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Abstract

Determining the HIV-1 reservoir size in infected individuals is of great importance for improvement of their treatment.
Plasma trans-activation response element (TAR) RNA has been suggested as one of the possible biomarkers. TAR RNA
is produced during non-processive transcription in HIV-1 productively infected and latent T cells. Here, plasma samples
and paired exosome samples of 55 subjects from the observational SCOPE cohort were analysed for the presence of
TAR RNA. First, a PCR-based assay was optimized, which provided 100% specificity and 100% sensitivity in differen-
tiating HIV-1 infected non-controllers from uninfected individuals. Next, TAR RNA was detected in the plasma of 63%
of aviremic HIV-1-infected patients, who were either treated with antiretroviral therapy or were elite controllers. Alt-
hough TAR RNA levels did not correlate with patient gender, age, CD4 levels, CD8 levels, they tended to correlate with
CD4/CDS8 ratio (P = 0.047). This study is the first to investigate plasma TAR RNA in a relatively large cohort of HIV-
1-infected patients. We additionally show that the TAR RNA molecules in the plasma of aviremic patients are not limi-

ted to exosomes.
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1. Introduction

HIV remains a major global public health issue, and
the World Health Organisation has estimated that around
36.7 million people were infected at the end of 2015. In
the majority of HIV-1-infected patients, the combination
antiretroviral therapy (ART) reduces plasma HIV-1 RNA
to clinically undetectable levels. However, this treatment
cannot eradicate proviruses hidden in CD4 T cells and ot-
her latent reservoirs." Over 90% of these proviruses are
believed to be defective, such that they cannot produce in-
tact viruses,” although they were recently shown to produ-
ce novel protein-encoding RNA species.® These might
contribute to chronic inflammation, which together with
antiretroviral drug toxicity and the traditional risk factors,
might promote increased risk of developing non-

AlIDS-associated diseases in ART-treated adults (e.g., car-
diovascular, liver, renal and bone diseases, cancers).*®
Thus, determination of the size of the HIV-1 reservoir in
aviremic individuals is important for the understanding of
HIV pathogenesis and to adjust the therapy to improve the
quality of life of the patient.

One potential biomarker of the patient HIV-1 reser-
voir is the transactivation-response element (TAR) RNA
and its micro RNAs, hiv-1-miR-TAR-3p and hiv-1-miR-
TAR-5p. The 57-nucleotide TAR hairpin structure is part
of the long terminal repeat promoter of the HIV genome
(Figure 1A). This acts as a binding site for the viral-enco-
ded transactivator protein Tat, which is important for in-
duction of transcription of full-length viral mRNAs du-
ring productive infection (i.e., processive transcription).
In the absence of Tat during latency, transcription is lar-
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gely non-processive, which results in the release of short
RNAs that include the TAR region (Figure 1B).” In infec-
ted primary T lymphocytes and latently infected cell lines,
these short TAR RNAs are processed by Dicer to yield
hiv-1-miR-TAR-3p, and to a lesser extent also hiv-1-miR-
TAR-5p.*'> HIV TAR miRNAs target and modulate the
expression of several T-cell mRNAs that are involved in
apoptosis resistance of HIV-1—infected cells.'*!'* They can
also repress viral gene expression through transcriptional
silencing in HIV-1—infected 293 cells® and human primary
macrophages,'® thereby contributing to viral latency.
Importantly, TAR RNA and miR-TARs are released
from HIV-1-infected cells within exosomes, which have a
putative role in decreasing apoptosis and increasing sus-

a) / HIV-1 RNA genome

ceptibility to HIV-1 infection of recipient T cells,'® and in-
creasing release of proinflammatory cytokines from reci-
pient macrophages.'”!” TAR-RNA-containing exosomes
have also been detected in the serum of a small number of
aviremic HIV-1-infected patients.'*'*!” Exosomes are na-
no-sized membrane vesicles that are secreted by fusion of
multivesicular bodies with the plasma membrane of the
cell. They are released from cells in culture in vitro and
are found in various body fluids in vivo, like blood pla-
sma, cerebrospinal fluid, urine, and others (reviewed in
Thery et al.'®). Exosomes consist of a lipid bilayer mem-
brane that surrounds a small amount of cytosol, and they
contain various typical proteins, lipids and nucleic acids,
which mirror the composition of the cell of origin."” Exo-
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Figure 1. TAR as part of the HIV-1 provirus, HIV-1 genome, and TAR RNA. (a) Scheme of the HIV-1 genome (modified from Harwig et al.'!), sho-
wing the long terminal repeat (LTR) region divided into the U3, R (including TAR) and U5 domains. In the presence of Tat (+Tat), full-length viral
RNA and short TAR RNA molecules are transcribed, while in the absence of Tat (-Tat), only TAR RNA is produced. (b) Structure and sequence
conservation of the TAR hairpin (57 nucleotides) with the indicated oligonucleotides used for the specific amplification of TAR RNA.
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somes have an important role in physiological processes
and various pathological conditions,”®?? including HIV
pathogenesis,”?* and thus have promising potential for
human diagnostics and therapeutic applications.”

The aim of the present study was to determine whet-
her TAR RNA can be found in the blood plasma of avire-
mic HIV-1-infected patients in a relatively large cohort,
and to examine whether detection of TAR RNA correlates
to patient clinical characteristics. To this end, a TAR-spe-
cific PCR assay was first optimised on uninfected controls
and viral non-controllers, with determination of its speci-
ficity and sensitivity. Next, plasma TAR-RNA levels were
determined in a cross-sectional study of ART-suppressed
patients and elite controllers.

2. Experimental
2. 1. Subjects

This study was based on 55 plasma samples from
the Observational Study of the Consequences of the Pro-
tease Inhibitor Era (SCOPE) cohort, which were collected
from well-characterised HIV-infected volunteers of diver-
se demographic and clinical status at the HIV/AIDS clinic
of the San Francisco General Hospital, following proto-
cols approved by the University of California, San Fran-
cisco, Committee on Human Research. All of the subjects
provided written informed consent.

In brief, whole blood samples were collected in
commercially available EDTA-treated tubes and proces-
sed by low-speed centrifugation (2000x g, 15 min) within
2 h, with the supernatants aliquoted, frozen, and stored at
—70 °C. The study subjects were stratified into four
groups: (i) HIV-1 uninfected subjects (‘HIV negative’; n =
9); (i) ‘non-controllers’ (n = 8), as HIV-1-infected pa-
tients who had never been treated with ART; (iii) ART-
treated virologic controllers (‘ART-suppressed’; n = 19),
as HIV-1-infected patients with undetectable plasma HIV
RNA levels for at least 6 months while treated with ART;
and (iv) spontaneous virologic controllers (‘elite control-
lers’; n = 19), as untreated HIV-infected patients who had
shown at least three documented plasma HIV RNA levels
<75 copies/mL over at least a 12-month period. The clini-
cal characteristics of these patients are given in Table 1.

2. 2. RNA Extraction from Plasma and
Plasma Exosomes

Initially, the plasma samples (1 mL) were slowly de-
frosted on ice (i.e., approximately 1 h at 4 °C) and centri-
fuged (2000x g, 30 min) to remove precipitated lipids and
any remaining white blood cells and platelets. The TRIzol
nucleic acid extraction reagent (Invitrogen) was added to
an aliquot (200 pL) of each plasma sample, which were
then mixed well and stored at —70 °C until further proces-

sing. The rest of the plasma of each sample was filtered
through a 0.45-pm membrane (Millipore), diluted three-
fold with Dulbecco’s phosphate-buffered saline, and cen-
trifuged (110,000x g, 2 h; SW-41 Ti rotor) on a 20% su-
crose cushion, to purify the exosomes. The pelleted exo-
somes, and in the case of the non-controllers also the viru-
ses, were resuspended in Dulbecco’s phosphate-buffered
saline, after which TRIzol nucleic acid extraction reagent
was added, and the samples were stored at —70 °C until
further processing.

For the extraction of small non-coding RNA from
these processed samples, a combination of TRIzol RNA
extraction and spin column miRNA enrichment was used,
as described previously by Valadi et al.?® First, the RNA
extraction with TRIzol (Invitrogen) was carried out follo-
wing the manufacturer guidelines, until the phase separa-
tion by chloroform, after which the upper aqueous phase
of each sample was transferred to RNeasy spin columns
(miRNeasy mini kits; Qiagen), and the manufacturer in-
structions were followed. In the last step, the enriched
small non-coding RNA was eluted from the columns with
50 uL RNase-free water with centrifugation at 15,000x g
for 2 min.

2. 3. TAR-RNA - -specific
Reverse-transcription

Gene-specific cDNA for TAR RNA was generated
using SuperScript IV Reverse Transcriptase kits (Invitro-
gen) and the TAR-specific reverse primer (TAR-R
[+42 - +62]: 5°- AGC AGT GGG TTC CCT AGT TAG -
3’; Figure 1B), following the manufacturer instructions.
In brief, each single 10 pL reverse transcription reaction
started with 0.5 uL 10 mM dNTP mix, 1 uL 2 uM TAR-R
[+42 - +62] primer, 2.5 uL RNase free H,0O, and 2 pL pla-
sma / exosomes RNA, combined as a volume of 6 pL.
This RNA-primer mix was heated at 65 °C for 5 min, and
then incubated on ice for at least 1 min. Next, the follo-
wing additions were made to the RNA-primer mixture: 2
puL 5x SSIV Buffer, 0.5 pL. 100 mM 1,4-dithiothreitol, 1
pL ribonuclease inhibitor (RNaseOUT, 40 U/uL; Invitro-
gen) and 0.5 pL. SuperScript IV Reverse Transcriptase
(200 U/uL; Invitrogen). This total mixture of 10 uL was
then incubated at 55 °C for 10 min, heat inactivated at 80
°C for 10 min, and stored at -20 °C.

2. 4. TAR-specific PCR Detection

PCR analysis was performed using two different
polymerase systems: ExiLENT SYBR Green master mix
(Exigon), and GoTaq Green master mix (Promega). The
PCR reaction mixture of 25 L. contained: 5 uL TAR-spe-
cific cDNA (diluted 5-fold in DNase free H,0), 12.5 uyL
2x PCR master mix, 5 uL. DNase-free H,O, and 2.5 uL
10 pM TAR-primer mix (TAR-R [+42 - +62]:
5’- AGCAGTGGGTTCCCTAGTTAG -3’; TAR-F:

Hladnik et al.: Trans-Activation Response Element RNA is Detectable ...



Acta Chim. Slov. 2017, 64, 530-536

5’-GGTCTCTCTGGTTAGACC-3"). The PCR amplifica-
tion started with denaturation at 95 °C for 2 min, followed
by 40 amplification cycles of 30 s at 95 °C, 30 s at 60 °C,
and 30 s at 72 °C. After amplification, the PCR-products
were resolved in 5% agarose gels containing ethidium
bromide, which were run at 110 V in TBE buffer. Finally,
the TAR-specific PCR-product was documented by Mini-
Bis (DNR Biolmaging Systems, Biosciences). For sam-
ples, where TAR-specific PCR-product was not detected,
the PCR was repeated on undiluted TAR-specific cDNA
(2.5 pL per 25 pL reaction).

2. 5. Statistical Analysis

Median and interquartile ranges or frequencies were
used to describe continuous or categorical variables.
Mann-Whitney tests or Fisher’s exact tests were used to
compare clinical characteristics among groups with diffe-
ring TAR expression. Statistical analysis was performed
using IBM SPSS Statistics, version 19.0 (IBM Corpora-
tion, Armonk, USA). The level of statistical significance
was set at P < 0.05.

3. Results and Discussion

Determination of the HIV-1 reservoir size in infec-
ted individuals is of great importance for the improvement
of their treatment, and plasma TAR RNA might serve as
one such biomarker. TAR RNA was previously detected in
two sera and sera-exosome-enriched samples from avire-

Table 1: Clinical characteristics of the study participants.

mic ART-suppressed patients and elite controllers,'® and
in an additional four sera exosome-enriched samples from
aviremic ART-suppressed patients.!” However, to date,
plasma TAR-RNA levels have never been tested on a lar-
ger cohort of HIV-1-infected patients. In the present
study, plasma samples and paired exosome samples of 55
subjects from the SCOPE cohort were analysed for the
presence of TAR RNA. The clinical characteristics of the-
se patients are given in Table 1.

First, the TAR-specific PCR-based assay was opti-
mised using the samples from the uninfected controls (n =
9) and the viral non-controllers (n = 8), which were expec-
ted to test negative and positive for TAR RNA, respecti-
vely. In our hands, the previously used method for TAR
RNA detection with quantitative PCR has not worked cor-
rectly,'” with non-specific products identified using mel-
ting curve analysis. Therefore, traditional PCR amplifica-
tion was performed using TAR-specific oligonucleotides
binding to TAR-specific reverse transcribed cDNA, and
the ExiLENT SYBR Green or GoTaq Green master mixes
(Figure 1B). To improve resolution, the PCR products we-
re separated on 5% agarose gels and revealed by ethidium
bromide. For the non-controllers, both of these master mi-
xes typically amplified a 64-bp-long TAR-specific PCR
product, plus one or more smaller unspecific PCR pro-
ducts, which probably represented oligonucleotide dimers
(Supplementary Figure 1). The identity of the TAR-speci-
fic product was confirmed by DNA sequencing (data not
shown). An individual was declared TAR RNA positive if
one of the DNA polymerase PCR assays (i.e., with Exi-
LENT or GoTaq) amplified a specific TAR product from

Clinical Patient group
characteristic HIV negative Non-controllers ART-suppressed  Elite controllers
Gender [n (%)] 9 (100) 8 (100) 19 (100) 19 (100)
Male 8(88.9) 6 (75.0) 15 (78.9) 12 (63.1)
Female 1(11.1) 0(0.0) 4 (21.1) 5(26.3)
Intersex* 0(0.0) 1(12.5) 0(0.0) 0(0.0)
Male to female transgender 0(0.0) 1(12.5) 0(0.0) 2 (10.5)
Age (years) 52.0 49.5 57.0 50.0
[median (25%-75%)] (35.0-59.0) (40.0-53.8) (49.0-60.0) (40.0-55.0)
CD#4 (cells/mm?*) 738 401 649 1047
[median (25%-75%)] (397.5-1317.0) (254.5-690.8) (461.0-721.0) (955.0-1301.0)
CDS (cells/mm?) 443 1662 761 734
[median (25%-75%)] (261.5-623.5) (1048.8-1850.8) (587.0-920.0) (490.0-964.0)
CD4/CD8 ratio 2.28 0.25 0.68 1.51
[median (25%-75%)] (1.47-3.03) (0.21-0.37) (0.56-0.97) (1.24-1.99)
Viral load (copies/mL) / 24146 <75 <75
[median (25%-75%)] (19751-36450)
TAR [n (%)]
Negative 9 (100.0) 0(12.5) 10 (52.6) 4(21.1)
Positive 0(0.0) 8 (100.0) 9(47.4) 15 (78.9)

* Individuals with a reproductive or sexual anatomy that is distinct from that of the typical male or female.
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cDNA from one of the two sample types (i.e., plasma or
plasma exosomes) (Table 1, Supplementary Table 1).

Comparison of the HIV-1-negative patients and the
non-controllers showed that TAR RNA was detected in
0/9 HIV-negative patients and 8/8 non-controller patients,
providing 100% specificity and 100% sensitivity. Naraya-
nan et al.'® previously showed that TAR RNA is part of the
exosomes, not only the viruses, in supernatants of HIV-
I—infected primary CD4 T-cell cultures. Furthermore, the
present analysis was performed on RNA that was enriched
for small molecules, like miRNAs. It can therefore be spe-
culated that at least some of the detected TAR molecules
in the non-controllers were the TAR RNAs produced by
non-processive transcription during their HIV-1 producti-
ve infection and latency (Figure 1A),'" although the pre-
sence of TAR-containing full-length HIV RNA transcripts
cannot be excluded.

Next, the detection of TAR RNA in the plasma of
HIV-1-infected patients was tested, in terms of those with
suppressed plasma HIV-1 RNA levels with the use of ART
(i.e., ART-suppressed) or without (elite controllers). The
likely source of HIV-1 RNA in these patients would be la-
tently infected cells.!' Nine out of 19 ART-suppressed pa-
tients and 15/19 elite controllers were positive for TAR
RNA (Table 1). In contrast, all of the aviremic HIV-1-in-
fected patients in two previous studies were positive for
TAR RNA,'*!" although only up to four samples were te-
sted, along with pooled blood sera from six patients,
which might well have overridden their true TAR-RNA
status. On the other hand, the absence of the TAR-RNA

signal in some of the aviremic HIV-1-infected patients
studied here might also be due to lower sensitivity of the
traditional PCR used in the present study compared to the
quantitative PCR used in these previous studies.'®!”
Among all of the TAR-positive aviremic HIV-1-infected
patients (n = 24; Supplementary Table 1), TAR RNA of
exosomal origin was detected in only nine, which implies
that TAR RNA was also present outside of exosomes, in
the plasma, which is contrary to previous reports.'” Alter-
natively, the freezing and thawing might have impacted on
the structural integrity of the exosomes to cause release of
TAR RNA into the plasma, although some recent studies
reported no or limited effects of plasma freeze-thawing on
exosome or exosomal RNA recovery.”’-?

To better understand which clinical characteristics
might be associated with the presence of TAR RNA in the
plasma of aviremic HIV-1-infected patients, TAR-negati-
ve and TAR-positive patients were compared using Mann-
Whitney and Fisher’s exact tests. The presence of TAR
RNA in the plasma of these patients did not correlate with
patient gender, age, CD4 levels, CDS8 levels, but tended to
correlate with CD4/CDS ratio (P = 0.047, Table 2). CD4 T
cells are the primary target of HIV-1, whereby this infec-
tion promotes their depletion, although their levels par-
tially recover in patients receiving ART.”’ The anti—HIV-
1-specific CD8 T cells are activated by the CD4 T cells,
and they are crucial in the control of viremia, whereby
they increase in response to ongoing viral replication.”’
Interestingly, the CD4 T-cell nadir (i.e., the lowest point to
which the CD4 cell count dropped), the CD4/CDS ratio,

Table 2: Comparison of distribution of clinical characteristics among TAR-negative and TAR-positive aviremic

HIV-1-infected patients.

Clinical TAR P value
characteristic Negative Positive
Gender [n (%)] 14 (100) 24 (100)
Male 11 (78.6) 16 (66.7) 0.508*
Female 2(14.3) 7(29.2)
Male to female transgender 1(7.1) 14.2)
Age (years) 57.5 52.0 0.135°
[median (25%-75%)] (44.0-61.3) (42.3-57.5)
CD4 (cells/mm?®) 625.5 967.5 0.067°
[median (25%-75%)] (486.5-904.0) (660.0-1090.0)
CDS8 (cells/mm?) 869 645 0.330°
[median (25%-75%)] (644.5-953.5) (516.5-905.3)
CD4/CDS8 ratio 0.71 1.26 0.047°
[median (25%-75%)] (0.54-1.49) (0.86-1.77)
Treatment with protease inhibitor [n (%)]°
No 5 (50.0) 4 (44.4) 1.000*
Yes 5 (50.0) 5(55.6)
Treatment with non-nucleoside reverse transcriptase inhibitors [n (%)]°
No 6 (60.0) 7 (77.8) 0.628%
Yes 4 (40.0) 2(22.2)

4calculated using Fisher exact tests; ® calculated using Mann-Whitney tests; ¢ only ART-suppressed patients.
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and the CD4 T-cell counts were previously shown to be
inversely associated with HIV-1 proviral DNA levels, as
one of the measures of the reservoir size.**!

Previous studies have shown that some protease
inhibitor treatments can allow low-level viral replica-
tion to occur.®*> We therefore compared TAR-RNA le-
vels in patients treated with different ART regimes
(Table 2). No differences were observed among the pa-
tients who received protease inhibitors compared to pa-
tients who did not receive protease inhibitors. On the ot-
her hand, in patients who received treatment based on
non-nucleoside reverse transcriptase inhibitors, TAR
RNA was detected less often, compared to patients who
did not receive non-nucleoside reverse transcriptase in-
hibitors; however this difference did not reach statistical
significance (Table 2).

As this study was performed on a limited sample si-
ze, further larger studies with better power and with furt-
her information on additional clinical characteristics (e.g.,
inflammatory and reservoir data) are needed to test for
correlation of TAR-RNA with CD4/CDS8 ratio in HIV-
1-suppressed patients, and to provide an explanation of
the differences in the TAR-RNA levels and the role of
ART regimen in these patients. Any influence of genetic
polymorphisms that affect ART efficacy® on the plasma
TAR levels also needs to be examined.

4. Conclusions

In the present study, a PCR-based assay for detec-
tion of plasma TAR RNA was initially established. TAR
RNA was detected in the plasma samples of 63% of the
aviremic HIV-1-infected patients (i.e., ART-suppressed
plus elite controllers), with its source likely to be from
non-processive transcription in the HIV-1 latently infected
cells, such as the CD4 T cells. The presence of TAR RNA
in the plasma tended to correlate only with CD4/CD8 ra-
tio out of the available clinical characteristics of these pa-
tients. In addition, this study shows that the TAR RNA
molecules in the plasma of aviremic patients are not limi-
ted to the exosomes. These findings should be further va-
lidated in a study with larger sample size and more detai-
led patient information.
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Dolocitev velikosti rezervoarjev HIV-1 v okuZenih posameznikih, lahko pomembno prispeva k izboljSanju njihovega
zdravljenja. Eden izmed potencialnih biooznacevalcev za prisotnost rezervoarjev je v plazmi prisoten TAR (angl. trans-
activation response element) RNA. TAR RNA nastane med ne-procesivnim genskim prepisovanjem v celicah, ki so pro-
duktivno ali latentno okuZene z virusom HIV-1. V okviru $tudije smo prisotnost TAR RNA preucevali v vzorcih krvne
plazme ter iz nje izoliranih eksosomov 55 oseb iz kohorte SCOPE. Vzpostavili smo metodo detekcije TAR RNA, ki te-
melji na reakciji PCR, ter z njo s 100 % specifi¢nostjo ter obcutljivostjo lo¢ili nezdravljene viremi¢ne bolnike, okuzZene
s HIV-1, od zdravih posameznikov. TAR RNA smo dokazali v plazmi 63 % aviremic¢nih bolnikov, okuZenih s HIV-1, kot
so elitni kontrolerji in posamezniki zdravljeni z ART (angl. antiretroviral therapy)). Kljub temu, da prisotnost TAR
RNA ni povezana s starostjo, spolom, Stevilom CD4 in CDS celic, je analiza nakazala na korelacijo z razmerjem celic
CD4/CD8 (P =0,047). To je prva Studija analize prisotnosti plazemske TAR RNA na razmeroma velikem $tevilu bolni-
kov, okuzenih s HIV-1. Poleg tega smo pokazali, da molekule TAR RNA v plazmi aviremi¢nih bolnikov niso prisotne

zgolj v eksosomih.
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