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ABSTRACT

Dolutegravir is an integrase inhibitor that prevents the integration of the viral genome into
the host cell’s DNA, thus halting HIV replication. The study aimed to conduct genotyping
of immunocompromised patients in some Southern States of Nigeria on dolutegravir-based
highly active antiretroviral therapy for the UGT71.A7*6 and UGT1.A47*28 variant alleles using
gel electrophoresis and polymerase chain reaction. 52 HIV/AIDS patients participated in the
study. Specific primers for UGT1A7%6 and UGT1.A47*28: U1F1 forward primer: 5 —
AGATACTGTTGATCCCAGTG - 3 and U211R  reverse primer: 5 -
CTTCAAGGTGTAAAATGGTC-3, was used for the gene amplification, followed by
restriction digestion with Az II. DNA concentrations were quantified with a NanoDrop-
1000 spectrophotometer. Restriction fragment length polymorphism (RFLP) techniques were
used for genotyping and Gel electrophoresis to determine the heterozygosity and
homozygosity of UGT1A1 alleles. After the polymerase chain reaction (PCR), all DNA
samples appeared at 280 base pairs on a 1% agarose gel electrophoretic medium. RFLP
analysis confirmed the PCR results; thus, no mutations were observed in all the samples.
There were no UGT1.A7 genetic polymorphisms among the ethnic groups studied, although
there was a mild significant link between dolutegravir and neuropsychiatric side effects in the
patients (at p-value = 0.08).
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INTRODUCTION

Opver the last 30 years, human-immune-deficiency Virus
(HIV) infection has skyrocketed, affecting all social and
racial groups worldwide and having a considerable impact
on health and many other sectors (Janeway et al., 2001;
WHO, 2023). The relationship between the plasma levels
of dolutegravir (DTG), an integrase inhibitor used in the
management of HIV/AID, and Uridine-Diphosphate
Glucuronosyltransferases-1A1 enzyme (UGT1A1l) gene
polymorphisms have been reported (Yagura et al., 2017).
The researchers discovered that the median DTG
concentration was 1.06g/mL among 107 individuals. The
mean DTG plasma levels of individuals with both normal
alleles were significantly lower than the UGT7.A47%6
homozygous individuals who had 1.43g/mL (Huik et al.,
2022; Yagura et al., 2017). Pharmacogenetics refers to how
individual variances in drug response result from point

mutations, insertions, duplications, multiplications, and
deletions in the genes that code for the enzymes
(Mroziewicz &  Tyndale, 2010). Pharmacogenetic
polymorphism occurs when a gene that sensitizes an
enzyme that metabolizes a drug has more than one
different allele (greater than 1%) at the same locus and
impacts how a medication interacts with the body (Oates
& Lopez, 2018; Surendiran et al, 2008). Gene
polymorphism in individual groups or populations can
result in DNA sequence variety. Genetic polymorphisms
include single nucleotide polymorphisms (SNPs),
sequence duplications, deletions, recombination, and
repetitions (Ismail, 2012; Rozas, 2009). When a gene's
polymer sequence changes permanently and deviates from
the sequence present in most people, it is referred to as a
genetic mutation or genetic polymorphism (Chauhan,
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2018 ). From a single DNA base pair (bp) to a
chromosome's vast phase, which houses several genes,
mutations can affect anything (Mahdieh & Rabbani, 2013;
NIH, 2017).

Dolutegravir inhibits retroviral DNA strand transfer and
host cell integration by binding to the active site of the
HIV integrase (Ribera & Podzamczer, 2015). The strand
transfer phase is required for HIV replication, yet it also
inhibits wviral activity (Mirambeau, 2008). This drug
specifically affects human host cells, resulting in high
tolerance and low toxicity (Fantauzzi & Mezzaroma, 2014;
Rhee et al.,, 2019). Dolutegravit's prolonged impact in
clinical investigations demonstrates that it has a major
impediment to resistance due to its tight binding and
lengthy dissociative half-life (McCormack, 2014). The
UGT3 UDP-sugar transferase family has been linked to
xenobiotic conjugation. The human UGTS are located in
the endoplasmic reticulum (ER), exhibiting tissue-specific
expression (Yang et al., 2017). The human intestine had
around 6 UGTs (including UGT1A1, UGT1A10,
UGT2B7, and UGT2B17), whereas the human kidney
included only UGT1A9, UGT2B7, and UGT1A64,
(Meech et al., 2019; Zhou et al., 2019). Because of its
unique role in conjugative bilirubin detoxification,
UGT1A1 is clinically important (Zhu et al, 2020).
Previous research has shown that genetics and
environmental factors can both alter UGT1A1 expression
and function, resulting in lower protein levels or activity
(Gervai, 2009; Tiffon, 2018). UGT1A1 is a highly
polymorphic enzyme. Polymorphisms in UGTI1Al
frequently result in lower expression, lower enzyme
activity, or even complete activity loss (Gil & Sasiadek,
2012; Teh et al, 2012). Hyperbilirubinemia caused by
decreased UGT1A1 expression or function can range in
severity from mild Gilbert's syndrome to severe
kernicterus and Crigler-Najjar syndrome (Mi et al., 2019).
Polymorphic UGT1A1 mutations have also been
associated with drug-induced liver damage (Yang et al.,
2018). Small-molecule UGT1A1 inhibitors may majorly
impact its catalytic activity, resulting in undesirable side
effects such as drug/herb-drug interactions (D/HDI)
interactions (Goon et al., 2016). Drugs such as nilotinib,
indinavir, and sorafenib, as well as herbal remedies such as
milk thistle, green tea, and emodin, have been shown to
inhibit UGT1A1 (Archibald et al., 2016; Fasinu & Rapp,
2019).

Some studies on UGT1Al-ligand interactions have
revealed that UGT1A1 contains a large number of ligand-
binding sites (Lv et al., 2019; Marques & lkediobi, 2010).
Because UGT1A1 is required for bilirubin metabolism,
xenobiotics, food/herbal components, and environmental
pollutants that inhibit this conjugative enzyme may result
in hyperbilirubinemia. UGT1A1 blockage may also result
in clinically severe DDI/HDI due to UGT1A1's critical
functions in the detoxification of numerous medications
with tight therapeutic windows (Chang et al., 2013; Dean,
2012). Reports have shown that UGT7.47 gene mutations
substantially impair bilirubin metabolism, and this gene is
a key sensitizer of the dolutegravir metabolizing enzyme

(UGT1A1). It has been demonstrated that younger age,
carrying UGT1A1*6 and/or UGT1A1*28 alleles, is
associated ~ with high plasma DTG  concentrations,
posing risk factors for neuropsychiatric adverse events
(Yagura et al,, 2017). There are few or no reports on
dolutegravir polymorphism or adverse events in Affica,
including Nigeria; hence, this study aimed to conduct
genotyping of Uridine-Diphosphate
Glucuronosyltransferases-1A1 enzyme and determining
genetic variant allele using the gel electrophoresis and
polymerase chain reaction. This will provide significant
information on how individual of this regimen handles the
drug, the effectiveness, tolerability, and possible adverse
events among the study population.

MATERIALS AND METHOD
Study Population

The study population consisted of Southern Nigeria
HIV/AIDS-positive patients aged 18 and above who
agreed to participate in the study. Fifty-two (52)
HIV/AIDS positive but unrelated patients, aged 18 yeats
and above, who were receiving dolutegravir (50 mg daily)
in combination with either lamivudine or tenofovir and
met the study inclusion criteria were chosen at random
from various States of Southern Nigeria. Potential subjects
were explained the study procedures, after which they
were free to choose whether or not to participate in the
study.

Sample Collection

A study laboratory scientist at the Medical Laboratory
Department of the FMC Yenagoa was involved in blood
sample collection. From each participant, 5.0ml blood
samples were collected by veno-puncture into EDTA
tubes from the HIV patients who have received 50mg of
Dolutegravir for at least 3 weeks. All the samples were
stored at (-20 °C) until further use.

Genotyping for UGT1AT

DNA samples were prepared using the QIAamp DNA
Blood Mini Kit, purchased from Germany. After
preparation, DNA sample purity was determined by
measuring their concentrations using a NanoDrop-1000
spectrophotometer following the technique desctibed by
Bunu et al. (2020). The purity of the DNA Samples was
obtained by calculating the absorbance ratio of 260 nm
and 280 nm (A260/A280), respectively. UGT1A1
genotyping was carried out using real-time PCR and
restriction fragment length polymorphism (PCR-RFLP)
techniques, as described by Ebeshi et al. (2011). Specific
primers for UGT1A1*6 and UGT1A1*28 with the
following  sequences: ~ U1F1  forward: 5 -
AGATACTGTTGATCCCAGTG - 3 and U211R
reverse: 5 - CTTCAAGGTGTAAAATGGTC-3, was
used for the gene amplification, followed by restriction
digestion with Ava II (Huang et al., 2004). The PCR was
performed in a total of 25 pL reaction mixture containing
5ng genomic DNA, 200 uM of deoxynucleoside
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triphosphate mixture (i.e. dNTPs: dATP, dCTP, dGTP,
dTTP) (Roche Biochemicals), 0.2uM of each primer, 2.0
mM of MgCl,, 1xPCR buffer, 1U of Taq polymerase
(Roche Biochemicals). A programmable thermal cycler
was employed in all PCR reactions. The UGT1A1*6 and
UGT1A1*¥28 PCR cycles start with a 3-minute
denaturation of the DNA, followed by 35 cycles of
denaturation at 940C for 30 seconds, primer annealing at
52 °C for 30 seconds, primer extension at 72 °C for 1
minute, and a final extension at 72 °C for 6 minutes. The
RFLP reaction was cattied out for 15 minutes at 65 °C in
a 20 pl reaction mixture containing 1 pl of the restriction
enzyme (Ava II), 5 ul of 10x NE Buffer, 8 ul of PCR
Amplicon, and 6 ul of nuclease-free water.

DNA Quantification

The Nanodrop-1000 spectrophotometer was used to
quantify DNA. A software installation system was linked
to the spectrophotometer. To blank the machine, two
microliters of nuclease-free water were utilized. Two
microliters of extracted DNA products were placed on the
pedestal, and the quantity and purity of the extracted
DNA were determined at 260 nm and 280 nm
(A260/A280) wavelength, as displayed on the monitor by
the program.

Gel Electrophoresis

The digested PCR-RFLP products (amplicons) were
visualized on 1 % agarose gel electrophoresis. 1.5 g of
agarose was weighed into a conical flask, and 100 ml of
1XTBE gel buffer solution was added to make the agarose
gel. By heating the agarose in the microwave for 2 minutes,
allowing it to cool (55 °C), and then adding 1.5 pl of EZ
vision dye to the gel and pouring it onto the plate, the
agarose was completely dissolved. 5 pl of PCR product
and 20 pl of digestion product were loaded onto the gel
for analysis, along with 10 pl of the diluted molecular
weight maker. The gel was electrophoretically run at 130V
for 2.5 to 3.0cm migration. The Gel Photosystem P1-1002
was used to view the gel's results.

Data Analysis and Ethical Approval

Statistical data were analyzed using ANOVA with SPSS
software, version 23.0, Excel spreadsheet, and GraphPad
Inc USA software. The study protocol was approved by
the Federal Medical Centre, Yenagoa, Bayelsa State,
Nigeria.

RESULTS

The information obtained from participants was coded
with AO1 — A52, with their demographic data, such as age,
marital status, and state of origin, as well as the patient
weight at the time of data collection, are presented in
Table 1

The Agarose gel electrophoresis of UGT1Al gene of
DNA sample from HIV-positive patients on dolutegravir-
based combination therapy. Lane 1 - 10 represents the
positive UGT1A1 gene bands (280bp). Lane M represents
the 100bp DNA Ladder of 1000bp. This is presented in
plate 1.

1 2 3 4 5 M 6 7 8 9 10

1000 bp

280 bp

PLATE 1: Agarose gel electrophoresis of UGT1A1 gene
DNA samples 1 - 10.

The Agarose gel clectrophoresis of UGT1A1 gene of
DNA sample from HIV-positive patients on dolutegravir-
based combination therapy. Lane 11 - 21 represents the
positive UGT1A1 gene bands (280bp). Lane M represents
the 100bp DNA Ladder of 1000bp. This is presented in
plate 2.

1 12 13 14 15 16 M 17 18 19 20 21

1500 bp

280 bp

PLATE 2: Agarose gel electrophoresis of UGT1A1 gene
of DNA samples 11 — 21.

The agarose gel electrophoresis of UGT1.47 gene of DNA
sample from HIV-positive patients on dolutegravir-based
combination therapy. Lane 22 - 32 represents the positive
UGT1A1 gene bands (280bp). Lane M represents the
100bp DNA Ladder of 1000bp. This is presented in plate
3.

22 23 24 2526 27 M 28 25 30 31 32

1500 bp

280 bp

PLATE 3: Agarose gel electrophoresis of UGT7.A47 gene of
DNA samples 22 — 32.

The agarose gel electrophoresis of UGT1A1 gene of DNA
sample from HIV-positive patients on dolutegravir-based
combination therapy. Lane 33 - 43 represents the positive
UGT1A1 gene bands (280bp). Lane M represents the
100bp DNA Ladder of 1000bp. This is presented in plate
4.
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Table 1. Demographic Data of study participants

S/N Lab Code Gender Age Marital Status State of Origin Weight
(Years) (Kg)
1. A01 F 44 M BY 87
2. A02 F 29 S AN 58
3. A03 F 37 M AB 81
4. A04 F 40 M RIV 56
5. A05 M 53 M DE 62
6. A06 F 34 M AK 65
7. A07 M 37 M BY 60
8. A08 F 35 M BY 65
9. A09 M 40 M AN 51
10. A10 M 57 M RIV 54
11. All F 33 M BY 56
12. Al12 F 47 D/S BY 55
13. Al3 F 27 M EN 71
14. Al4 F 34 S BY 71
15. Al5 M 48 M RIV 75
16. Al6 F 31 S BY 75
17. A17 F 28 M BY 60
18. Al8 F 38 M AN 92
19. A19 F 45 M BY 89
20. A20 M 38 M BY 62
21. A21 F 34 M AB 65
22. A22 F 53 D/S M 103
23. A23 F 44 M M 60
24. A24 F 27 S CR 50
25. A25 F 42 W M 57
26. A26 F 37 M AN 80
27. A27 F 32 S AK 48
28. A28 F 36 M AK 68
29. A29 F 34 M AB 65
30. A30 F 53 D/S AK 60
31. A31 M 42 M EN 86
32. A32 F 51 M RIV 54
33. A33 F 41 M AK 65
34. A34 M 59 WR ED 67
35. A35 F 43 S DE 67
36. A36 F 40 S CR 64
37. A37 M 45 M AK 55
38. A38 F 51 W M 80
39. A39 F 37 M AK 065
40. A40 M 58 M IM 58
41. A41 F 30 M RIV 82
42. A42 M 50 M AK 65
43. A43 F 38 M RIV 55
44, A44 F 58 D/S RIV 68
45, A45 F 31 M RIV 59
40. A46 F 63 \4 DE 57
47. A47 M 41 M ED 74
48. A48 F 42 M CR 75
49. A49 M 38 M EB 70
50. A50 F 27 M AB 58
51. A51 F 48 M BY 57
52. A52 F 38 M BY 65

Key: BY — Bayelsa, AN — Anambra, AB — Abia, RIV" — Rivers, DE — Delta, EB — Ebonys, EN — Enugu, IM — Imo, CR — Cross
river, AK — Akwa Lbom, ED — Edo. All Participants were on TLD — Tenofovir, Lamivudine, and Dolutegravir combination therapy.
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33 34 35 36 3738 M 39 40 41 42 43

1500 bp

280 bp

PLATE 4: Agarose gel electrophoresis of UGT1A1 gene
of DNA samples 33 - 43.

The agarose gel electrophoresis of UGT1A1 gene of DNA
sample from HIV-positive patients on dolutegravir-based
combination therapy. Lane 44 - 50 and 52 represent the
positive UGT1A1 gene bands (280bp). Lane 51 represents
a failed amplification. Lane M represents the 100bp DNA
Ladder of 1000bp. This is presented in plate 5.

44 45 46 47 483 M 45 50 51 52

1500 bp

280 bp

PLATE 5: Agarose gel electrophoresis of UGT1A1 gene
of DNA samples 44 — 52.

The RFLP Agarose gel electrophoresis of UGT1A1 gene
of DNA sample from HIV-positive patients on
dolutegravir-based combination therapy. Lane 1 - 12
represents the positive UGT1A1 gene bands (280bp) and
a negative result of the RFLP due to the absence of
polymorphic bands on the gel at the end of the analysis.
Lane M represents the 100bp DNA Ladder of 1000bp.
This is shown in Plate 6.

1 2 3 4 5 6 M 8 9 10 11 12

1500bp

280bp

PLATE 6: RFLP Agarose gel electrophoresis of UGT1A1
gene of DNA representative samples 1 -12.

DISCUSSION

Genetic polymorphisms are the occurrence of many alleles
at the same locus with a frequency greater than 1% in the
DNA. The six blood groups are classic examples of
genetic polymorphism, with more than two morphs like
A, B, AB, and O being the most common variants in the
entite human population, albeit in varying proportions
(Daniels, 2005). A polymorphism is any difference in
DNA sequence that exists in the genome, such as single
nucleotide polymorphisms (SNPs). This is the most

common type of genetic variation.  Simple

insertions/deletions  (Indels) are DNA nucleotide
insertions or deletions (Bessenyei et al,, 2004; Rozas,
2009). Polymorphic repetitive elements - an active

transposable component can cause polymorphism in the
human genome by inserting itself in various locations,
such as repetitive elements of the short DNA stretch
discovered by Arthrobacter luteus (Alu) and the long
interspersed nuclear elements-1 (LINE1) families (Lichr,
2021; Rishishwar et al., 2015). Polymorphism has become
important in modern health, paving the path for
personalized care.

After the DNA quantification with NanoDrop-1000, the
PCR amplification efficiency was close to 100% in all
samples at 280 molecular base pairs (bp), a favourable
parameter assay in real-time PCR analysis. In the presence
of an inhibitor or an external contaminant, such as
phenolic compounds, PCR efficiency can be increased,
whereas high amounts and purity of DNA can increase
inhibitor levels (Bunu et al., 2020). All DNA samples from
HIV-positive patients enrolled for the study appeared at
280bp following amplification using a 100bp DNA
molecular ladder, as seen on a 1% agarose gel
electrophoretic medium. This implies that all subjects
possessed the right gene (UGT1A1) required to code for
the UGT1A1l enzyme, which is responsible for
dolutegravir metabolism (Plate 1 - 5).

Finally, the Restriction Fragment Length Polymorphism
(RFLP) study yielded nearly identical results to the PCR
analysis. Using a 100bp DNA molecular ladder, all patient
samples remained at 280bp after amplification, restriction
enzyme digestion (Ava II), and visualization on a 1%
agarose gel electrophoretic medium. This merely
demonstrated that there are no evident genetic variations
of the gene (UGT1Al) coding for the dolutegravir
metabolizing enzyme (UGT1A1) among the ethnic groups
studied (Plate 6). This also implies that all participants
carry the UGT1AT*1 wild-type allele, which is linked to
normal enzymatic function. Compared to previous studies
on genetic polymorphism of some highly active
antiretroviral therapeutic agents like efavirenz, where
genetic  polymorphism incidence (CYP2B6) was
significantly high, there was no observed genetic
polymorphism of dolutegravir among the study
population (Bunu et al, 2022). Also, age has been
identified as one of the contributing factors associated
with DTG neuropsychiatric adverse events (Yagura et al.,
2017). This suggests that DTG is not the appropriate
antiretroviral regimen for pregnant women or children
who are HIV-positive. The participants in this current
study showed no DTG polymorphism or serious adverse
events. Pregnant women and individuals under 18 were
excluded from the study.

CONCLUSION

DNA concentrations were obtained with sufficient yields.
Polymerase Chain Reaction (PCR) samples demonstrated
at 280 molecular base pairs (bp) on 1% agarose gel
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electrophoretic medium that all individuals possessed the
required gene to code for the UGT1A1 enzyme, which is
responsible for dolutegravir metabolism. RFLP analysis
yielded nearly identical results to the PCR study after
digestion with Apa II. This simply demonstrated that there
is no prevalence of genetic polymorphisms of UGT7.47
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