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Abstract: The increased life expectancy of PLHIV (People Living with HIV) and the successful
highly combined antiretroviral therapy (cART) poses new clinical challenges regarding aging and
its co-morbid condition. It is commonly believed that HIV infection "accelerates" aging. Human
immunodeficiency virus type 1 (HIV-1) infection is characterised by inflammation and immune
activation that persists despite cART and that may contribute to the development of co-morbid
conditions. Toxicity associated with cART contributes to persistent immune dysregulation.
Therefore, we aimed to compare current cART regimens in the light of premature aging to evaluate
residual immune activation and inflammation in virologically suppressed patients. We studied a
panel of biomarkers (IFN-vy, IL-13, IL-12p70, IL-2, IL-4, IL-5, IL-6, IL-13, IL-18, GM-CSF, TNF-q, C-
reactive protein, D-dimer, soluble CD14), which could provide a non-invasive and affordable
approach to monitor HIV-related chronic inflammation. The results of the current study do not
provide hard evidence favoring a particular cART regimen, although they show less favorable
regimen profile containing protease inhibitor. Our data suggests incomplete reduction of
inflammation and immune activation in terms of the effective cART. It is likely that the interest in
various biomarkers related to immune activation and inflammation as predictors of clinical
outcomes among PLHIV will increase in the future.

Keywords: aging; HIV-1; combined antiretroviral therapy; chronic inflammation

1. Introduction

In 2022, almost three-quarters (71 %) of people living with HIV (PLHIV) have undetectable viral
load thanks to cART. Viral suppression enables PLHIV live long and healthy lives [1]. The proportion
of HIV-1 patients over the age of 50 has increased dramatically due to improved survival and in
relation to the higher number of infected people in older age groups [2]. We must not forget that these
patients still have increased morbidity and mortality compared to the general population [3] even
upon completion of successful cART. PLHIV show progressive immune system dysfunction similar
to that observed in the elderly; that is why HIV infection is considered to be a model of accelerated
immunosenescence [4].

All that raises new clinical issues regarding aging and its related co-morbid conditions in PLHIV
[5], which occur more frequently in them than in general population [6,7] and in relatively young
HIV-1 patients even with persistent viral suppression. They include neurocognitive disorders,
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cardiovascular disease (CVD), metabolic syndrome (MS), bone abnormalities, and non-HIV cancers
[8]. Most of these diseases are associated with chronic inflammation and activation of immune system
[9].

Microbial translocation, continued production of HIV, co-infections (e.g. CMYV), loss of
regulatory T cells, damage to the thymus and lymphoid infrastructure, smoking, obesity, alcohol
drinking and low social status are indicated as causes [10-13]. Toxicity associated with cART also
contributes to the persistent immune dysregulation, considering that even new antiretroviral drugs
are not completely free of short- and long-term toxicity [14].

This made us set an objective to compare different cART regimens in PLHIV in the light of
residual immune activation and dysfunction by examining a panel of biomarkers (IFN-y, IL-1§3, IL-
12p70, IL-2, IL-4, IL-5, IL-6, IL-13, IL-18, GM-CSF, TNF-a, C-reactive protein, D-dimer, soluble CD14),
which could provide a non-invasive and affordable approach to monitor HIV-related chronic
inflammation in virologically suppressed patients. This will probably reduce morbidity and mortality
resulting from non-HIV-1 related diseases and the burden on the health system.

2. Materials and Methods

2.1. Participants” Selection

It concerns a prospective cross-sectional study conducted in Acquired Immunodeficiency
Department at Specialised Acute Care Hospital for Infectious and Parasitic Diseases Prof. I. Kirov
EAD - Sofia.

We involved a total of 80 individuals in the study: 17 of them taking Emtricitabine/Tenofovir
alafenamide/Darunavir/Cobicistat (FTC/TAF/DRV/c); 17 of them taking Lamivudine/Tenofovir
disoproxil fumarate/Doravirine (3TC/TDF/DOR); 18 of them taking Emtricitabine/tenofovir
alafenamide/Bictegravir (FTC/TAF/BIC); 18 of them taking Lamivudine/Dolutegravir (3TC/DTG);
and 10 of them taking Dolutegravir/Rilpivirine (DTG/RPV).

10 % (n=8) of the participants in the study were female and 90 % (n=72) were male. The uneven
distribution in this study approximated the male-female ratio at the center where the participants
were registered.

The following inclusion criteria were used: positive HIV status; age over 18 years; all patients
involved in the study are HIV positive with persistent viral suppression (VL <40 ¢/ml > 1 year).

The following exclusion criteria were used: age under 18 years; pregnancy; participants who
refuse to sign informed consent; administration of non-steroidal anti-inflammatory drugs in the last
1 month; patients who do not have persistent viral suppression, i.e. who do not have VL<40c/ml > 1
year.

Each patient signs an informed consent approved by the research ethics committee at Sofia
Medical University(BK-455/31.03.2023).

2.2. Collection of Biological Material

For the purposes of biomedical research, the following serological markers, such as IFN-y, IL-
1B, IL-12p70, IL-2, IL-4, IL-5, IL-6, IL-13, IL-18, GM-CSF, TNF-«, C reactive protein, D-dimer and
CD14 soluble in venous blood, will be analysed. A closed vacutainer system was used for each
participant in the study, following the standard sterility procedures. We used vacutainers with a clot
activator and 3-10ml blood. To determine the viral load (VL) we used EDTA tubes as anticoagulant.

Storage of biological material to study IFN-vy, IL-1§3, IL-12p70, IL-2, IL-4, IL-5, IL-6, IL-13, IL-18,
GM-CSF, TNF-a and soluble CD14: after collection and centrifugation, equal aliquots of serum were
frozen at a temperature of -80 °C until all samples were collected for their overall analysis. C reactive
protein, D-dimer and VL were examined simultaneously.

2.3. Biomarkers Measurement

For the purposes of the study, we used highly sensitive immunological Human ProcartaPlex™
Kit (Termo fisher), to measure IFN-y, IL-13, IL-12p70, IL-2, IL-4, IL-5, IL-6, IL-13, IL -18, GM-CSF and
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TNEF-a proteins in combination, in the form of a multiplex panel that uses Luminex xMAP technology
for protein detection and quantification. The ProcartaPlex immunological tests that we used were
based on the sandwich ELISA principles. The capture antibody in the ProcartaPlex assay is
conjugated to magnetic beads and is not adsorbed to the microplate well, so that the ProcartaPlex
assay reagents are floating freely in the solution. Similarly, soluble CD14 was assayed with the help
of CD14 Human ProcartaPlex™ Simplex Kit (Thermo fisher), using the technology described above.

We used Finecare™ CRP Rapid Quantitative Test and Finecare™ D-Dimer Rapid Quantitative
Test, along with Finecare™ FIA Meter - fluorescent immunoassay for quantitative measurement of
D-Dimer. We used whole human blood as a material. It is based on fluorescence immunoassay
technology. The Finecare™ D-Dimer Rapid Quantitative Test uses a sandwich immunodetection
method. When the sample is added to the sample well the fluorescently labeled anti-D-Dimer/anti-
CRP detector on the membrane binds to the D-Dimer/CRP antigen in the blood. The mixture migrates
onto the nitrocellulose matrix of the test strip and the detector antibody and D-Dimer/CRP complexes
are captured by the D-Dimer/CRP antibody that has been immobilised on the test strip. Thus, if larger
amount of D-Dimer/CRP antigen is contained in the sample, the more complexes are accumulated on
the test strip. The fluorescence intensity of the detector antibody reflects the amount of captured D-
dimer/CRP and Finecare™ FIA Meter indicates the concentration of D-dimer/CRP. The result is
displayed as XXXmg/L by Finecare™ FIA Meter.

2.4. Viral Load Measurement

We used Abbott RealTime HIV-1 test. The Abbott RealTime HIV-1 Test is an in vitro reverse
transcription polymerase chain reaction (RT-PCR) test for quantification of human
immunodeficiency virus type 1 (HIV-1) on the m2000 automated system in human plasma taken from
HIV-1 infected individuals above 40 copies/mL Reverse transcription PCR is a qualitative test for
determination of HIV-1 RNA in plasma. Real Time PCR uses real-time homogeneous fluorescence
detection technology.

The design of the probes included in the test is partially double-stranded and allows detection
of a variety of group M subtypes and group O isolates. The assay was standardised based on a viral
standard from the Virology Quality Assurance (VQA) system of the Laboratory of AIDS Clinical Trial
Group [Yen-Lieberman B et al., 1996] and in accordance with the first international HIV-1-RNA (97-
656) standard of the World Health Organisation (WHO) [Holmes H et al., 2001; Davis C et al., 2003].
HIV-1 viral load testing uses RT-PCR to generate an amplified product of HIV-1 RNA genome in
clinical samples. A sequence unrelated to the HIV-1 target sequence was introduced into each tube
at the beginning of sample preparation. This unrelated RNA sequence was amplified along with the
viral genome through RT-PCR and served as an internal control (IC) to demonstrate that the process
was properly conducted in each sample. The amount of HIV-1 was measured at each cycle using
fluorescently labeled oligonucleotide probes. Probes do not produce a signal unless they are
associated with the target product.

The entire work process was performed according to the manufacturers' recommendations.
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2.5. Statistical Methods

The quantitative variables are presented with median and interquartile range (25th and 75th
percentiles), due to their non-Gaussian distribution. The distribution pattern was evaluated using
Kolmogorov-Smirnov test. Spearman's rank correlation coefficient was used to evaluate relationships
between quantitative variables.

Mean values of two groups were compared with those obtained upon completion of Mann-
Whitney U test, and mean values of more than two groups were compared with those obtained upon
completion of Kruskal-Wallis test. P-values <0.05 were considered to be statistically significant. ~ All
analyses were performed, using IBM SPSS Statistics 26.

3. Results

This section may be divided by subheadings. It should provide a concise and precise description
of the experimental results, their interpretation, as well as the experimental conclusions that can be
drawn.

3.1. Relationship between the Studied Indicators And Duration of cART

IFN-y was found to be related with the duration of cART through a weak and inverse
relationship, i.e. the increased duration of the therapy leads to decreased value of IFN-y (Spearman's
rho=-0.271, p=0.015). (Table 1) IL-4 was moderately strongly positively related to the duration of
cART (Spearman's rho=0.306, p=0.006). (Table 1) D-dimer was weekly positively related to the
duration of cART (Spearman's rho=0.228, p=0.043). (Table 1)

Table 1. Relationship between the studied indicators and duration of cART.

GM- | IFN- | IL- | IL- |IL-13|IL-18|IL-2 | IL-4 | IL-5 | IL-6 | TNF|CRP| d- |sCD

CSF| v | 1p |12p7 - dim | 14
0 alph er
a
Durati |th | 0,11 -1 0,03 - - -1 0,26| 0,16| 0,30| 0,05| 0,14| 0,05| 0,22|0,148
onof |o 6| 0,271 0/0,069| 0,087 | 0,067 6 4 6 7 6 8 8
cAPT
(years) p | 0,30(0,015| 0,79]0,545| 0,442| 0,556| 0,01| 0,14| 0,00| 0,61| 0,19| 0,61| 0,04|0,219

3.2. Distribution of Biomarkers Depending on the cART Regimen

e  Lower measured values (almost null) of IFN gamma and IL12p70 were observed in DTG/RPV
and FTC/TAF/DRV/c regimes compared to 3TC/DTG, 3RC/TDF/DOR and FTC/TAF/BIC
regimens. (Figure 1) (Figure 2)

e  Asregards IL12p70, only in the FTC/TAF/BIC regimen the median is distinctly higher, i.e. the
patients from this group trend to show significantly higher values of this indicator compared to
all other groups. As regards 3TC/DTG and 3TC/TFF/DOR regimens, the results are very similar.
(Figure 2)
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Figure 1. Distribution of IFN-y depending on the ART regimen. Patients following DTG/RPV and
FTC/TAF/DRV/c regiments had almost zero IFN-vy levels. IQR(interquartile range) is narrower for
FTC/TAF/BIC regimen than 3TC/DTG and 3TC/TDF/DOR regimen, i.e. the values vary to the smallest
degree.
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Figure 2. Distribution of IL12p70 depending on the ART regimen. The lowest IL-12p70 values were
observed in DTG/RPV patients. They were followed by those following FTC/TAF/DRV/c regimen.

e IL-18 results showed that in patients following NNRTIs+NRTIs(3TC/TDF/DOR) and
INIs+NRTIs(FTC/TAF/BIC and 3TC/DTG) regimens higher values than in those following
INIs+NNRTIs(DTG /RPV) and Pis+NRTIs (FTC/TAF/DRV/c) regimens were observed, although
we reported increased values for the other two regimens as well. (Figure 3)

e In FTC/TAF/BIC patients lowest variation in the IL-18 values were observed and in patients in
the given group close values of the studied parameter were observed, with the range
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corresponding approximately to the mean values of the measured parameter. Q3(75th
percentile) for 3TC/TDF/DOR regimen is higher than that reported in all other groups, i.e. 25 %
of the highest measured values of 3TC/TDF/DOR were higher than that reported in the other
groups. (Figure 3)
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Figure 3. Distribution of IL-18 depending on the ART regimen The FTC/TAF/BIC group falls within
the narrowest IQR. In this group, we observed the smallest variation in IL-18 values.

e  Patients taking INIs+NRTIs (FTC/TAF/BIC and 3TC/DTG) and NNRTIs+NRTIs (3TC/TDF/DOR)
showed the lowest IL-5 values (Figure 4)

e There was a trend toward measurement of increased IL-5 values in the DTG/RPV and
FTC/TAF/DRV/c groups, with these values being slightly higher for DTG/RPV regimen. ((Figure

4)
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Figure 4. Distribution of IL-5 depending on the ART regimen. FTC/TAF/BIC, 3TC/DTG and
3TC/TDF/DOR had the lowest IL-5 levels. One patient in the FTC/TAF/BIC group of the patients with
significantly increased IL-5 values was found to be in advanced stages of immunodeficiency, although
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at the time of the study he had satisfactory value of CD4 221 and type II DM. One patient in the
FTC/TAF/BIC group was diagnosed with stage B of HIV infection and had very good values of CD4
854 at the time of the study and co-morbid condition duodenal ulcer. Both patients continued their
treatment upon completion of another therapeutic regimen and their ART regiment had long duration
- 7.5 and 6 years, respectively. All other patients with significantly increased values were in stage A
and had no known co-morbid conditions.

e  The highest sCD14 values were reported in PistNRTIs(FTC/TAF/DRV/c) regimen, i.e. in a
regimen containing a protease inhibitor. We found the lowest values in patients following
INIs+NRTIs (FTC/TAF/BIC and 3TC/DTG) and NNRTIs+NRTIs (3TC/TDF/DOR) regimens

(Figure 5).
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Figure 5. Distribution of sCD14 depending on the cART regimen. Increased values were observed in
the regimen containing protease inhibitor and in the two-drug regimen without nucleoside analogue.
In INIs+NRTIs and NNRTIs+NRTIs regimens values close to 0 were observed.

e InFTC/TAF/BIC regimen, the IQR is the widest and the median is high, which shows markedly
higher values of TNF-a compared to all other groups. (Figure 6)


https://doi.org/10.20944/preprints202406.1884.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 June 2024 d0i:10.20944/preprints202406.1884.v1

12,00 —
10,00 x
o 800 e
£
o
o
w 48
z o *:2 12¥ 50 R
400
&4
*
s
2,00 o o
77
° Ak
00 L]
ITCIOTG JTC/TDFDOR DTGRPV FTCITAF/BIC ~ FTC/TAFDRVIc

Figure 6. 3TC/DTG and 3TC/TDF/DOR regimens have the lowest values of TNF-a.

3.3. Distribution of Biomarkers Depending on Presence or Absence of a Protease Inhibitor

We found significantly lower levels of IFN-y in the protease inhibitor patients in the current
therapy, lower levels of IL-18 and higher levels of sCD14 (Table 3).

Table 3. Distribution in the levels of different cytokines depending on the presence or absence of a
protease inhibitor. Darunavir-containing regimen showed markedly lower levels of IFN-y, lower
levels of IL-18 with small difference and markedly higher levels of sCD14.

PIs
no yes
Percentile | Percentile Percentile | Percentile
Median Median p
25 75 25 75

GM- 0,944

0 0 0 0 0 0
CSF
IFN-vy 38,09 19,04 61,25 0,4 0,1 1,69 <0,001
IL-18 0 0 0,34 0,04 0 0,17 0,670
IL- 0,187

0 0 2,28 0 0 0,25
12p70
IL-13 0 0 3,22 0 0 0 0,076
IL-18 175,56 124,54 262,48 129,04 50,7 244 0,023
IL-2 0 0 3,52 1,17 0 2,34 0,557
IL-4 0 0 3,33 0,83 0 1,67 0,242
IL-5 0 0 0 0 0 0,77 0,155
IL-6 2,11 0 6,33 0 0 7,91 0,269
TNE- 0,780

0 0 5,74 0,2 0 0,72
alpha
CRP 7,04 44 12,3 6,6 49 13,12 0,725
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d- 0,768
0,17 0,1 0,25 0,17 0,16 0,22

dimer

sCD14 | 23998,51 6101,95| 59594,53 | 61862,52| 33129,88 | 431246,6 0,008

3.4. Distribution of Biomarkers Depending on Presence of CVDs

e No significantly different values of the indicators were proven depending on the presence of
cardiovascular diseases (CVDs). (Table 4)

Table 4. Distribution in the levels of different cytokines depending on the presence or absence of

CVDs.
CVDs
no yes
Median Percentile 25Percentile 75 Median Percentile 25Percentile 75 p
GM-CSF ,00 ,00 ,00 ,00 ,00 ,00 ,445
IFN-y 30,15 ,65 54,50 34,47 17,45 74,76 456
IL-1B ,04 ,00 ,34 ,02 ,00 ,26 ,739
IL-12p70  ,00 ,00 1,14 ,57 ,00 1,14 ,874
IL-13 ,00 ,00 1,34 ,00 ,00 1,61 ,876
IL-18 160,48 120,79 253,89 172,18 129,79 280,53 642
IL-2 ,00 ,00 3,52 ,00 ,00 2,34 ,726
IL-4 ,00 ,00 2,29 ,00 ,00 A2 ,450
IL-5 ,00 ,00 ,00 ,00 ,00 ,00 ,127
IL-6 2,11 ,00 6,33 3,17 ,00 1027 487
TNF-alpha ,00 ,00 2,46 ,00 ,00 5,74 ,972
CRP 7,00 4,53 12,46 7,31 4,19 11,95 ,833
d-dimer ,18 11 24 ,15 ,10 ,22 446
sCD14 36759,55  6253,50 74012,82 18241,71  8706,53 29588,44 184

3.5. Relationships between the Studied Indicators

IFN-v is strongly related to IL-18, moderately related to IL-12p70, IL-13 and IL-6, weakly related
to IL-12p70 and weakly but negatively related to IL-5 (Table 5). IL-6 is moderately strongly related to
IFN-y and IL-12p70 (Table 5).

No relationship between CRP, d-dimer and sCD14 with any of the series (p>0.05) was proven.

(Table 5)
Table 5. Relationship between the studied indicators.
IL- TNE- d-
GM-IFN- IL- 12p7 IL-13IL-18 IL-2 IL-4 IL-5 IL-6 alph CRP dime sCD
CSF 1B 14
0 a r
Spearm
GM- an's 1, OOO0 0030 ,1540,1790, 1050 179O ,2940, 0940 133O ,3290,2650, 0080 1230,220
CSF  rho
p 0,9800,1740,111 0,356 0,1120,008 0,405 0,240 0,003 0,018 0,942 0,279 0,065
Spearm
IF}]/\I- ii; 0, 0031 0000,2090,4530,3510, 6920 1920, 0110242O ,3870, 1660 0180,0150,223

p 0,980 0,063 0,0000,0010,0000,0870,924 0,031 0,0000,141 0,878 0,895 0,061
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Spearm

IL- an's 0,1540,2091,0000,1630,1090,086 0,249 0,242 0,017 0,280 0,289 0,006

1 tho

0,0540,072

p 0,1740,063 0,1470,3350,4480,026 0,031 0,8790,0120,009 0,958 0,634 0,548

IL- Spearm

an's 0,1790,4530,1631,0000,2200,282 0,152 0,3150,1550,119

120p7 tho 0,113 0,070

0,0760,114

p 0,1110,0000,147 0,0500,0110,3190,1800,5370,004 0,169 0,2950,503 0,343

Spearm

an's 0,1050,3510,1090,2201,0000,2370,1630,199 0,2020,126 0,247

IL-13 tho 0,052

0,0730,057

p  0,3560,0010,3350,050 0,0340,1490,0770,6500,0720,264 0,028 0,523 0,635

Spearm

an's 0,6920,086 0,282 0,237 1,000 0,0850,0080,2480,0950,019

IL-18 0,179 0,297
rho

0,0870,165

p 0,1120,0000,4480,0110,034 0,0080,4530,9440,0270,4000,871 0,444 0,169

Spearm

an's 0,294 0,249 0,163 1,0000,1330,1290,1020,1230,1350,204

IL-2 0,192 0,113 0,297
rho

0,134

p 0,0080,0870,0260,319 0,149 0,008 0,2400,2530,3690,2750,236 0,072 0,264

Spearm

an's 0,094 0,2420,1520,1990,0850,1331,0000,1290,2170,0720,056 0,163

IL-4 tho 0,011

0,038

p 0,4050,9240,0310,1800,0770,453 0,240 0,2550,0530,5280,6260,7420,176

Spearm

IL-5 ‘EOS 0,1330,242 17 . 070 0,052 # 008 01290,1291,000 o

0,1050,1140,1680,004

p 0,2400,0310,8790,5370,6500,944 0,253 0,255 0,244 0,3540,3150,1400,971

Spearm

an's 0,3290,3870,2800,3150,2020,2480,1020,217 1,0000,2400,130

IL-6 tho 0,1327

0,0950,007

p 0,0030,0000,0120,0040,0720,0270,3690,0530,244

0,0320,2540,405 0,956

TNF Spearm

- an's 0,2650,1660,2890,1550,1260,0950,123 0,072 0,105 0,240 1,000 0,042 0,081
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4. Discussion

Lot of evidence on the presence of residual immune activation and inflammation in PLHIV was
accumulated, despite the successful cART and the associated risks of comorbidity conditions and
death. Evidence that despite CART the levels of a number of immune inflammation markers remain
increased was also accumulated (Abino et al. 2016).

Statistically significant differences were observed in the levels of pro- and anti-inflammatory
circulating cytokines that stimulate and suppress the immune system, respectively, between HIV-
infected and non-HIV-infected individuals [15].  The longitudinal assessment of circulating
cytokines in one study showed worse cytokine profile for cART-naive patients compared to cART-
treated patients and healthy controls. The data indicates that cART induces normalisation of IL-4, IL-
6, and IL-10. INF-y, TGF-$3, and TNF-a did not fully respond to cART after 1 year of therapy [16].
The Biomarker Cohort study showed relationship between IL6, D-dimer and soluble 14 (sCD14) and
mortality in both HIV positive and non-HIV positive patients [17]. Data from other studies found that
interleukin-6 [IL-6], C-reactive protein [hsCRP], soluble CD14 [sCD14]), and D-dimer correlated with
the overall mortality due to HIV-1 infection [18,19].

Studies comparing the modern cART regimens in light of the residual immune activation and
dysregulation are of great interest [20]. For example, in one prospective study, cART-naive patients
started treatment with RAL, ATV/r, or DRV/r with TDF/FTC. Patients who achieved viral
suppression did not show consistent pattern in terms of the studied markers (hsCRP, D-dimer,
sCD14, and IL-6) favouring any of the cART regimens [21].

Data from some sources show reduction in the microbial translocation markers in people
randomised to raltegravir (RAL) compared to people randomised to non-nucleoside reverse
transcriptase inhibitors (NNRTIs) [22—24]. Data from other sources shows that the shift toward and
intensification with RAL do not definitively demonstrate significant changes in the systemic
inflammation and immune activation [25,26].

Of the 13 markers examined, GM-CSF, IL-1p, IL-12p70, IL-2, IL-4, IL-5, IL-6, IL-13, IL-18, D-
dimer, CRP, TNF-alpha and sCD14 at INF-y, IL12p70, IL-18, IL-5, TNF-alpha and sCD14 we
established a dependence with the ART regimen. The data shows progressive decrease, even not
significant, in the baseline IFN-y production with immunodeficiency progression [27]. cART
significantly increased the plasma levels of IFN-y [28,29] relative to the baseline levels. However,
we found reduction of IFN-y when the duration of ART increased (Spearman's rho=-0.271, p=0.015),
which we explained by the residual immune activation and dysregulation that had led to
immunosenescence over time. The fact that regimens containing a protease inhibitor (DRV/c) or those
without a nucleoside analogye as the basis of the therapy (DTG/RPV) showed lower IFN-y values in
our study could define some cART regimens as more effective than others, but, hovewer, further
studies with a larger number of participants need to be conducted.

Exposure of monocyte-derived dendritic cells to plasma from untreated HIV-infected donors
with chronic infection resulted in suppression of IL-12p70 secretion. Similar observations were made
for TNFa. The suppressive effect was weaker in plasma donors following cART regimen [30]. Our
explanation is that cART regimens with better efficacy will have a weaker suppressive effect on IL-
12 secretion. These regimens in our study are FTC/TAF/BIC, 3TC/DTG and 3TC/TDF/DOR regimens.
According to other sources, IL-12p70 is increased in HIV-positive patients compared to healthy
controls [31] and is more represented among patients taking a protease inhibitor compared to those
taking an integrase inhibitor [32], which is inconsistent with our results.

Markedly low levels of IL-18 were observed in cART patients who achieved viral suppression
[33]. The higher serum levels of this indicator may be a useful marker in HIV-1-infected patients
with metabolic disorders and in fat redistribution, as well as a sensitive predictor of cardiovascular
complications in treated patients [34]. None of the regimens in the present study showed complete
normalisation of IL-18 despite the observed success of ART. We report lower values of IL-18 for
patients following DTG/RPV regimen, although, as regards the other markers, the relation for this
regimen is inverse. This may be due to unreported comorbidity conditions, for example.
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Data shows that virological non-responders have significantly increased IL-5 levels
compared to ART responders. However, the values of this indicator do not completely normalise
even in case of durable viral suppression with high CD4 T lymphocyte levels [35]. According to our
data, higher values of IL-5 are found in patients following FTC/TAF/DRV/c and DTG/RPV regimens.

On the one hand, IL-6 values are significantly increased in case of HIV, but show no
significant difference compared to the control group participants after 1 year of therapy (P > 0.05), on
the other hand [16]. One study shows higher IL-6 levels in patients taking a protease inhibitor
compared to patients taking efavirenz and nevirapine, although this relation is not significant for
atazanavir. IL-6 does not show significant differences depending on the cART regimen in our study
[36].

The higher levels of hsCRP and D-dimer are related to the higher levels of IL-6 according to
some data [36]. According to our data, IL-6 is moderately strongly related to IFN-y and Il-12p70. We
do not prove any relationship between CRP, d-dimer and sCD14 with any of the series (p>0.05).

After beginning of the cART therapy, IL-4 values gradually decrease to those comparable to
the healthy controls [37]. We found that IL-4 was moderately strongly positively related to the
duration of cART (Spearman's rho=0.306, p=0.006). This marker may be potentially useful for
assessing HIV progression.

Macrophage activation markers, such as sCD14, are associated with the risk of cardiovascular
disease (CVD) in HIV-1-infected individuals [38—40]. However, we did not find any relation between
the studied markers and presence of CVD. Data shows that sCD14 decreases more markedly in
patients following RAL regiment compared to those following PI/r and NNRTI regimens [21,41,42].
These findings are consistent with our data.

The results of the current study do not provide hard evidence favoring a particular cART
regimen, although they show less favorable regimen profile containing protease inhibitor. Some of
the results are the same as those reported in some studies, but differ from the results reported in other
studies. Moreover, we have to take into account some restrictions, such as the predominance of the
male gender among the participants in the study. The design, and in particular the cross-sectional
study providing information on the tested group at a certain point in time may also be considered to
be a disadvantage, although some data shows a stable level of various markers of systemic
inflammation 1 year after starting HART therapy, which suggests that their re-evaluation may not be
necessary [43]. The small number of participants and the lack of healthy controls and patients, who
do not take HART are also a disadvantage that is due to our limited budget. All of the factors above-
mentioned may have influenced the results.

5. Conclusions

In general, our data suggests incomplete reduction of inflammation and immune activation
under effective cART conditions. These results also highlight the need for further study of different
HART regimens to confirm whether a given regimen has greater anti-inflammatory effect as a
possible mean of effective prevention of long-term co-morbid conditions in the cases of HIV-1
infection. It is likely that the interest in various biomarkers related to immune activation and
inflammation as predictors of clinical outcomes among PLHIV will increase in the future.
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