier (P=0.36) and Cox proportional hazard analysis (relative hazard [RH], 1.17; 95% 

confidencee interval [CI], 0.84-1.63). These results suggest a good estimation of the seroconversion date 

inn the tatter group. Therefore we combined the follow up data of 131 men who seroconverted during 

follow-upp with the data of 233 seroprevalent men as one study group (n=364). 
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IL-4IL-4 genotyping 

DNAA samples were available of 342 out of 364 men (94<7r). For genotyping of the IL-4-589 C-T 

polymorphism,, genomic DNA was subjected to a polymerase chain reaction (PCR) according to the 

protocoll  of Nakayama et al (18). In brief, PCR was performed using the primer pair; 562m (5'-

TAAACTTGGGAGAACATGGT-3'' forward) and primer 756m (5'-TGGGGAAAGATAGAGTAATA-

3'' reverse), using Taq DNA polymerase (Promega, Madison, WI) in a final concentration of 1.5 mM 

MgCLL A mismatch at position -592 was introduced, which in combination with the -589C allele resulted 

inn an Ava II restriction site. However when the nucleotide at position -589 upstream of the IL-4 gene was 

aa thymidine, this restriction site was not introduced. Conditions for PCR were 5 minutes (min.) of 

denaturationn at 93°C; 36 cycles of 1 min. 93°C; 1 min. 48°C; 1 min. 72°C and 3 min elongation at 72"C. 

PCRR products were digested with Ava II (Life Technologies, Rockville, MD) for 2 hours at 37°C and 

thenn analyzed by electrophoresis on a 2% agarose and 2% low melting point agarose gel stained with 

ethidiumm bromide. A -589C allele yielded a band of 177 basepairs (bp) (and an invisible band of 18 bp) 

andd a -589T allele yielded a band at 195 bp. 

HIV-1HIV-1 phenotyping 

Everyy 3 months, patient peripheral blood mononuclear cells (PBMC) were cocultivated with MT2 cells 

too detect syncytium-inducing (X4) HIV-1 variants (14). X4 phenotype data were available of 266 of 342 

(78%)) individuals from whom DNA samples were analyzed. Time point of first emergence of X4 HIV-1 

variantss was estimated as the midpoint between the calendar date of the last Si-negative sample and the 

firstt Si-positive sample. 

FlowFlow cytometry 

FACSS analysis was performed on cryopreserved PBMC from participants of the Amsterdam Cohort 

studies,, who seroconverted during follow-up. This study population will be described in more detail 

elsewheree (van Rij et al., submitted for publication). In brief, cryopreserved cells from time points pre-

seroconversion,, 1 year post seroconversion and 5 years post seroconversion were analyzed. Cells were 

thawed,, washed in phosphate buffered saline (PBS) supplemented with 0.5% bovine serum albumin 

(BSA)) and stained with fluorochrome labeled monoclonal antibodies anti-CCR5-fluorescein 

isothiocyanatee (FITC), clone 2D7 (Pharmingen, San Diego, CA); anti-CXCR4-phycoerythin (PE), clone 

12G55 (Pharmingen); anti-CD4-peridinin chlorophyll protein (PerCP); anti-CD45RO-allophycocyanin 

(Bectonn Dickinson, San Jose, CA) for 20 minutes at 4°C. Cells were washed and fixated in cellfix 

(Bectonn Dickinson) and cell surface expression was then measured on a FACScalibur (Becton 

Dickinson).. All analyses were performed with Cellquest software (Becton Dickinson). 
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StatisticalStatistical Analysis 

Kaplan-Meierr and Cox proportional hazard analyses were used to study the effect of the -589T IL-4 

promoterr genotype on HIV-1 disease progression and on the progression to AIDS after X4 variants had 

emerged.. Kaplan-Meier and Cox proportional hazard analyses were used to estimate the time of 

conversionn to X4 variants in relation to the -589T IL-4 promoter genotype. Significance in survival 

analysiss was determined by the log rank test, yj test was used to compare allelic -589T IL-4 promoter 

frequenciess of uninfected healthy blood donors and HIV-1 infected homosexual men and to compare the 

genotypee distributions among individuals with and without X4 variants at the end of follow up. Mann-

Whitneyy test was used to compare percentages of cells after FACS staining for the IL-4 promoter 

genotypes. . 

Alll  statistical analyses were done using SPSS version 10.0 (SPSS Inc.. Chicago. IL). 

Results s 

IL-4IL-4 promoter genotype distributions 

Thee distribution of the IL-4 -589C genotype among 342 HIV-1 infected individuals of the Amsterdam 

CohortCohort was analyzed and compared with the distribution among HIV-1 uninfected healthy blood donors 

(Tablee 1). The -589T allelic frequency found in healthy blood donors was 0.14, which is comparable to 

previouslyy reported allelic frequencies in Caucasian individuals (22). Of the HIV-1 seropositive 

participants.. 243 (71.1%) were C/C homozygous, 89 (26%) were C/T heterozygous and 10 (2.9%) were 

T/TT homozygous at position -589 in the IL-4 promoter. IL-4 -589 T allelic frequencies for the HIV-1 

infectedd group and the healthy blood donor group were in the same range (16% and 14%, respectively; 

P=0.2,, Hardy-Weinberg equilibrium expectations). This excludes protection from HIV-1 infection 

associatedd with the IL-4 -589 T allele in our study group. 

Tablee 1. IL-4 promoter genotypes among HIV-1 infected and uninfected individuals. 

IL-44 promoter polymorphism at position -589 

Genotypee C/C C/T T/T T frequency P value (HWE) 

no.(%)) no.(%) No.(%) 

HIV-11 infected 243(71.1) 89 (26.0) 10(2.9) Ö7Ï6 02 

(n=342) (n=342) 

Uninfectedd 55(75.3) 16(21.9) 2(2.7) 0.14 

(n(n = 73) 

HWEE Hardy-Weinberg equilibrium, yj P value is shown. 
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Meann age, median number of CD4 cells and median HIV-1 RNA load at set point (6 to 24 months after 

seroconversionn or at entry in the cohort study) did not differ between the genotypic groups (data not 

shown).. IL-4 promoter genotype distributions did not differ among HIV-1 infected CCR5 A32/+ 

heterozygotess and CCR5 +/+ wild type individuals. Among HIV-1 CCR5 +/+ wild type individuals 83 

outt of 274 (307c) carried the T allele compared to 16 out of 68 individuals (247c) of the CCR5 A32/+ 

heterozygotess (P-0.27). Also for the CCR2-64I and the SDF-l-3'A no skewing in distributions of the 

IL- 44 -589 promotor genotypes were observed (data not shown). 

IL-4IL-4 promoter polymorphism and clinical course of HIV-1 infection 

Thee number of IL-4 -589 T/T homozogytes was relatively small. As these individuals were not different 

fromm IL-4 -589 C/T heterozygotes with respect to disease progression or survival (data not shown), we 

combinedd the carriers of the T allele as one genotypic group and compared them to IL-4 -589 C/C 

individuals.. Kaplan Meier analysis and Cox proportional hazard analysis showed no difference in AIDS-

freefree survival for HIV-1 infected individuals categorized by their IL-4 promoter genotype (Fig. la) (for 

definitionn of AIDS, the CDC 1987 criteria were used). The relative hazard (RH) for progression to AIDS 

wass 0.94 [957c CI, 0.69-1.29] for IL-4 -589T allele carriers. Similar results were obtained using death as 

ann endpoint (RH 0.94 [957c CI, 0.67-1.31 ]) for IL-4 -589T allele carriers (Fig. 1 b). 

IL-4IL-4 promoter polymorphism and acquisition ofX4 HIV-1 variants 

Ann association between the IL-4 promoter genotype and the acquisition rate of X4 HIV-1 variants was 

studied.. From 279 out of 342 HIV-1 infected men (82%) longitudinal data on the acquisition of X4 HIV-

11 variants were available. Of these 279 men, 266 men were at risk for developing X4 HIV-1 variants, 

whereass 13 men carried X4 HIV-1 variants already at entry. The IL-4 promotor genotype frequencies in 

thee group of 266 men were comparable to the frequencies in the total group (data not shown). 

Att the end of follow up we found that individuals with the C/C genotype had a higher prevalence of X4 

HIV-11 variants (427r) compared to individuals with a -589 C/T or T/T genotype (25.3%. P= 0.01) (table 

2).. Furthermore in survival analysis the -589T allelic genotype correlated with a delayed acquisition of 

X44 HIV-1 variants compared to the C/C genotype (Log rank P=0.02, RH - 0.56 |95f/r CI. 0.34-0.93]) 

(Fig.. 2a). 

Inn addition we compared the AIDS-free survival after emergence of X4 HIV-1 variants for the different 

genotypicc groups. A trend towards faster development of AIDS after X4 emergence was observed for the 

combinedd C/T and T/T genotypic group, although this difference was not significant (P=0.06) (Fig. 2b). 
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Figuree 1. IL-4 promoter genotype and HIV-1 disease progression. Kaplan-Meier survival analysis for 
timee in years to AIDS (1987 CDC definition) (a) or time in years to death (b). Individuals with an IL-4 
promoterr -589 C/C genotype are represented by the thick solid line, carriers of the IL-4 promoter -589 
C/TT and T/T are represented by the thin dashed line. Number of men at risk is indicated above the plot 
forr each time point. Log-rank P values and Relative Hazards (RH) with confidence intervals (CI) are 
shown. . 
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Figuree 2. IL-4 promoter genotype and acquisition of X4 variants. Kaplan-Meier plots for time to X4 in 
yearss (a) and for progression to AIDS after X4 conversion (b). Thick solid line represents the IL-4 
promoterr -589 C/C genotype, thin dashed line represents IL-4 promoter -589 C/T and T/T genotype. 
Numberr of men at risk is indicated above the plot for each time point. Log-rank P values and Relative 
Hazardss (RH) with confidence intervals (CI) are shown. 
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Tablee 2. IL-4 promoter genotypes and the distribution of individuals with or without 
HIV-1,, X4 variants. 

IL-44 promoter polymorphism 

HIV- 11 phenotype C/C C/T or TAT P value 

R5,, no.(%) 116(58.0) 59 (74.7) 0.01 

X44 switch/entry, no.(<7r) 84(42.0) 20(25.3) 

Total,, no.C7f) 200(100.0) 79(100.0) 

R5,, HIV-1 infected individuals harbouring only R5 variants until end of follow up. X4 switch/ entry, 
HIV- 11 infected individuals who acquired X4 variants during follow up. or who were already X4 positive 
att entry (first measurement), x' P value is shown. 

Tablee 3. IL-4 genotype and coreceptor expression on CD4+ T-cells 

IL- 44 promoter 
polymorphism m 

C/C C 
<n=34) ) 
C/TT or T/T 
(n=14) ) 

CIC CIC 
(n=51) ) 
C/TT and T/T 
(n=20) ) 

C/C C 
(n=38) ) 
C/TT and T/T 
(n=17) ) 

CCR5+CD4++ CXCR4+CD4+ 

pre-seroconn version: 

13.88 2 86.2 4 

12.44 2 83.8 0 

11 year post seroconversion: 

18.22 5 82.4 2 

16.00 5 79.2 7 

55 years post seroconversion: 

20.44 0 79.0 2 

16.44 1 79.8 7 

CCR5+CD45RO+ + 

(memory)) CD4+ 

22.33  1.4 

19.8+1.5 5 

29.22  1.5 

23.88  1.1 
* * 

30.88 1 

24.11  1.9 
X X 

CXCR4+CD45RO+ + 

(memory)) CD4+ 

77.11  1.8 

75.22 6 

69.77  1.6 

68.11 3 

68.22  2.5 

69.22  4.3 

*P=0.01.. *P=0.03. (Mann-Whitney test). Depicted are the mean plus/minus the standard error of the 
meann of the percentage of positive cells. 

IL-4IL-4 promoter polymorphism and coreceptor expression on CD4+ T cells 

IL- 44 in vitro has been shown to influence the expression levels of the two main coreceptors. CCR5 and 

CXCR44 for HIV-1 entry (27,29,30). Therefore we analyzed the expression levels of CCR5 and CXCR4. 

onn CD4+ T-cells and CD4+ memory T-cells of some of the HIV-1 seroconverters. at preseroconversion 

andd at approximately 1 and 5 years after seroconversion by flow cytometry. We observed that carriers of 

thee IL-4 -589T allele had a slightly lower percentage of CCR5-expressing CD4+ T-cells on average 
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(Tablee 3). However this difference was only statistically significant for CD4+ memory T-cells at 1 and 5 

yearss post seroconversion (P=0.01 and P=0.03 respectively). The mean percentage of CXCR4+ CD4+ T-

cellss was not statistically significantly different between the genotypic groups. 

Discussion n 

Thee cytokines have been correlated with the switch from CCR5 using (R5) NSI HIV-1 to X4/ SI HIV-1 

variantss (26). In agreement, a single nucleotide polymorphism in the IL-4 promotor (-589T), which was 

demonstratedd to drive Th2 immunity as reflected by increased IgE levels in serum, has indeed been 

associatedd with an increased frequency of X4 HIV-1 variants (18). In the Amsterdam Cohort of 

homosexuall  men with HIV infection, we were unable to confirm this association. In contrast, we 

observedd a reduced proportion of X4 HIV-1 variants among carriers of the IL-4 -589T promotor allele. 

Strikingly,, all thirteen individuals who had X4 HIV variants already at the moment of entry in the cohort, 

lackedd the -589T allele and had a -589 C/C homozygous genotype (data not shown). In addition, in a 

longitudinall  analysis on the acquisition of X4 HIV-1 variants we observed that the -589T allele in the 

IL- 44 promotor was associated with a delayed emergence of X4 variants. The discrepancy between the 

outcomess of our present study and the study by Nakayama et al. (18) may lie in the fact that the 

Amsterdamm Cohort, which we studied here, only includes homosexual men whereas Nakayama et al 

studiedd a cohort, which also includes hemophiliacs and heterosexual transmission cases. Alternatively 

(orr in addition), it may be related to a difference in the -589T allelic distribution. The frequency of the 

-589TT allele in our cohort was much lower than in the cohort studied by Nakayama et al.. This may be 

duee to ethnic differences as only Caucasian men participate in the Amsterdam Cohort whereas the cohort 

off  Nakayama et al. includes Japanese people. Another explanation would be, that there's a possibility that 

thee IL-4 -589T allele is linked to a yet undefined other allele, which could explain the difference in 

observationss in the two study populations. 

Similarr -589T allelic distribution in the HIV-1 infected homosexual men (participating in the Amsterdam 

Cohortt Study) and our healthy blood donor volunteers implicates the absence of a protective effect on 

transmissionn HIV infection associated with the IL-4 -589T polymorphism. In agreement, Nakayama et 

al.. reported a protective effect only for heterosexual transmission and not for homosexual transmission. 

Basedd on the observation that acquisition of X4 HIV-1 is delayed, a prolonged asymptomatic survival 

associatedd with the -589T allele could have been expected. We observed however no association 

betweenn the IL-4 promotor polymorphism and clinical progression to AIDS or overall survival. We did 

observee a trend towards an accelerated disease progression after the emergence of X4 variants in carriers 

ofof the -589T allele in the IL-4 promotor. It may thus be that only the moment of X4 HIV-1 emergence 

hass shifted. An accelerated disease progression after emergence of X4 HIV-1 is in line with the 

hypothesiss by Nakayama et al. who postulated that the -589T allele could have a protective effect early 

inn HIV-1 infection, by down modulation of CCR5 expression and upregulating CXCR4 expression. After 
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X44 conversion, these differences in expression levels could counter balance and accelerate HIV-1 

diseasee progression. 

AA recent study in the French Seroco cohort however, demonstrated a protective effect of the IL-4 -589T 

allelee for HIV-1 disease progression (19). Unfortunately, no data on the acquisition of X4 variants were 

availablee in this study but it is tempting to speculate that in this Caucasian cohort the acquisition of X4 

HIV- 11 is also reduced. 

Thee underlying mechanism for the delayed X4 conversion rate and the -589T allele as we observed here 

remainss unclear. We did not observe a significant difference in CD4 count at the moment of X4 

conversionn between carriers of the different IL-4 promoter genotypes (data not shown). 

Usingg PBMCof 15 healthy blood donors, no differences between IL-4 -589 allelic groups were observed 

forr intracellular IL-4 after stimulation with PMA and Ionomycin, nor for susceptibility to infection by 

X44 and R5 HIV-1 in vitro or coreceptor levels (data not shown). In HIV-1 infected individuals of the 

Amsterdamm Cohort, we did observe a trend towards a lower proportion of CD4+ CCR5+ lymphocytes 

associatedd with the presence of the -589T allele in HIV-1 infected individuals, especially in the memory 

CD4++ T-cell subset. Interestingly, a delayed acquisition of X4 was also observed in individuals with a 

A322 heterozygous genotype, which is associated with a reduced CCR5 expression (6,7). 

Inn conclusion, we have shown that the -589T allele is associated with a delayed acquisition of X4 

variantss and does not affect overall disease progression. Although the underlying mechanism remains 

unclear,, this observation in the end may increase our understanding of the mechanisms that influence 

viruss phenotype evolution and AIDS pathogenesis. 
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