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Early antiretroviral treatment (ART) in vertically acquired HIV-1-infection is associated with a rapid viral suppression, small HIV-1 reservoir, reduced morbimortality and preserved immune functions. We investigated the miRNA profile from vertically acquired HIV-1-infected young adults based on ART initiation delay and its association with the immune system activation. Using a microRNA panel and multiparametric flow cytometry, miRNome profile obtained from peripheral blood mononuclear cells and its association with adaptive and innate immune components were studied on vertically HIV-1-infected young adults who started ART early (EARLY, 0-53 weeks after birth) and later (LATE, 120-300 weeks). miR-1248 and miR-155-5p, were significantly upregulated in EARLY group compared with LATE group, while miR-501-3p, miR-548d-5p, miR-18a-3p and miR-296-5p were significantly downregulated in EARLY treated group of patients. Strong correlations were obtained between miRNAs levels and soluble biochemical biomarkers and immunological parameters including CD4 T-cell count and maturation by CD69 expression on CD4 T-cells and activation by HLA-DR on CD16high NK cell subsets for miR-1248 and miR-155-5p. In this preliminary study, a distinct miRNA signature discriminates early treated HIV-1-infected young adults. The role of those miRNAs target genes in the modulation of HIV-1 replication and latency may reveal new host signaling pathways that could be manipulated in antiviral strategies. Correlations between miRNAs levels and inflammatory and immunological markers highlight those miRNAs as potential biomarkers for immune inflammation and activation in HIV-1-infected young adults who initiated a late ART.
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Introduction

Antiretroviral treatment (ART) implementation has greatly reduced mother to child HIV-1 transmission. Despite this, at the end of 2019, 1.7 million people living with HIV-1 were children aged 0 to 14 years old (1). WHO guidelines recommend that ART should be initiated within 1 year of age in all vertically acquired HIV-1 infected children as it is well known that the earlier the ART is initiated after infection, the greater the reduction in the reservoir and disease progression, not only in HIV-1 infected children but also in adults (2–4). Several observations suggested that a late timing of treatment initiation in HIV-1 infected children is associated with the induction of ineffective HIV-specific immune responses (5, 6), altered immune phenotype (7) and a distinct transcriptional signature and protein profile, showing upregulation of immune activation pathways (5, 8), indicated a proinflammatory state that may potentially trigger premature non-AIDS events including atherosclerotic and metabolic diseases. It is still unclear whether the effects of the infection on an immune system under development are reversible later in life, as first children infected since birth are now reaching adulthood. Immunological data on this population remain scarce, but our group along with others has described a premature immune aging profile associated with HIV-1 infection (7, 9).

MicroRNAs (miRNAs) are small noncoding RNAs implicated in the development and progression of multiple diseases and have recently been proposed as therapeutic targets in cancer, cardiovascular and metabolic diseases and infections due to their crucial roles in processes of cell maturation, proliferation, migration, differentiation and function in the immune system (10, 11). Focusing on HIV-1 infection, there is a strong effort centered on determining how HIV-1 can differentially modulate several miRNAs that potentially regulate host cellular pathways such as cell cycle, apoptosis, T-cell signalling and cytokine response (12, 13). Because of that, cellular miRNAs could possibly be involved in establishing HIV-1 latency. Recent strategies for clearing viral reservoir have resulted from studies on the mechanism of how miRNAs influence viral protein expression (14). Up to the moment, most findings related to miRNA in HIV-1-infection have been obtained from patients infected during adulthood focussing on the disease progression and there is no information on the miRNA profile related to an early ART initiation in vertically infected HIV-1-patients that reached adult status. Thus, the objective of the present preliminary study was to investigate the miRNA expression profile from vertically acquired HIV-1-infected young adults based on ART initiation delay as well as its association with inflammatory biomarkers and immune system activation and maturation state.



Materials and Methods


Study Participants

This cross-sectional study is based on young adults with vertically transmitted HIV-1 infection from the Paediatric Spanish AIDS Research Network Cohort (coRISpe). All participants were Caucasian. Eighteen patients, all of them on suppressive ART treatment, were included based on sample availability and the following inclusion criteria: 1) patients had evidence of virological suppression within the first year after ART initiation; 2) had subsequent maintenance of viral control (≤20 copies/mL) for at least five years before sampling; 3) were not coinfected by Hepatitis C Virus (HCV). Cryopreserved peripheral blood mononuclear cells (PBMCs) and associated clinical data were provided by the Spanish HIV Hospital General Universitario Gregorio Marañón BioBank (15) and by coRISpe (16) respectively. Patients were classified in two groups according to ART timing initiation in those who initiated ART early (EARLY, 0-53 weeks, n=7) and those who initiated ART late (LATE, 120-300 weeks, n=11). As reference group, samples of fresh whole blood from volunteers non-HIV-1-infected Healthy Donors (HD, n=6) paired by sex and age were collected in EDTA tubes and PBMCs were immediately isolated by Ficoll-Paque density gradient centrifugation and stored at -20°C until RNA extraction.

The study was approved by the ethic committee of Hospital General Universitario Gregorio Marañón (HGUGM) in Madrid (protocol miRNA-Ped-HIV_16, approved on March 21, 2017, acta06/2017). Written informed consent was obtained from all participants before inclusion in coRISpe and from all volunteers before inclusion in the study. Data was collected from October 2020 to March 2021.



Immunophenotyping of T lymphocytes and NK Cells

Immunophenotyping of T lymphocytes and Natural Killer (NK) cells using multiparametric flow cytometry was performed following this hierarchy order according to sample availability. In future analysis, the number of patients will vary due to this limitation. For T lymphocyte immunophenotyping, two flow cytometer panels were designed. For the first panel PBMCs were thawed, washed and stained with LIVE/DEAD fixable Aqua Blue Dead Cell Stain (Life Technologies, CA, USA) for viability, and the surface antibodies CD56-CD19-CD14-BV510 (CD56 clone NCAM16.2; CD19 clone SJ25C1 and CD14 clone MOP9), CD3-PerCP-Cy5.5 (clone SK7) (BD Biosciences, San Diego, CA) and CD8-PB (clone RPA-T8; Biolegend, San Diego, CA) for lineage, CD45RA-ECD (clone 2H4), IL-7 receptor, CD127-PeCy7 (clone R34.34), HLA-DR-APC (clone GRB-1) (Beckman Coulter), CD38-FITC (clone HB7), CD69-APC-R700 (clone FN50) (BD Biosciences) for maturation, survival and activation.

The second T lymphocyte panel, in addition to LIVE/DEAD fixable Aqua Blue Dead Cell Stain for viability, CD56-CD19-CD14-BV510, (CD56 clone NCAM16.2; CD19 clone SJ25C1 and CD14 clone MOP9), CD3-APC-Cy7 (clone SK7) for lineage and CD45RA-ECD (clone 2H4; Beckman Coulter) and CD27-PerCP-Cy5.5 (clone M-T271, BD, Biosciences) for maturation, it also included CD4-APC-R700 (clone RPA-T4, BD Biosciences) for lineage, CD57-FITC (clone NC1; Beckman Coulter) for senescence and TIM-3-PE (clone 7D3), PD-1 (clone EH12.1) (BD Biosciences), LAG-3-Pe-Cy7 (clone 7H2C65) and TIGIT-AF647 (clone A15153G) (Biolegend), for exhaustion. Lymphocytes were defined as viable cells having low forward/side scatter and expressing CD3, and/or no CD8/CD4, but not CD19, CD14 and CD56. Isotypes controls were included for CD57, TIM-3, LAG-3, TIGIT and PD-1.

The NK immunophenotyping included: LIVE/DEAD fixable Aqua Blue Dead Cell Stain for viability, CD3-CD19-CD14-BV510 (CD3 clone SK7; CD19 clone SJ25C1 and CD14 clone MOP9), CD56-APC-Cy7 (clone NCAM16.2), CD16-PerCP-Cy5.5 (clone 3G8) (BD Biosciences) for NK subsets identification and CD57-FITC (clone NC1) for maturation, HLA-DR-APC (clone GRB-1) (Beckman Coulter) for activation, the constitutively expressed receptor, TIM-3-PE (clone 7D3) involved in NK cell cytokine secretion, the C-type lectin-like activating receptor NKG2D-PECF594 (clone 1D11), CD69-APC-R700 (clone FN50) for activation, the inhibiting receptor NKG2A-BV421 (clone 131411) (BD Biosciences) and the natural cytotoxicity family activating receptor NKp30-PE-Cy7 (clone P30-15; Biolegend). To identify NK cells, viable cells, negative for CD3, CD14 and CD19 were classified also in three subsets based on the expression of CD56 (CD56neg, CD56high and CD56dim) and CD16 that define the NK cytotoxic subset (CD16high) Isotype controls were included for TIM-3, NKG2D, NKG2A, NKp30 and CD69.

Acquisition was carried out in a Galios flow cytometer (Beckman Coulter). Before acquisition, cells were fixed with 4% paraformaldehyde. At least 1 million events were acquired for each condition. FlowJo software (v10.6.1) was used for data analysis.



RNA Extraction and miRNA Profiling

Total RNA isolation was performed with mirVana miRNA isolation kit (Ambion, Huntingdon, UK), following the manufacturer’s instructions and RNA concentrations were estimated with Nanodrop ND-1000 (Thermo Scientific, Waltham, MA, USA) followed by RNA analysis of quality and integrity based on RIN values, determined using Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA). TaqMan™ Advanced miRNA cDNA Synthesis Kit (Thermo Fisher) was used for reverse-transcription of isolated RNA. MiRNA gene expression profile was then assessed by using the 754 panel TaqMan™ OpenArray™ Human Advanced MicroRNA Panel and run in the Open Array block of a QuantStudio™ 12K Flex equipment (ThermoFisher).

The RQ module (version4.3) of the apps.thermofisher cloud (apps.thermofisher.com) was used to generate Crt values (herein referred as Cq) and to calculate deltaCq (∆Cq) data using Global Normalization. Cq values ≥ 32 were considered negative and microRNAs which did not show expression above this level in at least 12 out of the 24 samples were discarded. Therefore, 142 miRNAs were detected as positive in this study. MiRNA expression profile analysis from six healthy donors non-HIV-infected subjects, paired by sex and age with HIV-1 participants, was also included. Reactions and data analysis were carried out at Genomics Core Facility, Parque Científico de Madrid, Spain.



Statistical Analysis

Shapiro-Wilk normality test was used for variables normality and they were non-normally distributed and then considered as non-parametric. Differences between categorical and continuous values were determined by the Chi-square test and Mann-Whitney U test, respectively. Correlations between variables were assessed using the Spearman rank test. p values <0.05 were considered statistically significant.

The statistical software used included SPSS 23.0 package (IBM, Madrid, Spain). Graphs were generated with Prism, version 9.0 (GraphPad Software, Inc.).




Results


General and Clinical Characteristics of the Studied Subjects

Clinical and demographic characteristics of patients are shown in Table 1. Comparing groups, statistical difference was only observed in age at sampling, being LATE group older than EARLY group (24 [22-25] and 21 [20-23] years respectively, p=0.035). No differences were found in the clinical and immunological parameters including CD4+ and CD8+ percentage and cell counts, CD4+/CD8+ ratio, nadir CD4+ cell count, time since HIV-1 diagnosis, time under ART and under virological control.


Table 1 | Study cohort characteristics.



Biochemical and inflammatory biomarkers including plasma levels of glucose, GPT (ALT), GOT (AST), bilirubin, total cholesterol, triglycerides, HDL, LDL, LDL/HDL ratio and creatinine at sampling are showed in Table 2. EARLY group showed increased levels of triglycerides (p=0.044) and a trend to low frequency of HDL (p=0.097).


Table 2 | Biochemical and inflammatory biomarkers.





Altered miRNA Expression Profile in Late Treated Vertically HIV-1-Infected Young Adults

The miRNA profiling analysis in PBMCs detected and quantified 142 miRNAs. Comparisons between HD (median age of 23 years, 50% male) and EARLY and LATE treated HIV-1-infected young adults showed 34 and 28 differentially expressed miRNAs respectively (see Supplementary Table 1).

Comparing both groups of HIV-infected young adults, six miRNAs were expressed differently: two were significantly upregulated in EARLY group compared with LATE group (miR-1248 and miR-155-5p) and four (miR-501-3p, miR-548d-5p, miR-18a-3p and miR-296-5p) were significantly downregulated in EARLY treated group of patients (Figure 1). Noteworthy, one of that subset of regulated miRNAs (miR-501-3p) was also found modulated in HD group compared with both groups of HIV-infected young adults. Focusing on EARLY versus LATE comparison, for target genes identification, the public database miRTarBase was accessed because it gathers functional studies of miRNA–target interactions, which are validated experimentally (http://mirtarbase.cuhk.edu.cn/) and genes with strong evidence of interactions when linked to targets related to HIV-1 infection based on information available in scientific literature. Regulated genes involved in HIV-1 infection by miR-18a-3p, miR-296-5p and miR-155-5p are shown in Table 3 while no evidence was found for miR-1248, miR-501-3p or miR-548d-5p.




Figure 1 | Volcano plot showing the results of the miRNA profile analysis comparing EARLY and LATE-treated groups of HIV-infected patients. Graph of log2 Relative Quantity ratio (log2RQ) against log10 p value significance (-log10 p value) from 142 quantified miRNAs. Open white spots represent upregulated genes and black spots represent downregulated genes on EARLY treated (n=7) compared to LATE (n=11) treated HIV-1-young adults.




Table 3 | Differentially expressed miRNAs between LATE and EARLY treated HIV-1-young adults and list of targeted genes involved in HIV immunopathogenesis.



To determine possible associations between miRNAs profile and clinical and immunological parameters on HIV-1 infected patients, the levels of six most significant miRNAs were correlated with immunological and biochemical parameters (Figure 2A). The relative levels of miR-1248, miR-501-3p and miR-155-5p were associated with CD4+ cell counts (p=0.016; ρ=0.55; p=0.058; ρ=-0.58 and p=0.028; ρ=0.51 respectively). Besides, miR-296-5p and miR-155-5p correlated directly with soluble GOT transaminase (p=0.028; ρ=0.51 and p=0.016; ρ=0.56 respectively) and concerning soluble lipoproteins, strong associations were found between HDL soluble levels with miR-1248, miR-501-3p and miR-155-5p relative levels (p=0.020; ρ=-0.56; p=0.021; ρ=0.56 and p=0.002; ρ=-0.70 respectively) and ratio LDL/HDL with miR-501-3p and miR-155-5p relative levels (p=0.030; ρ=-0.54 and p=0.042; ρ=0.54 respectively) (Figures 2B–E).




Figure 2 | Associations between miRNA relative levels and immunological and biochemical parameters on HIV-1-infected young adults. Correlations of miRNAs relative quantity (RQ) with all soluble immunological and biochemical parameters (A). Significant and close to significant associations with T-CD4+ cell count (B), Glutamic Oxaloacetic Transaminase (Aspartate Aminotransferase) (GOT; AST) (C), high-density lipoprotein cholesterol (HDL) (data available for 16 patients) (D) and LDL/HDL ratio (LDL: low-density lipoprotein cholesterol) (data available for 16 patients) (E). Patients from EARLY treated group (n=7) are highlighted with blue dots and red dots represent LATE treated HIV-1-young adults (n=11). The Spearman rho correlation coefficient test was used. **p <0.01, *p <0.05, Θ0.05<p< 0.1.





Activation and Exhaustion Levels on T Cells and NK Cells and the Relationship With miRNAs Expression in Vertically Acquired HIV-1 Young Adults

CD4 and CD8 T-cell maturation subsets were defined as naïve (CD45RA+CD27+), Central Memory (CM; CD45RA-CD27+), Effector Memory (EM; CD45RA-CD27-) and Terminally Differentiated (TemRA; CD45RA+CD27-) (gate strategy in Figure 3A) and NK cells were classified also in subsets based on the expression of CD56 (CD56neg, CD56high and CD56dim) and CD16 that define the NK cytotoxic subset (CD16high) (gate strategy in Figure 3E).




Figure 3 | Memory CD8-T cell distribution and activation and exhaustion expression markers on CD8-T cell subsets and NK cell subsets from HIV-infected young adults. Gate strategy for memory subset distribution on T cell (A), lymphocytes were characterized by the patterns of forward and side scatter, followed by selection of CD3+. Central Memory (CM) (CD45RA-CD27+) CD8 T cell subset distribution (B), TIGIT expression on Effector Memory (EM) (CD45RA-CD27-) CD8 T cell subset (C) and CD57 expression on Terminally Differentiated (TemRA) (CD45RA+CD27-) CD8 T cell subset (D). Gate strategy for NK cell subsets (E) viable cells, negative for CD3, CD14 and CD19 were classified in three subsets according to the expression of CD56 and CD16. HLA-DR expression on total NK cells (F) and CD56high (G) NK cell subset and CD57 expression on CD16high NK cell subset (H) from EARLY treated group (n=7) and LATE treated HIV-1-young adults (n=11). Mann-Whitney U test was used.



Firstly, we wanted to determine if EARLY and LATE treated HIV-1 patients showed differences in subset distribution and activation, survival and exhaustion levels on T and NK cells. Only borderline statistical significance was observed, probably due to the scarce sample size, towards a higher frequency of CM CD8 T-cells and TIGIT and CD57 expression on EM and TemRA CD8 T-cells from LATE group, respectively (Figures 3B–D). Regarding NK cells, gate strategy is defined in Figure 3E, LATE group had significant lower activation levels defined by HLA-DR on total NK cells (p=0.029) and a borderline statistical significance on CD56high NK subset and higher CD57 levels on CD16high NK subset compared to EARLY group (Figures 3F–H).

We next analyzed the relationship between T and NK cell activation, survival and exhaustion levels and miRNAs expression, including those six that discriminate both groups of HIV-patients. Regarding T cells, CM CD4 T-cell subset distribution negatively correlated with miRNA-1248 relative levels (Figure 4A). Besides, expression levels of activation marker CD69 on naïve CD4 T-cells (defined as CD45RA+) was inversely correlated with miRNA-1248 relative levels, (ρ=-0.52; p=0.020) and similarly, CD69 expression levels on memory CD4 T-cells (defined as CD45RA-) also negatively correlated with miRNA-1248 and miRNA-155-5p relative levels (Figures 4B, C). No correlations were found for exhaustion markers on CD4 T-cells, neither for CD8 T-cell markers.




Figure 4 | Correlations between miRNAs and subset distribution and activation markers expression on CD4 T cells and NK cells. Correlations of miRNA-1248 relative quantity (RQ) with CD4 Central Memory subset distribution (CM, defined as CD45RA-CD27+) (A) and CD69+ expression on CD45RA- CD4 T cells (B), data available for 16 patients. MiRNA-155-5p correlations with CD69+ expression on CD45RA- CD4 T cells (C), data available for 16 patients. Correlations of miRNA-1248 levels and expression of HLA-DR on CD16high NK subset (D) and NKp30 and NKG2A on CD56negCD16+ NK cell subset (E, F). Correlations of with miRNA-155-5p levels with HLA-DR expression on CD56high NK cells (G) and median intensity fluorescence (MFI) of TIM-3 expression on CD56high NK cell subset (H). Patients from EARLY treated group (n=7) are highlighted with blue dots and red dots represent LATE treated HIV-1-young adults (n=11). The Spearman rho correlation coefficient test was used.



Focusing on NK cell associations, miRNA-1248 levels strongly and directly correlated with the expression of the activation marker HLA-DR on total NK cells subsets (ρ=0.569; p=0.014) and that association remains significant on the cytolytic NK subset CD16high expressing HLA-DR and miRNA-1248 (Figure 4D). Besides, miRNA-1248 levels also correlated with the expression of NKp30 and NKG2A on CD56negCD16+ NK cells subset (Figures 4E, F). In the case of miRNA-155-5p, upregulated on EARLY treated group, its levels strongly and directly correlated with HLA-DR expression and MFI of TIM-3 expression on CD56high NK cell subset (Figures 4G, H). Most of those associations were lost after stratification by group probably a cause of the small number of studied cases (data not shown).




Discussion

In this work, for the first time we describe a specific miRNA signature on peripheral blood mononuclear cells of vertically HIV-1-young adults who started an ART during the first year after birth compared to late treated HIV-1-young adults, with the purpose of performing a distinctive screening of miRNAs that potentially control the expression of multiple related genes in the context of HIV-1 control and future delayed progression due to their relevant role in HIV-1 cycle and in the establishment of reservoirs. Besides, the miRNome assay was completed with an in-depth phenotype characterization on innate and adaptive immune system components. The associations found between miRNAs and biochemical inflammatory biomarkers and activation and maturation markers expression highlight the potential role of those miRNAs as biomarkers for immune activation and can be considered good targets for therapies aimed at modulating immune response in HIV-1-young adults.

Our study confirms previous studies in which HIV-1 infection leads to altered miRNome compared to non-HIV-1 infected population. However, all evidences were described on HIV-1 patients infected at adulthood by sexual route among other ways of transmission and tried to find patters related to immune and viral progression (28). Up to the moment, none information had been carried out from vertically acquired HIV-1 infected group that still represents more than 150,000 new infections worldwide every year (1).

Focusing on most relevant identified miRNAs comparing EARLY and LATE treated HIV-1-young adults, miRNA-155-5p has been widely studied due to its role in the functionality of the immune system regulating the immune response and lymphocyte differentiation (29, 30). Besides, miRNA-155 has been highlighted as potential biomarker of long-term nonprogressors (LTNPs) who showed decreased levels compared to viremic naïve HIV-subjects suggesting an important role also in the control and pathogenesis of HIV-1 infection (31). Accordingly to that, but contrary to what we expected due to all well-known benefits associated to an EARLY antiretroviral therapy introduction described up to the moment (2, 4, 32, 33), our group of LATE treated patients would look like LTNPs. In LTNP patients, an increased adaptive immune activation has been described suggesting that spontaneous viral control may imply an immunological cost in those patients who maintain virologic control in the absence of treatment. Similarly, the activated immune phenotype we described herein on LATE treated vertically HIV-1 patients with higher viral reservoir, could reflect the exacerbated immune pressure needed against viral replication on this group. Interestingly, increased levels of miRNA-155 have been correlated with increased immune activation in HIV-scenario (34) accordingly to our results.

Regarding miRNA-18a, despite scarce evidences related to miR-18a-3p, low levels of miRNA family members like miRNA-18a and miR-18b-5p in LTNP compared to typical progressors indicated the potential role of that miRNA in viral replication and disease progression (35) by controlling genes of the inflammatory response as HIF-1α (36). The low levels of miRNA-18a-5p expression observed in EARLY treated vertically acquired HIV-patients studied in this work could explain the low viral reservoir and immune activation that has widely characterized this group of patients (37).

In addition to everything described so far related to miRNA-155-5p, that miRNA and miRNA-1248, which is associated with good survival prognoses in cancer (38), both upregulated on EARLY treated HIV-1 patients, strongly correlated with the activation marker HLA-DR, the natural cytotoxicity family activation receptor NKp30 and the inhibiting receptor NKG2A expressed on NK cells and more specifically on the main cytotoxic NK subset, CD16high and the activated and mature CD56negCD16+ NK cells, described as a subset with impaired effector functions in HIV-1 infection (39). Despite the limitation that miRNA profile was determined in the pool of PBMCs without isolated different cell subsets, our results are in agreement with recent insights that have highlighted the role of miRNAs in maintaining killing effect of NK cells in cancer scenario via activation markers modulation (40–42), in promoting antiviral immunity in the scenario of viral infection (43) and altogether suggests the possible role of both, miRNA-155-5p and miRNA-1248 in regulating inflammatory cytokine production in NK cells, potentially balancing disease progression during chronic HIV infection. Higher TIM-3 expression in NK cells has been considered a marker of better prognosis during HIV infection since its down regulation is indicative of IFN-γ deficient response (44) and interestingly, strong and direct correlations were also found between miRNA-155-5p levels, miRNA upregulated on EARLY treated HIV-1 young adults, and MFI expression of TIM-3 in CD56high NK cells.

MiRNAs have also arisen as critical regulators of lipidic metabolism controlling genes involved in HDL and LDL secretion, the most important risk factors of atherosclerosis, cholesterol biosynthesis and hepatic LDL receptor expression (45, 46). In our study EARLY treated HIV patients had decreased HDL levels traditionally associated with risk for developing cardiovascular diseases (CVD) and, while no differences were found in ratio LDL/HDL comparing groups, both biochemical parameters correlated with miRNA-501-3p and miRNA-155-5p relative levels. In the case of miRNA-501-3p, downregulated on EARLY treated HIV-1 young adults, that miRNA levels correlated directly with soluble HDL and inversely with ratio LDL/HDL and the opposite correlations were observed for miRNA-155-5p, upregulated on EARLY treated group.

Multiple miRNAs are being also evaluated as novel plasma biomarkers that out-perform or add value to the conventional liver injury biomarkers ALT, AST among others (47). Interestingly, miRNA-296-5p and miRNA-501-3p levels, both downregulated on EARLY group compared with LATE group, also correlated directly with AST levels. Recent evidences indicate that miRNA-296-5p regulates liver PIN1 and PLK1 genes that encode peptidylprolyl Cis/Trans isomerase NIMA-Interacting-1 and polo-like kinase 1 respectively, both involved in HIV-1 replication cycle stages (18, 19), suggesting that miRNA-296-5p may have a regulatory activity on virus replication in HIV pathogenesis and contributing to immune activation. These indicators could be potential biomarkers for disease progression and, in agreement with previous observations (48), good targets for therapies aimed at modulating the immune response in HIV infection. All explain herein, reinforce the idea that those distinct miRNAs could be considered regulators of cholesterol metabolism, hepatic lipoprotein synthesis, potential liver damage biomarkers and therapeutic targets for the treatment of CVD. However, genetic ablation of other miRNAs in the context of CVD development have led also to contradictory effects depending on animal model raising concerns about the use of therapies based on miRNAs (49).

There is unclear information on the risk of developing CVDs among other pathologies as our study is based on the time of treatment introduction and the cross-sectional design of our study as main limitation. In addition, the scarce number of participants and the low statistical power do not allow us to find differences in the immunological comparisons and results obtained here should be validated in a larger cohort of patients. Moreover, the in-depth pairing between groups in terms of CD4, CD8-T cell counts, time since ART initiation and since virological control can also explain the lack of immune phenotype differences on T- and NK cells. The panel used for miRNAs profile had limited number of them. However, samples of vertically infected patients reaching adulthood are scarce and mentioned limitations are also counterbalanced by the exhaustive follow-up of the participants during a median of 21 years since HIV diagnosis and during that period none of them has developed any inflammatory disease or non-AIDS-event. Further longitudinal observation would be necessary to determined clinical consequences that could be explained by the EARLY start of treatment.

In conclusion, our finding demonstrates that there is a miRNA signature that discriminates LATE treated from EARLY treated vertically acquired HIV-1-infected young adults. The role of those distinct miRNAs target genes in the modulation of HIV-1 replication and latency reveals new host targets that may be modulated in future antiviral strategies. Moreover, we found strong correlations between the most significant miRNAs and soluble inflammatory biomarkers and NK and T-cell activation and maturation suggesting that those miRNAs may be potential biomarkers for immune activation and progression disease in vertically acquired HIV-1-infected young adults who initiated a late ART and in general HIV-1-infected patients.
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OEBPS/Images/table2.jpg
Treatment Initiation P

EARLY (0-53 weeks) n=7 LATE (120-300 weeks) n=11
Glucose (mg/dL) 84 [77-90] 83 [73-94] 0.786
GPT (ALT) U/L 22 [17-56] 20 [18-39] 0.496
GOT (AST) U/L 23 [18-42) 19 [19-28] 0.492
lirubin (mg/dL) 0.57 [0.39-0.9] 0.340.25-0.56] 0.103
Total cholesterol (mg/dL) 172 [153-202] 158 [145-164] 0.211
Triglycerides (mg/dL) 159 [114-226] 88 [52-126] 0.044
LDL (mg/dL)® 93 [81.2-111] 89 [76.7-113] 0.958
HDL (mg/dL)® 44.2 43-47] 52.5 [47-61.25] 0.097
LDL/HDL® 2.02 [1.56-2.58] 1.64 [1.22-2.47) 0.315
Creatinine (mg/dL) 0.72 [0.54-0.78] 0.74[0.71-0.86] 0.496

Variables are taken at sampling. Values are shown as median [IQR] and statistical differences are using the Mann-Whitney test. Significant values are shown in bold. ALT, Alanine
Aminotransferase; AST, Aspartate Aminotransferase; GOT; Glutamic Oxaloacetic Transaminase; GPT, Glutamate Pyruvate Transaminase; HDL, high-density lipoprotein cholesterol; LDL,
low-density lipoprotein cholesterol. @PData available for 16 and 17 patients respectively.
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miRNA P value LATE/EARLY- ratio Genes Proteins Cites*

miR-1248 0.003 2.395 NE

miR-501-3p 0.012 0.343 NE

miR-548d-5p 0.027 0.642 NE

miR-18a-3p 0.043 0.667 CBX7 Chromobox protein homolog 7 17

miR-296-5p 0.043 0.680 PIN1 Peptidylprolyl Cis/Trans isomerase NIMA-Interacting-1 (18)
PLK1 Polo-like kinase 1 (19)

miR-155-5p 0.045 1.477 MECP2 Methyl-CpG Binding Protein 2 (17)
SOCst Suppressor of (20)

cytokine signaling 1

HIF1A Hypoxia inducible factor 1 alpha (HIF-1-alfa) 1)
MYO10 Myosin-X 22
POLE3 DNA polymerase epsilon subunit 3 @1)
ARID2 AT-rich interactive domain-containing protein 2 23
MATR3 Matrin-3 (24)
RHOA Ras homolog family member A (RhoA) (25)
FOXO3 Transcription factor forkhead box O-3 (FoxO3) (26)
PSIP1 Cellular chromatin-associated protein LEDGF/p75 @7

The reference group in the comparison is LATE group. *References to experimental evidence of gene expression regulation by miRNAs and relation of those proteins in HIV pathogenesis
are provided. NE, No Evidence.
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OEBPS/Images/table1.jpg
Treatment Initiation P

EARLY (0-53 weeks) n=7 LATE (120-300 weeks) n=11
Subject characteristics
Age at ART initiation (wk) 35 [31-47] 237 [200-264] <0.001
Sex (male) n. (%) 3(49) 5 (54.5) 0.914
Nadir CD4+ cells/mm? 282 [50-432] 158 [88-327] 0.342
Parameters at sampling
Age (years) 21 [20-28] 24 [22-25] 0.035
Time since ART initiation (years) 20 [20-22] 19 [17-23] 0.315
Time under virologic control (years) 10 [6-11] 9[7-13] 0.682
Time since HIV diagnosis (years) 20 [20-22] 22 [19-24] 0.383
n CD4+ cells/mm® 903 [781-1166] 780 [698-924] 0.113
n CD8+ cells/mm® 2 602 [512-1028] 784 [751-1028] 0.491
Ratio nCD4+/nCD8+ # 1.5[0.85-2.24] 0.98 [0.65-1.08] 0.153
%CD4 42 [33-49] 36 [31-39] 0.188
%CD8 ? 28 [25-39.8] 38 [33.5-46] 0.099
Ratio %CD4/%CD8 * 1.5 [0.85-2] 11[0.65-1.08] 0.223

Values are show as median [IQR] for continuous variables or num (%) for categorical variables. Mann-Whitney test and Chi-square test were used for comparisons between continuous and
categorical variables respectively. Significant values are shown in bold. ART, antiretroviral therapy; wk, weeks. Data available for 16 patients.
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