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Abstract: Metabolic disorders and hypersensitivities affect tolerability and impact 

adherence to highly active antiretroviral therapy (HAART). The aim of this study was to 

determine the prevalence of C-482T/T-455C variants in the Apolipoprotein C3 (APOC3) 

promoter gene and Human leukocyte antigen (HLA)-B*57:01, known to impact lipid 

metabolic disorders and hypersensitivity respectively; and to correlate genotypes with 

gender, CD4+ cell count and viral load in an HIV infected cohort in northern South Africa. 

Frequencies of C-482 and T-455 polymorphisms in APOC3 were determined by restriction 

fragment length polymorphism analysis. Allele determination for HLA-B was performed 

with Assign SBT software in an HLA library. Analysis of APOC3 C-482 site revealed a 

prevalence of 196/199 (98.5%) for CC, 1/199 (0.5%) for CT and 2/199 (1.0%) for TT 

genotype (p = 0.000 with 1° of freedom; χ2 = 126.551). For the T-455 site, prevalences 

were: 69/199 (35%) for TT and 130/199 (65%) for the CC genotype (p = 0.000 with 1° of 

freedom; χ2 = 199). There was no association between gender and the presence of −482  

(p = 1; χ2 = 0.00001) or −455 genotypes (p = 0.1628; χ2 = 1.9842). There was no significant 

difference in the increase in CD4+ cell count irrespective of genotypes. Significant 

increases in CD4+ cell count were observed in males and females considering the −455C 
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genotype, but not in males for the −455T genotype. Viral load decreases were significant 

with the −455C and −482C genotypes irrespective of gender. HLA-B*57:01 was not 

identified in the study cohort. The apparently high prevalence of APOC3 T-455CC 

genotype needs confirmation with a larger samples size and triglyceride measurements to 

support screening of patients to pre-empt HAART associated lipid disorders. 

Keywords: genetic variants; APOC3; HLA-B; highly active antiretroviral therapy;  

lipid disorders; South Africa 

 

1. Introduction 

The clinical benefit of highly active antiretroviral therapy (HAART) is tempered with adverse drug 

events that have emerged as a major concern for long-term successful management of HIV infection [1]. 

Currently, about 83% of patients on HAART, experience metabolic disorders, as compared to 

approximately 40%–50% of cases prior to HAART [2,3]. 

Development of metabolic disorders and hypersensitivity reactions affects HAART tolerability and 

adherence, and may lead to dose interruptions, therapy discontinuation, and/or decrease in life 

expectancy [4]. Although HAART is implicated in the development of such disorders, there is 

considerable inter-individual variability in patient outcomes in terms of drug disposition, drug efficacy 

and adverse events. In addition, factors such as host genetics and ethnicity are thought to play a 

significant role [1,5–7]. Of note is the human leukocyte antigen subtype B*57:01; a strong predictor of 

abacavir hypersensitivity reactions [6,7], as well as variants of the Apolipoprotein C3 (APOC3) 

promoter region such as C-482T and T-455C associated with development of hyperlipidemia [8,9].  

Apolipoprotein C3 gene is involved in transport and clearance of chylomicron remnants, and very 

low and high density lipoproteins from the bloodstream. The human APOC3 is mapped to 

chromosome 11q23, closely linked to APOA1 and APOA4 genes [10]. The presence of 

polymorphisms at the insulin responsive element on the promoter region leads to over-expression of 

the protein [11]. The APOC3 −482 and −455 promoter polymorphisms have reduced affinity for 

nuclear transcription factors mediating insulin responses associated with insulin resistance. A change 

from thymine to cysteine at position −455 is associated with increased triglyceride levels, a risk  

factor for cardiovascular disease. The cysteine to thymine change at position −482 is associated with 

dyslipidemia and insulin resistance [12]. 

Therapy-associated lipid disorders are common in HIV/AIDS patients and have been linked to 

polymorphisms on apolipoproteins [13]. Dyslipidemia and lipodystrophy occur in some HIV-infected 

patients despite similar drug exposures and comparable demographic, immunologic and virologic 

characteristics. Host genetic factors may account for this variability in responses to drugs [14]. 

However, non nucleoside reverse transcriptase inhibitors (NRTIs), such as stavudine and didanosine, 

exhibit a number of safety concerns that limit their clinical use and these drugs are associated with the 

development of peripheral neuropathy, dyslipidemia and lactic acidosis [15]. 

Pathogenesis of a number of drug hypersensitivity reactions involves restricted presentation of 

drugs to major histocompatibility complex (MHC) molecules prior to T cell presentation [16].  
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The consequence of this is the development of hypersensitive reactions to a given drug. Alleles of 

MHC and their frequencies in different racial groups are implicated in the development of 

hypersensitive reactions in patients on abacavir and nevirapine within the first six weeks of  

treatment [17–19]. Although low frequencies of HLA-B*57:01 have been observed in other African 

populations, data on the prevalence of this allele in South African populations, particularly in the 

northern region with a different ethnicity is scanty. Furthermore, there are several reports on the 

associations of variants of the APOC3 promoter region with the development of metabolic  

disorders [20], and the link of HLA-B*5701 allele with Abacavir hypersensitivity but little is known 

about the genetics of the population in northern South Africa in this regard. Thus, the aim of this study 

was to determine the presence of single nucleotide polymorphisms (SNP) on promoter regions of the 

APOC3 gene; and the prevalence of HLA-B*57:01. 

2. Results 

2.1. Study Population and Clinical Data 

The study population (n = 206) comprised 146 females. The mean age was 36.8 years (range 18–59). 

The treated participants were on stavudine-based therapy, with 60 patients on regimen 1a (stavudine, 

lamivudine and efavirenz) and 34 on regimen 1b (stavudine, lamivudine and nevirapine). One hundred 

and twelve patients were not on therapy at the time of the study. Clinical information such as CD4+ cell 

count and viral load measurements were available for patients who were followed up for 12 months after 

therapy initiation. The CD4+ cell counts and viral load values prior to therapy were respectively  

1–700 cells/mm3 and 1727–1,797,648 copies/mL. Statistical analysis was done for 53 patients (of the 

94 who were on treatment) who had complete immunological and virologic parameters at 6 months 

post therapy. They all experienced better immune recovery. Forty one of the patients either discontinued 

therapy due to development of side effects, relocated (n = 1) or died (n = 11) over a 12 month follow 

up period. Available clinical records of patients were consulted and the following most commonly 

ARV-induced adverse reactions were noted: lymphadenopathy, peripheral neuropathy, hyperlactaemia, 

dryness of skin and skin rash. 

Four of 94 patients experienced adverse drug events. Three of them developed hyperlactemia and 

this resulted in a treatment switch from regimen 1a to regimen 2a (Zidovudine, didanosine and 

Lopinavir/ritonavir). Two of these patients died, one from heart failure. Lack of adherence was 

suspected in one patient who experienced dryness of skin and treatment was switched from regimen 1a 

to tenofovir-lamivudine-lopinavir/ritonavir. However, there was no improvement and a further switch 

to tenofovir-lamivudine-didanosine was made. 

2.2. APOC3 Promoter Region Amplification and RFLP Results 

Amplified products were obtained for all the subjects, but RFLP results were available for  

199 samples (n = 206). Genotypes of APOC3 promoter gene (238 pb) were assigned based on 

restriction patterns and were classified as follows: For C-482 site (MspI): CC (homozygous, wild),  

CT (heterozygous), TT (homozygous). For T-455 site (FokI), TT (homozygous, wild), TC (heterozygous), 

CC (homozygous) (Figures 1 and 2). 
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Figure 1. A representative 2% agarose gel of restriction digestion products with MspI for  

−482 of APOC3 promoter region genotyping. The expected size of amplified product was 

238 bp. Restriction patterns obtained with MspI were as follows: Lane M: 100 bp 

molecular marker; Lanes 1–3 and 5–16, wild type −482 CC genotype; Lane 4, CT, 

heterozygous genotype; and Lane U: undigested sample (no enzyme added). The presence 

of a restriction site is indicated by two or three bands. 

M    1       2       3      4      5       6       7      8    9     10     11     12   13   14    15   16     U 

200bp 
146bp

238bp

92bp
100bp 

 

Figure 2. A representative 2% agarose gel of restriction digestion products with FokI  

for APOC3 −455 genotyping. Restriction patterns obtained with FokI were as follows:  

Lane M, 100 bp molecular marker; Lanes: 1–6, 8–12 and 16: CC variant genotype  

(no restriction site); Lanes 7 and 13–15, wild type TT genotype; and Lane U: undigested 

sample (no enzyme added). One band indicates the absence of a restriction site; three bands 

indicate the presence of a restriction site. 

 M       1      2       3        4      5      6      7       8       9      10     11     12    13     14    15    16      U      

238bp
134bp
104bp

200bp 

100bp 
 

2.3. Sequencing 

Sequencing of a subset (n = 12) of amplified products of the APOC3 promoter region was carried 

out to corroborate the RFLP results. Sequences were aligned with wild type (178839|gb|M60674.1) 

and variant (Hagrid 0102) APOC3 promoter sequences obtained from GenBank. A total of 66.6% of 

the sequences were classified as variant T allele, 16.7% as wild type C allele and 16.7% as 

heterozygotes of wild and variant alleles at the −482 MspI site. At the −455 FokI site, 58.3% of the 

sequences were classified as variant C allele, 8.33% as heterozygote of wild and variant allele,  

and 33.33% as wild type T allele. 
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2.4. Genotype Frequencies 

Allele and genotype relative frequencies were estimated through genotype counting. A 98.7% and  

a 1.3% prevalence of C wild type allele and T variant allele were observed at the −482 polymorphic 

site respectively. The genotype frequencies were as follows; 98.5% CC genotype, 0.5% CT genotype 

and 1% TT genotype. For the −455 restriction site, prevalence rates of 35% for the wild type T allele 

and 65% for the variant type C allele were observed. The genotype frequencies were 35% and 65% for 

TT and CC respectively. Genotypes identified at the APOC3 gene locus at positions C-482 and T-455 

resulted in the presence of the following haplotypes: −482CC/−455TT (69/199), −482CC/−455CC 

(127/199), −482CC/−455CC (1/199) and −482TT/−455CC (2/199). 

2.5. Statistical Analyses 

There was no significant difference in the increase in CD4+ cell count and decrease in plasma viral 

load among patients irrespective of APOC3 −482 (CC, CT and TT) and APOC3 −455 (TT, TC and 

CC) genotypes. Using the Tukey’s Studentized Range Test at the 0.05 confidence level, significant 

increases in CD4+ cell count were observed over 6 months in males and females for the APOC3 −455C 

genotype, while significant increases in CD4+ cell count was observed among females and not in males 

for the APOC3 −455T genotype. Viral load decreases were significant for both males and females 

when the APOC3 −455C genotype was considered. However, there was a significant range decrease in 

males and not in females with the APOC3 −455T genotype. For the −482C genotypes there were 

significant range increases in CD4+ cell counts and range decreases in viral load irrespective of gender 

at the 0.05 confidence level. Equally, there was no statistical significant relationship between genders 

and the presence of −482 genotypes (p = 1; χ2 = 0.00001) or −455 genotypes (p = 0.1628; χ2 = 1.9842). 

Mauchly’s test for phericity assumption suggested that there was sufficient evidence to indicate 

significant viral load decreases over time, but insignificant CD4+ cell count increases. On the other 

hand, repeated measures of analysis suggest that there were significant CD4+ cell count increases and 

viral load decreases over time for APOC3 genotypes −482CC, −455TT and −455CC (χ2 and p values 

are presented in Table 1. 

Observed allele and genotype frequencies did not deviate from those expected under the  

Hardy-Weinberg equilibrium (HWE) at the −482 polymorphic site (χ2 = 126.5511; p = 0.0000 with 1° 

of freedom). However, at the −455 polymorphic site, the observed genotypes deviated from those 

predicted by the Hardy-Weinberg equation (χ2 =199; p = 0.0000 with 1° of freedom). The distribution 

of alleles and genotype frequencies is presented in Table 2. 

2.6. HLA Amplification and Typing Results 

DNA was successfully amplified from 183 subjects (88.8%). Upon sequencing, 113 (63%) sequences 

which contained both exons 2 and 3 were used for HLA typing. Upon HLA typing using Assign  

SBT software, 16 alleles were detected from 40 different individuals, and no allele assignment was 

possible for 73 samples which contained several nucleotide mismatches when compared to known 

HLA-B reference sequences obtained from an HLA library compiled from the 2.17.1.0 release of the 

IMGT/HLA Database. 
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Table 1. Repeated measures of analysis of APOC3 genotypes of study participants with 

CD4 and viral load parameters. A p value of <0.05 was considered significant. Values are 

only for 53 patients for whom viral load and CD4+ cell count measurements were available. 

No analysis was done for APOC3 −482CT and TT genotypes as very few individuals were 

identified with these genotypes. χ2 value indicates the difference between expected and 

observed genotype frequencies 

APOC3 

Genotypes 

Mauchly’s Test  

for Sphericity 
Repeated Measures 

Mauchly’s Test  

for Sphericity 
Repeated Measures 

CD4 CD4 VLD VLD 

χ2 p Value F Value p Value χ2 p Value p Value F Value 

−482CC 4.1177 0.1276 56.15 <0.0001 217.366 0.0001 <0.0001 21.48 

−482CT NA NA NA NA NA NA NA NA 

−482TT NA NA NA NA NA NA NA NA 

−455TT 3.1254 0.2096 32.25 <0.0001 92.1284 <0.0001 0.0119 8.03 

−455CC 4.0513 0.1319 32.68 <0.0001 99.7070 <0.0001 <0.0001 25.02 

Table 2. Observed and expected allele and genotype frequencies of APOC3 promoter 

region in South African subjects determined by the Hardy-Weinberg method. Hardy-Weinberg 

Equilibrium is not applicable if there are less than five events in the genotypic analysis.  

χ2 value indicates the difference between expected and observed genotype frequencies; 

Where p < 0.05 the expected and observed data are not consisted with HWE. 

Genotypes 
Observed 

Genotypes 

Expected 

Genotypes 

Genotype 

Frequency 
χ2 p Value Alleles 

Expected 

Alleles 

Allele 

Frequency 

APOC3 

−482CC 
196 194.0 0.985 

126.5511103 0.00 

APOC3 

−482C 
0.99 0.9875 

APOC3 

−482CT 
01 4.9 0.005 

APOC3 

−482T 
0.01 0.0125 

APOC3 

−482TT 
02 0.0 0.010 

APOC3 

−455T 
0.65 0.65 

APOC3 

−455TT 
69 23.9 0.35 

199 0.00 
APOC3 

−455C 
0.35 0.35 

APOC3 

−455TC 
0 90.2 0 

APOC3 

−455CC 
130 84.9 0.65 

The detected alleles were as follows: HLA-B*07:02:01 (2/40), HLA-B*15:01:01 (1/40),  

HLA-B*15:03:01 (14/40), HLA-B*15:17:01:01 (1/40), HLA-B*15:10:01 (1/40), HLA-B*15:18:01 

(1/40), HLA-B*18:01:01 (2/40), HLA-B*41:01 (1/40), HLA-B*44:03:01 (1/40), HLA-B*44:03:02 

(1/40), HLA-B*45:01 (3/40), HLA-B*45:04 (1/40), HLA-B*53:01:01 (2/40), HLA-B*58:01:01 

(6/40), HLA-B*58:02 (2/40) and HLA-B*81:01 (1/40). 
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3. Discussion 

Host genetic factors associated with drug toxicities represent major obstacles to optimal treatment 

management in AIDS patients. Genetic biomarkers on the APOC3 (C-482T and T-455C) gene have 

been associated with hypertriglyceridemia in several distinct populations and their presence reduces 

APOC3 protein expression [20]. On the other hand, the HLA-B*57:01 allele has been associated  

with abacavir hypersensitivity. Development of lipid disorders and drug-associated hypersensitivity 

reactions may lead to therapy withdrawal. The aim of the current investigation was to determine the 

presence and frequency of C-482T and T-455C in the APOC3 promoter region, and the frequency  

of the HLA-B*57:01 allele in a cohort of black South African HIV-1 patients in an attempt to  

identify patients at risk of developing untoward metabolic effects such as hyperlipidemia and abacavir 

associated hypersensitivity. 

The study participants were on a stavudine-based first line therapy. About 2% of the study 

participants had at least one side effect (hyperlactaemia, heart failure, or dry skin) linked to the use of 

stavudine, although 35% of the patients harboured the APOC3 −455CC allele. In like manner, although 

more than 60% of the subjects were identified with −482CC/−455CC haplotype only 4 patients showed 

associated side effects such as hyperlactemia and peripheral neuropathy, and treatment was subsequently 

switched. A high prevalence of C-482 allele and a low prevalence of the APOC3 T-455 allele were 

observed. Wild type alleles at these two polymorphic sites are associated with low risk for metabolic 

complications, and Africans have been shown to have better lipid profiles compared to other races [9].  

The observed prevalence of wild type allele −482 in the current study is comparable to observations 

in other studies where higher prevalence of wild type alleles and their association with better lipid 

profiles were reported in individuals of African descent [21–23]. Foulkes and colleagues [20] in their 

investigations also acknowledged race/ethnicity as a highly significant predictor of plasma lipids in 

HIV patients. They observed significantly lower triglyceride and increased levels of high density 

lipoprotein cholesterol in blacks/non Hispanics compared to Caucasians and Hispanics. The lower 

rates of APOC3 −482TT and −455CC wild type alleles are identified as predominant factors underlying 

the apparent genetic resistance to metabolic diseases [24]. In the current study, a significantly lower 

frequency of APOC3 −482T variant was observed compared to APOC3 −455C. Variant alleles (−482T 

and −455C) of the APOC3 promoter region are associated with higher triglyceride levels [23], as such 

individuals with these alleles may be at higher risk of developing metabolic disorders [25]. It has been 

inferred that both −482T and −455C alleles are unresponsive to insulin; hence, inappropriately 

increased levels of APOC3 are observed in subjects with these alleles [22,25]. Petersen et al. [26] also 

observed an increase in plasma triglycerides in Asian Indian and non Asian Indian subjects (white, 

Asian, Hispanic and black) with C-482T and T-455C APOC3 variant alleles. The −482TT/−455CC 

haplotype was also observed in present study, which has been shown elsewhere to attenuate inhibitor 

action of insulin on APOC3 gene expression, with subsequent increases in plasma lipid levels [27].  

In AIDS patients, the presence of a −455CC genotype is associated with a more severe dyslipidemia 

and lower risk of lipoatrophy development [28]. 

Herein, analysis of immunologic and virologic parameters showed that patients responded well to 

therapy and there was no statistically significant difference in immunologic (p < 0.001) and virologic 

(p < 0.001) recovery of patients when associated with a specific genotype of either APOC3 −482  
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or −455. A lack of association has also been observed in studies involving patients with or without 

lipodystrophy [13]. Variant alleles of APOC3 contribute to the development of dyslipidemia in AIDS 

patients even prior to HAART initiation. In the current observation, a low prevalence of −482T and a 

high prevalence of APOC3 −455C variants were observed. Identification of such variants predisposing 

patients to lipid disorders is an indication that performing genotypic tests to identify biomarkers prior 

to therapy may be considered.  

In the study population reported here, all the HLA-B types observed have been identified in  

South African, Kenyan and Cameroonian populations, confirming their prevalence in African 

populations [28–30]. The prevalent allele HLA-B*15:03:01 is of African origin and has been observed 

in other African populations in frequencies ranging from 8% to 22%. Variations in African populations 

could reflect diverse genetic backgrounds of these groups [31,32]. 

Ambiguous typing results were obtained for the following HLA-B alleles: B*45:01, B*18:01:01, 

B*58:01:01, B*15:01:01, B*15:03:01, B*07:02:01 and B*81:01. Some of the sequences contained 

incomplete exons 2 and 3 and this might have led to ambiguous results. To resolve these ambiguities, 

sequencing of respective exons 1, 3 and 4 could have been necessary. However, if ambiguities are  

due to polymorphisms that do not alter protein function, it may not be necessary to re-sequence the 

recommended exon [33]. None of the study participants were identified with HLA-B*57:01 allele. 

However, related alleles, HLA-B*57:02:01 and HLA-B*58:01:01 alleles were identified in 0.25% and 

15% of the current study participants respectively. These two alleles cannot stimulate specific CD8+  

T cell response as compared to HLA-B*57:01, and thus their presence may not be associated with 

development of hypersensitive reactions [34,35]. 

A limitation of the current study is the small sample size and the investigation of specific SNP in 

APOC3 and HLA. Genome wide association studies may be required to confirm these findings  

since additional polymorphisms may be implicated in lipid metabolic disorders and hypersensitivity to 

antiretrovirals [36]. These further studies will also need to look at variability in the different ethnic groups.  

4. Experimental Section 

4.1. Study Population and DNA Extraction 

The study population comprised a cohort of black South African patients recruited from two AIDS 

treatments sites in northern South Africa. The study protocol was approved by the University of Venda 

Research Ethics Committee (Study number SMNS/09/MBY/003). The experiments were undertaken 

with the understanding and written consent of each subject, and that the study conforms to the Code of 

Ethics of the World Medical Association (Declaration of Helsinki). Details on the study demographics, 

sample collection and genomic DNA extraction procedures have been described [37]. 

4.2. Amplification of the APOC3 Promoter Region 

Genomic DNA was amplified by polymerase chain reaction (PCR) from 206 study participants.  

The following primers were used to amplify a 238 bp gene fragment: APOC3 −482 5'-GGATTGAAA 

CCCAGAGATGGAGGTG-3' (sense) and −455 5'-TTCACACTGGAATTTCAGGCC-3' (antisense) [11]. 

The PCR reaction mixture comprised a final concentration of 4 μM of each primer, 200 μM dNTPs,  
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4 U FastStart Taq polymerase (Roche Diagnostics, Mannheim, Germany), 5 µL 10× PCR buffer 

(MgCl2, 25 mM), 5 μL of DNA template and nuclease free water in a 50 μL total reaction volume. 

Cycling conditions comprised an initial denaturation at 94 °C for 3 min, followed by 35 cycles of 

denaturation at 94 °C for 2 min, annealing at 55 °C for 1 min, elongation at 72 °C for 2 min and a final 

elongation at 72 °C for 10 min. The resulting PCR products were resolved by electrophoresis on a 1% 

Ethidium bromide-stained agarose gel (Invitrogen, Carlsbad, CA, USA). 

4.3. Genotyping of APOC3 Promoter Region 

Amplified DNA was purified with a Qiagen DNA purification kit (Qiagen, Valencia, CA, USA) 

according to the manufacturer’s instructions. Genotypes of APOC3 at −482C and −455T were 

determined by RFLP. Restriction enzymes, MspI (restriction site: 5'-C^CGG-3') and FokI (restriction 

site: 5'-GGATG(N)9^-3', Fermentas, Vilnius, Lithuania) were used for the C-482 and T-455 restriction 

sites respectively. Briefly, the RFLP reaction mixture (15 µL) comprised 3.5 μL of nuclease free water, 

1 μL Fast digest buffer, 10 μL of the PCR product, and 0.5 μL of enzyme to make up a 15 μL total 

reaction volume. The digestion mixture was incubated at 37 °C for 30 min. Digestion products were 

resolved on 2% Ethidium bromide-stained agarose gels (Invitrogen, Carlsbad, CA, USA). Product 

sizes of 146 and 92 bp were expected for the wild type genotypes, and a 238 bp product for the variant 

type allele at the C-482 MspI restriction site. For the T-455 FokI restriction site, product sizes of 238, 

134 and 104 bp for the wild type allele, four bands for a heterozygous allele and a 238 bp product for 

the variant allele were expected. Genotypes were assigned based on the pattern of restriction fragments 

and were classified as CC (homozygous wild), CT (heterozygous) and TT (homozygous) for the −482 

restriction site; and TT (homozygous wild), TC (heterozygous) and CC (homozygous) for the T-455 

restriction site. 

Sequencing of a subset of the amplified products was done to corroborate the RFLP profiles. 

Twelve representative DNA fragments were selected according to restriction profiles and sequenced 

on both strands with primers used in the PCR reaction on a BigDye Terminator Cycle Sequencer. 

Nucleotide sequences were edited with the DNASTAR software (Seqman 8.1, Madison, WI, USA). 

Test sequences and wild type reference sequences were aligned with the BioEdit programme [38] for 

identification of nucleic acid variations. 

4.4. HLA-B57 Gene Amplification, Sequencing, and Analysis 

The PCR and cycling conditions for HLA-B57 amplification were as for APOC3 amplification. 

However, the primers for HLA-B57 PCR were HLAF 5'-GAGTTTCACTTCTTCTCCCAAC-3' 

(sense) and HLAR 5'-GAAAATTCAGGCGCTTTGCA-3' (antisense). This gave a product of 

approximately 1729 bp. PCR products were purified and directly sequenced on both strands with 

primers: HLAF 5'-GAGTTTCACTTCTTCTCCCAAC-3' (sense), HLAR 5'-GAAAATTCAGGCGCT 

TTGCA-3' (antisense), HLAFb 5'-ACCCGGTTTCATTTTCAGTT-3' (sense) and HLARb 5'-TGG 

CCTCAACTGAAAATGAA-3' (antisense). Allele assignment was performed using the Assign 

Sequence Based Typing Software (Assign SBT 3.2.7, Conexio Genomics, Western Australia, 

Australia) and an HLA library compiled from the 2.17.1.0 release of the IMGT/HLA Database 

(www.ebi.ac.uk/ipd/imgt/hla/). 



Int. J. Mol. Sci. 2014, 15 11412 

 

 

4.5. Statistical Analyses 

Data was analyzed using the SAS statistical analysis package (SAS Version 8, SAS Institute Inc., 

Cary, NC, USA) and the student t-test. Descriptive statistics was used for all study participants. 

Analysis of variance (ANOVA) and Tukey’s test were used for multiple comparisons; Mauchly’s 

sphericity test was used for covariance determination (available in SAS statistical analysis package 

version 8). Allelic frequencies were estimated by the gene-counting method. The sample-size 

dependent standard error of alleles was calculated in terms of 95% confidence intervals of the 

estimates. Chi-square goodness-of-fit was used to verify the agreement of the observed genotype 

frequencies with those expected under the Hardy-Weinberg equilibrium [39]. A p value of <0.05 was 

considered statistically significant. 

5. Conclusions 

The relatively high prevalence of APOC3 T-455CC genotype may suggest the importance of 

genetic testing prior to therapy initiation to pre-empt therapy associated lipid disorders. Overall, given 

the low frequencies of HLA-B*57:01 identified here and in other African populations, it may be 

important to screen patients at the individual level for abacavir sensitivity only when it is required, 

rather than at the population level. However, subsequent studies with a larger population size applying 

genome wide association analyses are needed to support these findings. 

Acknowledgments  

The authors thank the study participants. The support of the management of the Bela Bela 

HIV/AIDS Welfare Clinic and the Mankweng Hospital (Mankweng, Polokwane, South Africa) is 

appreciated for permission to recruit participants from their institutions and their staff for sample 

collection. POB is financially supported by the National Research Foundation, National Department of 

Health, and University of Venda. TM was partially supported by the Technology Innovation Agency, 

South Africa. The views expressed here are those of the authors. 

Author Contributions 

T.M. carried out DNA isolation, RFLP experiments, analyzed data and wrote the manuscript;  

D.M. and R.N.N. wrote the manuscript, P.O.B. conceived the study, analyzed data and wrote the 

manuscript. All authors approved the manuscript. 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. Tarr, P.E.; Telenti, A. Toxicogenetics of antiretroviral therapy: Genetic factors that contribute to 

metabolic complications. Antivir. Ther. 2007, 12, 999–1013. 



Int. J. Mol. Sci. 2014, 15 11413 

 

 

2. Poma, B.Z.; Riva, A.; Nasi, M.; Cicconi, P.; Brogini, V.; Lepri, A.C.; Mologni, D.; Mazzota, F.; 

Monorte, A.; Mussini, C.; et al. Genetic polymorphisms differently influencing the emergence of 

atrophy and fat accumulation in HIV-related lipodystrophy. AIDS 2008, 22, 1769–1778. 

3. Martin, A.; Emery, S. Metabolic disorders and cardiovascular consequences of HIV infection and 

antiretroviral infection. Expert Rev. Clin. Pharmacol. 2009, 2, 381–390. 

4. Marx, B.; Sherer, R. Management of the adverse effects of antiretroviral therapy and medication 

adherence. Clin. Infect. Dis. 2000, 30, S96–S116. 

5. Pirmohamed, M. Genetic factors in the predisposition to drug-induced hypersensitivity reactions. 

APPS J. 2006, 8, E20–E26. 

6. Mahungu, T.W.; Johnson, M.A.; Owen, A.; Back, D.J. The impact of pharmacogenetics on  

HIV therapy. Int. J. STD AIDS 2009, 20, 145–151. 

7. Tozzi, V. Pharmacogenetics of antiretrovirals. Antivir. Res. 2010, 85, 190–200. 

8. Guettier, J.M.; Georgopoulos, A.; Tsai, M.Y.; Radha, V.; Shanthirani, S.; Deepa, R.; Gross, M.; 

Rao, G.; Mohan, V. Polymorphisms in the fatty acid-binding protein 2 and apolipoprotein C-III 

genes are associated with the metabolic syndrome and dyslipidemia in a South Indian population. 

J. Clin. Endocrinol. Metab. 2005, 90, 1705–1711. 

9. Clarke, H.; Mousa, S.A. The implications of pharmacogenomics in the treatment of HIV-1 

infected patients of African descents. Pharmacogenomics Pers. Med. 2009, 2, 93–99. 

10. Tarr, P.E.; Taffe, P.; Bleiber, G.; Furrer, H.; Rotger, M.; Martinez, R.; Hirschel, B.; Battegay, M.; 

Weber, R.; Vernazza, P.; et al. Modeling the influence of APOC3, APOE, and TNF 

polymorphisms on the risk of antiretroviral therapy-associated lipid disorders. J. Infect. Dis.  

2005, 191, 1419–1426. 

11. Groenendijk, M.; Cantor, R.M.; Blom, N.H.; Rotter, J.I.; de Bruin, T.W.; Dallinga-Thie, G.M. 

Association of plasma lipids and apolipoproteins with the insulin response element in the apoC-III 

promoter region in familial combined hyperlipidemia. J. Lipid Res. 1999, 40, 1036–1044. 

12. Green, M.L. Evaluation and management of dyslipidemia in patients with HIV infection.  

J. Gen. Intern. Med. 2002, 17, 707–810. 

13. Bonnet, E.; Ruidavets, J.; Tuech, J.; Ferrieres, J.; Collet, X.; Fauvel, J.; Massip, P.; Perret, B. 

Apolipoprotein C-III and E-containing lipoparticles are markedly increased in HIV-infected 

patients treated with protease inhibitors: Association with the development of lipodystrophy.  

J. Clin. Endocrinol. Metab. 2005, 86, 296–302.  

14. Tarr, P.E.; Rotger, M.; Telenti, A. Pharmacogenetics of dyslipidemia in HIV: Candidate gene 

studies of dyslipidemia in HIV-infected individuals. Pharmacogenomics 2010, 11, 587–594. 

15. Boettiger, D. The Clinical Utility of Pharmacogenetic Tests is HIV Therapy. Available online: 

http://www.google.ca/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCsQFjAA&url=h

ttp%3a%2f%2fdspace.library.uu.nl%2fbitstream%2fhandle%2f1874%2f203507%2fPharmacogen

etics_of_HIV_Antiretrovirals_-_Edited_VI%255B1%255D.doc%3fsequence%3d1&ei=CJ5LU_ 

f7EsfmywOe14LYDg&usg=AFQjCNEUkyLNx5mNXEOLOVnAU4BAvNmNVA&sig2=IuGTz

lA4IdVWyjoEgH07pQ&bvm=bv.64542518,d.bGE&cad=rjt (accessed on 14 April 2014). 

16. Telenti, A. Pharmacogenomics in HIV disease. In Pharmacogenomics and Personalized 

Medicine; Cohen, N., Ed.; Humana Press: New York, NY, USA, 2008; pp. 395–412. 



Int. J. Mol. Sci. 2014, 15 11414 

 

 

17. Lucas, A.; Nolan, D.; Mallal, S. HLA-B*5701 screening for susceptibility to abacavir 

hypersensitivity. J. Antimicrob. Chemother. 2007, 59, 591–593. 

18. Rodriguez-Novoa, S.; Garcia-Gasco, P.; Blanco, F.; Gonzalez-Pardo, G.; Castellares, C.;  

Moreno, V.; Jimenez-Nacher, I.; Gonzalez-Lahoz, J.; Soriano, V. Value of the HLA-B*5701 

allele to predict abacavir hypersensitivity in Spaniards. AIDS Res. Hum. Retroviruses 2007, 23, 

1374–1376. 

19. Mallal, S.; Phillips, E.; Carosi, G.; Molina, J.; Workman, C.; Tomazic, J.; Jagel-Guedes, E.; 

Rugina, S.; Kozyrev, O.; Cid, J.F.; et al. HLA-B*5701 screening for hypersensitivity to abacavir. 

N. Engl. J. Med. 2008, 358, 568–579. 

20. Foulkes, A.S.; Wohl, D.A.; Frank, I.; Puleo, E.; Restine, S.; Wolfe, M.L.; Dube, M.P.;  

Tebas, P.; Reilly, M.P. Associations among race/ethnicity, APOC-III genotypes, and lipids in 

HIV-1 infected individuals on antiretroviral therapy. PLoS Med. 2006, 3, 337–347. 

21. Fauvel, J.B.; Bonnet, E.; Ruidavets, J.; Ferrieres, J.; Toffoletti, A.; Massip, P.; Periet, B.  

An interaction between APOC-III variants and protease inhibitors contributes to high 

triglyceride/low HDL level in treated HIV patients. AIDS 2001, 15, 2397–2406. 

22. Waterworth, D.M.; Talmud, P.J.; Humphries, S.E.; Wicks, P.D.; Sagnella, G.A.; Strazzullo, P.;  

Alberti, K.G.; Cook, D.G.; Cappuccio, F.P. Variable effects of the APOC3 –482C>T variant on 

insulin, glucose and triglyceride concentrations in different ethnic groups. Diabetologia 2001, 44, 

245–248. 

23. Miller, M.; Rhyne, J.; Chen, H.; Beach, V.; Ericson, R.; Luthra, K.; Dwivedi, M.; Misra, A. 

APOC3 promoter polymorphisms C-482T and T-455C are associated with metabolic syndrome. 

Arch. Med. Res. 2007, 38, 444–451.  

24. Hegele, R.A.; Ban, M.R.; Carrington, C.V.; Ramdath, D.; Dan, D. Allele frequencies for 

candidate genes in atherosclerosis and diabetes among Trinidadian neonates. Hum. Biol. 2001, 73, 

525–531. 

25. Olivieri, O.; Martinelli, N.; Sandri, M.; Bassi, A.; Guarini, P.; Trabetti, E.; Pissolo, F.;  

Girelli, D.; Friso, S.; Pignatti, P.F.; et al. Apolipoprotein C-III n-3 polyunsaturated fatty acids,  

and “insulin-resistant” T-455 APOC3 gene polymorphism in heart disease patients: Example of  

gene-diet interaction. Clin. Chem. 2005, 51, 360–367. 

26. Petersen, K.F.; Dufour, S.; Hariri, A.; Nelson-Williams, C.; Foo, J.N.; Zhang, X.; Dziura, J.; 

Lifton, R.P.; Shulman, G.I. Apolipoprotein C3 gene variants in nonalcoholoc fatty liver disease.  

N. Engl. J. Med. 2010, 362, 1082–1089. 

27. Yu, J.; Wang, H.; Yang, S.; Yuan, J.; Chen, L.; Chen, C.L.; Huang, D.F.; Wang, Y.; Ju, S.Q.;  

Zhu, J. The Effect of APOC3 promoter polymorphisms on the risk of hypertriglyceridemia in 

chinese han population with or without type 2 diabetes mellitus. Lab Med. 2010, 41, 34–39. 

28. Williams, F.; Meenagh, A.; Darke, C.; Acosta, A.; Daar, A.S.; Gorodezky, C.; Hammond, E.; 

Nascimento, E.; Middleton, S. Analysis of the distribution of HLA-B alleles in populations from 

five continents. Hum. Immunol. 2001, 62, 645–650. 

29. Luo, M.; Embree, J.; Ramdahin, S.; Ndinya-Achola, J.; Njenga, S.; Bwayo, J.B.; Pan, S.; Mao, X.; 

Cheang, M.; Stuart, T.; et al. HLA-A and HLA-B in Kenya, Africa: Allele frequencies and 

identification of HLA-B*1567 and HLA-B*4426. Tissue Antigens 2002, 59, 370–380. 



Int. J. Mol. Sci. 2014, 15 11415 

 

 

30. Paximadis, M.; Mathebula, T.Y.; Gentle, N.L.; Vardas, E.; Colvin, M.; Gray, C.M.; Tiemessen C.T.; 

Puren, A. Human leukocyte antigen class I (A, B, C) and II (DRB1) diversity in the black and 

Caucasian South African population. Hum. Immunol. 2012, 73, 80–92. 

31. Ellis, J.M.; Mack, S.J.; Leke, R.F.; Quakyi, I.; Johnson, A.H.; Hurley, C.K. Diversity is 

demonstrated in class I HLA-A and HLA-B alleles in Cameroon, Africa: Description of  

HLA-A*03012, *2612, *3006 and HLA-B*1403, *4016, *4703. Tissue Antigens 2000, 56,  

291–302. 

32. Tian, W.; Boggs, D.A.; Uko, G.; Essiet, A.; Inyama, M.; Banjoko, B.; Adewole, T.; Ding, W.Z.; 

Mohseni, M.; Fritz, R.; et al. MICA, HLA-B haplotypic variation in five population groups of 

sub-Saharan African ancestry. Genes Immun. 2003, 4, 500–505. 

33. Adams, S.D.; Barracchini, K.C.; Chen, D.; Robbins, F.; Wang, L.; Larsen, P.; Luhm, R.;  

Stroncek, D.F. Ambiguous allele combinations in HLA Class I and Class II sequence-based typing: 

When precise nucleotide sequencing leads to imprecise allele identification. J. Transl. Med.  

2004, 2, 30. 

34. Hughes, D.A.; Vilar, F.J.; Alfirevic, A.; Pirmohamed, M. Cost-effectiveness analysis of  

HLA B*5701 genotyping in preventing abacavir hypersensitivity. Pharmacogenetics 2004, 14, 

335–342. 

35. Zucman, D.; Truchis, P.; Majerholc, C.; Stegman, S.; Caillat-Zucman, S. Prospective screening 

for human leukocyte antigen-B*5701 avoids abacavir hypersensitivity reaction in the ethnically 

mixed French HIV population. J. Acquir. Immune Defic. Syndr. 2007, 45, 1–3. 

36. Teslovich, T.M.; Musunuru, K.; Smith, A.V.; Edmondson, A.C.; Stylianou, I.M.; Koseki, M.;  

Pirruccello, J.P.; Ripatti, S.; Chasman, D.I.; Willer, C.J.; et al. Biological, clinical and population 

relevance of 95 loci for blood lipids. Nature 2007, 466, 707–713. 

37. Masebe, T.M.; Bessong, P.O.; Nwobegahay, J.; Ndip, R.N.; Meyer, D. Prevalence of MDR1 

C3435T and CYP2B6 G516T polymorphisms among HIV-1 infected South African patients.  

Dis. Markers 2012, 32, 43–50. 

38. BioEdit Programme. Available online: http://www.mbio.ncsu.edu/BioEdit/bioedit.html (accessed 

on 14 April 2014). 

39. Hardy-Weinberg Equilibrium. Available online: http://www.tufts.edu/~mcourt01/Documents/ 

Court%20lab%20-%20HW%20calculator.xls (accessed on 14 April 2014). 

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


