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Abstract This study examined the associations between the HLA-DRA gene polymorphism rs8084 and the expression of
key antiviral genes MX2, IFNM1, and ADAR1 in HIV-1-infected patients of the Uzbek population in the Samarkand region.
The results revealed significant differences in the frequency of alleles and genotypes of the HLA-DRA gene between the
control and patient groups. The T allele was associated with an increased risk of HIV development, while the C allele, on the
other hand, may provide some protection. Notably, it was found that the genotypes C/C and C/T, exhibiting increased
expression of MX2, IFNM1, and ADAR1 genes in HIV-infected individuals, could play an important role in protection
against the virus. Specifically, patients with the T/T genotype demonstrated significantly lower levels of gene expression,
indicating a potential weakening of the antiviral immune response.
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1. Introduction

The relationship of HLA-DRA genotype polymorphism
with the expression of MX2, IFNM1, and ADARL1 genes
is an important topic in the field of molecular immunology
and genetics. The HLA-DRA gene encodes an alpha chain
that is part ricrocopmectiumoctrof the MHC Class |1 major
histocompatibility complex and plays a key role in the
immune response, as they are involved in the presentation
of antigens to T cells, which is an important process for
activating immune cells and creating a specific immune
response. Polymorphism in the HLA-DRA gene can affect
the body's ability to effectively recognize and respond to
pathogens or altered cells, which can play an important role
in various diseases and immune responses [1,2]. Polymorphism
in the HLA-DRA gene can affect the expression of the MX2,
IFNM1, and ADAR1 genes through several mechanisms. As
aninfluence on interferon activation, the HLA-DRA gene
plays an important role in T cell activation and can influence
interferon activation in response to antigenic stimuli. Since
MX2 and IFNML1 are actively regulated by interferons,
polymorphism in HLA-DRA can affect the intensity of
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their expression. ORestricted HLA-DRA alleles can increase
or decrease the activity of the interferon response, which
in turn affects the expression of MX2 and IFNM1 [3]. The
MX2 Myxovirus Resistance 2 gene encodes a protein that
plays an important role in protecting the body from viral
infections. The MX2 protein is anti-replicative, preventing
the replication of viruses such as HIV, influenza, and others.
MX2 expression is enhanced in response to interferon
activation, which makes it an important element in the body's
immune response to viral infections [5].

Interferon production activates antigen-presenting cells,
such as macrophages and dendritic cells, and also stimulates
the expression of antiviral genes, such as MX2 [4].
Polymorphism in HLA-DRA can affect the efficiency of
antigenic presentation and the rate of activation of antiviral
activity, which in turn can modulate the severity of MX2
expression. IFNM1 Interferon, Alpha-inducible protein 1 is
a gene that encodes a protein activated by interferons and
is involved in the response to viral infections. Interferons
are important molecules that activate the body's antiviral
response. They increase the expression of a number of genes,
including MX2, that play a role in fighting viral infection.

ADAR1 Adenosine Deaminase Acting on RNA 1 is a gene
that encodes an enzyme responsible for RNA editing, in
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particular for the deamination of adenosine to inosine. This
process plays an important role in the regulation of gene
expression, RNA stabilization, and immune response to viral
infections. ADARL is involved in the modification of viral
RNA and can help modulate the immune response, preventing
excessive activation of the immune system [7].

ADARL plays an important role in regulating immune
responses and stabilizing RNA, especially in the context of
viral infections. Some polymorphisms in HLA-DRA can affect
ADARL1 activity through changes in the level of interferons
or other molecules, which can change the processing of
RNA by viruses or cells that trigger an immune response.
Polymorphisms in the HLA-DRA genes may also affect
ADARL1 expression, as these two genes may be linked in
regulating the cellular response. HLA-DR may be involved
in the activation or inhibition of ADAR1 expression via
signaling pathways associated with the immune response
[5,71.

2. Material and Methodology

DNA samples of men and women of Uzbek nationality
were used for the study. 83 patients with HIV diagnosis aged
14 to 66 years were examined. The control group consisted
of 63 practically healthy individuals aged 15 to 57 years,
unrelated, without clinical signs of HIV infection and hereditary
burden of this disease. All participants in the study signed an
informed consent form. The sex ratio in the examined group
of HIV-1 infected people was 1: 1 (n=43 men, n =40 women).

The molecular and genetic part of the work was performed
at the RSPMC of Hematology of the Ministry of Health of
the Republic of Uzbekistan, in the Department of Molecular
Medicine and Cell Technologies. The level of expression
of the ADAR1, MX2, and IFTM1 genes was studied by
quantitative PCR using the " Kits for assessing the expression
of ADAR1, MX2, and IFTM1 genes"from Inogene (Russia).

Genotyping of polymorphic loci consisted of several
stages:

1. Peripheral blood sampling;

2. Isolation of MRNA from lymphocytes;

3. cDNA synthesis from mRNA,;

4. Detection of polymorphisms by quantitative - PCR;

Comparative analysis of the following genes: ADARL,
MX2, IFTM1, was performed using a "case-control" model
comparing two comparative groups or subgroups. The case
sampleconsisted» cocrosina of 83 patients with HIV1 infection.
The mean age of these patients was (32+7.8). The control
sample consisted of 63healthy donors of Uzbek nationality

who corresponded by sex and age to the examined group of
patients (p>0.05), without any concomitant pathologies.

The search for ADAR1, MX2, and IFTM gene sequences
for the selection of oligoprimes was performed in NCBI
GenBank  (http://www.ncbi.nlm.nih.gov/GenBank). The
nucleotide sequences and oligoprimer characteristics of
these genes were evaluated using the ucroa3oBaHUEM MaKkeT
nporpammbl «Oligo v. 6.31 software package (Molecular
Biology Insights Inc., USA).

Each reaction mixture with a volume of 25 pl during PCR
included a mixture of deoxynucleotide triphosphates 10 M
0.5 pl, L e. a. TagDNA polymerase, 10 x Gold Star buffer 0.5
ul, MgCI210 mm 1.5 pl, 0.1 pm of each primer, and 1 pl of
genomic DNA at a concentration of 0.1 ug/ ml.

Biomaterial sampling was performed using standard
vacuum tubes containing EDTA-K3 anticoagulant (Vacutainer
Becton Dickinson International, USA). mRNA isolation for
PCR studies was isolated from 100 pl of venous blood using
the TriZ xommuextreagent Kit «TriZ reagent (Inogene, Russia).
MRNA concentrations were measured on a NanoDrop 2000
spectrophotometer (NanoDropTechnologies, USA) at A260/
280 nm wavelength. The purity of all mMRNA samples
was 1.7/1.8. Detection of ADAR1, MX2, and IFTM 1 gene
accumulation productsl, was performed by real-time
quantitative PCR.

Cunres cDNA synthesis was performed using the commercial
kit" Reverzyme" (Inogen, Russia), using Tepmorukiepa a
CFX96 thermal cycler (Biorad, USA) in accordance with the
following amplification programs:

Incubation - 65°S (5 minutes), 37°S (37 minutes), XpaHeHHE
storage.

PCR analysis was performed in "real-time" mode with
fluorescent detection of accumulation of DNA amplification
products using Tepmornukiaepos Rotor Gene Q thermocyclers
(Corbett Research» QUAGEN Germany) and CFX96
(Biorad, USA), and in accordance with the following
amplification programs:

Pre-denaturation — 95°S (10 min), 1 amplification cycle,
95°S (10 sec — - denaturation, 60°S (50 sec) - primer annealing,
and final synthesis. 47 amplification cycle, 10 min storage at
4°s,

In accordance with the manufacturer's instructions, each
gene was determined based on the intensity and combination
of bands of amplified fragments in the "target gene"and"
normalizer gene".

The results of testing and detection of polymorphisms of
the following genes: ADAR1, MX2, IFTM1 in the group of
patients n=83 and in the control group n=63 are presented in
Figures 1 and 2.
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Figure 1. The result of real-time PCR (detection of the target gene)
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Figure 2. The result of real-time PCR (detection of the GUSB normalizer gene)

The following primer sequences were used for real-time PCR analysis

Table 1. Primers of the studied genes

Genes Forward primer Reverse primer
MX2 GGAGGGAGGGACCACTACAA | AATGGGATCTGGTTGGCGAG
IFTM1 GGGACTTGTGTGTCCCTGT TGTATCTAGGGGCAGGACCA
ADAR1 TTTTCCCCCAAGCCCTCTTC GCAAGATTTGCTCAAGCCCC
GUSB GCAGACACAGGAGATACGGG | TCCTTTCTGCCAAGAATCCCC
rs8084 | TTGCAGGAGTAGACAAAGTA | CTGTTCAAGTGGGGTGGTCA

Statistical data processing was performed using the programs
Statistica for Windows v. 6.0, MS Excel ' 98 (Microsoft) [14].
The mean values, standard deviations, standard errors of
the mean, and 95% confidence intervals were calculated.

Genotype and allele frequencies were compared using the
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exact two-way Fisher test (P). The Bonferroni correction (P")
was used to correct for multiple comparisons. The relative
risk of the disease (OR) was calculated using the formula of
J. M. Bland (2000) [15].



602 Kadirov J. F. et al.:

Interrelationship Between the Rs8084 Polymorphism of HLA-DRA C and

the Expression of the MX2, IFNM1, and ADAR1 Genes in HIV-1 Infected Patients

Table 2. Frequency distributions of alleles and genotypes of the HLA DRA, rs 8084 gene in the Uzbek population of the Samarkand region

Genotype Patients | Patients% Control n=63 Control% X2 RR (95%CI)*
3.2712
Cc 97 76.98 160 96.38 5,24(0,11-18,44)**
p=0,02101
6.3865
T 29 23.01 6 3.61 16,21(1,18-54,26)***
p=0,01321 ( )
3,8141
CIC 45 713 77 93.3 ' 8,03(1,28-26,18)**
p=0,02 ( )
5.31761
C/T 7 11.4 6 6.6 4,39(0,24-16,46)***
p=0,01385
6.756721
TIT 11 17.3 0 0 26,47(1,15-57,23)***
p=0,01593
Note: ** p<0.01 compared to the control group
3. Research Results pronounced.

In case-control studies, 83 HIV-infected patients and
healthy individuals were recruited sequentially. Demographic
data and clinical characteristics of the study groups are
summarized in Table 1. Significant differences were observed
by age and gender between the case and control groups
(P<0.001 and P<0.001), respectively.

The study of the frequency distribution of alleles and
genotypes of the HLA DRA gene, rs8084 polymorphism in
the population of the Samarkand region showed significant
differences between the control group and the group of HIV
patients.

Analysis of the frequency of distribution of the C allele,
the frequency amensiof the C allele in the control group was
96.38%, which is significantly higher than in the group of
HIV patients, where the frequency of this allele is 76.98%
(p=0.02101). The odds ratio (RR) for amnemnsthe C allele in
the group of HIV patients was 5.24 (95% CI: 0.11-18.44),
which indicates an increased risk of HIV infection in carriers
of this allele. The frequency of the T allele was studied, the
frequency of the T allele in the control group was 3.61%,
and in the group of HIV patients 23.01% (p=0.01321). The
odds ratio (RR) for amensithe T allele in the group of HIV
patients was 16.21 (95% CI: 1.18-54.26), which indicates a
significant increase in the risk of developing HIV infection
in carriers of this allele.

Individuals with the C/C genotype had a C/C genotype
prevalence of 93.3% in the control group and 71.3% in the
HIV group (p=0.02). The odds ratio (RR) for the C/C
genotype in the group of HIV patients was 8.03 (95% CI:
1.28-26.18), which confirms a lower frequency of this
genotype among patients, which may indicate a protective
effect of homozygous carriage amtensiof the C allele.
Individuals with the C/T genotype, the frequency of the C/T
genotype in the control group It was 6.6% in this group and
17.02% in the HIV group (p=0.01385). The odds ratio (RR)
for the C/T genotype in the group of HIV patients was 4.39
(95% CI: 0.24-16.46), which indicates a moderately increased
risk of HIV infection among carriers of this genotype,
although the statistical significance of these data is less

T/T genotype, T/T genotype was found only in the group
of HIV patients, while it was not found in the control group
(p=0.01593). The odds ratio (RR) for the T/T genotype was
26.47 (95% ClI: 1.15-57.23), which indicates a high risk of
HIV infection in carriers of this genotype.

Thus, the polymorphism of the HLA DRA gene (rs8084)
has a significant impact on the predisposition to HIV
infection in the population of the Samarkand region. Carriers
of the T allele and T/T genotype, in particular, have a
significantly higher risk of developing HIV compared to
carriers of the C allele and C/C genotype.

These findings highlight the possible role of the HLA
DRA gene in the immune response to HIV infection and can
be used for further research to develop personalized HIV
prevention and treatment methods. Overall, the results of this
study confirm the importance of studying the HLA DRA
gene polymorphism as a potential marker for assessing the
risk of HIV infection in different ethnic groups. The presence
of significant associations between different HLA-DRA
rs8084 genotypes and the studied traits/diseases in the Uzbek
population of the Samarkand region may indicate a genetic
predisposition to certain conditions, such as immune or
inflammatory diseases. I'omosuroraThe C/C and T/T
homozygotes, as well as certain heterozygotes such as C/T,
show a high risk, which requires further research to establish
the specific mechanisms underlying these associations.

This analysis can be useful for understanding genetic
predisposition to diseases and for developing personalized
approaches to diagnosis and treatment based on genetic
markers.

Theesynbrarsl skcnpeccun reHoB results of expression of
the MX2, IFNM1, and ADAR1 genes in patients with HIV1
infection are presented in Table 3. For each of the genes,
expression indicators are shown for both the control group
and the group of HIV1 patients. ThepoBens sxcrpeccun
level of expression of the MX2 gene MXin relation to the
control GUSB gene, which is used for data normalization,
shows the level of expression of the MX2 gene in the control
groupmio, or 0.36, which corresponds to a value of 1.9 in
relation to the GUSB gene.
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Table 3. Results of expression MXof MX2, IFNM1,and ADAR1 genes in
patients with HIV-1 infection

Genes Expression expression level
indices Gene relative to GUSB
MX2
Control group 0.36 1o
HIV1 0.68 '
IFNM1
Control group 0.3 .
HIV1 0.73 '
ADARL1
Control group 0.618
1.59
HIV1 0.98

In patients with HIV1, the expression level of the MX2
gene is increased to 0.68, which also indicates an increase in
the activity of this gene in the group of infected people.

The level of expression of the IFNM1 gene is 0.3, which
gives a value of 2.5 relative to the GUSB gene; y in patients
with HIV1, the level of expression of the IFNM1 gene is
increased to 0.73, which indicates greater activation of this
gene in infected patients compared to the control group.

In the control group, the expression level of the ADAR1
gene is 0.618, which corresponds to a value of 1.59 relative
to the GUSB gene;, y in patients with HIV1, the expression
level of the ADARL1 gene is also increased and is 0.98, which
indicates an increased activity of this gene among infected
people.

Thus, the table shows that in patients with HIV1, the
expression of the MX2, IFNM1 and ADAR1 genes is
increased compared to the control group, which may reflect
an enhanced immune response of the body to the virus.

HLA-DRA of the MHC Il molecule, which plays a key

role in the immune system by presenting antigens to T cells,
pterymorphisms in this gene can affect the body's ability to
recognize and respond to pathogens, including viruses such
as HIV. HLA-DRA can alter the efficiency of viral antigen
presentation, which affects the immune response against HIV.

In particular, alleles and genotypes that increase or
decrease HLA-DRA expression can modulate T cell activity
and thereby alter the clinical outcome of HIV infection, and
alsoassiBaetaffect interferon activity, which in turn activates
MX2.

Table 4 shows data on the level of expression of the MX2
gene in HIV1-infected patients, depending on the genotype
of the rs8084 HLA-DRA polymorphism. Also, Table 4
shows indicators for the control group and for the group of
individuals in relation to the control GUSB gene, the level of
expression of the GUSB gene, which is used as a control for
data normalization.

In the presented genotypes of the rs8084 HLA-DRA
polymorphism C/C, C/T and T/T, the level of expression
of the MX2 gene in healthy individuals of the control group
the level of expression of the MX2 gene in comparison
with HIV-infectedindividuals was revealed, yin individuals
with the C/C genotype of the rs 8084 polymorphism of the
HLA-DRAgene, in the control group there were values of
60.1 £ 12.3, y 6in mostindividuals 115.3 £ 9.1 (p<0.01) in
relation to the GUSB gene 165.8 + 7.4, There were 1.9 times
higher values of the MX2 gene expression in the group of
patients with HIV1 infected individuals compared with the
control group.

Individuals with the C/T genotype of the rs 8084
polymorphism of the HLA-DRA, gene showed a 1.72-fold
higher level of MX2 gene expression in individuals infected
with HIV1 compared to the control group (61,2194,
103+12,3, GUSB: 165.8+7.4, p<0.01).

Table 4. Expression parameters of MX2 genesin HIV1 infected patients depending on the genotype of the rs8084 HLA-DRA polymorphism

Genotype Control group n=63 | Patients n=83 | GUSB n=63 | Expression level
CI/C expression level 60,1+12,3,3 115,3+9,1** 165,8+7,4 19
CIT 61,2+9,4 103+12,3** 165,8+7,4 1,72
TIT 32,4+6,8** 165,8+7,4

Note: p<0.01 compared to the control group

Table 5. Expression parameters of the IFNM 1 gene inHIV1 infected patients depending on the genotype of the rs8084 HLA-DRA polymorphism

Table 6. ADAR 1 gene expression indicesin HIV1 infected patients depending on the genotype of the rs8084 HLA-DRA polymorphism

Genotype Control group n=63 | Patients n=83 | GUSB n=63 | Expression level
CI/C expression level 489+11,5 1391+18,2** 1841+8,7 2,85
CIT 412+12,5 1380+11,1** 1841+8,7 3,34
TIT 810+6.2 1841+8.7

Note: p<0.01 compared to the control group

Genotype Control group n=63 | Patients n=83 | GUSB n=63 | Expression level
CI/C expression level 28861+15,7 45770+£17,8** | 46657+11,3 1,6
CIT 28541+21,4 41612+12,8** | 46657+11,3 1,5
TIT 21413+8.9 46657+11.3

Note: p<0.01 compared to the control group
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Individuals with a homozygous T/T genotype of the rs
8084 polymorphism of the HLA-DRAgene were not detected
in the control group of this genotype, the results in HIV1
infected patients show lower expression rates of the MX2
gene 0.52 times (32.4+6.8, GUSB: 165.8+7.4, p<0.01) compared
to the C/C and C genotypes./T.

The highest level of expression of the MX2 gene is
observed in patients with the C/C genotype 1.9, followed by
the C/T genotype 1.72. In patients with the T/T genotype, the
level of MX2 expression is significantly reduced, which may
indicate a possible link between this genotype and a lower
level of MX2 expression in HIV-infected individuals.

Thus, allele C may be associated with a higher expression
of HLA-DRA, which leads to an increased antiviral response
and an increase in the level of MX2. The C/C genotype
with an increased frequency representation of 96.38% may
be associated with more effective protection against HIV,
since in this case a stronger antiviral response is activated,
including MX2 stimulation. In contrast, for romosurotsithe
T/T homozygote, which has a lower frequency of 3.61%, it is
possible to reduce the efficiency of antigen presentation and,
as a result, a weaker response, which leads to a decrease in
MX2 activity.

IFNML is activated in response to interferons that can be
induced by polymorphisms in HLA-DRA.

Table 5 presents data on the expression of the IFNM1 gene
in HIV1-infected patients, depending on the genotype of the
rs8084 HLA-DRA polymorphism, and also includes results
for the control group and for the GUSB genetic marker. The
results of IFNM 1 genelexpression showed ythat in individuals
with the C/C genotype of the rs8084 polymorphism of the
HLA-DRA gene, in the ontrol groupe, the expression IFNM
of the IFNM 1 gene was 489 = 11.5, in HIV1 infected
individuals it was 1391+18.2, GUSB 1841+8.7, in thelevel
of expression relative to the GUSB gene GUSB showed an
increase in expression IFNM of the IFNM 1 gene 2.8585
times in the HIV1 group of the infected population compared
to the control group. Individuals with ¢ resorun the C/T
genotype of the rs 8084 polymorphism of the HLA-DRA
gene, in HIV1 infected patients, the expression IFNM of
the IFNM 1 gene was 1380 + 11.1 compared to the controloii
groupoii 412+12.5, in relation to the control GUSB gene:
1841+8.7, the level of expression showed a significant
increase in HIV1 infected patients with The C/T genotype
increased by 3.3-4 times. T/T polymorphism rs 8084 of the
HLA-DRA gene in the examined population in the control
group was not detected, in HIV1 infected patients the values
were 810+6.2, compared with the control gene GUSB 1841+
8.7, the expression level had lower values compared to the
C/C genotype and the heterozygous C/T genotype.

The highest level of expression of the IFNM1 gene is
observed in patients with the C/T genotype 3,3,44, slightly
lower in the C/C genotype 2,8989. In individuals with the
T/T genotype, the expression level of the IFNM1 gene is
reduced, which may indicate the influence of this genotype
on gene yexpression in HIV-infectedindividuals.

Thus, data analysis suggests that the level of IFNM1 gene
expression in the control group also varies depending on the
genotype, but in general, the level of expression in patients
is significantly higher, which confirms the activation of
immune responses in response to HIV-1 infection. The C/C
genotype is probably associated with more active interferon
stimulation and, consequently, higher levels of IFNM1. The
T/ T genotype may indicate a reduced response, which may
also affect IFNM1 expression, reducing the effectiveness of
anti-virus protection. ADARL is involved in RNA editing
and plays an important role in immunemodulation.

Table 6 provides data on the expression of the ADAR1
gene in HIV1-infected patients, depending on the genotype
of the rs8084 HLA-DRA polymorphism, and also includes
results for the control group and for the GUSB genetic
marker.

In individuals with the C/C genotype of the rs 8084
polymorphism of the HLA-DRA, gene, the expression of
the ADARL gene in kcontroloit groupse was 28861+15.7,
compared with HIV1 infected individuals 45770+17.8, GUSB
46657+11.3, in HIV1 infected individuals, the expression
level of the ADAR1 gene was 1.66 times higher than in the
control group groups. In HIV1 infected individuals with
heterozygousom genotypeom C/T polymorphism rs 8084 of
the HLA-DRA gene, ADARL gene expression had a 1.5-fold
high level of 41612+12.8 expression compared to the control
group 28541 + 21.4, GUSB 46657 + 11.3.

The T/T genotype was not detected in the control group
nosumopdusma of the rs 8084 polymorphism of the HLA-
DRA gene, in individuals infected with HIVV1 infection, this
indicator was 21413+8.9, GUSB: 46657+11.3, the expression
of the ADAR1 gene with the T/T genotype in HIVV1 patients
had low levels compared to the C/C genotypes, and a
heterozygous C/T genotype. Patients with the G/G genotype
have the highest level of ADARL gene expression, 1.6,
slightly lower in the C/T genotype, 1.5. ¥ In individuals with
the A/A genotype, the level of ADAR1 gene expression is
significantly reduced, which may indicate that this genotype
is associated with a lower level of this gene expression in
HIV1 infected individuals.

In the control group, the expression level of the ADAR1
gene is in the range of 28541+21.4 and 28861+15.7, which is
the baseline value for the control group.

Thus, the data in Table 6 show that the C/C and C/T
genotypes are associated with an increased level of ADAR1
gene expression in patients with HIV1, while the T/T
genotype is characterized by a significantly lower level of
expression, which may reflect a genetic predisposition to a
change in gene activity in conditions of HIV1 infection.

The HLA-DRA polymorphism, which regulates the immune
system response, may affect ADAR1 expression. In the case
of C/C, where there is a stronger activation of the immune
response, ADARL1 can be activated to a higher degree, which
contributes to more effective control of viral RNA and
reduced HIV replication. For T/T and C/T genotypes, where
the immune response may be less pronounced, ADAR1



American Journal of Medicine and Medical Sciences 2025, 15(3): 599-605

expression may be reduced, which leads to less effective
control of viral activity.

H Mx2
M IFNM1
1 ADAR1

ADAR1

Figure 3. Expression of the om gene MX2, IFNM1, and ADAR1 in HIV1
infected patients depending on the rs8084 HLA-DRA polymorphism

The HLA-DRA rs8084 polymorphism affects the
expression of the MX2, IFNM1, and ADAR1 genes, which
play a key role in the body's antiviral defense (Figure 1).
In particular, the C/C genotype is associated with a stronger
immune response, increased expression of MX2, IFNM1 and
ADAR1, which may contribute to a more effective fight
against HIV.

In contrast, the T/T genotype may be associated with a
weakened immune response and reduced activity of these
genes, which may contribute to a higher viral load and a
more severe course of HIV infection. These studies highlight
the importance of the HLA-DRA polymorphism as a possible
marker of HIV predisposition and its role in the body's
immune defense. These results can serve as a basis for
further research in the development of personalized methods
of HIV prevention and treatment based on genetic markers.

Copyright © 2025 The Author(s). Published by Scientific & Academic Publishing
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