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Differential miRNA plasma profiles associated with the
spontaneous loss of HIV-1 control: miR-199a-3p and its
potential role as a biomarker for quick screening of elite

controllers

To the Editor:

People living with HIV (PLWH) who are able to main-
tain suppressed viral load (VL) for years in the absence of
antiretroviral therapy (ART) are known as elite controllers
(ECs). ECs represent a heterogeneous population in terms
of virological, immunological, and clinical outcomes, and
approximately 25% of ECs lose viral control overtime. The
study of the mechanisms leading to the loss of viral control
in ECs is crucial for the identification of differential mark-
ers for the design of novel eradication and immunothera-
peutic strategies.

Previously, we identified virological and immunolog-
ical factors involved in the spontaneous loss of viral
control,' and we also demonstrated that proteomics and
metabolomics are powerful tools to identify potential
biomarkers and therapeutic targets in ECs.>* Addition-
ally, genome-wide associations and transcriptome analyses
have also been described for ECs and compared to other
phenotypes of PLWH,*” in particular the study of specific
microRNA (miRNA) expression profiles.” miRNAs play
vital roles in development, apoptosis, and oncogenesis by
interfering with gene expression at the post-transcriptional
level.® In HIV/AIDS scenario, the most relevant feature
is that some miRNAs can modulate HIV replication by
directly targeting HIV RNA or targeting messenger RNA
(mRNA) of cell factors necessary for HIV replication.’

Our study conducted in 18 ECs (Figure S1, Table S1), 12
individuals who experienced a loss of spontaneous viral
HIV-1 control (transient controllers, TCs) and six ECs
who persistently maintained viral control during the same
follow-up period (persistent controllers, PCs), showed an
upregulated plasma miRNA profile in TCs before and after
the loss of viral control.

First, 23 miRNAs were found differentially expressed
in TCs compared to PCs at the preloss time point (Fig-

ure 1A, Table S2). From the 23 miRNAs, 22 miRNAs were
positively correlated with viral load (VL), seven miRNAs
were positively correlated with CD4* T-cell counts, and
11 miRNAs were positively correlated with CD8% T-cell
counts (Table S3). Interestingly, the spontaneous loss of
viral control in ECs can be defined by the expression
of hsa-miR-27a-3p, hsa-miR-376a-3p, and hsa-miR-199a-
3p (Figure 1B), as confirmed by the diagnostic accuracy
determined by the ROC analysis (Figure 1C). Notably,
hsa-miR-27a-3p, hsa-miR-376a-3p, and hsa-miR-199a are
tightly connected and related to lipid metabolism (Fig-
ure 1D). Then, we also evaluated the plasma miRNA profile
in TCs under the postloss condition and we found 38 miR-
NAs differentially expressed among groups, suggesting
that viremia strongly influences the plasma miRNA pro-
file of ECs (Figure 2A, Table S4). And again, these signifi-
cantly expressed miRNAs among groups were also related
to relevant genes linked to lipid pathways (Figure 2B), and
some of them positively correlated with VL, CD4*% T-cell
counts and CD8" T-cell counts (Table S5). Moreover, of the
23 miRNAs significantly differentially expressed under the
preloss condition and the 38 miRNAs significantly differ-
entially expressed under the postloss condition, only the
upregulation of 19 miRNAs overlapped (Figure 3A). Note-
worthy, the expression of hsa-miR-199a-3p showed an opti-
mal percentage of separation and an ability to differenti-
ate between both groups of ECs before and after the loss
of viral control (Figure 3B). Accordingly, the upregulation
of hsa-miR-199a-3p could be related to lipid dysregulation
in TCs, which in turn may potentiate the activation of a
cytokine deregulation' and in last term bias the virological
control in TCs.

Thus, our results confirmed differences in the expres-
sion of some miRNAs with target sites located in viral RNA
regions encoding viral accessory proteins, suggesting the
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FIGURE 1 miRNA profile distinguishes TCs and PCs under the preloss condition. (A) Hierarchical clustering heatmap of a set of the 23

significantly expressed miRNAs; hierarchical combined tree shows the clusterization of miRNAs. For PCs, only one measurement was
assessed during the follow-up and used as the control group for comparison to preloss and postloss time points in TCs. For TCs (n = 11), one
patient was excluded for lack of expression data values in the preloss condition. Indicated with black dots, next to the miRNAs list, the highly
upregulated miRNAs (FC > 4). Columns represent each patient, while rows correspond to significant miRNAs. (B) Plasma miRNA profile in
PLWH-ECs. hsa-miR-27a-3, hsa-miR-376a-3p, and hsa-miR-199a-3p were the most highly upregulated miRNAs in TCs before the loss of viral

control compared to PCs. Statistical analysis was carried out by a nonparametric Mann-Whitney ¢-test. Data are represented as box and
whiskers (min to max values). (C) Receiver operating characteristic curves (ROC curves) from the combination of hsa-miR-27a-3p,
hsa-miR-199a-3p, and hsa-miR-376a-3p (FC > 4) in TCs under the preloss condition (AUC = 1). (D) Network analysis display of the
miRTarBase v8.0 database showing the association of the significantly upregulated miRNAs and their target genes in TCs compared to PCs

before the loss of viral control. Cluster hubs shown in green circles indicate miRNAs, whereas blue circles depict their target genes (in purple
circles the highlighted genes involved in the lipid metabolism as commented in the text). Bottom table displays some of the genes involved

with these miRNAs that link hsa-miR-27a-3p and hsa-miR-199a-3p

emerging concept that upregulated host-derived miRNAs
in TCs might act as antiviral defence mechanism directly
affecting important steps during HIV infection and also
playing a key role in HIV immune pathogenesis. Notably,
hsa-miR-423-3p targets the gag gene, hsa-miR-29a/29b and
hsa-miR-326 target the nef gene, and hsa-miR-324-5p tar-
gets the vif gene®® (Figure 4).

One mechanism associated to the inhibitory effect
of HIV replication could be the interaction of nef with
the RISC complex, which leads to the inhibition of
the translation of viral proteins and viral replication.
On the other hand, Nef-containing exosomes, taken
up by macrophages, have been suggested to impair
lipid cholesterol efflux, causing intracellular cholesterol
accumulation, which consequently affects the risk of
cardiovascular diseases in PLWH.”!” Several miRNAs can

regulate different steps of HDL-C metabolism, and recent
studies have promoted the importance of miRNAs in con-
trolling LDL metabolism and in the regulation of genes
involved in very low-density lipoprotein (VLDL) secretion.
Our results are in accord with these data since the LDL
metabolism resulted to be increased in TCs under the post-
loss condition (Figure S2 and Figure S3).> Additionally,
some of the most representative host-derived miRNAs
associated with the spontaneous loss of viral control
overtime are liver-specific miRNAs, being implicated in
fatty acid and cholesterol biosynthesis. Thus, our results
suggest that disturbance in lipoprotein levels, mostly
induced by upregulation of some liver-specific miRNAs,
may be highly associated with the immunological factors
behind the loss of viral control in TCs. It is known that
HIV infection is characterized by a high energy demand
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FIGURE 2 miRNA profile distinguishes TCs and PCs under the postloss condition. (A) Hierarchical clustering heatmap of the set of 38
significantly expressed miRNAs; hierarchical combined tree shows the clusterization of the miRNAs. For PCs, only one measurement was
assessed during the follow-up and used as the control group for comparison to preloss and postloss time points in TCs. For TCs (n = 11), one
patient was excluded for lack of expression data values in the preloss condition. Indicated with black dots, next to the miRNAs list, the highly
upregulated miRNAs and in red dots the downexpressed miRNA in TCs under the postloss condition. Columns represent each patient, while
rows correspond to significant miRNAs. (B) Network display of the miRTarBase v8.0 database showing the association of the significantly
upregulated miRNAs and their target genes in TCs compared to PCs after the loss of viral control. Cluster hubs shown in green circles
indicate miRNAs, whereas blue circles depict their target genes (in purple circles are the highlighted genes involved in the lipid metabolism
as commented in the text). Bottom table displays some of KEGG pathways related with these seven most highly upregulated miRNAs under
the postloss condition
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FIGURE 3 miRNA profile in TCs under the preloss condition differs from the postloss condition. (A) Venn’s diagram representation
showing the overlapping of the significantly expressed miRNAs in TCs, from both conditions, compared to PCs. In green are the highly
expressed miRNAs; in red the downregulated miRNAs. (B) Logistic regression and receiver operating characteristic curves (ROC curves) from
preloss and postloss relative expression elucidated hsa-miR-199a-3p as the most reliable potential biomarker for the prediction of the
spontaneous loss of viral control in ECs
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FIGURE 4 Proposed mechanisms of effect of the differential miRNA profile associated with the spontaneous loss of HIV-1 control. Host
miRNAs that have been experimentally shown to regulate HIV expression are illustrated with the target sites located in viral RNA regions
encoding important viral accessory proteins. The inhibitory effect of HIV replication by hsa-miR-423-3p (gag gene), hsa-miR-324-5p (vif gene),
hsa-miR-29a/29b miRNA, and hsa-miR-326 (both target the nef gene) could be a mechanism against the virus after losing viral control in TCs.
Of note, hsa-miR-29a/b can bind directly to the HIV-1 mRNA (nef gene) increasing its association with proteins in the RISC complex, which
leads to the inhibition of the translation of viral proteins and viral replication. Moreover, during HIV infection, the viral accessory protein Nef
(via exosomes) impairs activity of cholesterol transporter ABCAL, inhibiting cholesterol efflux and also increases the biosynthesis and
accumulation of cholesterol from macrophages. On the other hand, the liver-specific miRNAs hsa-miR-miR-199a-3p, hsa-miR-miR-27a-3p,
and hsa-miR-376a-3p were strongly related to lipid and lipoprotein metabolism (Figure 1D). Concretely, hsa-miR-27 is one of the key
regulators of the expression of ABCA1 and LDL receptor, whereas hsa-miR-199a-3p is implicated in fatty acid and cholesterol biosynthesis.
These results could be associated to the increased lipid profile in TCs after the loss of viral control. In red are represented the inhibited actions

and in black are represented the indirect actions

to reprogram the cells to aerobic glycolytic pathways that
consequently may increase anabolic metabolism.” So,
the increased lipid profile in TCs before the loss of viral
control could be a consequence of the antiviral defence
mechanism of the host against viral replication.

The main limitation of this work is the small sample
size. However, it must be highlighted that these patients
are rare, and it is difficult to have a follow-up with sequen-
tially stored samples. Despite the relatively low number of
patients, we were able to have a tight follow-up of TCs with
samples before and after the loss of virological control. Val-
idation studies are needed to establish the proposed miR-
NAs as biomarkers for the loss of viral control in ECs.

In conclusion, our study reveals a specific host-derived
miRNA pattern in ECs that may be used as a biomarker for
quick screening of the virological and immunological pro-
gression in ECs, and we confirmed that viremia induces

increased LDL metabolism in TCs. Notably, the expres-
sion of liver-specific hsa-miR-199a-3p showed an optimal
percentage of separation and an ability to differentiate
between both groups of ECs before and after the loss of
viral control.
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SUPPORTING INFORMATION

Additional supporting information may be found online
in the Supporting Information section at the end of the
article.
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