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Abstract

Background: Nevirapine is used in many developing countries for the management of HIV-1 patients. Despite its usefulness, hypersensitivity
reaction is a common complication that accounts for patients defaulting during therapy in Ghana. Genetic variations in drug-metabolising
enzymes have been implicated in reported adverse drug reactions observed in patients on nevirapine regimen.

Objective: This study aimed to determine genotypic frequencies of specific CYP2B6 and SULT1Al variants and their association with
nevirapine hypersensitivity among persons living with HIV in the Ghanaian population.

Methods: A prospective study was conducted in Korle-Bu Teaching Hospital, a tertiary health facility in Ghana. Clinical data were recorded
from the seventy patients’ folder, and whole blood was collected for genotyping. Genotypes of CYP2B6¢.983T > C and SULT1A1¢c.638G >
A were obtained using Restriction Fragment Length Polymorphism method.

Results: The mean age of the participants was 38 + 9.47 years, with the majority 77% being females. For CYP2B6¢.983T > C genotype
frequencies, T/T and T/C were 94.3% and 5.7%, respectively, while for SULTIA1c.638G > A genotype frequencies, G/G, G/A, and A/A were
61.4%, 34.3% and 4.3% respectively. The prevalence of CYP2B6¢.983T > C and SULTI1A1¢c.638G > A minor allele was 2.9% and 21.4%,
respectively among the study participants.

Conclusion: Extensive metaboliser genotypes for CYP2B6¢.983T > C and SULT1A1c.638G > A were more than the intermediate and poor
metaboliser genotype. However, CYP2B6 983C/C representing poor metabolisers of CYP2B6¢.983T>C were not detected among the study
population. Genetic polymorphism of CYP2B6¢.983T > C and SULT1A41c.638G > A were not associated with nevirapine hypersensitivity.
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INTRODUCTION

he scale-up of anti-retroviral therapy (ART) for

HIV patients is one of the most remarkable
achievements in public health, leading to a substantial
decline in new HIV infections [1]. However, Adverse Drug
Reactions (ADR) are a very common complication of ART
and a reason for patients defaulting during HIV therapy in
many developing countries [2]. Genetic factors are
estimated to contribute about 20-95% to the variability in
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individual drug response and safety [3]. Cytochrome P450
(CYP) and Sulfotransferase (SULT) play dominant roles in
the metabolism of some anti-retroviral drugs and their
metabolites, respectively [4,5]. The expression and
function of these metabolising enzymes are highly variable
and, thus, are major contributors to drug or metabolite
plasma concentrations and adverse drug reactions [6].

Highly polymorphic CYP2B6 is a major enzyme involved
in the phase | biotransformation of some ART, including
nevirapine (NVP) [7]. While the reasons for the ADR of
nevirapine are still unclear, increasing evidence suggests
that genetic factors have a role in the initiation of the toxic
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responses [8]. Nevirapine has been associated with
hypersensitivity reactions characterised by skin rash and
hepatotoxicity, culminating in 6 - 15.7% of patients
switching therapy in Ghana [9,10]. Approximately 10% of
patients treated with nevirapine in clinical trials developed
hepatotoxicity; 3.7% of these patients experienced
symptomatic elevations of their liver enzymes, with nearly
half (46%) of the patients with hepatotoxicity also
developing a rash [11]. Single nucleotide polymorphisms
(SNPs) within CYP2B6 genes have been reported to
influence NVP metabolism [12,13)]. The CYP2B6 isozyme
which is predominantly expressed in the liver (23) has been
associated with reduced catalytic activity and protein
stability, resulting in increased NVP plasma levels [14,15].
CYP2B6¢.516G > T and CYP2B6c.983T > C have been
associated with NVP-induced hypersensitivity, Steven
Johnson Syndrome and toxic epidermal necrolysis in
Blacks, Asians and Whites [12,13,16,17]. CYP2B6c.983 T
> C has a frequency of around 5 - 10% in African
populations, with 3.1 - 7.6% among Ghanaians, and this
may represent an ethnicity-specific predisposing factor
[13,18,19]. However, there is limited data on the
association  between  genotypic  frequencies  of
CYP2B6¢.983T > C and its association with nevirapine-
induced hypersensitivity among HIV patients in Ghana.

Primarily, CYP2B6 and CYP3A4 metabolise NVP to 2-
hydroxynevirapine (OH-NVP), 3-OH-NVP, 8-OH-NVP,
and 12-OH-NVP. However, reactive metabolite, 12-
sulphoxynevirapine (12-SUL-NVP) from the SULTs
biotransformation of 12-OH-NVP is also known to be a
major contributory factor of NVP Hypersensitivity [20,21].
Highly polymorphic sulfotransferase 1A1 (SULT1AL) is
marked with differences in their variants with significantly
reduced enzyme activity [22]. SULT1A1c.638G > A
polymorphism may cause R213H amino acid change and
consequently result in significantly reduced enzyme
activity [22]. In vitro analysis shows that the mutagenicity
of 12-OH-NVP to induce hypersensitivity is dependent on
SULT1A1 (14). Despite its major role SULT1A1 in 12-OH-
NVP clearance [21], SULT1A1 has not been investigated as
to whether its polymorphism may have a possible impact
on developing NVP-hypersensitivity. Little is known
regarding genetic risk factors for nevirapine-induced
hypersensitivity in sub-Saharan Africa [13]. CYP2B6 516G
> T and CYP2B6c.983T > C have been reported to be
significantly associated with an increased risk of
developing nevirapine hypersensitivity in Malawian,
Mozambique and Ugandans [13,16].

Consequently, the genetic variations among ethnic groups
across different regions require that CYP2B6¢.983T > C
and SULT1A1c.638G> A polymorphisms and their
association with  NVP-hypersensitivity ~ should be
investigated among the Ghanaian population. We
genotyped CYP2B6¢.983T > C and SULT1A1c.638G > A
using PCR-RFLP to determine the association of these
alleles to NVP-hypersensitivity in Ghanaian HIV-1
infected patients.

MATERIALS AND METHODS

Study population and sites

This prospective cohort study involved seventy nevirapine-
naive HIV-1 patients who started nevirapine-based HIV
therapy and were clinically evaluated for at least a year at
the Korle-Bu Teaching Hospital, Ghana. Blood samples
were tested for alanine and aspartate aminotransferase
activity, and DNA was genotyped for CYP2B6 and
SULT1A1 variants. Inclusion criteria included patients 18
years and above who had NVP as their first exposed ART
drugs as part of their treatment at the clinic. The study
excluded patients who were co-infected with hepatitis
before NVP initiation and patients previously on different
ART before switching to NVP-based ART. Participants
with elevated serum transaminase levels (>33 U/L for males
and > 25 U/L for females) and high CD4+ T-cells (> 350
cells/uL in females and > 400 cells/pL in males) prior to
NVP therapy were excluded. Pregnant women and patients
presenting with jaundice were also excluded from the study.
Socio-demographic data were obtained from hospital
records.

HIV-1  patients who  developed  NVP-induced
hypersensitivity after six months of initiating NVP were
recruited as cases, while those who were NVP-tolerant as
the controls. Hypersensitivity was characterised as NVP-
induced skin rash (confirmed by a dermatologist), and
elevated liver enzymes (aspartate aminotransferase, AST
activity > 33UJ/L; alanine aminotransferase, ALT activity >
33 U/L for males and > 25 U/L for females). On every
follow-up visit, clinical assessments were combined with a
physical examination by the dermatologist to identify skin
rash (allergic reaction caused by NVP), fever, anaemia,
Steven Johnson Syndrome, or toxic epidermal and
necrolysis caused by NVP. AST and ALT levels were
measured in 500 ul serum from patient using the RXmonza

Semi-Automated Chemistry  Analyzer (Randox
Laboratories Ltd, United Kingdom). Following the
manufacturer’s (Randox Laboratories Ltd., United

Kingdom) protocol, the reagents were reconstituted. 50 ul
of the serum was added to 500ul of working reagent and
vortexed briefly. The manufacturer’s protocol was followed
to calculate the AST and ALT serum levels after three
absorbance values were taken at 1-minute intervals. Patients
were characterised for two key functional single nucleotide
polymorphisms (SNPs): CYP2B6¢.983T > C (rs28399499)
and SULT1A1c.638G >A (rs9282861).

SNP Genotyping

Genomic DNA was extracted from each whole blood
sample using a Quick-gDNA Blood Miniprep (Ingaba
Biotechnical, Pretoria, South Africa) according to the
manufacturer’s instructions. The eluted genomic DNA
(stored at -20 °C) was used to genotype the specific alleles
of interest. Genotyping of the specific alleles for
CYP2B6¢.983T > C and SULT1A1c.638G > A was
performed using PCR-RFLP as previously described
[23,24], with some modifications. For CYP2B6¢.983T > C,
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annealing temperature was 58 °C for 30 secs and a final
PCR reaction volume of 20 ul was used. CYP2B6¢.983T >
C primers used were 5’AGGAATCCACCCACCTCA
AC3’ and 5’GATAAGGCAGGTGAAGCAATCA3’ as
forward and reverse, respectively.

PCR for CYP2B6¢.983T > C was in a 20 pl total reaction
volume. The reaction mixture was made up of One Taq
Quick-Load 2X Master Mix Standard Buffer (New England
Biolabs), 10 uM forward (5’ AGGAATCCACCCACCTC
AAC3’) and reverse (S’GATAAGGCAGGTGAAGCAAT
CA3’) primers, nuclease-free water, genomic DNA. Two
per cent (2 % wi/v) agarose gel stained with ethidium
bromide was used to separate DNA fragments after PCR.
Five microliters (5 ul) aliquot of the PCR product already
containing a loading dye were loaded into each well in the
agarose gel with 1X Tris cetic acid Ethylene diamine tetra-
acetic acid (TAE) buffer. The setup was electrophoresed at
110 V for 40 minutes, visualised by an ultraviolet
transilluminator and photographed. Aliquots of the PCR
product were digested with the appropriate restriction
enzyme (BsAml) (New England Biolabs) in a 15 pl total
mixture. The reaction mixture in a sterile Eppendorf tube
was incubated in a water bath for 2 hours at 55 °C. Two per
cent (2% wi/v) agarose gel (stained with ethidium bromide)
electrophoresis was run at 110 V for the identification of
the restriction fragments. A 100 bp DNA ladder was run on
each gel to allow for fragment size determination.

For SULT1A1c.638G > A, the primers used were
5’GTTGGCTCTGCAGGGTTTCTAGGA3’ and 5’CCCA
AACCCCCTGCTGGCCAGCACCC3’ as forward and
reverse primers respectively. The PCR reaction was
performed in a 24 pl total reaction volume. The reaction
mixture was made up of One Taq Quick-Load 2X Master
Mix Standard Buffer (New England Biolabs), 10 uM
primers, nuclease-free water and genomic DNA. Two per
cent (2% w/v) agarose gel stained with ethidium bromide
was used to separate DNA fragments after PCR. Five
microliters (5 ul) aliquot of the PCR product already
containing a loading dye was loaded into each well in the
agarose gel with 1X TAE buffer. The setup was
electrophoresed at 110 V for 40 minutes using a mini-gel
system, visualised by ultraviolet transillumination and
photographed. Aliquots of the PCR product were digested
with the appropriate restriction enzyme (Haell) (New
England Biolabs) in a 20 pl total mixture. The reaction
mixture in a sterile Eppendorf tube was incubated in a water
bath for 3 hours at 37 °C. Three per cent (3% w/v) agarose
gel (stained with ethidium bromide) electrophoresis was
run at 110 V for the identification of the restriction
fragments. A 100 bp DNA ladder was run on each gel to
allow for fragment size determination.

Statistical analysis

The data obtained were analysed using Stata® version 14.2.
CYP2B6c¢.983T > C and SULT1A1¢.638G > A alleles and
genotypes were summarised as frequencies and
proportions. Logistic regression was used to explore the

association between the observed genotype and NVP
hypersensitivity at a 95% confidence interval. A p-value
less than 0.05 was considered statistically significant.

RESULTS

Table 1 summarises the baseline clinical and demographic
characteristics of the study participants. The majority
(77.1%) of the study participants were females. The mean
age of the participants was 38 £ 9.47 years with most of the
participants between the ages of 31 - 49 years. A proportion
of 17.1% developed NVPhypersensitivity (cases) while
82.9% were NVPtolerant (controls).

Figure 1 and Figure 2 represent PCR-RFLP Gel
electrophoregram for CYP2B6¢.983T > C and
SULT1A1c.638G > A respectfully. In Figure 1, the
amplicon of size 759 bp was digested with endonuclease
BsmAl resulting in fragments size 759 bp for extensive
metabolisers, 637 bp for intermediate metabolisers and 759
bp and 637 bp for poor metabolisers. In Figure 2, the
amplicon size of 333 bp was digested with endonuclease

Table 1. Patient Demographics

Data Characteristics at baseline Value

Age, mean + SD, years 38.0+9.5
Gender, number (%)

Male 16 (22.9)
Female 54 (77.1)
Body Mass Index, mean + SD, Kg/m? 200+2.8
CD#4 cell count, mean + SD, cells/mm?® 122.7 £112.7
Alanine aminotransferase, mean + SD, U/L 29.4+216
Aspartate aminotransferase, mean + SD, U/L  44.8 +34.7

L 12

34567 8 9101112131415

1000 bp
500 pb 33bp
e 165/
1005 165/168 bp

Figure 2: SULT1A1c.638G>A PCR-RFLP Gel electrophoregram.

A 3% agarose gel electropherogram showing RFLP results for
SULT1A1 638G>A using Haell restriction enzyme. L= 100 bp
molecular ladder, Lane 1 and 8 = mut/mut (A/A), Lane = 2, 3, 4,
5,7,9-12 and 15 = wt/wt (G/G). Lane = 6, 13 and 14 = wt/mt =
(GIA).
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Haell resulting in fragment. In Figure 2, the amplicon size
of 333 bp was digested with endonuclease Haell resulting
in fragment sizes 168 bp and 165 bp as extensive
metabolisers, 333 bp, 168 bp and 165 bp as intermediate
metabolisers and 333bp as poor metabolisers. Genotype
frequencies summarised in Table 2 show that the T/T
(extensive  metabolisers) and T/C (intermediate
metabolisers) of CYP2B6*18¢.983T > C variant alleles
were present in 0.943 and 0.057 of the study participants
respectively. No C/C (Poor metabolisers) were identified
among the study participants. For the SULT1A1c.638G > A
variant, the G/G (extensive metabolisers), G/A
(intermediate metabolisers), and A/A (poor metabolisers)
were present in frequencies of 0.614, 0.343, and 0.043,
respectively. CYP2B6¢.983T > C and SULT1A1c.638G > A
were not associated with the development of NVP
hypersensitivity.

L1234567891011121B3K415

1000 bp —4
Ll E W3 bp
0y 163/168 bp

Figure 2. SULT1A1¢.638G > A PCR-RFLP Gel
electrophoregram.

DISCUSSION

The use of nevirapine in many developing countries has
been associated with induced hypersensitivity reactions,
and this is a contributory factor for patients defaulting to
therapy. Genetic variants of CYP2B6 and SULT1A1 may
affect NVP metabolism and predispose patients to
developing NVP hypersensitivity [5,13]. CYP2B6¢.983T >
C has been associated with the developing of NVP-
hypersensitivity in some African populations [13,16].
SULT1A1 sulfonation of 12-OH-NVP to 12-SUL-NVP,
where 12-SUL-NVP forms adducts with proteins in the
liver and skin, could also be a pathway for NVP-
hypersensitivity [25]. We genotyped CYP2B6 and
SULT1A1 variants to determine if CYP2B6¢.983T > C and
SULT1A1c.638G > A variant could be associated with the
development of NVP hypersensitivity in the Ghanaian
population.

For CYP2B6c.983T > C, the extensive metabolisers
(CYP2B6 983T/T) were more than the intermediate
metabolisers (CYP2B6 983T/C) with no poor metaboliser
genotype (CYP2B6 983C/C) recorded. The absence of poor
metabolisers (CYP2B6 983C/C) in our study was not
unusual, as similar findings have been reported in other
African populations [12,26]. On the contrary, Maseng
Tawe [27] recorded a frequency of 0.092 for poor
metabolisers in Botswana, while Kwara and Lartey [28]
reported a very low genotypic frequency of 0.001 for poor
metabolisers in the Ghanaian population. This may imply
that although the variant allele is prevalent in Africans, the
poor metabolisers may be rare in the Ghanaian population.
In the absence of therapeutic monitoring, reduction in NVP
among CYP2B6*18 poor metabolisers is recommended in
order to minimise NVP-induced ADR [29]. The

Table 2. Genotype and Allele frequencies of CYP2B6¢.983T > C and SULT1A1¢.638G > A in HIV-1 patients

Cases (n = 12)

SNP Characteristics ~ Genotype  Phenotype Frequency (%)
CYP2B6c.983T >C  T/T Extensive 11 (91.7)
(rs28399499) Metabolizer
TIC Intermediate 1 (8.3)
Metabolizer
C Minor allele 1 (4.2)
SULT1A1c.638G > GI/G Extensive 8 (67.0)
A Metabolizer
(rs9282861)
G/IA Intermediate 4 (33.3)
Metabolizer
AIA Poor 0 (0.0)
Metabolizer
A Minor allele 4 (16.7)

Cases; Nevirapine-Hypersensitivity, Control; Nevirapine-tolerant, Cl; confidence interval, p-value < 0.05 is considered significant.

Control All (n =70)

(n=58)

Frequency (%) Frequency (%) OR[95% CI]  p-value

55 (94.8) 66 (94.3)
1.00

3(5.2) 4(5.7) 1.667 (0.029- 0.668
22.915)

3(2.6) 4(2.9) -

36 (62.0) 43 (61.4) 1.00

19 (32.8) 24 (34.3) 0.947 (0.185-  0.936
4.127)

3(5.2) 3(4.3) NE 0.418

25 (21.6) 30 (21.4) -
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intermediate metabolisers are associated with higher
plasma NVP levels or decreased nevirapine clearance as
well as a higher risk of developing NVP-hypersensitivity
compared to the extensive metabolisers [12,16,30,31]. The
CYP2B6*18¢.983T > C variant frequency (0.029) observed
in our study is similar to those observed in African-
Americans (0.029) and the Ghanaian populations (0.031)
[19] but a slightly lower frequency of 1.6% observed in the
Guinea population [18]. However, this variant was absent
in Papua New Guinea, Caucasian-Americans and Asian-
Americans [18]. This is an indication that there is a genetic
variation between Africans and Caucasians for CYP2B6
metabolising enzymes, hence variations in response to
drugs metabolised by CYP2B6.

We report that CYP2B6c.983T > C variant was not
statistically ~ associated  with  developing  NVP-
hypersensitivity, contrary to what has been observed in
other African populations [13,16]. CYP2B6 functional
polymorphism 983T > C can be linked with 785A > G as a
CYP2B6*16 allele, resulting in a haplotype effect [18].
CYP2B6*16 is known to be common among Africans [32],
hence a significant association of the CYP2B6*18 to
nevirapine hypersensitivity could be a haplotype effect of
CYP2B6*16. In a study, CYP2B6c.516G > T and
CYP2B6¢.983T > C together were associated with up to
five-fold higher mean plasma efavirenz (EFV) plasma
concentrations, suggesting an additive effect of these
polymorphisms [32]. Nuclear receptor genes NR112 and
NR113, which regulate the transcription of CYP2B6, may
also be possible genetic risk factors of NVP-
hypersensitivity, although we did not consider these
regulatory genes in our study.

SULT1A1 638 G > A has been studied among patients on
HIV therapy and shown to significantly impact EFV plasma
concentration [33,34]. The observed SULT1A1c.638G > A
frequency of 0.214 was similar to those reported in African
Americans [35]. SULT1A1c.638G > A poor metabolisers
are expected to lead to a decreased reactive metabolite (12-
SUL-NVP) plasma concentration, resulting in a low risk of
developing NVP-hypersensitivity [20]. We report that
SULT1A1c.638G > A variant was not statistically
associated  with  developing  NVP-hypersensitivity.
Likewise, in a study by Sharma Novalen [25], the use of
dehydroepiandrosterone, a SULT1Al inhibitor, did not
prevent NVP-hypersensitivity, although there was a
decreased plasma concentration of 12-OH-NVP.
Inactivation of 12-OH-NVP could be due to other phase Il
metabolising enzymes. The 12-OH-NVP which is a
substrate for SULT, can also be metabolised to 4-carboxy-
NVP, escaping the SULT metabolising pathway (21). The
risk of developing NVP-hypersensitivity is high in patients
with combined null genotypes of glutathione S-transferase
(GSTT1 and GSTM1) [36]. CYP2B6*16 haplotype and
other phase Il metabolising enzymes may be contributory
factors to developing NVP-hypersensitivity.

Conclusion

This study has reported for the first time, the prevalence of
SULT1A1c.638G > A among the Ghanaian population.
CYP2B6¢.983T > C and SULT1A1c.638G > A variants
were  not  associated  with  nevirapine-induced
hypersensitivity among the patients. The poor metaboliser
genotype (CYP2B6 983C/C) was not detected and may be
very rare in the Ghanaian population.
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