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Abstract: Background: Long-term non-progressors (LTNPs) are small subsets of HIV-infected
subjects that can control HIV-1 replication for several years without receiving ART. The exact
mechanism of HIV-1 suppression has not yet been completely elucidated. Although the modulato-
ry role of microRNAs (miRNAs) in HIV-1 replication has been reported, their importance in LT-
NPs is unclear.

Objective: The aim of this cross-sectional study was to assess the expression pattern of miR-27b,
-29, -150, and -221, as well as their relationship with CD4+ T-cell count, HIV-1 viral load, and nef
gene expression in peripheral blood mononuclear cells (PBMCs) of untreated viremic patients and
in LTNPs.

Methods: MiRNAs expression levels were evaluated with real-time PCR assay using RNA isolated
from PBMCs of LTNPs, HIV-1 infected naive patients, and healthy people. Moreover, CD4 T-cell
count, HIV viral load, and nef gene expression were assessed.

Results: The expression level of all miRNAs significantly decreased in the HIV-1 patient group
compared to the control group, while the expression pattern of miRNAs in the LNTPs group was
similar to that in the healthy subject group. In addition, there were significant correlations between
some miRNA expression with viral load, CD4+ T-cell count, and nef gene expression.

Conclusion: The significant similarity and difference of the miRNA expression pattern between
LNTPs and healthy individuals as well as between elite controllers and HIV-infected patients, re-
spectively, showed that these miRNAs could be used as diagnostic biomarkers. Further, positive
and negative correlations between miRNAs expression and viral/cellular factors could justify the
role of these miRNAs in HIV-1 disease monitoring.

Keywords: Human immunodeficiency virus-1 (HIV-1), long-term non-progressors (LTNPs), peripheral blood mononuclear
cells (PBMCs), viremic progressors (VPs), viremic controllers (VCs), elite controllers (ECs).

1. INTRODUCTION
Human  immunodeficiency  virus-1  (HIV-1)  belongs  to

the genus Lentivirus and the Retroviruses family (Retroviri-
dae) and leads to lifelong diseases in humans. HIV-1 can in-
fect human CD4+ T lymphocytes and if patients are not treat-
ed with antiretroviral therapy (ART), they will more likely
progress to acquired  immune  deficiency  syndrome (AIDS)
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[1-3].  Over the past  two decades,  various definitions have
been proposed to categorize HIV-infected subjects, includ-
ing  viremic  progressors  (VPs),  viremic  controllers  (VCs),
and elite controllers (ECs) [4, 5].

Viremic  progressors  are  HIV-positive  individuals  who
have a high level of HIV viral load and progress to AIDS if
not treated with ART [6, 7]. Viremic controllers and ECs are
small  subsets  of  HIV-infected  subjects  that  can  control
HIV-1 replication for several years without receiving ART
and are known as ’long-term non-progressors‘ (LTNPs) [4,
6]. They make up about 5% to 15% of subjects infected with
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HIV-1  [8-12].  Without  therapy,  viral  load  and  CD4-cell
count in the EC group can reach an undetectable level (less
than 50 copies/mL) and normal level (200 -1000/μL), respec-
tively [13-17]. However, in the VC group, the viral load lev-
el is between 200 and 2000 copies/mL (detectable level) [4,
14]. Some factors, i.e., host immune system, some genetic
factors, and mutation in some viral genes may be involved
in this phenomenon. The exact mechanism of HIV-1 suppres-
sion  has  not  yet  been  completely  elucidated  [18-20].  In
some  studies,  the  prevalence  of  ECs  has  been  evaluated
among  the  HIV  positive  population  [4,  21-23]  The  docu-
mented  evidence  suggests  that  long-term  control  of  HIV
viremia usually occurs in <1% of patients [17, 24]. Howev-
er, the prevalence of ECs has not been so far assessed in the
Iranian population.

MicroRNAs (miRNAs) are a class of small non-coding
RNAs with a length of about 18-24 nucleotides that have a
critical  role  in  the  causation  and development  of  different
diseases  through  regulating  a  wide  range  of  physiological
and developmental processes [25-27]. It has been shown that
the expression pattern of a specific miRNA can change in
various physiological cell conditions, different tissue types
and  various  diseases,  such  as  viral  infection,  autoimmune
disease and cancer [28-32]. Thus, miRNAs have been recent-
ly been considered as novel potential therapeutic and diag-
nostic biomarkers [33, 34]. Many studies have reported that
miRNAs are  involved in  the  progress  of  HIV-1 infections
through modulating viral proteins and/or affecting host pa-
rameters associated with viral replication [35]. In addition,
some miRNAs can inhibit the HIV-1 replication [36]. An-
ti-HIV-1  miRNAs  restrict  HIV  activity  by  several  mech-
anisms, such as targeting the HIV-1 receptor and directly tar-
geting  env,  pol,  gag,  vif,  tat,  and  nef  genes  (viral  genes)
[37].  Furthermore,  some  researches  have  shown  that
miR-221 and miR-222 block the CD4 receptor and suppress
the HIV-1 entry into the cell [38]. It has also been revealed
that  miR-29a  [39,  40],  miR-28,  miR-150,  miR-223  and
miR-382 [34, 41], and miR-1236 [42] can inhibit HIV repli-
cation and that miR-27 regulates HIV replication in resting
CD4+T  lymphocytes  [43-45].  Moreover,  the  family  of
miR-223 [46] and miR29a [47] is upregulated in peripheral
blood  mononuclear  cells  (PBMCs)  and  by  targeting  Ne-
f-3ʹUTR that leads to a decrease in the Nef protein expres-
sion and interferes with HIV replication [47]. The accessory
nef gene is unique to HIV-1 and encodes a 27–32 kDa pro-
tein. Moreover, the nef gene is an essential pathogenic factor
for virus replication and pathogenesis of HIV/AIDS disease
[48]. Nevertheless, impairment has been reported in the en-
hancement of HIV-1 replication and infectivity mediated by
Nef in EC subjects [49, 50]. Although some studies have re-
ported that mutations in the nef gene have been observed in
EC individuals,  it  has not been proven in all  ECs [19, 51]
and the cause is not yet well understood. Thus, understand-
ing the expression profile and role of miRNAs in the restric-
tion of HIV replication in EC populations can be helpful in
controlling them, identifying different stages of HIV/AIDS
disease and distinguishing ECs from other subjects infected
with HIV-1. The aim of this study was to evaluate the ex-

pression pattern of miR-27b, -29, -150, and -221 with regard
to cellular/viral factors in the PBMC of Iranian LNTPs and
HIV-1 infected naive people.

2. MATERIALS AND METHODS

2.1. Study Population
From March 2014 to November 2019, 157 consecutive

treatment-naïve HIV-1-infected patients admitted in hospi-
tals and clinics in Tehran, Iran, were recruited in the present
cross-sectional survey. Without any treatment, the viral load
and CD4-cell  count  of  12 HIV-infected  patients  were  less
than 2000 copies/mL and normal level (200 -1000/μL), re-
spectively.  The statuses  of  the subjects  were monitored in
terms of viral load and CD4-cell count for some time, and it
was found that they were LTNPs. Forty-two subjects were
divided into three groups, including 12 HIV-1 LTNPs (with
the  HIV-1  viral  load  of  less  than  2000  copies/mL)  and
HIV-1  ECs  (with  the  HIV-1  viral  load  of  less  than  50
copies/mL),  15  HIV-1  infected  naive  individuals  and  15
healthy people.

2.2. Collection of Samples and Determination of HIV-1
viral Load

Five  mL  of  peripheral  blood  was  collected  from  each
subject into an EDTA-containing vacutainer tube. After cen-
trifugation of the blood samples, plasma was separated and
frozen at ‒80°C until RNA isolation. The HIV-1 viral load
was  determined,  as  previously  described  in  detail  [52].
Blood  samples  from  five  HIV-1  infected  people  and  five
healthy individuals were used as positive and negative con-
trols, respectively.

2.3.  Isolation  and  Processing  of  Peripheral  Blood
Mononuclear Cells (PBMCs)

Peripheral blood mononuclear cells were separated using
the Ficoll Hypaque (Lympholyte-H, Cedarlane, Hornby, Ca-
nada) density gradient centrifugation method washed more
than  twice  with  phosphate-buffered  saline  (PBS,  pH=7.3
±0.1). Afterward, the isolated PBMCs were counted and re-
suspended in 300µL of RNALater solution (Ambion, Inc.,
Austin, TX) and then were kept at ‒20°C for total RNA ex-
traction.

2.4. Total RNA Extraction and Analysis of miRNA Ex-
pression

Total  RNA was isolated from 1-3×106  PBMC samples
with the use of the miRNeasy Mini Kit (reference 217004,
Qiagen,  CA),  following  the  manufacturer’s  protocols,  and
stored at -20 °C until testing. The cDNA synthesis was per-
formed on 5μg of total RNA using the miScript

®

 II RT Kit
(Qiagen, Germany). It should be noted that according to the
previous  studies,  we  selected  the  miRNAs  with  antiviral
properties against HIV-1 for this study: miR-221 block the
CD4 receptor and suppresses the entry of HIV-1 into the cell
[53]. miR-29 family by targeting of HIV Nef- 3ʹUTR leads
to decrease the expression of Nef protein and interferes with
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HIV replication [47]. Also, miR-27 can decrease the replica-
tion of HIV strain NL4.3 [43]. In addition to, miR-150 is an
essential factor involved in T-cell activation and may serve
as a biomarker for HIV disease progression [54, 55].

The real time polymerase chain reaction (PCR) method
was  carried  out  using  the  miScript  SYBR Green  PCR Kit
(Qiagen, Valencia, CA; #218073), according to the manufac-
turer’s instructions. This assay was performed at 95°C for 2
min, followed by 40 cycles of 94°C for 15 sec, 60°C for 20
sec, and 70°C for 25 sec, using the Rotor-Gene

®

 Q (Qiagen,
Hilden, Germany) real time PCR instrument. All the reac-
tions were conducted in triplicate, and SNORD47 was select-
ed as  miRNA endogenous controls  for  relative quantifica-
tion.

Moreover,  the  relative  gene  expression  was  calculated
with the 2-∆∆CT method using the QIAGEN’s online data anal-
ysis tool, Gene Globe (http://www.qiagen.com/us/shop/ ge-
nes-and-pathways/data-analysis-center-overview-page/).  In-
tergroup comparisons were carried out, and top differential-
ly expressed miRNAs were recognized using miScript miR-
NA array data analysis (Qiagen, Valencia, CA), according to
the following criteria: 1) a p-value of ≤0.05 for significance
and 2) being greater than four-fold differences.

2.5. Expression Level of HIV-1 Nef Gene
For  quantifying  nef  gene  levels  in  two  HIV  infected

groups in the current survey, the real-time PCR assay was
optimized and carried out with the Rotor-Gene

®

 Q (Qiagen,
Hilden, Germany) system using the SYBR® Premix Ex Taq
(Tli Plus) Master Mix (TaKaRa Bio Inc. Shiga, Japan). For
determination of HIV-1 nef gene expression level, synthesis
of cDNA was performed, as previously described in detail
[56].

The real time PCR for the determination of nef gene ex-
pression was performed in 25 μL reaction mixture including
12.5 μL 2X SYBR® Premix Ex Taq (Tli Plus) Master Mix
(TaKaRa Bio Inc. Shiga, Japan), 10 pmol of each primer for
nef region of HIV-1 (forward primer; Nef-F 5´- TGA GAC
GAG CTG AGC CAG CAG-3´ and reverse primer; Nef-R
5´-  CTG  AGG  TGT  GAC  TGG  AAA  ACC  CA-3´  for
HIV-1 subtype B [57] (Table 1) and forward primer; Nef-F
5´-CAG  TCA  GGC  CAC  AAG  TAC  CA  -3´  and  reverse
primer;  and  Nef-R  5´-AAT  CAG  GGA  ARW  AGC  CCT
GT-3´ for HIV-1 CRF35_AD and CRF35_AE) (Table 1), 5
μL of cDNA as template, and nuclease-free distilled water
up to 25 μL. Amplification steps were performed as follows:
initial denaturing for 4 min at 94°C, followed by 40 cycles
of  denaturation for10 sec  at  94°C,  annealing for  15 sec  at
58°C, and extension for 20 sec at 72°C. Then, the melting
curves determination were carried out at temperatures rang-
ing from 55 to 99°C to ensure particular amplification of the
target sequence. Moreover, the copy number of the nef gene
was estimated based on Kiddle et al.’s method [58]. Briefly,
this method was calculated based on the fact that the molecu-
lar weight of a base pair (bp) is equal to 650 Daltons, or in
other words, one mole of a bp is weighed 650 g. The molecu-
lar weight of double-strand cDNA (× 2) was estimated by

taking the product of its length (in bp) and 650. the inverse
of the calculated molecular weight is equivalent to the num-
ber of moles per gram and that using Avogadro's constant
(6.022 × 1023 molecules/mole) gives the copies of template
per gram sample. It is necessary to mention, the molecular
weight  of  cDNA  synthesized  was  measured  by  Nanodrop
(ng/µL). Finally, the number of copies in the sample can be
estimated  by  multiplying  by  109  to  convert  to  ng.
http://www.uri.edu/research/gsc/resources/cndna.html.

Copies of target per genome= (ng double strand DNA) ×
(6.022×1023) / (length in bp × 109 × 650) × 2

2.6. Statistical Analysis
The clinical characteristics of the subjects for continuous

variables were described as median or mean ± standard devi-
ation.  The  sample  t-test  or  the  Mann-Whitney  U-test  was
used for among-group comparison. The categorical variables
were displayed as N (number) and percentage (%) and were
compared using the Fisher’s exact test or chi-square analy-
sis. The analysis of miRNAs expression was performed us-
ing Kruskal-Wallis  and one-way ANOVA tests.  However,
correlation analysis was carried out using Spearman’s corre-
lation coefficient to examine the association between miR-
NA expression, nef, viral load, CD4 and age. In addition, the
results were corrected according to the Benjamini and Hoch-
berg false discovery rate. All data were analyzed with a sta-
tistical software package using SPSS version 16.0 (SPSS In-
c., Chicago, IL) and Graph Pad Prism version 6 (CA, USA).
Receiver-operator characteristic (ROC) curve analysis was
performed for  each  miRNA to  identify  the  sensitivity  and
specificity  of  miRNAs  as  biomarkers  of  HIV-infected
groups. Statistical significance was considered as p-values
≤0.05.

3. RESULTS

3.1. Characteristics of Participants
One  hundred  and  fifty-seven  consecutive  treatment

naïve HIV-1-infected patients were enrolled in this cross-sec-
tional  study.  The mean age of  the  participants  was 34.9  ±
11.2 (ranging between 1-70 years). Of the 157 participants,
104 (66.2%) were male. The demographic, laboratory, and
epidemiological characteristics of the studied individuals are
summarized in Table 2.

The viral load and CD4-cell count of 12 treatment naïve
HIV-1-infected subjects were less than 2000 copies/mL and
normal  level  (200-1000/μL),  respectively.  The  statuses  of
the subjects were monitored in terms of viral load and CD4-
cell count for some time, and it was found that they were LT-
NPs.

Forty-two  subjects  were  divided  into  three  groups,  in-
cluding 12 HIV-1 VC (with the HIV-1 viral load of less than
2000 copies/mL) and HIV-1 ECs (with the HIV-1 viral load
of less than 50 copies/mL), 15 HIV-1 infected naive individ-
uals  and  15  healthy  people.  The  demographic,  laboratory,
and epidemiological properties of the studied individuals are
shown in Table 2.

http://www.qiagen.com/us/shop/genes-and-pathways/data-analysis-center-overview-page/
http://www.qiagen.com/us/shop/genes-and-pathways/data-analysis-center-overview-page/
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Table 1. The thermal cycling conditions of qPCR and primers used in this research for nef gene of HIV-1.

Cycle Time Temperature (˚C) Stages Size/bp Sequences Name

1 4 min 94 Initial Denaturation
161/bp

5´- TGA GAC GAG CTG AGC CAG CAG-3´ Nef-F
(Subtype B)

40
10 s 94 Denaturation 5´- CTG AGG TGT GAC TGG AAA ACC CA-3´ Nef-R

(Subtype B)
15 s 58 Annealing

165/bp
5´-CAG TCA GGC CAC AAG TAC CA -3´ Nef-F

(CRF35_AD, AE)20 s 72 Extension

0 5s Intervals 50 - 99 Melt 5´-AAT CAG GGA ARW AGC CCT GT-3´ Nef-R
(CRF35_AD, AE)

Table 2. Demographic, Laboratory, and Epidemiological Characteristics of Iranian HIV-1 Infected Individuals and healthy people.

Parameters
All HIV-1 Infected Indivi-

duals
n=157

HIV-1 VPs1

n=15
HIV-1 ECs2

n=4
HIV-1 VCs2

n=8
Healthy People

n=15

Age /Year ± SD 34.9 ± 11.2 (1-70) 30.7 ± 6.3 (20-41) 38.0 ± 10.5 (29-52) 30.6 ± 12.6 (16-59) 35.8 ± 12.1 (20-65)

No. of patients
Male 104 (66.2%) 9 (60.0%) 4 (100.7%) 3 (37.5%) 8 (53.3%)

Female 51 (32.5%) 6 (40.0%) 0 (0.0%) 5 (62.5%) 7 (46.7%)
Transgender 2 (1.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Laboratory parameters
Viral Load IU/mL

Median 206082 (0-19575684) 262716 (6012-2109348) 48 (0-50) 978 (120-1692) -

CD4 count 485 ± 307 (16-2489) 536 ± 253 (233-1077) 780 ± 179 (574-978) 844 ± 357 (388-1434) 874 ± 178 (633-1322)
Epidemiological Characteristics

Intravenous drug user 52 (33.1%) 0 (0.0%) 3 (75.0%) 5 (62.5%) 0 (0.0%)
injection drug user sexual partner 24 (15.3%) 6 (40.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

History of imprisonment 43 (27.4%) 0 (0.0%) 3 (75.0%) 3 (37.5%) 0 (0.0%)
History of partner imprisonment 15 (9.6%) 3 (20.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

History of unprotected sex 107 (68.2%) 13 (86.7%) 2 (50.0%) 7 (87.50%) 0 (0.0%)
History of blood transfusion 0 (0.0%) 1 (6.7%) 0 (0.0%) 0 (0.0%) 1 (6.7%)

History of surgery 45 (28.7%) 4 (26.7%) 0 (0.0%) 2 (25.0%) 7 (46.7%)
History of tattooing 32 (20.4%) 1 (6.7%) 2 (50.0%) 1 (12.5%) 0 (0.0%)

History of needle stick 19 (12.1%) 0 (0.0%) 3 (75.0%) 1 (12.5%) 1 (6.7%)
History of transplantation 11 (7.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Education
Under diploma 81 (51.6%) 2 (13.3%) 2 (50.0%) 5 (62.5%) 1 (6.7%)

Diploma 53 (33.8%) 9 (60.0%) 2 (50.0%) 1 (12.5%) 4 (26.7%)
Upper diploma 23 (14.6%) 4 (26.7%) 0 (0.0%) 2 (25.0%) 10 (66.7%)

Marital Status

Single 71 (45.2%) 7 (46.7%) 1 (25.0%) 7 (87.5%) 5 (33.3%)
Married 66 (42.0%) 7 (46.7%) 2 (50.0%) 1 (12.5%) 10 (66.7%)
Divorced 12 (7.6%) 1 (6.7%) 1 (25.0%) 0 (0.0%) 0 (0.0%)
Widow 8 (5.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

1. Viremic progressors (VPs).
2. Elite controllers (ECs).
3. Viremic controllers (VCs).

It is noteworthy that none of the studied HIV-1-infected
participants was infected with hepatitis B (HBV-DNA and
HBsAg negative) and hepatitis C (HCV-RNA and anti HCV
Abs negative) viruses.

3.2. Determination of microRNA Expression
In the present study, the expression patterns of four miR-

NAs including miR-27b, -29, -150, and -221 were quantified
in the PBMC samples of two groups of HIV-1 infected sub-

jects (HIV-1 LTNPs and HIV-1 infected viremic progressor
naive individuals) and compared with those of the healthy
cases.

SNORD47 was used as reference genes to normalize the
miR-27b, -29, -150 and -221 data, and adequate normaliza-
tion strategies for statistical analysis were applied for the de-
termination of the mentioned expression patterns of the miR-
NAs in LNTP (EC and VC) groups compared to those of the
healthy group. The expression level of all  the  miRNAs was
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Fig. (1). Differential expression of the indicated miR-27b, 29, 150 and -221 in the PBMCs of healthy controls, VP, EC, and VC. The values
in the bar graphs are given as mean ± SEM, and asterisks denote statistically significant differences (P > 0.05. *. P ≤ 0.05. **. P ≤ 0.01. ***.
P ≤ 0.001. ****. P ≤ 0.0001) for the indicated groups (ANOVA tests) (A higher resolution / colour version of this figure is available in the
electronic copy of the article).

significantly downregulated in the VP group. Moreover, the
expression pattern of all miRNAs was statistically similar in
both the EC control groups and their expression level was
significantly higher than the VP group. The highest expres-
sion level was related to miR-27b and miR-221 in ECs (Fig.
1). As can be observed in Table 3 and Fig. (1), overall, there

were no significant differences among the EC, VC and con-
trol  groups  in  terms of  the  expression pattern  of  the  miR-
NAs. The expression level of miR-150 increased in VC com-
pared to VP, while no significant differences were found in
the  expression  pattern  of  miR-27b,  -29  and  -221  between
VC and VP. Furthermore, in the VP group  compared  to the
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Table 3. Comparison of miRNAs expression level between VP, EC, and VC patients with healthy controls (control group as a refer-
ence group).

microRNA Healthy Controls (n=15) VP (n=15) EC (n=4) VC (n=8)

- Difference
(Mean ± SEM) p-value Difference

(Mean ± SEM) p-value Difference
(Mean ± SEM) p-value Difference

(Mean ± SEM) p-value

miR-27b 1
(0.55 ± 0.22) NA -3.52

(-1.3 ± 0.24) 0.0002 +0.16
(0.64 ± 0.06) ns -1.01

(-0.01 ± 0.2) ns

miR-29 1
(0.37 ± 0.28) NA -4.29

(-1.2 ± 0.22) 0.0002 -0.32
(0.25 ± 0.3) ns -2.18

(-0.4 ± 0.25) ns

miR-150 1
(0.28 ± 0.22) NA -5.1

(-1.15 ± 0.05) <0.0001 -0.17
(0.23 ± 0.3) ns -1.25

(-0.07 ± 0.25) ns

miR-221 1
(0.34 ± 0.16) NA -4.7

(-1.2 ± 0.23) <0.0001 -0.26
(0.25 ± 0.4) ns -2.4

(-0.48 ± 0.3) ns

Each cell indicated as difference, adjusted P-value; P-value adjusted by Benjamini-Hochberg method for multiple comparisons; NA: not applicable, ns: not significant.

VC  group,  the  expression  levels  of  miR-27b  (p-value:
0.0008), -150 (p-value: 0.0007), and -221 (p-value: 0.047)
significantly were downregulated. More information is pre-
sented in Table 3 and Fig. (1).

The correlation between the expression and cellular/viral
factors of the miRNAs in EC group is shown in Fig. (2). The
results of the analysis showed that in the VP group, signifi-
cant negative correlations were found between the expres-
sion  level  of  miR-29  and  the  nef  gene  expression  level
(r=-0.87,  p<0.0001).  Further,  a  statistically  significant  in-
verse correlation was observed between miR-221 and HIV
viral load in this group (r= -0.67, p=0.007). However, no sig-
nificant  relationship was observed between the expression
levels of the miRNAs and the mentioned factors in the EC
group (Fig. 2). Furthermore, in the VC group, the positive
correlation between the expression levels of miR-150 and T-
cell CD4 count was statistically significant (r=0.83, p=0.01).

3.3. ROC Curve Analysis
ROC curves can be used to find the circulating cellular

miRNAs as biomarkers to discriminate different subsets of
the  HIV-infected  subjects  from  healthy  individuals.  AUC
was done, miRNAs with AUC value >0.8 [59] were consid-
ered as good potential biomarkers to discriminate among the
mentioned groups. According to the ROC results, miR-27b
(AUC:  0.92;  95%  CI:  0.81  to  1.0;  P<0.0001),  miR-29
(AUC:  0.87;  95%  CI:0.75  to  1.0;  P=0.0005),  miR-150
(AUC: 0.89;  95% CI:0.74 to 1.0;  P=0.0003) and miR-221
(AUC: 0.91; 95% CI: 0.8 to 1.0; P=0.0001) could be serve
as  useful  markers  for  discriminating  between  the  healthy
control group and VP group. Furthermore, miR-221 (AUC:
0.808; 95% CI: 0.57 to 1.0; p= 0.016) with optimal sensitivi-
ty and specificity were potentially useful biomarkers to dif-
ferentiate the healthy control group from the VC group.

Furthermore, miR-29 (AUC: 0.8; 95% CI: 0.55 to 1.0; p-
value: 0.04) as well as miR-27b (AUC: 0.93; 95% CI: 0.8 to
1.0; p-value: 0.009), miR-29 (AUC: 0.95; 95% CI: 0.84 to
1.0; p-value: 0.006), miR-150 (AUC: 0.98; 95% CI: 0.93 to
1.0; p-value: 0.003) and miR-221 (AUC: 0.86; 95% CI: 0.67
to 1.0; p-value: 0.02) with optimal sensitivity and specificity
were potentially useful biomarkers to differentiate EC group
from VC groups and VP groups, respectively.

Also, to assess the diagnostic value of the studied miR-
NAs in  PBMC to  discriminate  VP from VC groups,  ROC
curve  analysis  showed  that  miR-27  (AUC:  0.93;  95%  CI:
0.8–1.0,  p=0.009)  and  miR-150  (AUC:  0.96;  95%  CI:
0.9–1.0, p=0.003) were a useful marker for discriminating
VP group from the VC group.

4. DISCUSSION
We evaluated the expression pattern of four miRNAs, in-

cluding miR-27b, -29, -150 and -221 in the PBMCs of LT-
NPs controlling viremia without ART therapy compared to
untreated HIV-1 infected individuals. In addition, the correla-
tion was assessed among HIV-1 viral load, the expression of
the HIV nef gene,  CD4+ T-cell  counts and the expression
level  of  the mentioned miRNAs.  According to the results,
the  difference  in  miR-27b,  -29,  -150  and  -221  expression
profiles was statistically significant among individuals classi-
fied into four groups (P-value < 0.01). The expression levels
of all the miRNAs were higher in EC and VC than in VP,
while they were similar to those in the healthy group.

The  interaction  between  viruses  and  cellular  miRNAs
has recently received attention, and it has been observed that
viruses can use cellular conditions to their benefit by deregu-
lation of host miRNAs [27, 53, 60-64]. Many studies have re-
ported  that  miRNAs  are  involved  in  the  progression  of
HIV-1 infections through modulating viral proteins and/or af-
fecting host parameters associated with viral replication [35,
36,  38-40].  Moreover,  it  has  been  shown  that  the  cellular
miR-221 and -222 are upregulated in HIV‐infected bystan-
der macrophages, and through negative regulation of CD4
expression, cause to restrict the entry of HIV-1 [53, 65], in
return, the HIV-Tat protein can inhibit these miRNAs [38].
In  this  study,  we observed that  miR-221 was significantly
downregulated  in  VPs  compared  with  the  LTNP  (i.e.,  EC
and VC) and healthy groups (P-value <0.01). The reason is
that some of the HIV-1 genetic mutations (e.g., mutation in
the encoding region of Vif, Nef, Tat, Vpr, etc.) have been re-
ported  to  be  probably  associated  with  non-progression  to
AIDS [66]. Thus, the defect of these genes in LNTPs may
impair  their  inhibitory  effect  on  the  expression  of  cellular
miRNAs and increase the miRNA expression levels. Howev-
er, no studies have been conducted in this regard and further
research is required.
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Fig. (2). Spearman's correlation coefficient between the miRNA’s expression level with CD4 counts, the expression level of nef gene and vi-
ral load in EC group. The x-axis shows the Log2 of miRNA expression and the y-axis shows the CD4 count (A-D), viral load (E-H) and Nef
expression level (I-L).
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HIV-1 negative factor (Nef protein) is one of the HIV ac-
cessory proteins and is a critical factor for highs viral loads,
induction of host cell destruction, and for timely progression
to acquired immunodeficiency syndrome (AIDS). Besides,
Nef has multiple functions, such as it a) inhibits the degrada-
tion of viral virions in the acidic environment of the endo-
some, b) can stimulate apoptosis of host cell by interfering
with  cell  death  pathways  as  well  as  c)  can  enhance  viral
DNA  synthesis  by  regulating  different  cellular  pathways
[67-69]. In addition, some studies reported that mutations in
the nef gene had been observed in ECs individuals, which
may lead to decreases in HIV replication, but this event has
not been proven in all ECs [19, 51] and the cause is not yet
well  understood.  Furthermore,  experimental  studies  have
shown that among HIV-1 genes, the nef gene is more target-
ed than other HIV-1 genes by cellular miRNAs [35, 70]. For
this reason, the expression level of the nef gene and the cor-
relation between this gene with selected miRNAs were eval-
uated in the current study.

Huang et al. [71] showed that the clusters of miRNAs, in-
cluding miR-150, -382, -223, 125b and -28 could bind to 3'
UTR  of  HIV  mRNA  and  inhibit  its  translation  [71].  In
another study, Huang et al. [41] examined the expression lev-
el of miR-125b-5p, -28-5p, -150- 5p, -223-3p and -382-5p in
monocytes  cells.  They  reported  that  these  miRNAs  were
overexpressed  in  monocyte-derived  macrophages  and  that
knockdowns  of  these  miRNAs  facilitated  infectivity  of
HIV-1 in  monocytes.  They also  found that  these  miRNAs
had the ability to suppress the replication of HIV-1 in rest-
ing CD4 T cells [41]. Consequently, it is possible that these
miRNAs potentially result in disrupting effects in HIV repli-
cation and also deregulation of these miRNAs by HIV is ex-
pected. One crucial step for the HIV replication cycle is inte-
gration in the host genome, allowing the persistent expres-
sion of viral genes [72, 73]. Transcription of the integrated
HIV-1  genome,  known  as  provirus,  is  dependent  on  the
host-cell positive transcription elongation factor b (P-TEFb).
P-TEFb is a critical factor in regulating the elongation of cel-
lular  RNA  polymerase  II  transcripts  [74].  The  P-TEFb
heterodimer is composed of a kinase, (CDK9), and one of
the three cyclin subunits (i.e., cyclin T1, cyclin T2A, and cy-
clin T2B) [75-77]. The Cdk9/cyclin T1 P-TEFb complex ac-
tivates transcription of the provirus and subsequently, the cy-
clin T1 subunit binds to HIV-transactivator protein Tat and
supports transcription of the provirus by cellular RNA poly-
merase II [78]. Chiang et al. [43] investigated the effect of
miR-27b, -29b, -150, and -223 on the translation of cyclin
T1 in  resting CD4+ T cells.  They observed that  miR-27b,
-29b, -150, and -223 could decrease expression levels of cy-
clin  T1  protein.  Furthermore,  they  observed  that  miR-27b
was directly bound to 3′-UTR of cyclin T1 mRNA and en-
forced  expression  of  miR-27b,  which  was  associated  with
the  decrease  in  the  HIV-1  reporter  virus  expression  level.
They reported, however,  that miR-29b, -150 and -223 had
an indirect effect on the expression levels of cyclin T1 [43].
Our  results  demonstrated  that  the  expression  of  miR-27b,
-29,  and  -150  was  significantly  downregulated  in  PBMC
samples of VPs, and that the expression pattern of these miR-

NAs in LNTP is similar to uninfected people. Thus, the re-
sults make the role of these miRNAs more prominent in con-
trolling HIV progression.

Some factors, including mutation in viral genes, host im-
mune system, and host genetic factors, may justify control
of HIV replication in LNTPs. However, since these charac-
teristics  are not  the same in all  LNTPs,  it  is  expected that
other mechanisms are involved in the control of HIV disease
[18-20].  On  the  other  hand,  the  role  of  miRNAs  in  con-
trolling virus replication in LNTPs has not yet been investi-
gated and limited studies have reported the expression pat-
tern of miRNAs in these subjects.  Recently,  Witwer et  al.
[79]  examined  the  expression  profiling  of  miRNAs  in
PBMC samples of elite suppression (ES or elite control) and
viremic patients using the TaqMan low-density array (TL-
DA), NanoString platform and stem-loop quantitative PCR.
According to the NanoString result, an expression level of
mir-150 and -29 families (i.e., miR-29a, b, and c) decreased
in  viremic  patients  in  comparison  with  the  control  group.
Moreover, according to all the three profiling methods, the
expression level of miR-150, -125b, and -31 were statistical-
ly  significantly  lower  in  both  the  ES and  viremic  patients
than in the healthy group. In this study, it is suggested that
ongoing effects of HIV infection, despite viral inhibition by
EC or the durability of host miRNA responses, can explain
the similarity of expression patterns of miRNAs between EC
and  viremic  patients  [79].  Contrary  to  the  results  of  this
study,  our  results  showed  that  the  expression  level  of
miR-150 and -29 was higher in EC and VC than in VP, and
no statistically significant differences were observed in the
expression level of these miRNAs in comparison with con-
trol groups. Different genotype distribution of HIV-1, sam-
ple size, sampling, and methodological differences may be
the cause of differences in the results of the studies.

Similar to our results, the expression pattern of miR-27,
-29, and -221 has been reported in a study by Egana-Gor-
rono et al. [80]. They screened 286 miRNAs in the stimulat-
ed PBMC from LNTPs, VPs, patients receiving ART thera-
py and healthy groups using the TLDA assay. The result of
their  study  showed  that  the  level  of  miR-27a,  -27b,  -29b,
and -221 was overexpressed in ECs and uninfected subjects
and that these miRNAs were downregulated in VPs and pa-
tients under ART treatment. These results suggest the simi-
larity of miRNA expression patterns between controllers and
uninfected  individuals  [80].  It  should  be  noted,  although
some studies have shown that the expression pattern of some
cellular miRNAs in LNTPs individuals is similar to that in
the healthy groups [70], expression patterns of cellular miR-
NAs can be different between LNTPs and healthy subjects
[70, 81]. Moreover, besides the viral infections, other factors
such as stress, antiviral drugs, co-infections with other patho-
gens [82-85] and etc., can alter the expression pattern of cel-
lular miRNAs. For example, Murray et al. [86] reported that
expression levels of miR-122 and -200a were significantly
upregulated in HIV/HCV co-infected group compared to the
HIV-1 mono-infected subjects [86]. As a result, the expres-
sion  pattern  of  cellular  miRNAs  between  the  mentioned
groups can be similar or different and so further experimen-
tal studies are needed to understand this topic.
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Hulka et al. defined biomarkers as “cellular, biochemical
or molecular alterations, that could be measured in biologi-
cal media, such as human cells, tissues or fluids” [87]. MiR-
NAs have  useful  characteristics  such  as  high  stability  and
are measurable in the body fluids (urine, serum, plasma, sali-
va, and PBMCs) and tissues [88]. For this reason, many re-
searchers have mentioned that miRNAs can potentially act
as  useful  diagnostic  and  prognostic  biomarkers  with  high
sensitivity and specificity [89, 90]. Munshi et al. evaluated
the expression pattern of miR-150, -16, -146b-5p, -191 and
-223 in order to recognize novel biomarkers in PBMCs and
plasma of different stages of HIV/AIDS infection [54]. They
observed  that  the  miR-150  expression  significantly  de-
creased in ART-naive AIDS patients compared to the con-
trol group. Moreover, after 6 months of therapy with ART in
these  patients,  miR-150  expression  levels  obtained  levels
similar to healthy subjects. This study demonstrated that the
expression pattern of miR-150 in plasma and PBMCs could
be a good diagnostic biomarker of the status of HIV disease
[54]. The results of our study showed that there was a signifi-
cant difference in the expression level of miR-150 between
VPs, healthy individuals and LTNPs (ECs and VCs). It was
also revealed that among miRNAs examined in the study, a
significant difference was only observed in the expression
level of miR-150 between VPs and VCs. Consequently, this
miRNA can serve as a biomarker in distinguishing VPs from
LNTPs. Of course, more studies are required to prove this
claim.  Therefore,  cellular  miRNAs  can  consider  as  viable
biomarkers  to  detect  subsets  of  the HIV-infected subjects.
For this purpose, we used ROC curve analysis. According to
the ROC results, miR-27b, -29, -150, and -221 with optimal
sensitivity and specificity were potentially useful biomark-
ers to differentiate the healthy control group and EC from
the  VP  group.  According  to  the  results,  miR-27b,  and  -
miR-150 can be used as tools to discriminate between VP
and VC groups.

In some studies,  the correlation was analyzed between
cellular miRNAs and cellular/viral factors in virus-infected
patients. For example, for miR-125b and miR-146b-5p lev-
els, a positive and a negative correlation was observed with
HIV-viral load, respectively [54, 79]. Witwer et al. analyzed
the  correlation  between  miRNAs  and  HIV  viral  load  in
HIV-1-infected elite suppressors and viremic patients. They
reported  that  there  was  a  positive  correlation  between
miR-125b and -150 with viral load [79]. In contrast to this
study,  no  significant  relationship  was  observed  between
miR-150 and viral  load in our study. However,  a negative
correlation  was  observed in  our  study between expression
fold differences of miR-221 and HIV-viral  load in the VP
group.  Our  results  are  also  supported  by  a  previous  study
[34], where miR-150 expression level was positively corre-
lated with CD4 count and a significant positive correlation
was  observed between the  expression  of  miR-150 and the
CD4 count in the VP group. As mentioned above, cellular
miRNAs can have effects on HIV replication by either target-
ing  RNA  or  encoding  a  viral  protein  that  have  necessary
products for viral replication [46]. It has been demonstrated
that miR-29 potentially targets 3'-UTR of nef and decreases

the Nef protein expression [47]. In addition, in some studies,
positive  and  negative  correlations  were  reported  between
miR-29 expression with CD4 count and the nef gene expres-
sion level [34, 91]. Based on our data an inverse correlation
between the miR-29 expression level and the nef expression
level in the VC group. This probably highlights the role of
this miRNA in the regulation of nef transcription. However,
no significant relationship was found between miR-29 ex-
pression  and CD4 count.  The  difference  in  the  expression
pattern of cellular miRNAs can be useful to distinguish non-
infected people or LTNPs from HIV infected patients and al-
so to distinguish different stages of HIV/AIDS disease.  In
conclusion,  the  present  research was  the  first  report  about
the  comparison  of  expression  patterns  of  four  miRNAs,
namely miR-27b, -29, -150, and -221, between HIV-1 infect-
ed  naive  patients  and  LNTPs  with  healthy  individuals  in
Iran.

CONCLUSION
This study reported an expression profile of cellular miR-

NAs in HIV naïve patients, ECs, and VCs, as compared to
non-infected individuals. Distinguishing HIV-infected peo-
ple from LTNPs and healthy people requires the discovery
of biomarkers that specifically categorize these subjects. De-
termination of the role and expression pattern of miRNAs in
these groups can open new gates to control HIV disease or
differentiate HIV-infected subgroups.

ETHICS APPROVAL AND CONSENT TO PARTICI-
PATE

This cross-sectional study was established to be in agree-
ment with the ethical principles as well as the standards and
national norms for conducting medical studies in Iran. Re-
search ethical approval was received from the ethics commit-
tee  of  the  Iran  University  of  Medical  Sciences  (IUMS),
Tehran,  Iran  (ethical  code:  IR.  IUMS.  FMD.  REC  1398.
051). The research was performed in accordance with the Se-
cond Declaration of Helsinki, and all the subjects provided
informed consent (both written and verbal) to participate in
the research.

HUMAN AND ANIMAL RIGHTS
No animals were used in this survey. All humans proce-

dures  were  followed  in  accordance  with  the  standards  set
forth in the Declaration of Helsinki program of 1975, as re-
vised in 2013 (http://ethics.iit.edu/ecodes/node/3931).

CONSENT FOR PUBLICATION
The studied subjects were informed about the current sur-

vey, and a written consent form was obtained from all volun-
teers before their enrollment.

STANDARD OF REPORTING
The survey conforms to the STROBE guidelines.

http://ethics.iit.edu/ecodes/node/3931


10   Current HIV Research, хххх, Vol. хх, No. хх Jamshidi et al.

AVAILABILITY OF DATA AND MATERIALS
The authors of this study confirm that the data support-

ing  the  results  and  findings  of  this  survey  are  available
within  the  article.

FUNDING
The current research was supported by the research depu-

ty of IUMS, Tehran, Iran (grant number 12942).

CONFLICT OF INTEREST
The authors declare no conflict of interest, financial or

otherwise.

ACKNOWLEDGEMENTS
All authors of this survey are extremely grateful to those

who volunteered to participate in this study.

REFERENCES

Lang W, Perkins H, Anderson RE, Royce R, Jewell N, Winkel-[1]
stein W Jr. Patterns of T lymphocyte changes with human immun-
odeficiency virus infection: from seroconversion to the develop-
ment of AIDS. J Acquir Immune Defic Syndr 1989; 2(1): 63-9.
PMID: 2783971
Habeshaw JA, Dalgleish AG. The relevance of HIV env/CD4 in-[2]
teractions to the pathogenesis of acquired immune deficiency syn-
drome. J Acquir Immune Defic Syndr 1989; 2(5): 457-68.
PMID: 2677311
Maracy MR, Mostafaei S, Moghoofei M, Mansourian M. Impact[3]
of HIV risk factors on survival in Iranian HIV-infected patients: A
Bayesian approach to retrospective cohort. HIV AIDS Rev 2017;
16(2): 100-6.
http://dx.doi.org/10.5114/hivar.2017.68117
Okulicz JF, Marconi VC, Landrum ML, et al. Clinical outcomes[4]
of elite controllers, viremic controllers, and long-term nonprogres-
sors in the US Department of Defense HIV natural history study. J
Infect Dis 2009; 200(11): 1714-23.
http://dx.doi.org/10.1086/646609 PMID: 19852669
Dos Santos JS, de Almeida SM, Ferreira GS, et al. Host factor pre-[5]
dictors in long-term nonprogressors HIV-1 infected with distinct
viral clades. Curr HIV Res 2017; 15(6): 440-7.
PMID: 29210660
Zeller JM, McCain NL, Swanson B. Immunological and virologi-[6]
cal  markers  of  HIV-disease  progression.  J  Assoc  Nurses  AIDS
Care: JANAC 1996; 7(1): 15-27.
http://dx.doi.org/10.1016/S1055-3290(96)80034-3  PMID:
8825177
Merindol N, Berthoux L. Restriction factors in HIV-1 disease pro-[7]
gression. Curr HIV Res 2015; 13(6): 448-61.
http://dx.doi.org/10.2174/1570162X13666150608104412  PMID:
26051387
Cao Y, Qin L, Zhang L, Safrit J, Ho DD. Virologic and immuno-[8]
logic characterization of long-term survivors of human immunode-
ficiency virus type 1 infection. N Engl J Med 1995; 332(4): 201-8.
http://dx.doi.org/10.1056/NEJM199501263320401  PMID:
7808485
Muñoz A, Kirby AJ, He YD, Margolick JB, Visscher B, Rinaldo[9]
C, et al. Long-term survivors with HIV-1 infection: incubation pe-
riod and longitudinal patterns of CD4+ lymphocytes. J Acquired
Immune Defici Syndro Human Retrovirolo: Official 1995; 8(5):
496-505.
Pantaleo  G,  Menzo  S,  Vaccarezza  M,  et  al.  Studies  in  subjects[10]
with long-term nonprogressive human immunodeficiency virus in-
fection. N Engl J Med 1995; 332(4): 209-16.
http://dx.doi.org/10.1056/NEJM199501263320402  PMID:
7808486
Sheppard HW, Lang W, Ascher MS, Vittinghoff E, Winkelstein[11]

W. The characterization of non-progressors: long-term HIV-1 in-
fection with stable CD4+ T-cell levels. AIDS 1993; 7(9): 1159-66.
http://dx.doi.org/10.1097/00002030-199309000-00002  PMID:
8105806
Madec Y, Boufassa F, Avettand-Fenoel V, et al. Early control of[12]
HIV-1 infection in long-term nonprogressors followed since diag-
nosis in the ANRS SEROCO/HEMOCO cohort. J Acquir Immune
Defic Syndr 2009; 50(1): 19-26.
http://dx.doi.org/10.1097/QAI.0b013e31818ce709  PMID:
19295331
Mikhail M, Wang B, Saksena NK. Mechanisms involved in non-[13]
progressive HIV disease. AIDS Rev 2003; 5(4): 230-44.
PMID: 15012002
Egaña-Gorroño  L,  Guardo  AC,  Bargalló  ME,  et  al.  MicroRNA[14]
profile in CD8+ T-lymphocytes from HIV-infected individuals: re-
lationship  with  antiviral  immune  response  and  disease  progres-
sion. PLoS One 2016; 11(5): e0155245.
http://dx.doi.org/10.1371/journal.pone.0155245 PMID: 27171002
Walker  BD.  Elite  control  of  HIV  Infection:  implications  for[15]
vaccines and treatment. Topics in HIV Med 2007; 15(4): 134-6.
Reynoso R, Laufer N, Hackl M, et al. MicroRNAs differentially[16]
present in the plasma of HIV elite controllers reduce HIV infec-
tion in vitro. Sci Rep 2014; 4: 5915.
http://dx.doi.org/10.1038/srep05915 PMID: 25081906
Okulicz JF, Lambotte O. Epidemiology and clinical characteristics[17]
of elite controllers. Curr Opin HIV AIDS 2011; 6(3): 163-8.
http://dx.doi.org/10.1097/COH.0b013e328344f35e  PMID:
21502920
Martin-Gayo  E,  Yu  XG.  Dendritic  cell  immune  responses  in[18]
HIV-1 controllers. Curr HIV/AIDS Rep 2017; 14(1): 1-7.
http://dx.doi.org/10.1007/s11904-017-0345-0 PMID: 28110421
Soliman  M,  Srikrishna  G,  Balagopal  A.  Mechanisms  of  HIV-1[19]
control. Curr HIV/AIDS Rep 2017; 14(3): 101-9.
http://dx.doi.org/10.1007/s11904-017-0357-9 PMID: 28466391
Gonzalo-Gil E, Ikediobi U, Sutton RE. Mechanisms of virologic[20]
control  and  clinical  characteristics  of  HIV+  elite/viremic  con-
trollers. Yale J Biol Med 2017; 90(2): 245-59.
PMID: 28656011
Madec Y, Boufassa F, Porter K, Meyer L. collaboration C. Sponta-[21]
neous control of viral load and CD4 cell count progression among
HIV-1 seroconverters. AIDS 2005; 19(17): 2001-7.
http://dx.doi.org/10.1097/01.aids.0000194134.28135.cd  PMID:
16260907
Lambotte O, Boufassa F, Madec Y, et al. HIV controllers: A ho-[22]
mogeneous  group  of  HIV-1-infected  patients  with  spontaneous
control of viral replication. Clin Infect Dis 2005; 41(7): 1053-6.
http://dx.doi.org/10.1086/433188 PMID: 16142675
Grabar S, Selinger-Leneman H, Abgrall S, Pialoux G, Weiss L,[23]
Costagliola  D.  Prevalence  and  comparative  characteristics  of
long-term  nonprogressors  and  HIV  controller  patients  in  the
French Hospital Database on HIV. AIDS 2009; 23(9): 1163-9.
http://dx.doi.org/10.1097/QAD.0b013e32832b44c8  PMID:
19444075
Rausch JW, Le Grice SFJ. Characterizing the latent HIV-1 reser-[24]
voir in patients with viremia suppressed on cART: progress, chal-
lenges, and opportunities. Curr HIV Res 2020; 18(2): 99-113.
http://dx.doi.org/10.2174/1570162X18666191231105438  PMID:
31889490
Weiland M, Gao X-H, Zhou L, Mi Q-S. Small RNAs have a large[25]
impact: circulating microRNAs as biomarkers for human diseases.
RNA Biol 2012; 9(6): 850-9.
http://dx.doi.org/10.4161/rna.20378 PMID: 22699556
Zhao Y, Srivastava D. A developmental view of microRNA func-[26]
tion. Trends Biochem Sci 2007; 32(4): 189-97.
http://dx.doi.org/10.1016/j.tibs.2007.02.006 PMID: 17350266
Nahand JS,  Taghizadeh-Boroujeni  S,  Karimzadeh M, et  al.  mi-[27]
croRNAs: New prognostic, diagnostic, and therapeutic biomarkers
in cervical cancer. J Cell Physiol 2019; 234(10): 17064-99.
http://dx.doi.org/10.1002/jcp.28457 PMID: 30891784
Mendell JT. MicroRNAs: critical regulators of development, cellu-[28]
lar physiology and malignancy. Cell Cycle 2005; 4(9): 1179-84.
http://dx.doi.org/10.4161/cc.4.9.2032 PMID: 16096373
Ardekani AM, Naeini MM. The role of microRNAs in human dis-[29]

http://www.ncbi.nlm.nih.gov/pubmed/2783971
http://www.ncbi.nlm.nih.gov/pubmed/2677311
http://dx.doi.org/10.5114/hivar.2017.68117
http://dx.doi.org/10.1086/646609
http://www.ncbi.nlm.nih.gov/pubmed/19852669
http://www.ncbi.nlm.nih.gov/pubmed/29210660
http://dx.doi.org/10.1016/S1055-3290(96)80034-3
http://www.ncbi.nlm.nih.gov/pubmed/8825177
http://dx.doi.org/10.2174/1570162X13666150608104412
http://www.ncbi.nlm.nih.gov/pubmed/26051387
http://dx.doi.org/10.1056/NEJM199501263320401
http://www.ncbi.nlm.nih.gov/pubmed/7808485
http://dx.doi.org/10.1056/NEJM199501263320402
http://www.ncbi.nlm.nih.gov/pubmed/7808486
http://dx.doi.org/10.1097/00002030-199309000-00002
http://www.ncbi.nlm.nih.gov/pubmed/8105806
http://dx.doi.org/10.1097/QAI.0b013e31818ce709
http://www.ncbi.nlm.nih.gov/pubmed/19295331
http://www.ncbi.nlm.nih.gov/pubmed/15012002
http://dx.doi.org/10.1371/journal.pone.0155245
http://www.ncbi.nlm.nih.gov/pubmed/27171002
http://dx.doi.org/10.1038/srep05915
http://www.ncbi.nlm.nih.gov/pubmed/25081906
http://dx.doi.org/10.1097/COH.0b013e328344f35e
http://www.ncbi.nlm.nih.gov/pubmed/21502920
http://dx.doi.org/10.1007/s11904-017-0345-0
http://www.ncbi.nlm.nih.gov/pubmed/28110421
http://dx.doi.org/10.1007/s11904-017-0357-9
http://www.ncbi.nlm.nih.gov/pubmed/28466391
http://www.ncbi.nlm.nih.gov/pubmed/28656011
http://dx.doi.org/10.1097/01.aids.0000194134.28135.cd
http://www.ncbi.nlm.nih.gov/pubmed/16260907
http://dx.doi.org/10.1086/433188
http://www.ncbi.nlm.nih.gov/pubmed/16142675
http://dx.doi.org/10.1097/QAD.0b013e32832b44c8
http://www.ncbi.nlm.nih.gov/pubmed/19444075
http://dx.doi.org/10.2174/1570162X18666191231105438
http://www.ncbi.nlm.nih.gov/pubmed/31889490
http://dx.doi.org/10.4161/rna.20378
http://www.ncbi.nlm.nih.gov/pubmed/22699556
http://dx.doi.org/10.1016/j.tibs.2007.02.006
http://www.ncbi.nlm.nih.gov/pubmed/17350266
http://dx.doi.org/10.1002/jcp.28457
http://www.ncbi.nlm.nih.gov/pubmed/30891784
http://dx.doi.org/10.4161/cc.4.9.2032
http://www.ncbi.nlm.nih.gov/pubmed/16096373


The Expression Pattern of Different miRNAs in LTNPs, and HIV-1 Infected People Current HIV Research, хххх, Vol. хх, No. хх   11

eases. Avicenna J Med Biotechnol 2010; 2(4): 161-79.
PMID: 23407304
Sullivan CS, Ganem D. MicroRNAs and viral infection. Mol Cell[30]
2005; 20(1): 3-7.
http://dx.doi.org/10.1016/j.molcel.2005.09.012 PMID: 16209940
Pauley KM, Cha S, Chan EK. MicroRNA in autoimmunity and au-[31]
toimmune diseases. J Autoimmun 2009; 32(3-4): 189-94.
http://dx.doi.org/10.1016/j.jaut.2009.02.012 PMID: 19303254
Londin E, Loher P, Telonis AG, et al. Analysis of 13 cell types re-[32]
veals evidence for the expression of numerous novel primate- and
tissue-specific  microRNAs.  Proc  Natl  Acad  Sci  USA  2015;
112(10):  E1106-15.
http://dx.doi.org/10.1073/pnas.1420955112 PMID: 25713380
Kosaka N, Iguchi  H,  Ochiya T.  Circulating microRNA in body[33]
fluid: a new potential biomarker for cancer diagnosis and progno-
sis. Cancer Sci 2010; 101(10): 2087-92.
http://dx.doi.org/10.1111/j.1349-7006.2010.01650.x  PMID:
20624164
Moghoofei M, Bokharaei-Salim F, Esghaei M, Keyvani H, Honar-[34]
doost M, Mostafaei S, et al. microRNAs 29, 150, 155, 223 level
and their relation to viral and immunological markers in HIV-1 in-
fected naive patients. Future Virol 2018; 13(09): 637-45.
http://dx.doi.org/10.2217/fvl-2018-0055
Balasubramaniam M, Pandhare J, Dash C. Are microRNAs impor-[35]
tant players in HIV-1 infection? An update. Viruses 2018; 10(3):
110.
http://dx.doi.org/10.3390/v10030110 PMID: 29510515
Swaminathan S, Zaunders J, Wilkinson J, Suzuki K, Kelleher AD.[36]
Does  the  presence  of  anti-HIV  miRNAs  in  monocytes  explain
their  resistance  to  HIV-1  infection?  Blood  2009;  113(20):
5029-30.
http://dx.doi.org/10.1182/blood-2009-01-196741  PMID:
19443673
Hariharan M, Scaria V, Pillai B, Brahmachari SK. Targets for hu-[37]
man encoded microRNAs in HIV genes.  Biochem Biophys Res
Commun 2005; 337(4): 1214-8.
http://dx.doi.org/10.1016/j.bbrc.2005.09.183 PMID: 16236258
Duan M, Yao H, Hu G, Chen X, Lund AK, Buch S. HIV Tat in-[38]
duces  expression  of  ICAM-1  in  HUVECs:  implications  for
miR-221/-222  in  HIV-associated  cardiomyopathy.  PLoS  One
2013;  8(3):  e60170.
http://dx.doi.org/10.1371/journal.pone.0060170 PMID: 23555914
Adoro S, Cubillos-Ruiz JR, Chen X, et al. IL-21 induces antiviral[39]
microRNA-29 in CD4 T cells to limit HIV-1 infection. Nat Com-
mun 2015; 6: 7562.
http://dx.doi.org/10.1038/ncomms8562 PMID: 26108174
Monteleone K, Selvaggi C, Cacciotti G, et al. MicroRNA-29 fami-[40]
ly expression and its relation to antiviral immune response and vi-
ro-immunological markers in HIV-1-infected patients. BMC In-
fect Dis 2015; 15(1): 51.
http://dx.doi.org/10.1186/s12879-015-0768-4 PMID: 25808800
Wang X, Ye L, Hou W, et al. Cellular microRNA expression cor-[41]
relates with susceptibility of monocytes/macrophages to HIV-1 in-
fection. Blood 2009; 113(3): 671-4.
http://dx.doi.org/10.1182/blood-2008-09-175000  PMID:
19015395
Ma L, Shen C-J, Cohen EA, Xiong S-D, Wang J-H. miRNA-1236[42]
inhibits HIV-1 infection of monocytes by repressing translation of
cellular factor VprBP. PLoS One 2014; 9(6): e99535.
http://dx.doi.org/10.1371/journal.pone.0099535 PMID: 24932481
Chiang K, Sung T-L, Rice AP. Regulation of cyclin T1 and HIV-1[43]
Replication by microRNAs in resting CD4+ T lymphocytes. J Vi-
rol 2012; 86(6): 3244-52.
http://dx.doi.org/10.1128/JVI.05065-11 PMID: 22205749
Ruiz-Mateos E, Ferrando-Martinez S, Machmach K, et al. High[44]
levels of CD57+CD28- T-cells, low T-cell proliferation and prefer-
ential  expansion  of  terminally  differentiated  CD4+  T-cells  in
HIV-elite controllers. Curr HIV Res 2010; 8(6): 471-81.
http://dx.doi.org/10.2174/157016210793499268 PMID: 20636274
Shacklett BL. Mucosal Immunity in HIV/SIV Infection: T Cells,[45]
B Cells and Beyond. Curr Immunol Rev 2019; 15(1): 63-75.
http://dx.doi.org/10.2174/1573395514666180528081204  PMID:
31327960

Sun G, Li H, Wu X, et al. Interplay between HIV-1 infection and[46]
host microRNAs. Nucleic Acids Res 2012; 40(5): 2181-96.
http://dx.doi.org/10.1093/nar/gkr961 PMID: 22080513
Ahluwalia JK, Khan SZ, Soni K, et al. Human cellular microRNA[47]
hsa-miR-29a  interferes  with  viral  nef  protein  expression  and
HIV-1  replication.  Retrovirology  2008;  5(1):  117.
http://dx.doi.org/10.1186/1742-4690-5-117 PMID: 19102781
Rosa A, Chande A, Ziglio S, et al. HIV-1 Nef promotes infection[48]
by excluding SERINC5 from virion incorporation. Nature 2015;
526(7572): 212-7.
http://dx.doi.org/10.1038/nature15399 PMID: 26416734
Mwimanzi P, Markle TJ, Martin E, et al. Attenuation of multiple[49]
Nef  functions  in  HIV-1  elite  controllers.  Retrovirology  2013;
10(1): 1.
http://dx.doi.org/10.1186/1742-4690-10-1 PMID: 23289738
Alsahafi  N,  Ding  S,  Richard  J,  et  al.  Nef  proteins  from HIV-1[50]
elite controllers are inefficient at preventing antibody-dependent
cellular cytotoxicity. J Virol 2015; 90(6): 2993-3002.
http://dx.doi.org/10.1128/JVI.02973-15 PMID: 26719277
Buckheit RW III, Salgado M, Martins KO, Blankson JN. The im-[51]
plications of viral reservoirs on the elite control of HIV-1 infec-
tion. Cell Mol Life Sci 2013; 70(6): 1009-19.
http://dx.doi.org/10.1007/s00018-012-1101-7 PMID: 22864624
Vahabpour R, Bokharaei-Salim F, Kalantari S, et al. HIV-1 genet-[52]
ic diversity and transmitted drug resistance frequency among Ira-
nian  treatment-naive,  sexually  infected  individuals.  Arch  Virol
2017; 162(6): 1477-85.
http://dx.doi.org/10.1007/s00705-017-3228-1 PMID: 28181034
Lodge R, Ferreira Barbosa JA, Lombard-Vadnais F, et al. Host mi-[53]
croRNAs-221 and-222 inhibit HIV-1 entry in macrophages by tar-
geting the CD4 viral receptor. Cell Rep 2017; 21(1): 141-53.
http://dx.doi.org/10.1016/j.celrep.2017.09.030 PMID: 28978468
Munshi  SU,  Panda  H,  Holla  P,  Rewari  BB,  Jameel  S.  MicroR-[54]
NA-150 is a potential biomarker of HIV/AIDS disease progres-
sion and therapy. PLoS One 2014; 9(5): e95920.
http://dx.doi.org/10.1371/journal.pone.0095920 PMID: 24828336
Dubey RC, Alam NB, Gaur R. miR-150-mediated increase in glu-[55]
cose  uptake  in  HIV-infected  cells.  J  Med  Virol  2020;  93(11):
6377-82.
http://dx.doi.org/10.1002/jmv.26755 PMID: 33368410
Dehghani-Dehej F, Sarvari J, Esghaei M, et al. Presence of differ-[56]
ent  hepatitis  C  virus  genotypes  in  plasma  and  peripheral  blood
mononuclear cell samples of Iranian patients with HIV infection. J
Med Virol 2018; 90(8): 1343-51.
http://dx.doi.org/10.1002/jmv.24925 PMID: 28845894
Brooks DG, Hamer DH, Arlen PA, et al. Molecular characteriza-[57]
tion,  reactivation,  and depletion of  latent  HIV. Immunity 2003;
19(3): 413-23.
http://dx.doi.org/10.1016/S1074-7613(03)00236-X  PMID:
14499116
Kiddle G, Hardinge P, Buttigieg N, et al. GMO detection using a[58]
bioluminescent  real  time  reporter  (BART)  of  loop  mediated
isothermal  amplification  (LAMP)  suitable  for  field  use.  BMC
Biotechnol 2012; 12(1): 15.
http://dx.doi.org/10.1186/1472-6750-12-15 PMID: 22546148
Ntoumou E, Tzetis M, Braoudaki M, et al. Serum microRNA ar-[59]
ray analysis identifies miR-140-3p, miR-33b-3p and miR-671-3p
as potential osteoarthritis biomarkers involved in metabolic pro-
cesses. Clin Epigenetics 2017; 9(1): 127.
http://dx.doi.org/10.1186/s13148-017-0428-1 PMID: 29255496
Keshavarz  M,  Dianat-Moghadam  H,  Sofiani  VH,  et  al.  miR-[60]
NA-based strategy for modulation of influenza A virus infection.
Epigenomics 2018; 10(6): 829-44.
http://dx.doi.org/10.2217/epi-2017-0170 PMID: 29888954
Sadri Nahand J, Moghoofei M, Salmaninejad A, et al. Pathogenic[61]
role of exosomes and microRNAs in HPV-mediated inflammation
and cervical cancer: A review. Int J Cancer 2020; 146(2): 305-20.
http://dx.doi.org/10.1002/ijc.32688 PMID: 31566705
Gao  L,  Guo  XK,  Wang  L,  et  al.  MicroRNA  181  suppresses[62]
porcine reproductive and respiratory syndrome virus (PRRSV) in-
fection  by  targeting  PRRSV  receptor  CD163.  J  Virol  2013;
87(15):  8808-12.
http://dx.doi.org/10.1128/JVI.00718-13 PMID: 23740977

http://www.ncbi.nlm.nih.gov/pubmed/23407304
http://dx.doi.org/10.1016/j.molcel.2005.09.012
http://www.ncbi.nlm.nih.gov/pubmed/16209940
http://dx.doi.org/10.1016/j.jaut.2009.02.012
http://www.ncbi.nlm.nih.gov/pubmed/19303254
http://dx.doi.org/10.1073/pnas.1420955112
http://www.ncbi.nlm.nih.gov/pubmed/25713380
http://dx.doi.org/10.1111/j.1349-7006.2010.01650.x
http://www.ncbi.nlm.nih.gov/pubmed/20624164
http://dx.doi.org/10.2217/fvl-2018-0055
http://dx.doi.org/10.3390/v10030110
http://www.ncbi.nlm.nih.gov/pubmed/29510515
http://dx.doi.org/10.1182/blood-2009-01-196741
http://www.ncbi.nlm.nih.gov/pubmed/19443673
http://dx.doi.org/10.1016/j.bbrc.2005.09.183
http://www.ncbi.nlm.nih.gov/pubmed/16236258
http://dx.doi.org/10.1371/journal.pone.0060170
http://www.ncbi.nlm.nih.gov/pubmed/23555914
http://dx.doi.org/10.1038/ncomms8562
http://www.ncbi.nlm.nih.gov/pubmed/26108174
http://dx.doi.org/10.1186/s12879-015-0768-4
http://www.ncbi.nlm.nih.gov/pubmed/25808800
http://dx.doi.org/10.1182/blood-2008-09-175000
http://www.ncbi.nlm.nih.gov/pubmed/19015395
http://dx.doi.org/10.1371/journal.pone.0099535
http://www.ncbi.nlm.nih.gov/pubmed/24932481
http://dx.doi.org/10.1128/JVI.05065-11
http://www.ncbi.nlm.nih.gov/pubmed/22205749
http://dx.doi.org/10.2174/157016210793499268
http://www.ncbi.nlm.nih.gov/pubmed/20636274
http://dx.doi.org/10.2174/1573395514666180528081204
http://www.ncbi.nlm.nih.gov/pubmed/31327960
http://dx.doi.org/10.1093/nar/gkr961
http://www.ncbi.nlm.nih.gov/pubmed/22080513
http://dx.doi.org/10.1186/1742-4690-5-117
http://www.ncbi.nlm.nih.gov/pubmed/19102781
http://dx.doi.org/10.1038/nature15399
http://www.ncbi.nlm.nih.gov/pubmed/26416734
http://dx.doi.org/10.1186/1742-4690-10-1
http://www.ncbi.nlm.nih.gov/pubmed/23289738
http://dx.doi.org/10.1128/JVI.02973-15
http://www.ncbi.nlm.nih.gov/pubmed/26719277
http://dx.doi.org/10.1007/s00018-012-1101-7
http://www.ncbi.nlm.nih.gov/pubmed/22864624
http://dx.doi.org/10.1007/s00705-017-3228-1
http://www.ncbi.nlm.nih.gov/pubmed/28181034
http://dx.doi.org/10.1016/j.celrep.2017.09.030
http://www.ncbi.nlm.nih.gov/pubmed/28978468
http://dx.doi.org/10.1371/journal.pone.0095920
http://www.ncbi.nlm.nih.gov/pubmed/24828336
http://dx.doi.org/10.1002/jmv.26755
http://www.ncbi.nlm.nih.gov/pubmed/33368410
http://dx.doi.org/10.1002/jmv.24925
http://www.ncbi.nlm.nih.gov/pubmed/28845894
http://dx.doi.org/10.1016/S1074-7613(03)00236-X
http://www.ncbi.nlm.nih.gov/pubmed/14499116
http://dx.doi.org/10.1186/1472-6750-12-15
http://www.ncbi.nlm.nih.gov/pubmed/22546148
http://dx.doi.org/10.1186/s13148-017-0428-1
http://www.ncbi.nlm.nih.gov/pubmed/29255496
http://dx.doi.org/10.2217/epi-2017-0170
http://www.ncbi.nlm.nih.gov/pubmed/29888954
http://dx.doi.org/10.1002/ijc.32688
http://www.ncbi.nlm.nih.gov/pubmed/31566705
http://dx.doi.org/10.1128/JVI.00718-13
http://www.ncbi.nlm.nih.gov/pubmed/23740977


12   Current HIV Research, хххх, Vol. хх, No. хх Jamshidi et al.

Trobaugh DW, Gardner CL, Sun C, et al. RNA viruses can hijack[63]
vertebrate microRNAs to suppress innate immunity. Nature 2014;
506(7487): 245-8.
http://dx.doi.org/10.1038/nature12869 PMID: 24352241
Girardi E, López P, Pfeffer S. On the importance of host microR-[64]
NAs during viral infection. Front Genet 2018; 9: 439.
http://dx.doi.org/10.3389/fgene.2018.00439 PMID: 30333857
Taborda  NA,  Correa  LA,  Feria  MG,  Rugeles  MT.  The  sponta-[65]
neous  control  of  hiv  replication  is  characterized  by  decreased
pathological changes in the gut-associated lymphoid tissue. Curr
HIV Res 2018; 16(5): 338-44.
http://dx.doi.org/10.2174/1570162X17666190130115113  PMID:
30706820
Wang B. Viral factors in non-progression. Front Immunol 2013;[66]
4: 355.
http://dx.doi.org/10.3389/fimmu.2013.00355 PMID: 24400003
Acheampong EA, Parveen Z, Muthoga LW, Kalayeh M, Mukhtar[67]
M, Pomerantz RJ. Human Immunodeficiency virus type 1 Nef po-
tently induces apoptosis in primary human brain microvascular en-
dothelial cells via the activation of caspases. J Virol 2005; 79(7):
4257-69.
http://dx.doi.org/10.1128/JVI.79.7.4257-4269.2005  PMID:
15767427
Mak TW, Saunders ME. The immune response: basic and clinical[68]
principles. Academic Press 2005.
de Villiers M. Acquired immunodeficiency syndrome a forensic[69]
perspective. J Leg Med 2017; 37(3-4): 389-461.
http://dx.doi.org/10.1080/01947648.2017.1385040  PMID:
29473812
Sadri Nahand J, Bokharaei-Salim F, Karimzadeh M, et al. MicroR-[70]
NAs and exosomes: key players in HIV pathogenesis. HIV Med
2020; 21(4): 246-78.
http://dx.doi.org/10.1111/hiv.12822 PMID: 31756034
Huang  J,  Wang  F,  Argyris  E,  et  al.  Cellular  microRNAs  con-[71]
tribute to HIV-1 latency in resting primary CD4+ T lymphocytes.
Nat Med 2007; 13(10): 1241-7.
http://dx.doi.org/10.1038/nm1639 PMID: 17906637
Poletti  V,  Mavilio  F.  Interactions  between  retroviruses  and  the[72]
host cell genome. Mol Ther Methods Clin Dev 2017; 8: 31-41.
http://dx.doi.org/10.1016/j.omtm.2017.10.001 PMID: 29159201
V DU, De Crignis E, Re MC. Host restriction factors and human[73]
immunodeficiency virus (HIV-1): a dynamic interplay involving
all  phases  of  the  viral  life  cycle.  Curr  HIV  Res  2018;  16(3):
184-207.
http://dx.doi.org/10.2174/1570162X16666180817115830  PMID:
30117396
Sharma N. Regulation of RNA polymerase II-mediated transcrip-[74]
tional  elongation:  Implications  in  human  disease.  IUBMB  Life
2016; 68(9): 709-16.
http://dx.doi.org/10.1002/iub.1538 PMID: 27473825
De  Luca  A,  De  Falco  M,  Baldi  A,  Paggi  MG.  Cyclin  T:  three[75]
forms for different roles in physiological and pathological func-
tions. J Cell Physiol 2003; 194(2): 101-7.
http://dx.doi.org/10.1002/jcp.10196 PMID: 12494448
De Luca A, Russo P, Severino A, et al. Pattern of expression of cy-[76]
clin  T1  in  human  tissues.  J  Histochem  Cytochem  2001;  49(6):
685-92.
http://dx.doi.org/10.1177/002215540104900602 PMID: 11373315
Moiola C, De Luca P, Gardner K, Vazquez E, De Siervi A. Cyclin[77]
T1 overexpression induces malignant  transformation and tumor

growth. Cell Cycle 2010; 9(15): 3119-26.
http://dx.doi.org/10.4161/cc.9.15.12526 PMID: 20714219
Das B, Dobrowolski C, Shahir A-M, et al. Short chain fatty acids[78]
potently induce latent HIV-1 in T-cells by activating P-TEFb and
multiple histone modifications. Virology 2015; 474: 65-81.
http://dx.doi.org/10.1016/j.virol.2014.10.033 PMID: 25463605
Witwer KW, Watson AK, Blankson JN, Clements JE. Relation-[79]
ships  of  PBMC  microRNA  expression,  plasma  viral  load,  and
CD4+  T-cell  count  in  HIV-1-infected  elite  suppressors  and
viremic  patients.  Retrovirology  2012;  9(1):  5.
http://dx.doi.org/10.1186/1742-4690-9-5 PMID: 22240256
Egaña-Gorroño L, Escribà T, Boulanger N, et al. Differential mi-[80]
croRNA  expression  profile  between  stimulated  PBMCs  from
HIV-1  infected  elite  controllers  and  viremic  progressors.  PLoS
One 2014; 9(9): e106360.
http://dx.doi.org/10.1371/journal.pone.0106360 PMID: 25225963
Yousefpouran S, Mostafaei S, Manesh PV, et al. The assessment[81]
of  selected  MiRNAs  profile  in  HIV,  HBV,  HCV,  HIV/HCV,
HIV/HBV Co-infection and elite controllers for determination of
biomarker. Microb Pathog 2020; 147: 104355.
http://dx.doi.org/10.1016/j.micpath.2020.104355  PMID:
32569788
Misiewicz-Krzeminska I, Krzeminski P, Corchete LA, et al. Fac-[82]
tors  regulating  microRNA  expression  and  function  in  multiple
myeloma. Noncoding RNA 2019; 5(1): 9.
http://dx.doi.org/10.3390/ncrna5010009 PMID: 30654527
Leung AK, Sharp PA. MicroRNA functions in stress responses.[83]
Mol Cell 2010; 40(2): 205-15.
http://dx.doi.org/10.1016/j.molcel.2010.09.027 PMID: 20965416
Nguyen TH, Liu X, Su ZZ, Hsu AC-Y, Foster PS, Yang M. Poten-[84]
tial role of MicroRNAs in the regulation of antiviral responses to
influenza infection. Front Immunol 2018; 9: 1541.
http://dx.doi.org/10.3389/fimmu.2018.01541 PMID: 30022983
Gupta P, Liu B, Wu JQ, et al. Genome-wide mRNA and miRNA[85]
analysis of peripheral blood mononuclear cells (PBMC) reveals
different  miRNAs  regulating  HIV/HCV  co-infection.  Virology
2014; 450-451: 336-49.
http://dx.doi.org/10.1016/j.virol.2013.12.026 PMID: 24503097
Murray DD, Suzuki  K,  Law M, et  al.  Circulating miR-122 and[86]
miR-200a  as  biomarkers  for  fatal  liver  disease  in  ART-treated,
HIV-1-infected individuals. Sci Rep 2017; 7(1): 10934.
http://dx.doi.org/10.1038/s41598-017-11405-8 PMID: 28883647
Mayeux R. Biomarkers: potential uses and limitations. NeuroRx[87]
2004; 1(2): 182-8.
http://dx.doi.org/10.1602/neurorx.1.2.182 PMID: 15717018
Silva SS, Lopes C, Teixeira AL, Carneiro de Sousa MJ, Medeiros[88]
R. Forensic miRNA: potential biomarker for body fluids? Foren-
sic Sci Int Genet 2015; 14: 1-10.
http://dx.doi.org/10.1016/j.fsigen.2014.09.002 PMID: 25280377
Roser AE, Caldi Gomes L, Schünemann J, Maass F, Lingor P. Cir-[89]
culating miRNAs as diagnostic  biomarkers  for  Parkinson’s  dis-
ease. Front Neurosci 2018; 12: 625.
http://dx.doi.org/10.3389/fnins.2018.00625 PMID: 30233304
Rome S. Use of miRNAs in biofluids as biomarkers in dietary and[90]
lifestyle intervention studies. Genes Nutr 2015; 10(5): 483.
http://dx.doi.org/10.1007/s12263-015-0483-1 PMID: 26233309
Rosca A, Anton G, Botezatu A, et al. miR-29a associates with vi-[91]
ro-immunological markers of HIV infection in treatment experi-
enced patients. J Med Virol 2016; 88(12): 2132-7.
http://dx.doi.org/10.1002/jmv.24586 PMID: 27232693

DISCLAIMER: The above article has been published, as is, ahead-of-print, to provide early visibility but is not the 
final version. Major publication processes like copyediting,  proofing,  typesetting and further  review are still to be  
done and may lead to changes in the final published version, if it is eventually published. All legal disclaimers that 
apply to the final published article also apply to this ahead-of-print version. 

http://dx.doi.org/10.1038/nature12869
http://www.ncbi.nlm.nih.gov/pubmed/24352241
http://dx.doi.org/10.3389/fgene.2018.00439
http://www.ncbi.nlm.nih.gov/pubmed/30333857
http://dx.doi.org/10.2174/1570162X17666190130115113
http://www.ncbi.nlm.nih.gov/pubmed/30706820
http://dx.doi.org/10.3389/fimmu.2013.00355
http://www.ncbi.nlm.nih.gov/pubmed/24400003
http://dx.doi.org/10.1128/JVI.79.7.4257-4269.2005
http://www.ncbi.nlm.nih.gov/pubmed/15767427
http://dx.doi.org/10.1080/01947648.2017.1385040
http://www.ncbi.nlm.nih.gov/pubmed/29473812
http://dx.doi.org/10.1111/hiv.12822
http://www.ncbi.nlm.nih.gov/pubmed/31756034
http://dx.doi.org/10.1038/nm1639
http://www.ncbi.nlm.nih.gov/pubmed/17906637
http://dx.doi.org/10.1016/j.omtm.2017.10.001
http://www.ncbi.nlm.nih.gov/pubmed/29159201
http://dx.doi.org/10.2174/1570162X16666180817115830
http://www.ncbi.nlm.nih.gov/pubmed/30117396
http://dx.doi.org/10.1002/iub.1538
http://www.ncbi.nlm.nih.gov/pubmed/27473825
http://dx.doi.org/10.1002/jcp.10196
http://www.ncbi.nlm.nih.gov/pubmed/12494448
http://dx.doi.org/10.1177/002215540104900602
http://www.ncbi.nlm.nih.gov/pubmed/11373315
http://dx.doi.org/10.4161/cc.9.15.12526
http://www.ncbi.nlm.nih.gov/pubmed/20714219
http://dx.doi.org/10.1016/j.virol.2014.10.033
http://www.ncbi.nlm.nih.gov/pubmed/25463605
http://dx.doi.org/10.1186/1742-4690-9-5
http://www.ncbi.nlm.nih.gov/pubmed/22240256
http://dx.doi.org/10.1371/journal.pone.0106360
http://www.ncbi.nlm.nih.gov/pubmed/25225963
http://dx.doi.org/10.1016/j.micpath.2020.104355
http://www.ncbi.nlm.nih.gov/pubmed/32569788
http://dx.doi.org/10.3390/ncrna5010009
http://www.ncbi.nlm.nih.gov/pubmed/30654527
http://dx.doi.org/10.1016/j.molcel.2010.09.027
http://www.ncbi.nlm.nih.gov/pubmed/20965416
http://dx.doi.org/10.3389/fimmu.2018.01541
http://www.ncbi.nlm.nih.gov/pubmed/30022983
http://dx.doi.org/10.1016/j.virol.2013.12.026
http://www.ncbi.nlm.nih.gov/pubmed/24503097
http://dx.doi.org/10.1038/s41598-017-11405-8
http://www.ncbi.nlm.nih.gov/pubmed/28883647
http://dx.doi.org/10.1602/neurorx.1.2.182
http://www.ncbi.nlm.nih.gov/pubmed/15717018
http://dx.doi.org/10.1016/j.fsigen.2014.09.002
http://www.ncbi.nlm.nih.gov/pubmed/25280377
http://dx.doi.org/10.3389/fnins.2018.00625
http://www.ncbi.nlm.nih.gov/pubmed/30233304
http://dx.doi.org/10.1007/s12263-015-0483-1
http://www.ncbi.nlm.nih.gov/pubmed/26233309
http://dx.doi.org/10.1002/jmv.24586
http://www.ncbi.nlm.nih.gov/pubmed/27232693

	Evaluation of the Expression Pattern of 4 microRNAs and their Correlation with Cellular/viral Factors in PBMCs of Long Term Non-progressors and HIV Infected Naïve Individuals 
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Study Population
	2.2. Collection of Samples and Determination of HIV-1 viral Load
	2.3. Isolation and Processing of Peripheral Blood Mononuclear Cells (PBMCs)
	2.4. Total RNA Extraction and Analysis of miRNA Expression
	2.5. Expression Level of HIV-1 Nef Gene
	2.6. Statistical Analysis

	3. RESULTS
	3.1. Characteristics of Participants
	3.2. Determination of microRNA Expression
	3.3. ROC Curve Analysis

	4. DISCUSSION
	CONCLUSION
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	STANDARD OF REPORTING
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




