
Journal of Microbiology, Immunology and Infection 56 (2023) 931e938
Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.e- jmii .com
Original Article
HIV infection is associated with upregulated
circulating levels of the inflammaging
miR-21-5p

Javier Meseguer-Donlo a,b, Jade Soldado-Folgado a,c, Juan Du d,
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Abstract Background: HIV infection produces a chronic inflammation which leads to early ag-
ing of people living with HIV. Even though antiretroviral treatments (ART) have significantly
increased HIV patient survival, an underlying chronic inflammation persists leading to HIV-
related comorbidities. In this context, changes in microRNAs (miRNAs) expression may
contribute to this inflammatory response. This study aims to detect differential expression
of circulating miRNAs in treatment-naı̈ve HIV-infected individuals compared to uninfected con-
trols and evaluation of altered miRNAs after one year of ART.
Methods: Serum from patients and controls was collected at baseline and after 48-weeks on
ART in HIV-treated patients. Circulating miRNAs were analysed using next generation
sequencing.
Results: A total of 32 HIV patients and 10 controls were recruited. Of HIVþ individuals, 7 were
long-term non-progressors (elite controllers), a group of HIV-infected individuals that sponta-
neously control the infection. Higher circulating levels of miR-21-5p, and lower levels of miR-
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6503-3p and miR-3135b were detected in HIVþ progressors. After one year of ART, these miR-
NAs remain altered. Moreover, miR-21-5p and miR-6503-3p were also altered in elite control-
lers compared to control group. In silico analyses showed that miR-21-5p target pathways are
related to inflammation mechanisms and immune system.
Conclusion: miR-21-5p circulating levels are involved in inflammation and oxidative stress
mechanisms in HIV patients even after one year of ART or in elite controllers.
Copyright ª 2023, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction

The estimated number of people living with HIV (PLWH) in
2019 was 38 million, 36.2 of whom were adults.1 The
development of antiretroviral therapy (ART) and its early
start has led a life expectancy of PLWH close to the
general population.2 However, aging of PLWH has given
rise new comorbidities such as neurocognitive disorders
and liver, cardiovascular and bone diseases.3,4 These pa-
thologies affect typically advanced age patients, but in
PLWH appear at a younger age. ART induces side effects
related to drug toxicity and moreover it is not able to stop
chronic inflammation and continuous immune activation
which leads to early aging of PLWH.4 This chronic
inflammation is reflected by levels of IL-6, C-reactive
protein (hsCRP), cystatin C and D-dimers which remain
high with ART.5

HIV infection results in a multitude of changes in infec-
ted cells which impairs the host. During periods of active
viral replication these changes affect RNA and protein
expression as well as microRNAs (miRNAs) expression.6,7

Hence, miRNAs constitute an additional class of molecules
to study in the context of HIV infection and ART. miRNAs
take part in multiple biological processes, such as cell dif-
ferentiation, proliferation and death, metabolic regulation,
silencing of transposons, and antiviral defence.8 Extracel-
lular miRNAs can be found in vesicles or associated with
proteins. Unlike cellular RNAs, these characteristics make
them highly stable, resisting degradation at room temper-
ature up to 4 days. They interact with target cells and can
act as autocrine, paracrine or endocrine regulators of cell
metabolism.9 In the HIV pathogenesis, miRNAs play a
complex role involving several aspects of HIV infection,
affecting viral replication, host immune response, and ul-
timately disease management.10 Interestingly, miRNAs are
able to regulate both host and viral mRNA. For instance,
miR-21 and miR-222 take part in the development of
apoptosis resistant CD4 T cells infected with HIV.11 Other
miRNAs, such as miR-29a, miR-128, and miR-223 can pro-
duce a decrease in HIV replication.12,13 In this line, miR-29
inhibited HIV replication by approximately 60%, while miR-
133b, miR-138, miR-326, miR-149, and miR-92a reduced HIV
viral replication by 40%.14 These findings suggest that
miRNAs could be involved in HIV progression or inhibit viral
replication. Thereby, identification of miRNAs related to
different phases of HIV infection could help us to under-
stand the underlying mechanism involved in the chronic
inflammatory status.15,16
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For all mentioned above, we entertain the hypothesis
that HIV infection may alter the expression of miRNAs
related to chronic inflammation and immune response. The
aim of this project is to study the different profiling of
circulating miRNAs in ART naı̈ve people living with HIV
compared to uninfected individuals and the influence of
ART on their expression. The objectives are to better un-
derstand the role of miRNAs in HIV chronic infection.

Methods

Patients

A longitudinal caseecontrol study was conducted with HIV-
infected individuals naı̈ve to ART aged over 18 years
recruited consecutively between January 2017 to June 2018
from the Infectious Diseases Department in Hospital del
Mar, Barcelona, Spain and with HIV-negative controls
recruited from a Primary Care Center in Barcelona, Spain.
Control individuals were healthy people with similar
epidemiological characteristics than HIV-infected in-
dividuals (HIVþ progressors) that shared their same envi-
ronment. Naı̈ve to ART HIV-infected individuals were
followed-up for 48-weeks after starting first-line recom-
mended ART (DTG-3TC-ABC or Elvitegravir/cobicistat-TDF-
FTC). A subset of long-term non-progressors (elite con-
trollers) controlled in the Hospital del Mar was also
included. This group was defined as patients without pre-
vious ART and plasma HIV RNA levels below 500 copies/mL
for the last 24 months.17 In this case, all patients who met
the inclusion criteria and were willing to participate were
included in the study. Patients with history of co-infection
with chronic hepatitis B or hepatitis C, advanced liver dis-
ease, neoplasia, chronic kidney disease and inflammatory
diseases were excluded. All participants had a baseline visit
at recruitment and at 48 weeks after ART in HIV partici-
pants, where demographic and anthropometric variables,
full medical history and blood samples were collected.

Ethics statement

The study protocol was approved by the Parc de Salut Mar
Ethics Committee (2016/6793/I) in accordance with the
Declaration of Helsinki and the Good Clinical Practice
guidelines of the International Conference on Harmoniza-
tion. Participants gave written informed consent. Privacy
and confidentiality of subjects were respected at all times.
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Laboratory tests

Blood samples were obtained by phlebotomy at fasting at
8:00 AM and were stored at �80 �C until analysis. Serum
levels of the following markers were obtained: high sensi-
tivity C-reactive protein (hsCRP) [Chemiluminescent
immunoassay (CLIA) (Immulite 2000, Siemens], beta-2
microglobulin [CLIA (Immulite 2000, Siemens)], D-dimer
[immunoturbidimetry (ACL TOP300)], erythrocyte sedi-
mentation rate (ESR), and fibrinogen [Clauss method (ACL
TOP300)]. In HIV patients, CD4 cell count and viral load (VL)
were also measured.

miRNA isolation, library construction and
sequencing

RNA was extracted from serum samples using miRNeasy
Serum/Plasma kit (QIAGEN). miRNA quantity and purity
were determined on Qubit miRNA assay and RNA integrity
was assessed using Agilent 2100 Bioanalyzer (Agilent Tech-
nologies). Small RNA libraries were prepared by processing
16 and 14 samples per batch (conditions well distributed)
using QIAseq miRNA Library Kit (QIAGEN) according to the
manual QIAseq miRNA Library Kit Handbook for Illumina�
(QIAGEN, Version 1.0, 12/18). The suggested parameters
for serum/plasma samples were: 5 ul of initial sample,
different dilutions of adaptors/primers and 22 PCR cycles.
Quality control of the libraries was done using Bioanalyzer
DNA High Sensitivity and Qubit DNA High Sensitivity, 29 of 30
libraries passed the quality control and subsequently were
sequenced. Library quantifications were performed with
KAPA Library Quantification kit on ABI Fast 7500 RT-PCR
instrument. All libraries were pooled and sequenced on the
Illumina NextSeq 500 platform for single read 75 cycles with
an expected coverage of 14 M per sample.

miRNA sequence data processing and statistical
analysis

QIAGEN adapters were removed (allowing 1 mismatch) and
unique molecular identifier (UMI) sequences were retained
with UMI tools version 0.5.4 (extract module). Reads
shorter than 15 bp were removed with Cutadapt version
2.1. Reads in the fastq files were mapped with STAR version
2.6.018 against miRBase v22.1. The table of counts was
obtained with Feature Counts function in the package
subread, version 1.6.419 and posterior counting of unique
UMIs with UMI tools version 0.5.4 (count, default method
“directional”). Genes having less than 3 counts in at least 2
samples were excluded from the analysis. Raw library size
differences between samples were treated with the
weighted trimmed mean method (TMM)20 implemented in
the edgeR package.21 The normalized counts were used in
order to make unsupervised analysis, principal component
analysis and clusters. For the differential miRNA expression
analysis, read counts were converted to log2-counts-per-
million (logCPM) and the meanevariance relationship was
modelled with precision weights using voom approach in
limma package version 3.44.122 using R version 4.0.0.
Comparisons of expression for each miRNA between groups
were made with moderated t-test and adjusted with the
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false discovery rate (FDR) method. Results with an adjusted
P < 0.05 and a │log2FC│> 1 were considered statistically
significant.

miRNA pathway analysis

Pathway analysis of miRNAs was done using DIANA-miRPath
v4.0 (using the target gene data from miRTarBase 2022),23

MiRSystems, miTALOS2, miRTar, and miRTargetLink. The
enrichment analysis method selected was Fisher’s exact
test with FDR correction. Pathways with a P < 0.05 were
selected.

Statistical analysis of patient characteristics

Statistical analysis of clinical and analytical variables was
done using SPSS23. Chi squared, Mann Whitney U, and T-
Tests were used to make pairwise comparisons between
groups of qualitative and quantitative variables respec-
tively. Results with P < 0.05 were considered statistically
significant.

Results

Patient distribution, clinical and analytical
variables

A total of 42 subjects were included in the study: 10 con-
trols and 32 HIVþ individuals. Of HIVþ individuals, 7 were
elite controllers, a group of HIV-infected individuals that
spontaneously control the infection. Clinical and analytical
characteristics of participants are shown in Table 1 and
Table 2. The main analysis was performed comparing the
HIVþ progressors versus non-HIVþ individuals (control
group). No differences in terms of age, sex or anthropo-
metric characteristics were found between controls and
HIVþ progressors (Table 1). As expected, HIV-infected in-
dividuals showed higher levels of inflammatory markers
(hsCRP, ESR, D-dimer) than controls. At 48-week after ART
initiation, all HIVþ individuals had undetectable viral load
and CD4þ T-cell count raised from 375 (254e615) to 547
(393e720); p < 0.001) (Table 1). However, not all inflam-
matory parameters were restored and were comparable to
control group, i.e. ESR was still significantly higher in
treated HIV-infected individuals compared to controls:
7 mm/h (3e14) in treated HIV vs 3 mm/h (2e7) in controls;
p Z 0.009.

miRNA differences in HIV patients (progressors)
versus controls

A total of 645 miRNAs were detected in serum samples in
overall participants (GSE217795). We compared miRNA
expression levels between controls and HIVþ progressors at
baseline and we observed three significantly differentially
expressed miRNAs (Table 3). Of them, two were down-
regulated in HIV participants, miR-3135b and miR-6503-3p,
whereas miR-21-5p was upregulated. After 48 weeks on
ART, these 3 miRNAs, although in lesser extension,
remained significantly altered in HIV patients in comparison



Table 1 Clinical and analytical characteristics of participants: non-HIVþ individuals (Controls) and HIVþ patients.
HIVþ patients were evaluated previous ART (Naı̈ve HIVþ) and after 48 weeks on ART (HIVþ 48-w).

Control n Z 10 Naı̈ve HIVþ n Z 25 p-value HIVþ 48-w n Z 25 p-value1

Age 34 (31e39) 37 (32e43) 0.506 -

Sex (% males) 5 (50%) 20 (80%) 0.076 -

Smoking 5 (50%) 14 (56%) 0.748 -

Alcohol use 0 (0%) 2 (8%) 0.357 - 0.748
Recreative drug users 1 (10%) 6 (24%) 0.350 - 0.357
IVDU 0 (0%) 1 (4%) 0.521 - 0.350
BMI (kg/m2) 22.3 (19.78e25.30) 24.22 (21.84e26.72) 0.068 25.4 (21.9e27.1)a 0.521
Nadir CD4 cell count (cells/ml) - 374 (231e526) -

Nadir CD4/CD8 - 0.38 (0.18e0.67) -

Zenit viral load (copies/ml) - 4.65 (3.65e4.98) -

Opportunistic infections - 5 (20%) -

CD4 cell count (cells/ml) - 375 (254e615) 547 (393e720) <0.001

Plasma viral load (Log copies/ml) - 4.6 (3.7e4.9) 0 <0.001

Beta-2 microglobulin (mg/l) 1.40 (1.37e1.43) 2.14 (1.68e2.83) 0.002 1.77 (1.53e2.05)a <0.001

hsCRP (g/dl) 0.04 (0.01e0.24) 0.29 (0.11e0.59) 0.009 0.12 (0.04e0.29)a <0.001

ESR (mm/h) 3 (2e7) 18 (11e30) 0.028 7 (3e14)2 <0.001

Fibrinogen (mg/dl) 279 (197e300) 247 (202e275) 0.568 269 (233e312)a 0.518
D-dimer (ng/ml) 97 (62e141) 190 (105e595) 0.036 143 (72e220)a 0.009

a Non-significant compared to controls.
n: sample size, IVDU: intravenous drug users, BMI: body mass index, hsCRP: high sensitivity C-reactive protein, ESR: erythrocyte sedi-
mentation rate. For qualitative variables data is shown as frequencies and percentages and for quantitative variables as median and
interquartile range. P value was calculated with X2 test for qualitative variables and with Mann Whitney U test for quantitative variables.
P < 0,05 was considered statistically significant and is shown in bold.
p-value comparing controls vs Naı̈ve HIVþ.
1p-value comparing HIVþ at baseline vs week 48 post ART.
2p-value<0.05 comparing 48-weeks vs. controls.

Table 2 Clinical and analytical characteristics of elite controllers. Parameters were compared to controls (non-
HIVþ individuals).

Control Elite controllers p-value
n Z 10 n Z 7

Age 34 (31e39) 54 (45e55) 0.005

Gender (% males) 5 (50%) 4 (57%) 0.772
Smoking 5 (50%) 4 (57%) 0.772
Alcohol use 0 (0%) 3 (42,9%) 0.023

Recreative drug users 1 (10%) 1 (14.3%) 0.787
IVDU 0 (0%) 1 (14.3%) 0.218
BMI (kg/m2) 22.3 (19.78e25.30) 25.6 (23.25e29.01) 0.025

Nadir CD4 cell count (cells/ml) e 417 (341e548) e

Nadir CD4/CD8 e 0.638 (0.439e1.244) e

Zenit viral load (copies/ml) e 27.5 (20e122) e

Opportunistic infections e 0 (0%) e

Actual CD4 cell count (cells/ml) e 444 (356e660.2) e

Actual CD4/CD8 0.533 (0.463e1.123)
Actual Viral load (copies/ml) e 66 (39e145) e

Beta-2 microglobulin (mg/l) 1.40 (1.37e1.43) 1.63 (1.41e2.17) 0.164
hsCRP (g/dl) 0.04 (0.01e0.24) 0.19 (0.05e0.34) 0.193
ESR (mm/h) 3 (2e7) 11 (10e22) 0.296
Fibrinogen (mg/dl) 279 (197e300) 307 (251e320.5) 0.277
D-dimer (ng/ml) 97 (62e141) 280 (210e822.5) 0.038

n: sample size, IVDU: intravenous drug users, BMI: body mass index, hsCRP: high sensitivity C-reactive protein, ESR: erythrocyte sedi-
mentation rate. For qualitative variables data is shown as frequencies and percentages and for quantitative variables as median and
interquartile range. P value was calculated with X2 test for qualitative variables and with Mann Whitney U test for quantitative vari-
ables. P < 0,05 was considered statistically significant and is shown in bold.
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Table 3 Significant differentially expressed serum miRNAs in Naı̈ve HIVþ patients vs Controls and in HIVþ 48 weeks on ART vs
Controls.

miRNA Log2FC Adjusted P value Log2FC Adjusted P value
Naı̈ve vs Control Naı̈ve vs Control 48 w ART vs Control 48 w ART vs Control

miR-3135b �1.58 0.032 �1.28 0.042
miR-6503-3p �1.38 0.014 �1.05 0.041
miR-21-5p 1.33 <0.001 1.10 <0.01

Log2FC: log2 fold change. P value was calculated with moderated t-test and adjusted with the false discovery rate (FDR) method.
Results with an adjusted P < 0.05 and a │log2FC│> 1 were considered statistically significant.
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with controls. In this way, no significant change of these
miRNA levels was detected in HIVþ individuals after ART:
Log2FC 48 w ART vs Naı̈ve for the miR-21-5p was �0.24 (p
value Z 0.7); Log2FC 48 w ART vs Naive for the miR-3135b
was 0.30 (p value Z 0.78), and the Log2FC 48 w ART vs
Naive for mir-6503 was 0.33 (p-value Z 0.7). Hence, ART
was not able to restore normal levels of these miRNAs
during this follow-up time, despite CD4 reconstitution and
viral suppression (Table 3).

miRNA differences in elite controllers versus
controls

In order to rule out an ART effect on miRNA levels, a subset
of HIVþ individuals who naturally are controlling the
infection (elite controllers) was also analysed. Elite con-
trollers were older than controls, they had higher BMI and
elevated D-dimer levels (Table 2).

In elite controllers, miR-21-5p and miR-6503-3p showed
altered levels compared to control individuals, better
levels than HIVþ Naı̈ve patients, and similar levels than
HIVþ individuals after ART (Table 4).

miRNA pathway analysis

Target genes with strong evidence of miR-21-5p are shown
on Fig. 1 using miRTargetLink tool (https://ccb-web.cs.uni-
saarland.de/mirtargetlink/network.php?
typeZmiRNA&qvalZhsa-miR-21-5p). Among the top 20
KEGG pathways (the most significant FDR p-values) for
miR-21-5p obtained in miRPath v4.0 (using experimentally
validated data), several are related to inflammation and
infection mechanisms: MAPK signaling pathway, Hepatitis
B, Human cytomegalovirus infection, EpsteineBarr virus
infection, FoxO signalling pathway, Primary immunodefi-
ciency, Human immunodeficiency virus 1 infection, etc.
Table 4 Significant differentially expressed serum miRNAs in El
after 48 weeks on ART.

miRNA Log2FC P value Log2FC
Elite controllers
vs Control

Elite controllers
vs Control

Elite contro
vs Naı̈ve

miR-6503-3p �1.19 0.007 0.20
miR-21-5p 0.80 0.016 �0.54

Log2FC: log2 fold change. P value was calculated with moderated t-
considered statistically significant.
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Overall, using the different pathway enrichment tools,
the most representative pathways with strong supportive
evidence involving hsa-miR-21-5p were: MAPK signalling,
Cytokineecytokine receptor interaction, TGF beta signal-
ling, HIV-1 Nef: Negative effector of Fas and TNF-alpha, and
P53 signalling.

No experimentally validated pathways and target genes
were found for miR-3135b and miR-6503-3p in miRPath v4.0
and TarBase v8.0. Enriched pathways with supportive evi-
dence were not found using the different miRNA analysis
tools.

Discussion

Next generation sequencing was applied to characterize
differentially expressed serum miRNAs between treatment-
naı̈ve HIV-infected individuals and uninfected controls. We
report that HIV infection upregulates circulating levels of
miR-21-5p and downregulates miR-6503-3p and miR-3135b
compared to controls. Moreover, we detected a persistent
miRNA profiling alteration after 48-weeks on ART, suggest-
ing that these miRNAs were impaired because of the
chronic inflammation status underlying HIV infection. The
miR-21-5p and miR-6503-3p were also upregulated and
downregulated, respectively in HIVþ patients who did not
receive ART because they did not show signs of progressive
disease.

No previous literature was found about miR-3135b and
miR-6503-3p related to HIV infection or inflammation
mechanisms. Downregulation of both miRNAs has unclear
consequences since there are no known validated target
genes and pathways. Further studies are needed in order to
replicate our results and to elucidate the role of these
miRNAs in HIV infection.

On the other hand, higher miR-21-5p levels in circulating
extracellular vesicles of HIV-positive individuals on ART
ite controllers vs Controls and comparison to HIVþ Naı̈ve and

P value Log2FC P value
llers Elite controllers

vs Naı̈ve
Elite controllers
vs 48 w ART

Elite controllers
vs 48 w ART

0.61 �0.14 0.72
0.07 �0.30 0.3

test. Results with an adjusted P < 0.05 and a │log2FC│> 1 were

https://ccb-web.cs.uni-saarland.de/mirtargetlink/network.php?type=miRNA&amp;qval=hsa-miR-21-5p
https://ccb-web.cs.uni-saarland.de/mirtargetlink/network.php?type=miRNA&amp;qval=hsa-miR-21-5p
https://ccb-web.cs.uni-saarland.de/mirtargetlink/network.php?type=miRNA&amp;qval=hsa-miR-21-5p


Figure 1. Predicted targets for miR-21-5p using Chair for Bioinformatics at the University of Saarland.

J. Meseguer-Donlo, J. Soldado-Folgado, J. Du et al.
have been previously reported by Chettimada et al.24 They
found that levels of miR-21-5p correlated with metabolites
of the cysteine metabolism pathway (cysteine, cystine,
oxidized cysegly, cysteine s-sulfate) which are markers of
oxidative stress. Furthermore, there is evidence of higher
levels of circulating miR-21-5p related to aging.25 Also,
lower circulating levels of this miRNA have been observed
in centenarian subjects compared to healthy 80 years old
individuals, suggesting that lower levels of miR-21-5p are
beneficial for longevity.26 These findings have made some
researchers to propose this miRNA as a biomarker of path-
ological aging or inflammaging,27 and thus, it might
contribute to the accelerated ageing observed in PLWH.
Other diseases where higher serum levels of miR-21-5p have
been reported are autoimmune diseases like ulcerative
colitis, systemic lupus erythematosus and myasthenia
gravis.28e30 Furthermore, in the case of myasthenia gravis
936
patients, circulating miR-21-5p levels were reduced
following immunosuppressive therapy.30 Additionally,
several target genes and pathways are described for miR-
21-5p related to inflammation, infection mechanisms and
apoptosis regulation such as oxidative stress response, Toll-
like receptor signalling, TGF beta signalling and Notch
signalling.24

Existing evidences demonstrate that serum levels of
miR-21-5p are related to chronic inflammation and contin-
uous immune activation. All these data give rise to the
hypothesis that this miRNA could have an important role in
the pathophysiology of early aging in HIV patients. Impor-
tantly, ARTwould not be able to normalize the miRNA levels
after 48 weeks, and therefore, also unable to totally
restore inflammatory parameters.

Additionally, long-term non-progressors are a special
group of HIVþ patients due to their ability to suppress HIV
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replication without treatment. Despite naturally control-
ling the infection, many studies have found that elite
controllers present an abnormal pattern of immune acti-
vation and therefore they had worse clinical outcomes in
terms of cardiovascular diseases, non-AIDS-defining in-
fections, and increased rates of all-cause hospitaliza-
tion.31,32 Of note, elite controllers were around two
decades older than controls and therefore, we cannot rule
out an ageing effect on miR-21-5p levels. Hence, it is
plausible that miRNAs involved in ageing and/or related to
a permanent inflammatory status were also altered in this
group of patients.

A small trend toward normalization of miR-21-5p and
miR-6503-3p levels was observed after ART. We hypothesize
that this trend could mean some immune reconstitution
after the virus is controlled. In elite controllers, the Log2FC
of these miRNAs versus the control group is also smaller
than naı̈ve HIV-infected individuals, corroborating this im-
mune reconstitution. However, miRNA levels remained
significantly altered in both HIVþ groups, which correlates
with persistent inflammation detected in these patients.33

Otherwise, altered miRNA levels would involve the host
response against the virus or alternatively as a mechanism
for the virus to facilitate viral replication and infection or
to maintain latency, both of which decrease following ART
and in elite controllers.10 Functional studies should be
addressed in order to explore these hypotheses.

The main limitation of the study is that results are ob-
tained from a single centre study with a limited number of
patients and restricted to 48 weeks of follow-up, and
therefore our findings should be replicated in other cohorts.
In addition, elite controllers are older than control and
HIVþ progressors, which should be considered while making
comparisons. Control individuals were selected to be
representative of a healthy population, and similar to
HIVþ progressors. On the other hand, elite controllers are a
very rare HIV-infected population and all individuals who
met inclusion criteria were included. Our work has some
strengths that have to be considered. We applied next
generation sequencing which allows to identify most of the
small RNAs present in our samples, rather than other ap-
proaches like microarrays or quantitative PCR that only
detect pre-defined miRNAs included in the chip. Hence, as
majority of circulating miRNAs have been analysed, we
were able to find new evidence, such as downregulated
circulating levels of miR-6503-3p and miR-3135b in HIV
patients. Another strength is that our patients were naı̈ve
for the ART and therefore we have been able to isolate the
impact of the HIV infection on miRNA expression without
the interference of ART. But, more interestingly, we repli-
cated the analysis in the same patients one year after ART
and in a subset of elite controllers, and these microRNAs
were consistently altered. This is an intra-cohort valida-
tion, showing that these miRNAs were affected by the
presence of HIV itself and its associated chronic inflam-
mation and not HIV replication.

In conclusion, treatment-naı̈ve HIV patients showed
upregulated circulating levels of miR-21-5p and down-
regulated levels of miR-6503-3p and miR-3135b compared
to a healthy control population. miR-21-5p target genes and
pathways are implicated in inflammation and immune
activation. We found upregulation of this miRNA
937
independently of ART, since it was altered before and 48
weeks after starting ART, and in elite controllers. These
findings suggest that expression of miR-21-5p could be
consequence of chronic inflammation and oxidative stress
levels associated with HIV infection. This study contributes
to new insights on miRNA dysregulation in HIV pathogenesis,
but the application of miRNAs as diagnostic and interven-
tional medicine should be assessed in future investigations.
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guez-Mora S, Bermejo M, López-Campos G, et al. Changes in
the cellular microRNA profile by the intracellular expression of
HIV-1 Tat regulator: a potential mechanism for resistance to
apoptosis and impaired proliferation in HIV-1 infected CD4þ T
cells. PLoS One 2017;12.

12. Nathans R, Chu C, Serquina A, Lu C, Cao H, Rana T. Cellular
MicroRNA and P bodies modulate host-HIV-1 interactions. Mol
Cell 2009;34:696e709.

13. Bochnakian A, Zehn A, Zisoulis D, Idica A, KewalRamani V,
Neel N, et al. Interferon-inducible MicroRNAmiR-128modulates
HIV-1 replication by targeting TNPO3 mRNA. J Virol 2019;93.

14. Klase Z, Houzet L, Jeang KT. MicroRNAs and HIV-1: complex
interactions. J Biol Chem 2012;287(49):40884e90.

15. Tsai L, Yu D. MicroRNAs in common diseases and potential
therapeutic applications. Clin Exp Pharmacol P 2010;37:102e7.

16. Sadri Nahand J, Bokharaei-Salim F, Karimzadeh M, Moghoofei M,
Karampoor S, Mirzaei H, et al. MicroRNAs and exosomes: key
players in HIV pathogenesis. HIV Med 2020;21:246e78.

17. Pereyra F, Addo MM, Kaufmann DE, Liu Y, Miura T, Rathod A,
et al. Genetic and immunologic heterogeneity among persons
who control HIV infection in the absence of therapy. J Infect
Dis 2008;197(4):563e71.

18. Dobin A, Davis C, Schlesinger F, Drenkow J, Zaleski C, Jha S,
et al. STAR: ultrafast universal RNA-seq aligner. Bioinformatics
2012;29:15e21.

19. Liao Y, Smyth G, Shi W. FeatureCounts: an efficient general
purpose program for assigning sequence reads to genomic
features. Bioinformatics 2013;30:923e30.

20. Robinson M, Oshlack A. A scaling normalization method for
differential expression analysis of RNA-seq data. Genome Biol
2010;11.
938
21. Robinson M, McCarthy D, Smyth G. EdgeR: a Bioconductor
package for differential expression analysis of digital gene
expression data. Bioinformatics 2009;26:139e40.

22. Ritchie M, Phipson B, Wu D, Hu Y, Law C, Shi W, et al. Limma
powers differential expression analyses for RNA-sequencing
and microarray studies. Nucleic Acids Res 2015;43.

23. Tastsoglou S, Skoufos G, Miliotis M, Karagkouni D, Koutsoukos I,
Karavangeli A, et al. DIANA-miRPath v4.0: expanding target-
based miRNA functional analysis in cell-type and tissue con-
texts. Nucleic Acids Res 2023:gkad431.

24. Chettimada S, Lorenz D, Misra V, Wolinsky S, Gabuzda D. Small
RNA sequencing of extracellular vesicles identifies circulating
miRNAs related to inflammation and oxidative stress in HIV
patients. BMC Immunol 2020:21.

25. Olivieri F, Spazzafumo L, Santini G, Lazzarini R, Albertini M,
Rippo M, et al. Age-related differences in the expression of
circulating microRNAs: miR-21 as a new circulating marker of
inflammaging. Mech Ageing Dev 2012;133:675e85.

26. Accardi G, Bono F, Cammarata G, Aiello A, Herrero MT,
Alessandro R, et al. miR-126-3p and miR-21-5p as hallmarks of
bio-positive ageing; correlation analysis and machine learning
prediction in young to ultra-centenarian Sicilian population.
Cells 2022;11(9):1505.

27. Olivieri F, Capri M, Bonafè M, Morsiani C, Jung H,
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