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AS1411 is a G-rich aptamer that forms a stable G-quadruplex structure and displays antineoplastic prop-
erties both in vitro and in vivo. This oligonucleotide has undergone phase 2 clinical trials. The major

Accepted 29 January 2016 molecular target of AS1411 is nucleolin (NCL), a multifunctional nucleolar protein also present in the

cell membrane where it selectively mediates the binding and uptake of AS1411. Cell-surface NCL has

Keywords: been recognised as a low-affinity co-receptor for human immunodeficiency virus type 1 (HIV-1) anchor-

:l\: age on target cells. Here we assessed the anti-HIV-1 properties and underlying mechanism of action of

ptamer AS1411. The antiviral activity of AS1411 was determined towards different HIV-1 strains, host cells and
Antiretroviral drug . . . : . . . .

Attachment at various times post-infection. Acutely, persistently and latently infected cells were tested, including

HIV-1-infected peripheral blood mononuclear cells from a healthy donor. Mechanistic studies to exclude
modes of action other than virus binding via NCL were performed. AS1411 efficiently inhibited HIV-1
attachment/entry into the host cell. The aptamer displayed antiviral activity in the absence of cytotoxic-
ity at the tested doses, therefore displaying a wide therapeutic window and favourable selectivity indexes.
These findings, besides validating cell-surface-expressed NCL as an antiviral target, open the way for the

possible use of AS1411 as a new potent and promisingly safe anti-HIV-1 agent.
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

G-quadruplexes are guanine (G)-rich oligonucleotides capable
of forming four-stranded structures. Among G-quadruplex-
forming G-rich oligonucleotides, the aptamer AS1411 has stood
out for its improved biological activity. AS1411 was described in
the late 1990s [1] and was later developed as an anticancer agent.
The mechanism of action of AS1411 has been ascribed to its bind-
ing to the multifunctional cellular protein nucleolin (NCL). NCL is
overexpressed on cancer cell membranes and mediates AS1411 cel-
lular uptake [2]; in turn, selective binding between AS1411 and
NCL affects intracellular NCL-dependent pathways, resulting in the
biological effects of AS1411 [2-5].

AS1411 has now completed two phase 2 clinical trials. The
results were encouraging with regard to toxicity since the aptamer
was very well tolerated with no severe adverse events related to
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drug administration. However, the anticancer activity was limited
to one patient; the basis for such activity is currently under inves-
tigation [6].

Interestingly, NCL is involved in the very initial step of human
immunodeficiency virus type 1 (HIV-1) virion-cell recognition,
referred to as attachment. HIV-1 attachment can occur in the
absence of the main cellular receptors, i.e. CD4 and CXCR4/CCR5,
through co-ordinated interactions with heparan sulfate proteogly-
cans and cell-surface-expressed NCL [7]. NCL was found in cellular
fractions containing the HIV genome, viral matrix and reverse
transcriptase as well as in cross-linked complexes with CD4 and
CXCR4/CCR5 at the cell membrane, supporting its potential role
in viral entry [8,9]. Cell-surface NCL is markedly downregulated
immediately after HIV entry into permissive cells as a conse-
quence of its translocation into the cytoplasm [8]. Moreover, NCL is
involved in specific HIV-associated cell cycle perturbations since
lymphocytes isolated from HIV-infected patients displayed NCL
hyperlocalisation on the cell surface [10]; in patients treated with
antiretroviral therapy this effect was also observed in HIV-infected
subjects with poor immunological recovery [11]. Thereafter, cell
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surface NCL has been proposed as an anti-HIV-1 target: a pen-
tameric pseudopeptide [8] and natural NCL ligands located in the
cell membrane [12-14] indeed inhibited HIV replication by block-
ing virus attachment to the cell surface. In the recent years, cell
membrane molecules such as chemokine co-receptors CXCR4 and
CCR5 have emerged as attractive therapeutic targets for anti-HIV-1
therapy since the use of specific antagonists efficiently blocked the
HIV-1 entry process. For example, the CCR5 antagonist maraviroc
has been approved by the US Food and Drug Administration (FDA)
to treat HIV-1-infected persons and has proved extremely effective
[15].

Based on the above information, the aim of this study was to
test whether the aptamer AS1411 was able to interfere with HIV-
1 cellular entry. An indication of the antiviral activity of AS1411
has recently been provided [16]. Here we aimed at testing AS1411
against different viral strains, cell lines and primary cells and inves-
tigating the most relevant mechanism of action.

2. Materials and methods
2.1. Oligonucleotides and compounds

Oligonucleotides (Supplementary Table S1), dextran sulfate
8000 (DS 8000) and AMD3100 were purchased from Sigma-Aldrich
(Milan, Italy), nevirapine was from Boehringer Ingelheim (Ridge-
field, CN) and enfuvirtide (Fuzeon®) was from Roche (Vilvoorde,
Belgium). Zidovudine (AZT) was synthesised by one of the authors
(CP).

Supplementary Table S1 related to this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.ijantimicag.2016.
01.016.

2.2. Virus stocks

HIV-1y14-3 and HIV-1g,; stocks were prepared by transfection of
HEK 293T with proviral genomes (NIH AIDS Research and Reference
Reagent Program). The HIV-1yg stock was originally provided by
Prof. R.C. Gallo and Dr M. Popovic.

2.3. Antiviral assay

The TZM-bl reporter cell line (NIH AIDS Research and Reference
Reagent Programme) was seeded in 96-well plates (Falcon®; Corn-
ing Life Sciences, Durham, NC), was infected with HIV-1yi4.3 or
HIV-1g,; at different multiplicities of infection (MOIs) (0.05, 0.1 and
0.5) and was treated with serial dilutions of test oligonucleotides.
After 24-72 h, HIV-1 production was assessed following the long
terminal repeat (LTR) luciferase signal using the britelite™ plus
Reporter Gene Assay System (Perkin Elmer, Waltham, MA) accord-
ing to the manufacturer’s protocol.

MT-4 cells (NIH AIDS Research and Reference Reagent Pro-
gram) were seeded in 96-well plates in the presence of HIV-1y14-3
at different MOIs (0.003, 0.05, 0.1 and 0.5) and serial dilu-
tions of AS1411 or CRO26. After 24-120h, HIV-1 production was
determined by measuring p24 antigen concentration in the super-
natant using an HIV-1 p24 ELISA assay (XpressBio, Thurmont,
MD). Sample absorbance at 450 nm was measured using a Tecan
Sunrise™ Microplate Reader (Tecan, Cernusco sul Naviglio, Italy).
The cytotoxicity of test oligonucleotides in TZM-bl and MT-4
cells was tested using the MTT [(3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) tetrazolium] assay.

Peripheral blood mononuclear cells (PBMCs) were activated
for 48 h with phytohaemagglutinin (2.5 pg/mL) and interleukin-
2 (IL-2) (10ng/mL) and were washed and cultured in complete
RPMI-1640 and IL-2 (10ng/mL). Activated PBMCs were infected
for 2h with HIVy; (using 5.5 ng equivalent of p24 per 10° cells)

and were untreated or treated with AS1411, CRO26, AMD3100
or enfuvirtide. AS1411 and CRO26 were replenished every 28 h.
Aliquots of supernatants were obtained at Days 4, 6, 8 and 10
post-infection (p.i.) and p24 was measured. At Day 10 p.i., cells
were counted using trypan blue exclusion to assess viability, and
MTS [3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolium] assays were performed to
evaluate cell metabolism.

2.4. Antiviral assay in chronically HIV-1-infected cells

HuT78/11IB cells are HuT78 cells persistently infected with the
HIV-1y;p strain. The antiviral activities of test aptamers against per-
sistent HIV-1 infection were based on inhibition of p24 antigen
production in Hut78/IIIB cells pre-treated with AZT (10 ng/mL). Pre-
treated HuT78/1IIB cells were seeded in a 48-well plate (Costar®;
Corning Inc., Corning, NY) in the presence of serial dilutions of
AS1411 or CRO26. After 43 h, supernatants were collected and
HIV-1 production was determined by measuring p24 antigen. The
cytotoxicity of test aptamers on HuT78/I1IB cells was tested in par-
allel by MTT assay.

2.5. Antiviral assay in latently infected cells

OM10.1 (NIH AIDS Research and Reference Reagent Program)
is a promyelocytic HIV-1 latently infected HL-60 cell line. The
antiviral activity of test aptamers was based on inhibition of
p24 antigen production in OM10.1 cells pre-treated with AZT
(10 ng/mL) and stimulated with phorbol-12-myristate-13-acetate
(PMA) (0.02 uM). Cells were seeded in a 48-well plate in the pres-
ence of serial dilutions of AS1411 or CRO26. After 48 h, supernatants
were collected and HIV-1 production was determined by measur-
ing p24 antigen as previously described. The cytotoxicity of test
aptamers on OM10.1 cells was assessed in parallel using the MTT
assay.

2.6. Viral binding assay

MT-4 cells were incubated with serial dilutions of test aptamers,
DS 8000 or AMD3100 and then HIV-1;g stock dilutions (cor-
responding to 100ng of p24) were added. After 2h at 37°C,
cells were washed to remove unbound viral particles and were
subsequently lysed with 1x phosphate-buffered saline (PBS) con-
taining 0.5% Tergitol® NP-40 (Sigma, St Louis, MO). The amount
of p24 antigen in the cell lysate was measured as described
above.

2.7. Time-of-addition assay

MT-4 cells were infected with HIV-1jg at a MOI of 0.5. After
1 h, cells were washed, seeded and incubated at 37°C. AS1411 and
the reference compounds DS 8000, AMD3100, enfuvirtide, AZT and
nevirapine were added at different time points p.i. AS1411 was
added at 25 M and the reference compounds were added at a
concentration corresponding to 100-fold their 50% inhibitory con-
centration (ICsg). HIV-1 production was determined 31h p.i. by
measuring p24 antigen in the supernatant.

2.8. Surface plasmon resonance (SPR)-directed affinity binding
analysis

SPR experiments were performed on a Biacore™ T100 plat-
form (GE Healthcare Europe, Milan, Italy). The human recombinant
protein NCL (OriGene Technologies Inc., Rockville, MD) and the
HIV-1y3 recombinant gp120 (ImmunoDiagnostics Inc., Woburn,
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Table 1
Anti-HIV-1 activity and cytotoxicity of the G-quadruplex-forming aptamer AS1411.

Hours p.i. Cell line Virus Strain Tropism Type of infection ICsp (NM)? CCsp (nM)P SI¢ Administration times
24 TZM-bl HIV-1 NL4-3 X4 tropic Ex novo 13.7+1.7 >25000 >1825 1
MT-4 HIV-1 NL4-3 X4 tropic Ex novo 16.2+4.3 >25000 >1543 1
TZM-bl HIV-1 BaL R5 tropic Ex novo 19.6+3.8 >25000 >1276 1
48 TZM-bl HIV-1 NL4-3 X4 tropic Ex novo 153+1.9 >25000 >1634 1
MT-4 HIV-1 NL4-3 X4 tropic Ex novo 23.7+3.7 >25000 >1055 1
TZM-bl HIV-1 BaL R5 tropic Ex novo 36.5+3.0 >25000 >685 1
72 TZM-bl HIV-1 NL4-3 X4 tropic Ex novo 223+3.0 >25000 >1121 1
MT-4 HIV-1 NL4-3 X4 tropic Ex novo 105.3+16.9 >25000 >237
TZM-bl HIV-1 BaL R5 tropic Ex novo 454+5.2 >25000 >551
120 MT-4 HIV-1 NL4-3 X4 tropic Ex novo 1490.9 +£50.1 >5000 >3 1
MT-4 HIV-1 NL4-3 X4 tropic Ex novo 405.7+19.0 >5000 >12 4
- HuT78/11IB HIV-1 I11B X4 tropic Persistent >25000 >25000 - 1
- OM10.1 HIV-1 LAI X4 tropic Latent >25000 >25000 - 1

2 50% inhibitory concentration, defined as the concentration of the oligonucleotide required to inhibit HIV-1 production by 50%, as evaluated by long terminal repeat (LTR)

luciferase signal (TZM-bl) or p24 antigen production (MT-4).

b 50% cytotoxic concentration, defined as the concentration of the oligonucleotide required to reduce cell proliferation by 50%.
¢ The selectivity index (SI) is the relative effectiveness of the tested aptamer in inhibiting viral replication compared with inducing cell death (CCs0/ICsp).

MA) were immobilised on a Series S Sensor Chip CM5 (GE Health-
care Europe) by amine coupling in HEPES-NaCl running buffer.
NCL and gp120 were diluted in sodium acetate buffer at 15 ng/uL
and 20 ng/uL, respectively, and were injected to reach 1500 res-
onance units (RU). Binding analysis was performed at 20 pL/min
with contact and dissociation times of 120 s in HEPES-KCI buffer.
Test oligonucleotides (Supplementary Table S1) were diluted to
1 wM in HEPES-KCI buffer, were denatured at 95 °C for 5min and
were cooled at room temperature. Sensorgrams were obtained in
the concentration range of 15.6-1000 nM. The chip surface was
regenerated with 1 M KCl solution. All sensorgrams were corrected
by subtraction of blank flow cell response and buffer injection
response.

3. Results

3.1. The AS1411 aptamer has potent anti-HIV-1 activity against
different strains in cell lines and primary cells

Based on the known role of NCL in HIV attachment, we inves-
tigated whether AS1411 was able to inhibit HIV-1 replication by
blocking its attachment/entry into the host cell through interac-
tion with cell-surface NCL. The antiviral activity of AS1411 was
initially assessed in TMZ-bl and MT-4 cell lines, which were infected
with X4/R5-tropic HIV-1 strains at different MOIs (0.003, 0.05, 0.1
and 0.5) and were incubated in the presence of serial dilutions of
AS1411 or the negative control CRO26. Virus amount in the super-
natant was assessed at different time points p.i.(24,48,72and 120 h
p.i.) through quantification of the luciferase signal (TZM-bl) or p24
viral protein (MT-4). The cytotoxicity of AS1411 and CRO26 was
assessed in parallel using the MTT assay. AS1411 markedly reduced
virus production in all tested conditions (Table 1), whilst CRO26 did
not show any antiviral effect (Supplementary Table S2). A slight
decrease in the antiretroviral activity of AS1411 was observed at
increasing times p.i. (i.e. 72 h and 120h p.i.). Because the aptamer
was administrated only once at the time of infection, we hypothe-
sised that reduction of compound effectiveness [17] was the main
cause of the decreased antiviral activity at long test times. To test
this hypothesis, AS1411 was administered at 24-h intervals for four
times in infected MT-4 cells and virus production was measured
at 120 h p.i. An increase in AS1411 efficacy was indeed observed
compared with the single administration of the aptamer (Table 1).
Notably, AS1411 had no cytotoxicity up to the highest tested con-
centration, yielding high selectivity indexes of >500 under most
tested conditions.

Supplementary Table S2 related to this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.ijjantimicag.2016.
01.016.

AS1411 was next evaluated in freshly isolated PBMCs, a nat-
ural target during in vivo infection. When PBMCs were infected
with HIV-1yg, AS1411 inhibited viral production by ca. 64% and
97% at 500 nM and 5 wM, respectively, at 4 days p.i. (Fig. 1A). Con-
sistent with previous results, a decrease in activity was observed
at increasing times p.i. However, at 10 days p.i. and 5 uM, AS1411
retained significant antiviral activity with 80% inhibition of viral
production (Fig. 1A) and prevented viral-induced cell death as
shown by the MTS assay (Fig. 1B). Similar results were obtained
with the reference HIV-1 entry inhibitors enfuvirtide and AMD3100
(Fig. 1A, B). These data indicate that the antiviral activity of AS1411
is relevant to primary infected cells.

To assess the mechanism of action of AS1411, two infected cell
models sensitive to drugs acting during post-integration steps were
investigated. OM-10.1 cells are latently HIV-1-infected promyelo-
cytes containing a single integrated provirus; they sustain latent
HIV-1 infection under normal culture conditions. HIV-1 produc-
tion is induced by phorbol esters (e.g. PMA). HuT78/IIIB cells are
HIV-1yg-persistently infected HuT78 cells stably producing infec-
tious viral particles. AZT pre-treatment of HuT78/IIIB cells allows
the evaluation of post-integration effects. In both setups, treatment
with AS1411 did not produce antiviral effects as measured by p24
antigen production (Table 1), indicating that no post-integration
events were affected by AS1411.

The viral step targeted by AS1411 was investigated by a time-
of-addition assay. After infection, AS1411 and control compounds
were added each hour over 8 h and at 24-25 h p.i. and virus repli-
cation was monitored by p24 expression at 31h p.i. AS1411 had
to be added at the time of infection (0 h p.i.) to observe inhibitory
activity on virus production. This behaviour was shared with the
attachment inhibitor DS 8000 and was similar to that of the CXCR4
co-receptor antagonist AMD3100 (Fig. 1C). In contrast, the fusion
inhibitor enfuvirtide maintained activity when added up to 30 min
after infection. These data suggest that AS1411 inhibits adsorption
of the virus to the host cell. This mechanism of action was confirmed
by a viral binding assay. AS1411 was able to block viral binding by
65% with respect to the untreated control with an ICsg value lower
than 400 nM, whilst the control oligonucleotide CRO26 inhibited
viral binding up to 45% only at the highest tested concentration of
50 wM, probably owing to a reported general mechanism of viral
entry inhibition due to an unspecific mechanism of electrostatic
interaction with the viral/cell surface [18] (Fig. 1D). Both DS 8000
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Fig. 1. Inhibition of a human immunodeficiency virus type 1 (HIV-1) early step by AS1411. (A) Antiviral activity of AS1411 in HIV-1yz-infected peripheral blood mononuclear
cells (PBMCs). Freshly isolated PBMCs were infected with HIV-1y;5 and treated with test aptamer or reference compounds. Virus-associated p24 antigen was measured at Days
4, 6, 8 and 10 post-infection (p.i.). (B) Cell viability evaluated via MTS assay at 10 days p.i. in HIV-1yz-infected PBMCs and treated with AS1411 or reference compounds. (C)
Time-of-addition assay. MT-4 cells were infected with HIV-1y;5 and test aptamer or reference compounds were added at different time points after infection. Virus-associated
p24 antigen in the supernatant was measured 31 h p.i. The antiviral activity of AS1411 was compared with that of the negative control and with reference drugs. The data
are representative of two independent experiments. (D) Viral binding assay. Effect of AS1411 on HIV-1ys binding to MT-4 cells. Cells were incubated with HIV-1yg viral
particles in the presence or absence of different concentrations of AS1411 and were subsequently cleared from excess compound by washing steps. DS 8000 and AMD3100
were tested in parallel as reference drugs. After lysis of the cells and eventually attached virus, the amount of virion-associated p24 was quantified and used to calculate the
percent of binding inhibition. (E, F) Surface plasmon resonance (SPR) plots of AS1411 (concentrations 15.6, 31.2, 62.5, 125, 250, 500 and 1000 nM) interactions with nucleolin
(E) or HIV-1y;5 gp120 (F). Experimental curves in red and fitting curves in black. (For interpretation of the references to colour in this figure legend, the reader is referred to
the web version of this article.)

and AMD3100 blocked virus binding up to 65% and 58%, respec- Some anti-HIV-1 G-quadruplex (G4)-forming aptamers have
tively, of the untreated control (Fig. 1D). The aptamer behaviour been reported to bind the HIV-1 gp120 envelope glycoprotein,
was again superimposable to that of DS 8000, indicating that virus blocking virus attachment [18]. We thus investigated whether
attachment is the main targeted step. gp120 was targeted by AS1411 by measuring binding affinity by
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SPR. We also tested a HIV-1 G4-forming oligonucleotide (LTR-III)
[19], a G-rich non-G4-forming scrambled oligonucleotide (SCRA)
and the C-rich sequence CRO26. Although some G4 structures
have been reported to bind gp120 [20], the binding to gp120 of
both AS1411 and LTR-III was too low to obtain meaningful bind-
ing affinity constants (Fig. 1F; Supplementary Fig. S1B). The other
sequences did not bind as well (Supplementary Fig. S1D, F). Bind-
ing to NCL was next assessed for comparison. AS1411 showed a
dose-dependent interaction with NCL (Kp =34.2 nM) with fast asso-
ciation rates (Fig. 1E); in this setting, LTR-IIl showed lower binding
affinity to NCL (Kp =76.3nM) and slower association rates com-
pared with AS1411 (Supplementary Fig. S1A). In contrast, SCRA and
CRO26 exhibited very low binding to NCL and no K could be calcu-
lated in these conditions (Supplementary Fig. S1C, E). The antiviral
activity of LTR-IIl was also assessed and was ca. 40 times lower than
that of AS1411, whereas SCRA was inactive (Supplementary Table
S2). These data support that binding to NCL is the main mechanism
of action of AS1411: the peculiar binding mode of AS1411, due to
its dimeric nature, high stability and natural propensity to fold into
G4, may account for the improved antiviral activity compared with
other G4-forming oligonucleotides.

Supplementary Fig. S1 related to this article can be found, in the
online version, at http://dx.doi.org/10.1016/j.ijantimicag.2016.01.
016.

4. Discussion

Aptamers, short oligonucleotides that adopt specific three-
dimensional structures in vivo, are able to bind with high affin-
ity to target biomolecules and elicit a biological response. Their
binding affinities to the target are generally similar to those of anti-
bodies. However, unlike antibodies, they are extremely stable over
temperature, with solvent exposure and in harsh environments;
they lack immunogenicity; and they display low interbatch vari-
ability. Owing to their small size they penetrate tissues fast and
are rapidly cleared from the blood. With these attractive features,
aptamers have been intensely investigated as therapeutics. One
aptamer (Macugen) has reached the clinic for the treatment of
age-related macular degeneration by targeting vascular endothe-
lial growth factor. Five other aptamers, among which is AS1411,
have been tested in phase 2 clinical trials [21]. In the HIV field,
most aptamers have been tested against viral proteins (i.e. gp120,
reverse transcriptase, integrase) but none proceeded to advanced
clinical trials [20,22-25], likely due to target mutations or phar-
macokinetic limits, shared by all aptamers. Interestingly, the G4
folding of AS1411 makes it more resistant to endonucleases [26].
We and others have previously shown that the HIV-1 LTR promoter
forms a dynamic G4 structure [19,27] that can be targeted by G4
ligands to block viral transcription [28,29]. Interaction of the LTR
G4s with NCL also strongly inhibits transcription [30]. We initially
tested AS1411 to investigate whether its reported sequestration of
cellular NCL could affect LTR activity. In contrast, we found that
AS1411 significantly inhibited virus attachment. The equally high
activity of the aptamer against X4- and R5-tropic HIV-1 strains indi-
cates that the effect is independent of the nature of the ‘classic’
co-receptors. The fact that AS1411 strongly binds NCL (SPR data),
its reported binding and intracellular uptake of membrane NCL [1]
and the evidence of NCL usage by HIV as a co-receptor [7] suggest
a mechanism mediated by AS1411 interference at NCL that blocks
virus attachment.

For the antiviral activity of AS1411, lower doses and fewer
administrations are required than for the aptamer’s antineoplastic
activity [1,2,31,32], therefore showing a broad potential thera-
peutic window for antiviral purposes. Moreover, if the anticancer
activity of AS1411 is confirmed, the recently reported acquisition of

cancer features in HIV-1-infected cells during antiretroviral ther-
apy treatment [33] might also be targeted, with the fascinating
possibility to exploit the anticancer effects of AS1411 during HIV-1
treatment, for example in seropositive patients affected by AIDS-
related cancers.

5. Conclusions

We have shown that AS1411, a G4-forming oligonucleotide, has
the potential to block HIV-1 infection by binding to cell surface
NCL and interfering with HIV-1 cell attachment. Since AS1411 has
already shown mild toxicity in clinical trials, testing in humans as an
anti-HIV-1 agent with a new mechanism of action can be envisaged
in the near future.

Acknowledgments

The authors thank C. Heens, K. Erven, K. Uyttersprot, Dr L. Sun
and Dr V. Carroll for excellent technical assistance and Prof. R.
Gallo for his support of these studies.

Funding: This work was supported by the Bill and Melinda Gates
Foundation [GCE grant nos. OPP1035881 and OPP1097238 to SNR],
by the European Research Council [ERC Consolidator grant 615879
to SNR], by the Italian Ministry of University and Research [FIRB-
Ideas RBIDO82ATK_001 to SNR] and by KU Leuven Geconcerteerde
Onderzoeksactie [GOA 15-019-TBA to CP].

Competing interests: None declared.

Ethical approval: Not required.

References

[1] Bates PJ, Laber DA, Miller DM, Thomas SD, Trent JO. Discovery and development
of the G-rich oligonucleotide AS1411 as a novel treatment for cancer. Exp Mol
Pathol 2009;86:151-64.

[2] Soundararajan S, Chen WW, Spicer EK, Courtenay-Luck N, Fernandes DJ. The
nucleolin targeting aptamer AS1411 destabilizes bcl-2 messenger RNA in
human breast cancer cells. Cancer Res 2008;68:2358-65.

[3] Girvan AC, Teng Y, Casson LK, Thomas SD, Juliger S, Ball MW, et al.
AGRO100 inhibits activation of nuclear factor-kB (NF-kB) by forming a com-
plex with NF-kB essential modulator (NEMO) and nucleolin. Mol Cancer Ther
2006;5:1790-9.

[4] TengY, Girvan AC, Casson LK, Pierce WM, Qian N, Thomas SD, et al. AS1411 alters
the localization of a complex containing protein arginine methyltransferase 5
and nucleolin. Cancer Res 2007;67:10491-500.

[5] Xu XH, Hamhouyia F, Thomas SD, Burke TJ, Girvan AC, McGregor WG, et al.
Inhibition of DNA replication and induction of S phase cell cycle arrest by G-rich
oligonucleotides. ] Biol Chem 2001;276:43221-30.

[6] Rosenberg JE, Bambury RM, Van Allen EM, Drabkin HA, Lara PN, Harzstark AL,
et al. A phase II trial of AS1411 (a novel nucleolin-targeted DNA aptamer) in
metastatic renal cell carcinoma. Invest New Drugs 2014;32:178-87.

[7] Nisole S, Said EA, Mische C, Prevost MC, Krust B, Bouvet P, et al. The anti-HIV
pentameric pseudopeptide HB-19 binds the C-terminal end of nucleolin and
prevents anchorage of virus particles in the plasma membrane of target cells. ]
Biol Chem 2002;277:20877-86.

[8] Nisole S, Krust B, Hovanessian AG. Anchorage of HIV on permissive cells leads
to coaggregation of viral particles with surface nucleolin at membrane raft
microdomains. Exp Cell Res 2002;276:155-73.

[9] Yang XS, Xu ZF, Li DT, Cheng SM, Fan KX, Li C], et al. Cell surface nucleolin is
crucial in the activation of the CXCL12/CXCR4 signaling pathway. Tumour Biol
2014;35:333-8.

[10] Galati D, Paiardini M, Cervasi B, Albrecht H, Bocchino M, Costantini A, et al.
Specific changes in the posttranslational regulation of nucleolin in lympho-
cytes from patients infected with human immunodeficiency virus. ] Infect Dis
2003;188:1483-91.

[11] Paiardini M, Cervasi B, Galati D, Dominici S, Albrecht H, Sfacteria A, et al. Early
correction of cell cycle perturbations predicts the immunological response to
therapy in HIV-infected patients. AIDS 2004;18:393-402.

[12] Callebaut C, Nisole S, Briand JP, Krust B, Hovanessian AG. Inhibition of HIV
infection by the cytokine midkine. Virology 2001;281:248-64.

[13] Legrand D, Vigie K, Said EA, Elass E, Masson M, Slomianny MC, et al. Surface
nucleolin participates in both the binding and endocytosis of lactoferrin in
target cells. Eur ] Biochem 2004;271:303-17.


http://dx.doi.org/10.1016/j.ijantimicag.2016.01.016
http://dx.doi.org/10.1016/j.ijantimicag.2016.01.016
http://dx.doi.org/10.1016/j.ijantimicag.2016.01.016
http://dx.doi.org/10.1016/j.ijantimicag.2016.01.016
http://dx.doi.org/10.1016/j.ijantimicag.2016.01.016
http://dx.doi.org/10.1016/j.ijantimicag.2016.01.016
http://dx.doi.org/10.1016/j.ijantimicag.2016.01.016
http://dx.doi.org/10.1016/j.ijantimicag.2016.01.016
http://dx.doi.org/10.1016/j.ijantimicag.2016.01.016
http://dx.doi.org/10.1016/j.ijantimicag.2016.01.016
http://dx.doi.org/10.1016/j.ijantimicag.2016.01.016
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0170
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0175
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0180
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0185
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0190
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0195
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0200
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0205
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0210
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0215
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0220
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0225
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0225
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0225
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0225
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0225
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0225
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0225
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0225
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0225
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0225
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0225
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0225
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0225
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0225
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0225
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0225
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0225
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0225
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0225
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0225
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0225
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0225
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0230

316 R. Perrone et al. / International Journal of Antimicrobial Agents 47 (2016) 311-316

[14] Said EA, Krust B, Nisole S, Svab ], Briand JP, Hovanessian AG. The anti-HIV
cytokine midkine binds the cell surface-expressed nucleolin as a low affinity
receptor. ] Biol Chem 2002;277:37492-502.

[15] Van Der Ryst E. Maraviroc—a CCR5 antagonist for the treatment of HIV-1 infec-
tion. Front Immunol 2015;6:277.

[16] Metifiot M, Amrane S, Mergny JL, Andreola ML. Anticancer molecule
AS1411 exhibits low nanomolar antiviral activity against HIV-1. Biochimie
2015;118:173-5.

[17] Reyes-Reyes EM, Teng Y, Bates PJ. A new paradigm for aptamer therapeutic
AS1411 action: uptake by macropinocytosis and its stimulation by a nucleolin-
dependent mechanism. Cancer Res 2010;70:8617-29.

[18] Esté JA, Cabrera C, Schols D, Cherepanov P, Gutierrez A, Witvrouw M, et al.
Human immunodeficiency virus glycoprotein gp120 as the primary target for
the antiviral action of AR177 (Zintevir). Mol Pharmacol 1998;53:340-5.

[19] Perrone R, Nadai M, Frasson I, Poe JA, Butovskaya E, Smithgall TE, et al. A
dynamic G-quadruplex region regulates the HIV-1 long terminal repeat pro-
moter. ] Med Chem 2013;56:6521-30.

[20] Musumeci D, Riccardi C, Montesarchio D. G-quadruplex forming oligonu-
cleotides as anti-HIV agents. Molecules 2015;20:17511-32.

[21] Binning]JM, Leung DW, Amarasinghe GK. Aptamers in virology: recent advances
and challenges. Front Microbiol 2012;3:29.

[22] Faure-Perraud A, Métifiot M, Reigadas S, Recordon-Pinson P, Parissi V, Ven-
tura M, et al. The guanine-quadruplex aptamer 93del inhibits HIV-1 replication
ex vivo by interfering with viral entry, reverse transcription and integration.
Antivir Ther 2011;16:383-94.

[23] Keefe AD, Pai S, Ellington A. Aptamers as therapeutics. Nat Rev Drug Discov
2010;9:537-50.

[24] Michalowski D, Chitima-Matsiga R, Held DM, Burke DH. Novel bimodular DNA
aptamers with guanosine quadruplexes inhibit phylogenetically diverse HIV-1
reverse transcriptases. Nucleic Acids Res 2008;36:7124-35.

[25] Phan AT, Kuryavyi V, Ma ]B, Faure A, Andreola ML, Patel DJ. An interlocked
dimeric parallel-stranded DNA quadruplex: a potent inhibitor of HIV-1 inte-
grase. Proc Natl Acad Sci U S A 2005;102:634-9.

[26] Dailey MM, Miller MC, Bates PJ], Lane AN, Trent JO. Resolution and characteriza-
tion of the structural polymorphism of a single quadruplex-forming sequence.
Nucleic Acids Res 2010;38:4877-88.

[27] Amrane S, Kerkour A, Bedrat A, Vialet B, Andreola ML, Mergny ]JL. Topol-
ogy of a DNA G-quadruplex structure formed in the HIV-1 promoter: a
potential target for anti-HIV drug development. ] Am Chem Soc 2014;136:
5249-52.

[28] Perrone R, Butovskaya E, Daelemans D, Palu G, Pannecouque C, Richter SN. Anti-
HIV-1 activity of the G-quadruplex ligand BRACO-19. ] Antimicrob Chemother
2014;69:3248-58.

[29] Perrone R, Doria F, Butovskaya E, Frasson I, Botti S, Scalabrin M, et al. Syn-
thesis, binding and antiviral properties of potent core-extended naphthalene
diimides targeting the HIV-1 long terminal repeat promoter G-quadruplexes. ]
Med Chem 2015;58:9639-52.

[30] TosoniE, Frasson I, Scalabrin M, Perrone R, Butovskaya E, Nadai M, et al. Nucleo-
lin stabilizes G-quadruplex structures folded by the LTR promoter and silences
HIV-1 viral transcription. Nucleic Acids Res 2015;43:8884-97.

[31] Soundararajan S, Wang L, Sridharan V, Chen WW, Courtenay-Luck N,
Jones D, et al. Plasma membrane nucleolin is a receptor for the anti-
cancer aptamer AS1411 in MV4-11 leukemia cells. Mol Pharmacol 2009;76:
984-91.

[32] Reyes-Reyes EM, Salipur FR, Shams M, Forsthoefel MK, Bates PJ. Mechanis-
tic studies of anticancer aptamer AS1411 reveal a novel role for nucleolin in
regulating Rac1 activation. Mol Oncol 2015;9:1392-405.

[33] Wagner TA, McLaughlin S, Garg K, Cheung CYK, Larsen BB, Styrchak S, et al.
Proliferation of cells with HIV integrated into cancer genes contributes to per-
sistent infection. Science 2014;345:570-3.


http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0235
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0240
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0240
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0240
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0240
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0240
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0240
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0240
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0240
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0240
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0240
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0240
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0240
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0240
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0240
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0240
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0240
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0240
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0240
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0240
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0245
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0245
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0245
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0245
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0245
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0245
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0245
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0245
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0245
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0245
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0245
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0245
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0245
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0245
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0245
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0245
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0245
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0245
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0245
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0245
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0245
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0245
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0250
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0255
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0260
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0265
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0265
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0265
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0265
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0265
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0265
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0265
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0265
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0265
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0265
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0265
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0265
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0265
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0265
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0265
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0265
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0265
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0270
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0270
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0270
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0270
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0270
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0270
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0270
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0270
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0270
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0270
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0270
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0270
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0270
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0270
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0270
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0270
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0275
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0280
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0280
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0280
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0280
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0280
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0280
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0280
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0280
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0280
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0280
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0280
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0280
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0280
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0280
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0280
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0280
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0285
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0290
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0295
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0300
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0305
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0305
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0305
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0305
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0305
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0305
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0305
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0305
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0305
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0305
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0305
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0305
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0305
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0305
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0305
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0305
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0305
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0305
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0305
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0305
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0305
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0305
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0305
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0305
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0305
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0305
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0310
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0315
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0320
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0325
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330
http://refhub.elsevier.com/S0924-8579(16)30015-2/sbref0330

	The G-quadruplex-forming aptamer AS1411 potently inhibits HIV-1 attachment to the host cell
	1 Introduction
	2 Materials and methods
	2.1 Oligonucleotides and compounds
	2.2 Virus stocks
	2.3 Antiviral assay
	2.4 Antiviral assay in chronically HIV-1-infected cells
	2.5 Antiviral assay in latently infected cells
	2.6 Viral binding assay
	2.7 Time-of-addition assay
	2.8 Surface plasmon resonance (SPR)-directed affinity binding analysis

	3 Results
	3.1 The AS1411 aptamer has potent anti-HIV-1 activity against different strains in cell lines and primary cells

	4 Discussion
	5 Conclusions
	Acknowledgments
	References


