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Autophagy plays an important role
in the containment of HIV-1
in nonprogressor-infected patients
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PBS, phosphate-buffered saline; qRT-PCR, quantitative RT-PCR; SQSTM1, sequestosome 1; VCC, virus-containing
compartment; W B, western blot

Recentin vitro studies have suggested that autophagy may play arole in both HIV-1 replication and disease progression.
In this study we investigated whether autophagy protects the small proportion of HIV-1 infected individuals who remain
clinically stable for years in the absence of antiretroviral therapy, these named long-term nonprogressors (LTNP) and elite
controllers (EC). We found that peripheral blood mononuclear cells (PBMC) of the HIV-1 controllers present a significantly
higher amount of autophagic vesicles associated with an increased expression of autophagic markers with respect to
normal progressors. Of note, ex vivo treatment of PBMC from the HIV-1 controllers with the MTOR inhibitor rapamycin
results in a more efficient autophagic response, leading to a reduced viral production. These data lead us to propose that
autophagy contributes to limiting viral pathogenesis in HIV-1 controllers by targeting viral components for degradation.

Introduction

In spite of significant improvements achieved with the
introduction of combination antiretroviral drug therapy for
the management of HIV-1 infection, we are still far from
being able to prevent infection or to eradicate the virus from its
reservoirs.”? Infection by HIV-1 is associated with a progressive
decrease in CD4 T cell numbers and the consequent collapse of
host immune defenses. However, a small proportion of infected
individuals (5% to 15%) remain asymptomatic for more than
10 y (long-term nonprogressors) and a subset of these individuals
(elite controllers) are able to maintain the viral load below the
limits of detection in the absence of any antiretroviral therapy.’
The mechanism of viral containment in these HIV-1 controllers
is unknown. So far, a limited number of studies involving a
relative low number of subjects have shown that in these peculiar
HIV-1 controllers (LTNP and EC) the slow-progression state is
usually not driven by virus gross genetic defects but is frequently
determined by the host’s genetic factors permitting robust
cell-mediated immunity able to control viral replication and

reservoir generation.’” Recent findings suggest that autophagy,
a key physiological process for eukaryotic cell homeostasis,
also represents an essential mechanism in controlling viral
infections.*’® Autophagy encompasses various pathways by
which cytoplasmic material, including soluble macromolecules
and organelles, is delivered to lysosomes for degradation.
Autophagy is initiated by signaling pathways centered around
ULK1 (unc-51 like autophagy activating kinase 1) and ULK2,
as well as the BECN1/Beclin 1-PIK3C3 (phosphatidylinositol
3-kinase, catalytic subunit type 3) complex. The activity of
the BECNI1-PIK3C3 complex is regulated by the interaction
of a series of cofactors such as UVRAG (UV radiation-
resistance-associated) ATG14 (autophagy-related 14), AMBRAL1
(autophagy/Beclin 1 regulator 1) and KIAA0226." Autophagy
also plays an important role for cell survival under stressful
conditions induced by the accumulation of mutated/misfolded
aggregated proteins and/or damaged organelles.'*> The
immune system utilizes autophagy to eliminate intracellular
pathogens and to regulate adaptive immunity.'®" Several viruses
have evolved molecular mechanisms to evade this process and
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even to profit from it.'>’® Recently, the physical interaction of
HIV-1 proteins and poly-proteins with the host’s proteome
has been described.”* The binding of HIV-1 Vif protein
with various proteins involved in the regulation of autophagy
has been described,” including MAPILC3A (microtubule-
associated protein 1 light chain 3 a) SQSTM1 (sequestosome
1), and AMBRALI, an essential factor of the autophagic core
machinery identified by our group.?>* Moreover, large-scale
siRNA screening studies of the host cell factors required for
HIV-1 replication have identified several autophagic factors.*

It is increasingly evident that autophagy plays a role both
in HIV-1 replication and disease progression.'®*-” In the early
phase of infection, HIV-1 is able to modulate autophagy to
maximize virus production, thus playing an important role in
the HIV-1 replication.?®*® It has been proposed that, during
the early nondegradative phases, autophagy promotes HIV-1
replication. However, when autophagy progresses through
maturation phases, the HIV-1 protein Nef acts as an anti-
autophagic maturation factor through its interaction with
BECNI, thus preventing HIV-1 from degradation.”! Starting
from these observations, we hypothesized a protective role for
autophagy in the control of HIV-1 infection in LTNP and EC.
To verify this hypothesis, we compared the level of autophagy
and its possible modulation in HIV-l-infected normal
progressors patients (NP) and in HIV-1 controllers, namely
LTNP and EC.

Results

Enhanced autophagy levels in LTNP and EC PBMC

To gain an insight into the involvement of autophagy in HIV-
1-induced pathogenesis, we first analyzed freshly isolated PBMC
from HIV-l-infected patients and HD at the ultrastructural
level* AV were clearly identified as a double-membrane
cytoplasmatic
(Fig. 1A-E). We also evaluated the presence of autolysosomes,

structure  containing undigested material
generated by the fusion of the autophagic vacuoles with the
lysosomes, which are limited by a single membrane and are
indicative of active autophagy. AV containing undigested
material surrounded by a double membrane were observed in
HIV-1-infected patients (Fig. 1B—E). The quantitative analyses,
aimed at evaluating possible differences between the HIV-1-
infected patient categories, revealed that the PBMC from LTNP
and EC displayed a significantly higher percentage of cells
containing AV with the respect to NP (2 < 0.05) (Fig. 1F). By
analyzing the average number of AV per cell, we confirmed the
significant increase observed between NP and LTNP (2 < 0.01)
(Fig. 1G).

Differences in autophagy gene expression among the NP,
LTNP, EC, and HD were detected in freshly isolated PBMC
by immunocytochemistry (Fig. 2A-D) by evaluating the
percentage of ATG5 (autophagy-related 5)-, BECNI- and
AMBRA1-positive cells. In fact, a significant increase in the
percentage of labeled cells for all the analyzed autophagic
markers was detected in LTNP and EC compared with NP
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and HD. In HIV-1 controllers more than 60% of PBMC
express ATGS, while in the NP only 30% of cells were positive
(Fig. 2B). A similar trend was observed with BECNI1 and
AMBRAL1 expression, with the percentage of positive cells
significantly higher in HIV-1 controllers with the respect to
NP (Fig. 2C and D). AMBRALI increase was not restricted to a
particular PBMC subpopulation in HIV-1 controllers (Fig. S1).

We also analyzed the relationship existing between these
data and the viremia, showing that there is no linear correlation
between these parameters (Fig. S2).

Quantitative analysis of the levels of autophagic factors on
PBMC

Several methods are commonly used to quantify autophagy
in vivo®® One approach is to measure, by western blot
(WB), the intracellular levels of the cleaved and lipidated
MAPILC3A-II (LC3-II). We analyzed this marker by WB in
the PBMC from all the analyzed categories of HIV patients. The
densitometric analysis confirmed a significantly enhanced level
of LC3-1II protein in LTNP and EC with respect to NP and HD
(Fig. 2E). In keeping with these data, WB analysis of AMBRA1
and BECNI showed an increased expression in LTNTP with
respect to NP (data not shown).

In order to confirm the steady-state upregulation of
autophagy in HIV-infected individuals we also performed a
qRT-PCR analysis of BECNI expression. As shown in Figure 2F,
this key upstream regulator of autophagy showed a significant
higher level in the PBMC obtained from HIV-1 controllers with
respect to HD. The mRNA levels of AMBRAL, an important
BECNI cofactor, were also higher in HIV-1-infected patients;
by contrast, the level of ATG5, a downstream element of the
autophagic program, was not significantly modified in PBMC
from HIV-infected individuals when compared with those from
noninfected controls (data not shown).

Autophagy in axillary lymph nodes from HIV-1-infected
patients

Axillary lymph nodes from HIV-l-infected NP and HD
were analyzed to evaluate the in vivo expression of AMBRALI,
BECNI, and ATGS5; their expression was significantly
higher in lymph nodes from HIV-1-infected donors (Fig. 3A)
compared with uninfected ones (Fig. 3B). The quantification
of AMBRAI, BECNI, and ATG5 positive cells showed a
significant increase in NP vs. HD (Fig. 3C-E). In order to
define the cell type specificity we performed the immune-
characterization in consecutive sections of the lymph node by
analyzing the phenotypic markers CD3, CD68, CD4, MS4A1/
CD20, FCR2/CD23. This analysis showed that the autophagic
proteins markers were preferentially expressed in macrophages,
with the labeled cells also CD68 positive (Fig. S3).

Modulation of autophagy and viral production in LTNP
and NP

To investigate whether the increased expression levels of
autophagic proteins correlates with a higher autophagic activity,
we tested the effects of the autophagy inducer rapamycin in
the presence of the autophagy inhibitor bafilomycin A on ex
vivo PBMC from HIV-1-infected patients. Autophagy was first
monitored by ultrastructural analysis. Both rapamycin and
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Figure 1. Ultrastructural analysis of PBMC from HIV-infected patients. (A) PBMC from NP, (B-E) from LTNP. Cells from HIV-1 controllers showed numerous
AV containing undigested material, surrounded by a double membrane (arrows) or limited by a single membrane (arrowhead). N, nucleus; m, mitochon-
dria. (F) Quantitative analysis of the percentage of cells containing AV in HD, NP, LTNP, and EC. (G) Quantitative analysis of the average number of AV per
cell in HD, NP, LTNP, and EC. Original magnification: (A and B) 7.000x, (C and E) 50.000x, (D) 30.000x. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 2. Enhanced autophagy in PBMC from LTNP and EC. (A) Immunocytochemical localization of BECN1 on PBMC from LTNP. (B-D) The percentage
of cells expressing ATG5, BECN1, and AMBRAT1 was quantified. (E) WB analysis of LC3-Il levels on PBMC. (F) gRT-PCR of BECNT mRNA relative level. Original

magnification: (A) 100x. *P < 0.05, **P < 0.01, ***P < 0.001.

bafilomycin A, have no significant effects on autophagosome
number in NP (Fig. 4A-C). By contrast, the cells from
LTNP proved to be highly and specifically responsive to these
treatments. In particular, the treatment with bafilomycin A,
which inhibits vacuolar acidification, leads to the formation
of very large AV containing a lot of undigested material
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(Fig. 4A-C). As a positive control, we analyzed cells from HD
that showed a significant increase in the number of AV, after
both rapamycin and bafilomycin A, treatments as expected
(Fig. 4B and C).

The occurrence of autophagic flux was also analyzed by

comparing the levels of LC3-II by WB analysis in HD, LTNP
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Figure 3. Autophagy in axillary lymph nodes. (A) AMBRAT immunostaining on lymph nodes from HIV-1-infected patients respect to noninfected ones
(B). (C-E) Quantification of the AMBRA1, BECN1, and ATG5 labeling. Original magnification: (A and B) 40x. *P < 0.05, **P < 0.01, ***P < 0.001.

and NP in the presence or absence of the bafilomycin A,. In line
with the increase of autophagosomes observed by ultrastructural
analysis, we observed a greater increase of LC3-1I in LTNP upon
inhibition of lysosomal activity, indicating that PBMC from
these patients have a higher autophagic flux than NP (Fig. 4D).
The autophagic flux was also analyzed by detecting the levels
of SQSTMI1 in LTNP with respect to NP upon autophagy
induction. Rapamycin treatment led to a decrease of SQSTMI
in LTNP while this modulation was significantly reduced in NP
(Fig. S4A and S4B), thus confirming a more active autophagic
flux in LTNP. We also observed a higher basal level of SQSTM1
in LTNP when compared with NP. However, this accumulation
seems to be due to an increased expression of SQSTMI gene in
LTNP, as shown by qRT-PCR analysis (Fig. S4C), rather than
a block of autophagy-mediated degradation. Altogether, these
results indicate that autophagy flux is increased in PBMC from
HIV-1 controllers.

Autophagy-mediated degradation of HIV-1 in LTNP

In order to analyze whether the modulation of autophagy
could affect viral production, we measured the spontaneous
HIV RNA yield in the cell culture supernatant fraction at the
end of treatment. In NP, PBMC viral yield was not significantly
modified by the autophagy modulators treatment, similar to
levels measured in the untreated PBMC. Differently, PBMC
from LTNP were sensitive to rapamycin and bafilomycin A
treatments, the viral yield after treatment turning out to be
significantly lower in comparison to PBMC from NP (Fig. 4E).
We also analyzed EC, but considering the low level of viremia
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typically present in these patients, we were not able to assess
whether changes in viral production occurred.

In order to confirm that in LTNP viral proteins are
degraded within autolysosomes, we immunolocalized the
HIV-1 protein gpl20 in conjunction with LAMP1/lysosomal-
associated membrane protein 1 to label the lysosomal
membranes. Moreover, since HIV-1 assembles both at the
plasma membrane of infected cells and in intracellular virus-
containing compartments (VCCs),” immunolocalizations
were also performed using an anti-tetraspanin CD63 antibody
to label VCCs. The results showed a colocalization of these
proteins in LTNP cells, thus supporting the notion that HIV-1
could be degraded into autophagosomes (Fig. 5A). In contrast,
the PBMC from NP showed only a few spots of colocalization
(Fig. 5A). Double immunolocalizations have been also
performed on PBMC from LTNP utilizing antibodies against
to HIV-1 protein gp4l in conjunction with LC3-B (to label
AV membranes) or lysosomal-associated membrane protein
2 (LAMP2; to label the lysosomal membranes) (Fig. S5A and
S5B). We performed, also, a double immunofluorescence to
detect the HIV-1 gp41 and the tetraspanins CD63 and CDS8]1,
these being considered as markers of VCCs (Fig. S5C and S5D).
Finally, by utilizing an ultrastructural approach, we searched for
“bona fide” viral particles inside VCCs or AV in PBMC from
NP- and LTNP-untreated or bafilomycin A -treated (Fig. 5B).
The images showed viral particles or viral components
preferentially localized in VCCs in PBMC from NP. Cells
from LTNP showed viral particles inside AV; in particular
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magnification: (A) 12.000x. *P < 0.05, **P < 0.01, ***P < 0.001.

Figure 4 (See opposite page). Pharmacological modulation of autophagy. (A) Electron microscopy analysis of PBMC from NP and LTNP treated with the
autophagy inducer rapamycin, and the autophagy inhibitor bafilomycin A . Arrows indicate AV containing undigested material. (B) Electron microscopy
quantification of the percentage of cells containing AV in HD, NP, and LTNP. (C) Quantitative analysis of the average number of AV per cell in HD, NP, and
LTNP. (D) WB analysis of LC3-Il protein. In the graph were reported the mean values of 4 different experiments. (E) Changes in HIV RNA release in culture
supernatants of NP and LTNP PBMC, after in vitro treatment with autophagy modulators rapamycin and bafilomycin A. The difference in HIV RNA
concentration between untreated and rapamycin- or bafilomycin A -treated PBMC was calculated for each sample and reported in the figure. Original

bafilomycin A -treated cells showed a very large AV containing a
lot of undigested material and several viral particles.

All these data enabled us to propose that in LTNP the
increased and “functional” autophagy contribute to control viral
yield by removing viral components in the cell cytoplasm or
contained in VCCs (Fig. 5C, 2) differently from NP in which
HIV-1 is able to block this process (Fig. 5C, 1).

Discussion

Infection by HIV-1 is associated with a progressive decrease
in CD4 T-cell numbers and the consequent collapse and
demise of host immune defenses.! Recently, data from in
vitro studies suggest that autophagy may play a complex
role in HIV-l-induced pathogenesis by regulating both viral
replication and the fate of host cells, however no data are
available about its modulation in vivo and the consequences on
pathogenesis.'¢2272933

Kyei et al’ show evidence that the initial stages of
nondegradative autophagy are utilized by the virus to promote
its replication in macrophages and, in addition, the HIV-1
protein Nef acts as an anti-autophagic maturation factor
protecting the virus from the degradation by physically blocking
BECNI, one of the key regulatory elements of autophagy.”'**
It is interesting to note that people infected with a virus
containing a deletion in the Nef gene maintain low viremia for
decades,**®

to HIV-1 nonprogressors who are able to control the viral-

thus showing a slow disease progression comparable

induced pathogenesis. Viral factors, host genetics, and immune
responses have been associated with the control of HIV-1
replication and lack of or slow disease progression in these

particular patients.**-

8 However, despite numerous studies, the
exact cellular mechanisms responsible for viral containment in
HIV-1 controllers are largely unknown. The identification and
the characterization of the mechanisms regulating the HIV-1-
induced “slow” pathogenesis in these exceptional individuals
might help to identify new therapeutic strategies.

Based upon these premises, we verified the hypothesis of
an involvement of autophagy in the control of HIV-1-induced
pathogenesis in LTNP and EC. We compared the expression
of several proautophagic proteins on PBMC from HIV-1
infected individuals comparing NP, LTNP, EC, and HD. All
the autophagic markers analyzed, namely ATG5, BECNI,
AMBRAL, and LC3-11, showed significantly higher expression
levels in HIV-1-infected patients with respect to HD.

Moreover, the analysis of the same proteins on the lymph
nodes suggests that autophagy is upregulated in HIV-1-infected
samples predominantly in CDG68-positive cells (macrophage
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lineage). These results are in line with previously published
data suggesting that several autophagy proteins (such as
BECNI1, ATGS5, ATG7, and ATGI12) are required for HIV-1
replication.”33340

The ultrastructural analysis of PBMC clearly showed a higher
number of cells containing AV in LTNP and EC with the respect
to HD and NP. Also the number of AV contained in a single cell
showed a significant increase in LTNP and EC respect to NP.
The analysis of autophagic proteins by immunohistochemistry
and WB showed a significantly increased expression in cells
from HIV-1 controllers with the respect to NP. These data were
confirmed by the analysis of BECNI mRNA. It is interesting
to note that the highest increase in the mRNA level of BECNI
was detected in EC that are able to fully control the viremia.
This result matches several published data highlighting this
protein’s key role in controlling viral yield,”**% and represents
the first evidence of the increased induction of BECNI in
HIV-1 controllers in respect to NP. However, it must be noted
that no correlation was observed between increased levels of
autophagic proteins and plasma HIV-1 RNA levels, both in
chronic and in LTNP patients, suggesting that prevention of
viral pathogenesis by autophagy is not related only to the control
of patients’ viremia. HIV-1 controllers constitute a population
spontaneously capable of controlling the 2 main parameters of
HIV-1 disease progression: loss of CD4™ T cells and viremia.
In fact, they maintain normal CD4* T cell counts (> 500 cells/
wl) for years. There are several experimental findings that
hypothesize a control of apoptotic cell death, normally associated
with the disease, in these patients. It is now becoming clear that
there is a crosstalk between apoptosis and autophagy and that
in many different biological settings active autophagy can limit
apoptosis induction.”’ Thus, the upregulation of autophagy,
acting as a cell survival mechanism, might play a role in limiting
the drastic cell depletion induced by HIV-1 in LTNP and EC
patients. In keeping with this assumption it is important to
mention that some of the key genes described as being involved
in HIV-1-induced apoptotic cell death 7°53 (tumor protein
p53) and MTOR (mechanistic target of rapamycin [serine/
threonine kinase]) are also key regulators of autophagy.*

It remains unclear how autophagy prevents cells from
undergoing apoptosis; one study has suggested that the
autophagy-mediated sequestration of damaged mitochondria
preventing cytochrome ¢ release could limit the formation
of a functional apoptosome in the cytoplasm.®® Interestingly,
our ultrastructural analysis of PBMC from HIV-1 controllers
revealed the presence of many mitochondria inside double-
membrane-bound autophagic vacuoles. Thus the active removal
of damaged mitochondria could indeed contribute to the
resistance of the LTNP and EC cells to apoptosis.
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Figure 5 (See opposite page). HIV-1 particles inside AV. (A) Confocal microscopy immunolocalization of the HIV-1 protein gp120 (green), LAMP1
(red) and the tetraspanin CD63 (blue) on PBMC from NP and LTNP. (B) Ultrastructural images of PBMC from NP and LTNP patients showing VCCs that
carried viral particles or viral components. An AV containing a mitochondrion was visible in bafilomycin A -treated PBMC from NP (arrow). Control cells
from LTNP showed a double-membrane AV containing viral particles or viral components (arrow). Bafilomycin-A -treated LTNP PBMC showed a very
large AV containing undigested material and viral particles or viral components (arrow). (C) Hypothetical mechanism of HIV-1 removal by autophagy.
HIV-1 particles (red), budding into VCC, or viral components (black), can be captured by autophagosomes. Then the viral components degradation
can be blocked by viral-specific protein/s in NP (1). In contrast, HIV-1 components can get digested in autolysosomes in HIV-1 controllers (2). Original
magnification: (A) 63x; (B) NP Ctrl 30,000x%, NP bafilomycin A, 30,000x, LTNP Ctrl 50,000%, LTNP bafilomycin A, 50,000x.

By pharmacologically modulating autophagy in PBMC
ex vivo we showed an increased autophagy in LTNDP, whereas
NP did not responded to treatments. Relying on previously
published data, we hypothesize that in NP, HIV-1 may subvert
autophagy to maximize virus production blocking the final
steps of the degradation.”!’ By contrast, the increased functional
autophagy could hamper the accumulation and release of
viral particles in LTND. In keeping with this hypothesis, the
treatment with rapamycin was unable to reduce viral production
in the PBMC obtained from NP, thus supporting the hypothesis
that in NP the degradative steps of autophagy are blocked.
On the contrary, LTNDP showed an increased “functional”
autophagy able to counteract HIV-1-yield by trapping viral
components or viral particles or viral components inside AV.
Indeed, in PBMC from HIV-1 controllers we identified a
prominent presence of autophagic vacuoles many of which are
positive to HIV-1 proteins staining. Unexpectedly, an increase
in viral load was not detected when lysosomal activity was
inhibited. However, this result could be explained by the fact
that viral particles remained entrapped within nondegradative
AV.

In conclusion, in this study we have shown for the first time
that in vivo the resistance to HIV-1-induced pathogenesis in
nonprogressors is accompanied by a significant increase in the
autophagic activity in the PBMC of these individuals. This
finding is clinically relevant since many autophagy inducers
are currently under clinical investigation for the treatment of
several diseases and aging.”* Interestingly, HIV-1 protease
inhibitors, nelfinavir and saquinavir, and vitamin D are being
evaluated for their autophagy-enhancing activities.?*%!
Understanding the cellular and molecular mechanisms at the
basis of the successful control of the chronic viral infection in
vivo, in LTNP and EC, represent the most promising avenue
for the development of novel therapeutic strategies to treat
HIV-1 infection.

Materials and Methods

Patients and normal donors

Patients enrolled in the study, 18 LTNP, 6 EC, 18 NP, and
17 healthy donors (HD), were cared for the Outpatient HIV
clinic of the National Institute for Infectious Disease (INMI)
and provided written informed consent to participate in the
study (Ethics Committee approval n° 49/2010).

LTNP plasma HIV RNA (viral load) was > 200 copies/ml,
with CD4 T cells > 500/pl; EC viral load was < 50 copies/ml
and CD4 T cells > 500/pl. LTNP and EC were infected for
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an average of 8 y. NP were not on antiretroviral therapy and
the median values of viral load was 4,5 + 0,6 log,, cp/ml and
<500 CD4 T cells/pl. HD were HIV-1 negative blood donors.
Plasma HIV-1 RNA levels were measured with Abbott Real-
time HIV-1 assay according to the manufacturer’s instructions
(Abbott Molecular, RealTime HIV-1). PBMC were obtained
from residual blood samples intended for diagnostic tests.
PBMC were isolated by Ficoll/Hypaque (GE Healthcare,
17-1440-02) centrifugation of heparinized blood and utilized
immediately for electron microscopy morphological analysis,
immonocytochemical analysis, and frozen at -80 °C until
western blot, qRT-PCR and for in vitro cultures. Axillary lymph
node autoptic samples were obtained from healthy and HIV-1-
infected individuals (all males, mean age 36 y).

Electron microscopy

PBMC were fixed with 2.5% glutaraldehyde (Sigma-Aldrich,
R1012) in 0.1 M cacodylate buffer, pH 7.4, for 45 min at 4 °C,
rinsed in buffer, postfixed in 1% OsO, in 0.1 M cacodylate
buffer, pH 7.4, dehydrated, and embedded in Epon resin (Agar
Scientific, 45359-1EA-F). Grids were thoroughly rinsed in
distilled water, stained with aqueous 2% uranyl acetate for 20
min and photographed in a Zeiss EM 900 electron microscope
(Carl-Zeiss-Strale 56 73447 Oberkochen, Germany). The
percentage of cells containing autophagic vacuoles (AV) vs.
the total cell number and the average number of AV per cell
was evaluated. A minimum of 50 cells/patient were observed.
Cell counting was done by 3 independent individuals; data are
presented as mean + SD.

Immunodetection of proteins involved in autophagy

PBMC and lymph nodes from HIV-l-infected patients
and HD were isolated and fixed in 4% freshly depolymerized
paraformaldehyde (Sigma-Aldrich, P-6148) in PBS (Sigma-
Aldrich, P-4417) pH 7.2.

Immunohistochemistry

Lymph nodes were embedded in paraffin and sections were
deparaffinized, rehydrated, and subjected to high temperature
antigen retrieval in 10 mM sodium citrate buffer pH 6,0.
Immunohistochemistry was performed as previously reported,*
in tissue sections and fixed PBMC. The primary antibodies
utilized were: rabbit polyclonal anti-AMBRAL (1:100, ProSci,
4557) rabbit polyclonal anti-BECN1 (1:50, Santa Cruz
Biotechnology, sc-11427), rabbit polyclonal anti-ATG5 (1:50,
Santa Cruz Biotechnology, sc-33210).

The percentage of positive PBMC/total PBMC, was counted
for AMBRAL, BECNI, and ATGS stainings. Three independent
observers evaluated the number of positive cells by using a
light microscope without the knowledge of clinical diagnosis.
A minimum of 500 PBMC/patient were analyzed. The
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percentage of positive lymph node cells/total cells, was counted
for AMBRAI1, BECNI, and ATGS5 stainings. For each slide, a
minimum of 10 fields was examined at 40X magnification.

Immunofluorescence

For PBMC  were
incubated with the following antibodies: human monoclonal
anti-HIV-1 gp4l (1:25, kindly provided by Dr Marie-Lise
Gougeon, Paris); human monoclonal anti-gp120 (1:200, kindly
provided by Dr Jean-Luc Perfettini, Paris); rabbit polyclonal
anti-LC3B (1:200, Sigma-Aldrich, L7543); mouse monoclonal
anti-LAMP2 (1:100, Santa Cruz Biotechnology, sc-18822);
rabbit polyclonal anti-LAMP1 (1:100, abcam, ab24170);
mouse monoclonal anti-CD63 (1:200, abcam, ab8219); mouse
monoclonal anti-CD81 (1:200, abcam, ab59477). Sections were
thoroughly rinsed with PBS, then incubated for 1 h at RT with
1:400 Alexa488 conjugated goat anti-human IgG (Molecular
Probes MP 11013), 1:400 Alexa594 conjugated goat anti-mouse
IgG (Invitrogen, Life Technologies, A-11020) or 1:400 Alexa594
conjugated goat anti-rabbit IgG (Invitrogen, Life Technologies,
A-11037), 1:400 donkey anti-mouse AlexaFluor 647 (Jackson
Immunoresearch, 715-606-151). Controls were performed by
omitting the primary antibodies. Slides were observed and

immunoﬂuorescence CXPCl’imCHtS,

photographed in a Leica TCS SP2 confocal microscope (Leica
Microsystems GmgH, Ernst-Leitz-trasse 17-37 35578 Wetzlar
Germany).

Western blot analysis of proteins involved in autophagy

Total proteins were extracted from PBMC, isolated by
Ficoll-Hypaque isolated PBMC, by using the Cell Lytic
buffer (Sigma-Aldrich, C3228) following addition of protease
inhibitors and resolved by electrophoresis through NuPAGE
Bis-Tris gel (Invitrogen, NP0321BOX) and electroblotted
onto nitrocellulose (Protran, 10402062) or PVDF (Millipore,
IPVH20200) membranes. Blots were incubated with indicated
primary antibodies in 5% nonfat dry milk in PBS plus 0.1%
Tween 20, overnight at 4 °C. Primary antibodies were: rabbit
anti-LC3B  (1:2000; Cell Signaling Technology, 2775),
rabbit anti-SQSTM1 (1:2000; MBL, PM045) anti-GAPDH
(1:60000; Calbiochem, CM1001). Detection was achieved using
horseradish peroxidase-conjugate secondary antibody (1:5000;
Jackson ImmunoResearch, 715-036-150) and visualized with
ECL Prime (GE Healthcare, RPN2232) using ECL-Hyperfilm
(GE Healthcare, 28-9068-40). Mouse anti-GAPDH antibody
was used to monitor equal protein loading. Western blot images
were analyzed densitometrically using a charge-coupled device
camera (GelDoc 2000, Bio-Rad, Hercules, CA, USA) and
processed with the QuantyOne software (Bio-Rad) in order to
quantify the amount of LC3-1I band intensity.

gRT-PCR

RNA was extracted from PBMC by using Trizol reagent
(Invitrogen, 15596-026) as indicated by the supplier. cDNA
synthesis was generated using a reverse transcription kit (Promega,
M5101) according to the manufacturer’s recommendations.
Quantitative RT-PCR reactions were performed with the
LightCycler (Roche, Nutley, NJ, USA)

previously described.” Primer sets for all amplicons were designed

thermocycler, as

using the Primer-Express 1.0 software system.
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L34/ribosomal protein L34 (RPL34) forward:
5-GTCCCGAACC CCTGGTAATA GA-3'

RPL34 reverse: 5'-GGCCCTGCTG ACATGTTTCT T-3’

BECNI forward: TCTCGCAGAT TCATCCCCC

BECNI reverse: TCTTCGGCTG AGGTTCTCCA T

SQSTMI forward: ACAGATGCCA GAATCCGAAG

SQSTMI reverse: TGGGAGAGGG ACTCAATCAG

The RPL34 mRNA level was used as an internal control and
results were expressed as previously described.”

Pharmacological modulation of autophagy in cultured
PBMC

The chemical compounds rapamycin and bafilomycin
A,, were used to try to modulate autophagy in PBMC by in
vitro treatment. Rapamycin inhibits MTOR, thus inducing
autophagy; instead, bafilomycin A, is a specific inhibitor of
vacuolar ATP6VIH (ATPase, H* transporting, lysosomal
50/57 kDa, V1 subunit H), and inhibits the acidification
of organelles containing this enzyme, such as lysosomes and
endosomes.** PBMC from 7 LTNP, 3EC, 17 NP and 5 HD were
thawed, washed 3 times with PBS and cultured (2 X 10° cells/
ml) in RPMI 1640 medium (GIBCO, 12633-012) containing
10% fetal calf serum, 2 mM L-glutamine, 100 U penicillin/
ml and 100 pg streptomycin/ml at 37 °C. After 24 h, PBMC
were divided into 3 wells and cultured for an additional 20 h
in the presence of 100 nM rapamycin (Calbiochem, 553210), or
100 nM bafilomycin A (Sigma-Aldrich, B1793), or medium as
control. Culture supernatant fractions underwent HIV-1 RNA
quantification with Abbott Real-time HIV-1 assay according to
the manufacturer’s instructions, while treated PBMC were used
for WB or qRT-PCR analysis.

Statistical analysis

To determine statistical significance, the Student ¢ test and
Pearson coefficient correlation were used. Statistical significance
was set at P < 0.05.
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