
ОРИГИНАЛЬНЫЕ ИССЛЕДОВАНИЯ / ORIGINAL RESEARCH

УДК 616.98:578.828.6 
http://dx.doi.org/10.22328/2077-9828-2022-14-3-65-76 

PHARMACOGENETIC EFFECTS OF SINGLE NUCLEOTIDE POLYMORPHISMS 
COMMONLY ASSOCIATED WITH ANTIRETROVIRAL THERAPY METABOLISM 

A. Bazhenova*, K. Mironov, A. Kravchenko, V. Akimkin 

Central Research Institute of Epidemiology, Moscow, Russia 

Introduction. Identification of pharmacogenetic effects on antiretroviral therapy (ART) has become an important milestone to 
reach in the advancement of personalised treatment for HIV-positive patients. The therapy schemes are accompanied by mul-
tiple side effects. Therapy effectiveness and adverse reactions can be dictated by individual genetic predisposition factors, which 
should be taken into account for an optimal prescription. Some genetic markers (HLA-B*57:01 and UGT1A1*28), were 
already proven to improve discontinuation rates, and efforts are allocated to expand the range of clinically-relevant genetic tests. 
Objective. In this review, an updated summary of genetic polymorphisms and their effects defining patients’ tolerability to ART 
is presented. The aim of this research is to assess single nucleotide polymorphisms (SNPs) present in the genes that encode 
proteins involved in ART metabolism and transport. This review will be used to develop a PCR-based testing methodology for 
the detection and confirmation of risk alleles in the Caucasian population. 
Materials and methods. Data from 46 original research papers and reviews was analysed. Allele frequencies of the most rele-
vant polymorphisms were checked against the data for European population. 
Results. As an outcome of this review, a few most promising SNPs were selected for future research. Firstly, ABCC4 rs1751034 
and rs3742106 and ABCC10 rs9349256 and rs2125739 were associated with an increased risk of renal impairment, higher 
plasma concentration, and toxicity when treated with tenofovir. Parallel analysis of ABCC4 and ABCC10 SNP effects on renal 
impairment together with CYP24A1 rs2248359 that was recently reported as a potential renal toxicity marker might be more 
informative. Secondly, CYP2B6 rs3745274 that was associated with an increased efavirenz plasma concentration, and 
increased risk of liver and CNS toxicity should be evaluated. SNPs in CYP2B6, CYP2A6 (rs28399433), and CYP3A4 
(rs4646437) should be evaluated in parallel since possession of all three variants might put patients at a much higher risk. 
Conclusion. Identified alleles could become new markers used in drug prescription protocols if significant effect in Caucasian 
population will be found. The most relevant SNPs should be tested in in supporting future studies to evaluate the significance 
for patients with HIV in Russia. 
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Введение. Определение фармакогенетических особенностей при назначении антиретровирусной терапии (АРТ) является 
важной составляющей персонализированного лечения ВИЧ-позитивных пациентов. АРТ может приводить к развитию 
различных нежелательных явлений (НЯ). Эффективность терапии и возникновение НЯ могут быть обусловлены генети-
ческой предрасположенностью, которую следует учитывать при выборе схемы АРТ. Некоторые известные аллели (HLA-
B*57:01 и UGT1A1*28) связаны с развитием НЯ и прекращением приема АРТ. В настоящее время важной клинической 
задачей является расширение спектра клинически значимых генетических тестов. 
Цель. В обзоре представлены данные об эффектах генетических полиморфизмов, влияющих на переносимость АРТ. 
Проведен анализ данных об однонуклеотидных полиморфизмах (SNP) в генах, участвующих в метаболизме и транспорте 



Introduction. 
The trend of in-clinic uses of antiretroviral thera-

pies. Modern European and American guidelines 
suggest that Tenofovir Disoproxil fumarate (Tenofovir, 
TDF); Lamivudine (3TC); Emtricitabine (FTC); 
Dolutegravir (DTG); Efavirenz (EFV); and Abacavir 
(ABC) should be the most prescribed drugs as initial 
antiretroviral therapy (ART)1 [1]. Most recently 
included newer drugs, Bictegravir (BIC) and Tenofovir 
Alafenamide (TAF) are consistently mentioned but 
expected to be less prevalent in clinical use due to 
such recent adoption. Clinical guidelines in Russia 
aim to adhere to global standards, and there are estab-
lished prescription plans in place2. According to the 
2020 ART monitoring report issued by Treatment 
Preparedness Coalition (ITPC), by far the most popu-
lar first-line drugs in Russia are 3TC, TDF, and EFV 

An additional first-line treatment scheme was includ-
ed that contains DTG (substitutes EFV in combina-
tion with 3TC (or FTC)+TDF), but its use is not as 
high, comparatively. ABC and Zidovudine (ZDV) are 
the most prevalent among the rest of the available 
options. For example, first-line alternative schemes 
have either TDF substituted for ABC, or DTG substi-
tuted for EFV. Nevirapine (NVP) is now classed as a 
second-line treatment option, further reducing its use. 
The recent update now includes TAF, which is less 
toxic than TDF, and despite its inclusion, TAF use is 
still very limited even on a global scale, while in Russia 
it has only recently been listed as an essential drug. 
EFV remains the most purchased «third agent», fol-
lowed by DTG, 3TC/Ritonavir (RTV), Atazanavir 
(ATV), and others3. It is not advised to prescribe EFV 
in the regions with a high prevalence of primary drug 
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АРТ. Результаты обзора предполагается использовать для разработки основанных на полимеразной цепной реакции 
методик определения аллелей риска в европейской популяции. 
Материалы и методы. Проанализированы данные 46 публикаций. При анализе учитывались данные о частотах аллелей 
SNP в европейской популяции. 
Результаты. Выбрано несколько наиболее перспективных SNP. Полиморфизмы в генах ABCC4 (rs1751034, rs3742106) 
и ABCC10 (rs9349256, rs2125739) связаны с повышенным риском нарушения функции почек, обусловленного более 
высокой концентрацией в плазме крови препарата тенофовир. Показана эффективность одновременного исследования 
SNP в этих генах и CYP24A1 (rs2248359) как потенциального маркера нефротоксичности. Полиморфизм в гене CYP2B6 
(rs3745274) связан с повышением концентрации эфавиренца в плазме крови, повышенным риском гепатотоксичности 
и развития НЯ со стороны ЦНС. SNP в CYP2B6, CYP2A6 (rs28399433) и CYP3A4 (rs4646437) следует исследовать вме-
сте, поскольку все три SNP ассоциированы с высоким риском развития НЯ. 
Заключение. Описанные аллели SNP являются новыми диагностическими маркерами, которые могут быть использова-
ны при назначении АРТ. Для оценки их клинической значимости и перспектив практического применения у пациентов 
с ВИЧ-инфекцией в России требуется проведение дополнительных исследований. 
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resistance to NNRTIs (more than 10%) and a resist-
ance test is recommended prior to treatment1. It is 
recommended to lower EFV treatment dose to 400mg 
due to its better tolerability, a lower risk of side effects, 
and treatment discontinuation, while a previous stan-
dard 600mg dose is recommended in special cases or 
as a «third agent», and thus, the future proportions of 
these medicines in use are expected to be adjusted 
accordingly. Expansion of DTG and FTC use in the 
clinic is also stated as desired. In summary, the most 
prescribed treatments include lamivudine (3TC), 
tenofovir (TDF), and efavirenz (EFV). Abacavir (ABC) 
and dolutegravir (DTG) share second place, with 
potentially increasing use of DTG in the near future2. 

Although personalised approach to ART prescrip-
tion is currently limited and remains a medium to a 
long-term goal for clinical application, it is important 
to evaluate the influence of genetic factors on treat-
ment outcomes to improve treatment efficacy and 
safety. Population-focused pharmacogenetic research 
benefits the identification of exclusive high-risk geno-
types and the development of more individualised 
standards of care. 

Materials and methods. Publications for this review 
were sourced from PubMed, Google Scholar, and 
Ensembl between July and September 2021 (n=46, 
original studies and reviews published from 2008 to 
2021). Sourced publications primarily covered the 
most commonly researched pharmacogenetic associa-
tions for TDF, EFV, DTG, and 3TC. Allele frequencies 
of the most relevant polymorphisms were checked 
against the data from dbSNP for European population. 
Associations of relevant polymorphisms with possible 
effects of these and other drugs were summarised in 
Table. The search included combinations of terms: 
HIV, polymorphisms, pharmacogenetics, antiretrovi-
ral therapy and antiretroviral drug names. Inclusion 
criteria concerned the indication of defined SNPs and 
their pharmacogenetic effect in the context of popular 
ART regimens. Selected papers described associations 
of SNPs and ART drugs and their direct or indirect 
effects. Caucasian and Asian adult populations were 
included in the analysis. To meet suitability criteria for 
future research, studies of African population and of 
uncommon SNPs for Caucasian population were 
excluded due to pharmacogenetic discrepancies. 
Subsequent analysis of reported genes and their 
impact on individual pharmacological responses and 

the risk of side effects was carried out. Based on this 
evaluation, a recommendation for molecular marker 
detection kits was concluded. 

Results and discussion. 
Paving the path to HIV pharmacogenetics. 

Parameters of successful treatment are not limited to 
effective viral load suppression and good immune recov-
ery in patients. High tolerability and high barrier of 
resistance drive the expedient therapy allocation strate-
gies. Response to a drug can be negatively affected by 
individual genetic predisposition factors, which differ-
ently affect drug disposition, activity, and consequently, 
tolerability. Therefore, pharmacogenetic research plays 
a central role to achieve therapy personalisation. 

Presently, the only molecular genetic test approved 
for clinical guidelines for HIV treatment is the HLA-
B*57:01 test. It checks for the presence of the human 
leukocyte antigen allele, HLA-B*57:01, which is 
strongly associated with a hypersensitivity reaction 
(HSR) to ABC (NRTI). The assay tends to be more 
informative for non-black ethnicities with negative 
and positive predictive values of up to 100% and 
70%, respectively [2, 3]. Currently, a test is recom-
mended for every patient to be prescribed ABC. The 
effectiveness of the test stimulates researchers to 
seek the most adaptable methods with similar predic-
tiveness. Recent research confirmed a possibility to 
substitute HLA-B*57:01 genotyping by qPCR 
screening for an SNP in the HLA complex protein 5 
gene [4,5]. In the Spanish patient cohort (n=226) 
results demonstrated absolute concordance between 
HLA-B*57:01 and the HCP5 rs2395029 G allele [5]. 
Antibody-based mononuclear cell screening method 
was also recently suggested [6]. A novel rapid PCR-
based method may also benefit many patients if it 
gets validated [7]. The sensitivity, utility, and lower 
cost of rapid PCR-based approaches should allow to 
rise the rate of risk-allele screening globally. 

Another genetic association was drawn between 
variations in thymine–adenine (TA) repeats within the 
promoter region of the UGT1A1 gene and the risk of 
hyperbilirubinemia when ATV is administered [8,9]. In 
Caucasians, UGT1A1*28 is a prevalent risk allele, and 
it even was investigated as a diagnostic test in Russia 
and included as a supporting test for hyperbilirubine-
mia correction in patients taking ART. Consideration 
of UGT1A1*28 (rs8175347) homozygosity was 
unveiled to lower ATV discontinuation rate in patients 
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down to 4,7%, and it was recommended for patients 
with high bilirubin levels detected prior to, or in the 
duration of treatment [10]. ATV-associated hyperbiliru-
binemia is also linked with UGT1A1*80 rs887829 
allele (which is in very strong linkage disequilibrium 
(LD) with UGT1A1*28), baseline bilirubin levels, and 
baseline haemoglobin level, while is best predicted 
using all these factors combined [11, 12]. Clinical 
Pharmacogenetics Implementation Consortium 
(CPIC) reported a 60% positive predictive value of 
rs887829 T/T for bilirubin-associated ATV discontinu-
ation in White patients, which supports its use as a 
potential marker [8]. Multidrug-resistance protein-
coding genes are associated with toxicity of a popular 
NRTI (TDF). 

Polymorphisms in multidrug-resistance pro-
tein-coding genes are associated with TDF-
induced toxicity. Multidrug-resistance proteins 
(MRP) are the members of ATP-binding cassette 
efflux transporters, which interact and influence ART 
distribution and excretion [13]. While MRP 4 often 
acts as the main transporter, polymorphisms in other 
MRP genes may alter pharmacokinetics of different 
ART drugs, especially TDF, where certain mutations 
lead to an increased risk of renal toxicity (TDF impos-
es a compound risk of kidney disease and osteoporo-
sis, and is avoided in patients with these conditions, 
according to USA clinical guidelines). Most associa-
tions were linked with SNPs in the genes coding for 
MRP2 (ABCC2), MRP4 (ABCC4), and MRP7 
(ABCC10). 

ABCC2: rs717620 and rs2273697. MRP 2 is not 
involved in the direct transport of TDF, but its vari-
ants might predispose renal toxicity issues and risk of 
kidney tubular dysfunction (KTD). However, results 
found for the associated SNPs (rs717620 and 
rs2273697) are conflicting, which complicates their 
evaluation. A study from Madrid (n=115) suggested 
a strong link between rs717620 CC genotype and 
KTD [14]. As well as that, in the Thai population 
(n=117) CC genotype was reported to impose a 
higher risk of decreased glomerular filtration rate 
(GFR), but this effect was also associated with high 
TDF plasma levels independent of the genotype [15]. 
A recent UK-based study (n=58) also found a link 
between the CC genotype and KTD. However, 
instead of imposing a risk, it was negatively associat-
ed with the concentration of a KTD marker, urinary 
Retinol-Binding Protein (RBP) [16]. There are con-
flicting results on whether a possession of rs717620 
and rs2273697 SNPs correlates with pre-existing 

tubular dysfunction in patients or not [17]. Recent 
research of these SNPs in 179 patients in Milan 
reported a lack of association of ABCC2 with TDF-
induced kidney impairment [18]. Another large study 
on the Japanese population (n=703) carried out on 
treatment-naïve Japanese HIV-1-infected patients 
reported that rs717620 (C/C) and rs2273697 (A/A) 
were not associated with TDF-induced nephrotoxicity 
[19]. Results seem to be different partially due to 
divergence in clinical outcomes used as KTD markers 
and in sample sizes. More work is needed to better 
define possible predictors of TDF-associated renal 
disorders in the ABCC2 gene. 

ABCC4: rs1751034, rs3742106 and rs1059751. 
Contrastingly, researched polymorphisms in the 
ABCC4 gene show less dissimilarity in results. Cheli 
et al. found a significant association with the ABCC4 
rs3742106 G allele and decrement in estimated 
GFR, as well as the increase in the mean TDF plasma 
concentration and TDF discontinuation for toxicity, 
in line with a previous study by Rungtivasuwan et al. 
who also observed a 30% increase in the mean TDF 
plasma concentration in Thai HIV-infected patients 
with rs3742106 TG/GG genotype [18, 20]. This vari-
ant may be associated with a reduced expression and/ 
or function of the transporter [19]. A different study in 
the Thai population (n=273) associated ABCC4 
rs1059751 SNP with increased TDF plasma concen-
trations and TDF-induced renal toxicity [21]. 

Cheli et al. also suggested that c. 3348 AA geno-
type in ABCC4 rs1751034 was associated with higher 
TDF plasma concentrations, which was in line with 
the study result by Rungtivasuwan et al. (n=342) 
who showed lower oral clearance for AA genotype, 
but at position c. 3463 [18, 22]. This result was in 
disagreement with the previous study by 
Rungtivasuwan et al, as well as by Kiser et al. where 
G allele was mentioned instead, however, those stud-
ies were carried out on smaller patient groups 
(n=150 and n=30, respectively) [20, 23]. 
Nevertheless, GG genotype was also more prevalent 
in another cohort of Italian patients (n=158) who had 
TDF-associated KTD [24]. Therefore, for rs1751034 
c.3348/c.3463 a conclusion needs to be drawn in 
terms of result heterogeneity. 

ABCC10: rs9349256 and rs2125739. 
Polymorphism in the ABCC10 gene (encoding MRP 7) 
c. 1875+526G>A (rs9349256) is also a marker of renal 
impairment. In the same study by Cheli et al. allele G 
was carried more frequently by those patients who had 
an annual eGFR decrement >5 mL/min/1.73 m2, and 
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the main risk factor resulted to be body mass index 
(BMI), eGFR, and concurrent use of protease 
inhibitors (PIs) [18]. ABCC10 rs2125739 C allele has 
been associated with significantly lower plasma con-
centrations of NVP in White HIV+ patients, and there-
fore, lower effectiveness [25]. This SNP was not associ-
ated with renal toxicity of HIV-infected patients [24]. 
However, an earlier study in Madrid confirmed a link of 
this SNP to KTD, and another single patient case 
linked this SNP to TDF-induced KTD [26, 27]. 
ABCC10 rs9349256 A allele and ABCC10 rs2125739 С 
allele could be potential risk factors for renal impair-
ment for patients treated with TDF. 

Nonetheless, a recent randomised controlled trial 
in Europeans reported no significant association 
between ABCC10 or ABCC2 SNPs and TDF oral 
clearance or renal failure, probably because previous 
renal function parameters were not replicated. 
Instead, they found the risk of decreased glomerular 
function to be linked with higher AUC0–24 and plas-
ma maximum concentration but based on 2.9% of 
patients only [28]. The ABCC4 and ABCC10 variants 
should be tested and evaluated as predictors of TDF-
induced toxicity. ABCC10 rs2125739 should be fur-
ther evaluated for its effect on NVP plasma concen-
trations. 

Cytochrome P450 proteins: effect of genetic 
polymorphisms on NNRTI metabolism (EFV). 

CYP2B6: rs3745274. The CYP2B6 is a member of 
the cytochrome P450 superfamily and is involved in 
the PIs, the NNRTIs, and the INSTIs classes metab-
olism. Members of the CYP450 system interact with 
most metabolized drugs and are pharmacogenetically 
related to a growing number of those. EFV and NVP 
are principally metabolized by cytochrome P450 2B6 
[29]. The gene that encodes CYP2B6 is highly poly-
morphic. Variations in CYP2B6 can predict pharma-
cokinetic characteristics of its substrates, for exam-
ple, the 516G>T variant (rs3745274) results in lower 
enzymatic activity and has been linked to EFV and 
NVP toxicities [30]. Two SNPs, CYP2B6 516G>T 
and 983T>C, are the most studied and their clinical 
relevance has been reported, however, the latter is 
almost never observed in Caucasians, it is an ethnic-
specific predisposing factor. 

A study on the American population (n=95) report-
ed better viral load suppression in female patients het-
erozygous or homozygous for minor T allele in 
rs3745274 [30]. However, an association of this allele 
with minor toxicities increases the risk for switching 
NNTRI-based treatment regimen for alternatives 

(Rotger et al, 2005; Gallien et al, 2017). Another 
study evaluated CYP2B6 SNPs on 134 HIV-infected 
Thai adults treated with EFV concluded that CYP2B6 
6*/6* haplotype (TT genotype) may have increased 
susceptibility to hepatotoxicity with EFV [31]. 

In 2019, CPIC® has published a Guideline for 
CYP2B6 and EFV, which was mainly based on previ-
ous studies into 516G>T and 983T>C SNPs [32]. 
They have classified patients possessing certain alle-
les as NM: normal metabolizer; IM: intermediate 
metabolizer; PM: poor metabolizer; RM: rapid 
metabolizer; UM: ultrarapid metabolizer. PMs car-
ried TT alleles and were defined as being at greatest 
risk for higher dose-adjusted trough concentrations 
compared with NMs and IMs, and greater overall 
plasma EFV exposure, which puts these patients up 
to a 4.8-fold increased risk for adverse effects and 
treatment discontinuation. On the other hand, RM 
and UM profiles may impose a higher risk of develop-
ing drug resistance to EFV, but it is yet to be proven 
in the Caucasian population [29]. In other studies, 
the deficient CYP2B6 516G>T allele was also associ-
ated with higher EFV plasma drug levels and more 
frequent CNS-related symptoms in the Caucasian 
population. [11, 33] However, in the Thai population 
a different CYP2B6 polymorphism, c.18492T>C, was 
associated with lower EFV concentrations, but par-
ticularly in patients with high body weight who are 
coinfected with tuberculosis and who carry CYP2B6 
haplotype 1*/1* [34, 35]. This might be a risk factor 
for successful virus suppression but needs to be con-
firmed in other populations. 

While CYP2B6 is a primary metabolic pathway for 
EFV, the cumulative influence of malfunctioning 
CYP2B6 and accessory pathway elements CYP2A6 
(rs28399433 T>G) and CYP3A4 (rs4646437 C>T) 
may seriously impair EFV plasma clearance. 
Polymorphisms in these genes were associated with a 
higher risk of EFV discontinuation [36–39]. 
However, evaluation of accessory metabolisers and 
their pharmacogenetics can be misleading and less 
informative without parallel analysis of the CYP2B6 
pathway [38]. These discoveries suggest that adverse 
events and EFV dose selection could be predicted by 
CYP2B6 variant testing, however, it is likely to be 
more informative when CYP2A6 and CYP3A4 analysis 
is taken into account. 

As was mentioned earlier, CPIC recommendations 
for CYP2B6 genotyping to predict the course of drug 
metabolism in patients may aid optimal dose selec-
tion. Low EFV concentrations mitigate the risk of 
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high plasma levels in PM and IM, so this test could 
be clinically relevant for patient groups prescribed 
EFV in 600 mg dosage, and also for identification of 
high-risk-of-resistance genotypes for whom the ini-
tial dose should be lowered. It could help to minimise 
the risk for the poor metabolizers to suffer from 
adverse effects imposed by an increased EFV plasma 
exposure and from developing resistance. 

Conclusion. Routine application of diverse molecu-
lar testing methods for optimised prescription is not yet 
established, since the clear justification of the added 
benefit to standard laboratory testing, or even therapy 
switching, must be in place. Nevertheless, person-
alised medicine is a growing trend, and research into 
genetic polymorphisms aids to build a clearer picture of 
key factors that negatively affect treatment tolerability. 
It would be especially important to consider serious 
adverse effects that may be related to SNP possession 
in patients lacking any underlying conditions. Only 
highly interpretable and accurate tests with evident 
benefits may be successfully transferred from the dis-

covery stage into the clinic. Continued generation of 
quantitative data that proves genetic associations with 
various side effects will eventually innovate ART alloca-
tion guidelines. Since pharmacogenetic effects may 
vary substantially between populations, testing ideally 
should be adapted for a specific population. It is also 
important to note that carefully defined sets of SNPs or 
scoring algorithms would be more informative instead 
of testing for one particular SNP. 

In this review, the most recent information on 
SNPs in several genes coding for ART metabolising 
enzymes was analysed. These genetic markers may 
have a significant effect on ART outcomes in the 
Caucasian population. Efforts should be made to con-
vert these findings into rapid qPCR-based method-
ologies for screening SNPs associated with toxicity 
from the extensively used drugs. PCR-based kits with 
consideration of population genetics and epidemio-
logic factors may become a feasible solution for rapid 
identification of patients who will benefit from dosing 
strategies assisted by pharmacogenetic data.
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