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Abstract

HIV-1 Nef has been demonstrated to be integral for viral persistence, infectivity, and the acceleration of disease
pathogenesis (AIDS) in humans. Nef has also been detected in the plasma of HIV-infected individuals and is
released from infected cells. The form in which Nef is released from infected cells is unknown. However, Nef is a
myristoylated protein and has been shown to interact with the intracellular vesicular trafficking network. Here
we show that Nef is released in CD45-containing microvesicles. This microvesicular Nef (mvNef) is detected in
the plasma of HIV-infected individuals at relatively high concentrations (10 ng/ml). It is also present in tissue
culture supernatants of Jurkat cells infected with HIVMN. Interestingly, plasma mvNef levels in HIVþ patients did
not significantly correlate with viral load or CD4 count. Microvesicular Nef levels persisted in the plasma of HIV-
infected individuals despite the use of antiretroviral therapy, even in individuals with undetectable viral loads.
Using cell lines, we found Nef microvesicles induce apoptosis in Jurkat T-lymphocytes but had no observed effect
on the U937 monocytic cell line. Given the large amount of mvNef present in the plasma of HIV-infected indi-
viduals, the apoptotic effect of mvNef on T cells, and the observed functions of extracellular soluble Nef in vitro, it
seems likely that in vivo mvNef may play a significant role in the pathogenesis of AIDS.

Introduction

The negative factor (Nef) of human immunodeficiency
virus type 1 (HIV-1) is an accessory protein of approxi-

mately 27–34 kDa that is unique to primate lentiviruses. Nef is
associated with the T cell depletion characteristic of HIV-
induced acquired immunodeficiency syndrome (AIDS).
Many studies have demonstrated the importance of Nef in the
pathogenesis of AIDS. In humans, studies of individuals in-
fected with human immunodeficiency virus type 1 (HIV-1)
containing defective nef alleles demonstrate the role of Nef in
the progression of disease. Such individuals are more likely to
become long-term nonprogressors (LTNPs) and have delayed
development of the symptoms of AIDS.1–5 LTNPs exhibit re-
duced viral loads and stable CD4 counts for over 10 years
postinfection.1,3 This suggests that the absence of a functional
Nef attenuates viral pathogenesis. This cohort was shown to
actually consist of two distinct groups, LTNPs and long-term
survivors (LTSs).6 Eventually, LTSs exhibit declining CD4 T
cell counts with low viral loads and develop immunodefi-
ciency after long asymptomatic periods suggesting that al-
though Nef plays a key role in viral pathogenesis other factors

play a role in progression to AIDS.6–8 Rhesus macaques in-
fected with nef-defective molecular clones of simian immu-
nodeficiency virus (SIV) also exhibit significant reductions in
pathogenicity.9 These animals exhibit extended periods of
asymptomatic disease, but eventually progress to simian
AIDS much like their human counterparts.9 Interestingly, nef-
transgenic mice suffer organ system dysfunction and severe
CD4þ T cell depletion similar to AIDS patients.10–13 Taken
together these studies provide evidence that HIV-1 Nef plays
a central role in the pathogenesis leading to AIDS.

A hallmark of AIDS progression is the progressive loss of
CD4þ T cells. The simplest model accounting for this deple-
tion is that HIV infection directly leads to cell death. However,
mathematical models of HIV infection suggest that many
more T cells die than are actually infected.14,15 This implies
that there are other ‘‘indirect’’ methods leading to T cell de-
pletion and that have led to the ‘‘bystander’’ hypothesis of
depletion. Soluble molecules released from infected cells are
prime candidates for this ‘‘bystander’’ effect. In chronic in-
fections, the HIV proteins Nef, Tat, gp120, and Vpr have all
been implicated in the induction of apoptosis via the bystander
effect.16–18 More specifically, early reports demonstrate that
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soluble extracellular Nef induces apoptosis in T cells via a
CXCR4-dependent interaction.19,20 Given this result, we have
considered whether soluble Nef is released from infected cells
and could play a significant role in mediating bystander ap-
optosis in CD4þ T cells.

Nef has no known intrinsic enzymatic activities and yet
it promotes pleiotropic effects such as enhancement of in-
fectivity, immune evasion, and cellular activation. It pro-
motes these functions by acting as a molecular adaptor
linking various proteins to components within the intracel-
lular trafficking machinery. Nuclear magnetic resonance
(NMR) studies reveal that Nef consists of four regions: (1) an
N-terminal region containing a flexible myristoylated anchor
domain, (2) a proline-rich loop, (3) a globular core, and (4) a
flexible C-terminal loop.21 Cellular localization of Nef is
dependent on its conformation. Open conformation of Nef
results in membrane association whereas closed confirma-
tion yields a cytosolic localization.22,23 Differential localiza-
tion coupled with ‘‘flexible’’ regions allows Nef to interact
with many different cellular proteins that ultimately con-
tribute to Nef’s pleiotropic effects. Some of these effects are
well documented, such as reducing the expression of CD4,
MHC class I and II, and chemokine receptors (CCR5 and
CXCR4) as well as disrupting key signaling pathways within
target cells.24–28 To reduce expression of these proteins Nef
binds to multiple proteins involved in intracellular traffick-
ing: adapter protein complexes (AP1–AP4), subunit H of the
vacuolar membrane ATPase (V1H), PACS-1a, and COP-I
coatomers.21,29–31 As a result of these interactions, Nef has
the capacity to exert multiple effects on intracellular traf-
ficking. For example, interactions between Nef and b-Cop
target CD4 to late acidic endosomes whereas interactions
with AP-2 target CD4 to clathrin-coated pits (early endo-
somes).32–34

Studies have shown that Nef expression leads to changes
within the endosomal compartment and increases endosome,
lysosome, and late endosome/multivesicular body (MVB)
production in hematopoietic cells.35–37 MVBs contain smaller
membrane-bound vesicles that fuse with plasma membranes
and are released via exocytosis into the extracellular space as
exosomes ranging in size from 30 to 200 nm in diameter.38–41

Exosomes mediate several biological functions such as T cell
stimulation, antigen presentation, immunological tolerance,
and apoptosis.42–45 Microvesicles containing ecto-enzymes or
other proteins are of similar size to exosomes and bud from
the plasma membrane.46–48 Vesicles produced by hemato-
poietic cells will typically consist of both exosomes and
microvesicles. Cells infected with HIV commonly release both
virions and microvesicles that copurify with the virions due to
similarity in size and density.49,50 Some studies have sepa-
rated microvesicles from HIV-1 virions using (Optiprep)
iodixonal gradients clearly showing the capacity to discrimi-
nate between microvesicles, virions, and cell debris.51,52 CD45
(human leukocyte antigen) is highly expressed on the surface
of vesicles derived from hematopoietic cells but is not incor-
porated into HIV-1 virions.53,54 This differential incorporation
of CD45 has been used to remove contaminating vesicles from
virion preparations and we have used this method conversely
to capture microvesicles.55

Nef, Tat, and gp120 have been shown to be released by
HIV-infected cells and can be found in the extracellular
compartment.56–58 The nature of released Nef and the path-

ways mediating this release are largely unknown. Given the
association of intracellular Nef with vesicular compartments,
it would not be farfetched to consider that Nef may be re-
leased in association with vesicles. Recent reports demon-
strate that Nef interacts with Rab11, a GTPase protein integral
to MVB formation.59 This interaction suggests a potential
mechanism/pathway in which extracellular Nef can be re-
leased from infected cells. Indeed, we have previously shown
that Nef-transfected cells release vesicles containing Nef that
can be taken up by other cells.35 A recent report actually de-
scribes the secretion of Nef into exosomes and the subse-
quent induction of apoptosis in bystander CD4þ T cells by
vesicular Nef.60

Here, we show that Nef is released in microvesicular
form from both nef-transfected and HIV-1-infected cells. Nef
microvesicles contain CD45 (leukocyte common antigen), an
integral membrane protein that is excluded from virions.
Using paramagnetic separation, we were able to separate Nef
microvesicles from virions. Using this technique we show that
Nef microvesicles are secreted from infected cells and are
present in the plasma53,55,61 of HIV-1-infected individuals in-
dependent of viral load or treatment status. This suggests that
Nef may be released from infected cells throughout the course
of HIV infection, facilitating immune cell activation, viral
spread, apoptosis, and/or other aspects of HIV-1 pathogene-
sis. Nef microvesicles, produced and released in high quantity,
may be a significant factor driving T cell depletion in chronic
HIV infection. In fact, a recent study indicates that HIV-1-
infected T cells undergo a Nef-dependent massive increase in
exocytosis of microvesicles containing Nef and/or FasL.62 This
report supports our study and suggests that Nef microvesicles
may play a factor in HIV-induced T cell apoptosis. Ultimately,
Nef microvesicles make an attractive therapeutic target that
could inhibit the loss of CD4þ T-lymphocytes, thereby ex-
tending the asymptomatic period of HIV-1 infection and at-
tenuating HIV-1 disease.

Materials and Methods

Plasmid constructs and transfections

A polymerase chain reaction (PCR)-generated fragment
spanning the coding region of nef was amplified from the viral
clone pNL4-3 and inserted into the pCDNA-3 expression
vector by topo cloning (Invitrogen, Carlsbad, CA) as previ-
ously described.63,64 HEK293 or 293FT cells were transfected
with Nef or a Nef-GFP expression plasmid using the Effectene
transfection kit (Qiagen) according to the manufacturer’s in-
structions. Briefly, cells were plated in 100-mm dishes and
transfected at 90% confluency. DNA (* 5mg) was diluted in
DNA condensation buffer (EC) and 40 ml of Enhancer was
added (per 1mg of DNA). After a 2-min incubation at room
temperature, 125ml of Effectene (liposomal agent) was added
to the DNA mixture. DNA–liposome complexes were subse-
quently formed during incubation (10 min) at room temper-
ature and then added dropwise to the 100-mm dishes. Culture
supernatants and cells were collected 72 h posttransfection
and analyzed for Nef protein expression.

Cell culture

The T-lymphocytic cell line Jurkat (clone E6) and U937
promonocytic cell line were acquired from ATCC and main-
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tained at 378C in RPMI-1640 media supplemented with 10%
fetal bovine serum and 1% penicillin-streptomycin.

Human plasma samples

Plasma from HIV-1þ/HCV�/HBV� individuals (n¼ 10)
and HIV�/ HCV�/HBV� controls (n¼ 10) was obtained
from Bioreclamation (Long Island, NY). Samples were sepa-
rated into aliquots and stored at �808C until immediately
prior to use. Studies performed were approved by the
Morehouse School of Medicine Institutional Review Board.

Virus and microvesicle preparation

Microvesicles were collected from both nef-transfected
and HIV-1-infected cells. Microvesicles from transfected cells
were prepared using a protocol adapted from Trubey et al.55

Culture supernatants from nef-transfected HEK293 cells were
collected 3 days posttransfection and subjected to sequen-
tial differential centrifugation. Supernatants were initially
centrifuged for 10 min at 300�g, followed by 10,000�g for
30 min and finally 400,000�g for 1 h. Microvesicles were as-
sumed to be the pellet of the 400,000�g ultracentrifugation
spin. Jurkat cells were infected in vitro with HIVMN (ABI) and
supernatant was collected 14 days postinfection. Virus and
microvesicles were purified from HIV-infected cell culture
supernatants by sucrose density ultracentrifugation as pre-
viously described.55 Briefly, supernatants were layered over
20% sucrose, ultracentrifuged at 100,000�g for 1.5 h, and the
resultant pellet containing virions and microvesicles was re-
suspended in 200ml of cold 1�TNE buffer (10 mM Tris–HCl,
100 mM NaCl, and 1 mM EDTA). Microvesicles from cul-
ture supernatants of uninfected Jurkat cells were similarly
prepared.

Isolation of CD45þ microvesicles

Microvesicles were separated from virions using a pro-
tocol adapted for CD45 affinity depletion of virion prepa-
rations.55 Briefly, tissue culture supernatants from nef-
transfected HEK293 cells or HIV-1-infected Jurkat or mac-
rophage cell lines were incubated with anti-CD45 magnetic
microbeads for 1 h at 48C. The mixture was then applied to a
magnetized 10 M column (Miltenyi Biotec). Fluid not re-
tained on the column was collected and termed the flow-
through fraction. The column was washed three times with
cold 1�TNE buffer. Each wash was collected and pooled to
produce the wash fraction. Protein and microvesicles re-
tained on the column were recovered by removing the col-
umn from the magnet and forcing 250 ml of 1�TNE buffer
through the column using a 5-ml syringe plunge (Becton-
Dickson) to generate the eluate/CD45-captured fraction.
Each fraction: Flow-through (FT), wash (W), eluate (E), and
starting material (SM)—was centrifuged at 400,000�g at 48C
for 1 h in a TLA 120.2 rotor using a TLA ultracentrifuge
(Beckman Instruments).

Subtilisin digest

Microvesicles isolated from tissue culture supernatant of
HIV-infected Jurkat cells were treated with subtilisin (1 mg/
ml) (Sigma-Aldrich, St. Louis, MO) at 378C. After a 4-h incu-
bation, PMSF (1mg/ml) was added to inhibit digestion.
Subtilisin-treated microvesicles were pelleted by ultracentri-

fugation at 100,000�g for 1 h. Pellets were resuspended in
1�PBS and NEF concentration were determined by ELISA.

Infectivity assay

A single-round infectivity assay developed as previously
described was used to determine the relative infectivity
of each fraction produced during CD45 affinity separation of
microvesicles.65 Briefly, the multinuclear activation of a ga-
lactosidase indicator assay (MAGI) was performed utilizing
3596 MAGI/HeLa-CD4þ-LTR b-gal cell (NIH AIDS Reagent
program, catalogue #1470) cultures maintained in Dulbecco’s
modified Eagle’s medium supplemented with 5% fetal bovine
serum, 0.1 mg/1 ml G418, 0.05 mg/1 ml of Hygromyocin B
per 1 ml, glutamine, and 1% penicillin and streptomycin. Cells
were seeded in six-well plates at a density of 2�105 cells per
well 24 h prior to infection with HIV-1 virions (1 ng of p24) or
fractions—SM (*1 ng of p24), FT (*1 ng of p24), W (100ml), or
E (100ml)—produced during CD45 affinity separation of mi-
crovesicles. Following infection cells were incubated at 378C
for 48 h and then fixed for 5 min at room temperature with
0.2% glutaraldehyde and 1% formaldehyde. After fixation
cells were washed with phosphate-buffered saline (PBS),
stained with X-gal solution (5-bromo-4-chloro-3-indolyl-b-d-
glactosidase dissolved in DMSO–4 mM potassium ferrocya-
nide, 4 mM ferricyanide, and 2 mM MgCl2 in PBS) for 50 min
at 378C, washed twice with PBS, and then scored. Results
were reported as total number of blue cells per well.

Electron microscopy

High-speed pellets from tissue culture supernatants of nef-
transfected HEK293 cells were embedded in 1% agar. Agar
was removed from tubes, cut into blocks that were immedi-
ately fixed in 2.5% glutaraldehyde, and embedded in Epon
plastic. Ultrathin sections were stained with 2% uranyl acetate
and placed on grids. Analysis of grids was performed using a
Hitachi 700 transmission electron microscope.

Nef ELISA

The concentration of HIV-1 Nef in 1 ml of plasma pelleted
at 400,000�g or culture supernatants of HIV-1-infected cells
was determined using a commercially available anti-Nef
enzyme-linked immunosorbent assay (ELISA) (Immuno-
diagnostics, Bedford, MA) according to the manufacturer’s
instructions. Prior to ELISA measurement, immune com-
plexes in human plasma were disrupted using acid disso-
ciation (ICD). For ICD 100 ml of plasma was added to 100 ml
of 0.33 N HCl and incubated at 378C for 1 h. Following in-
cubation acid-treated plasma was neutralized by adding
100ml of 0.33 N NaOH. Microvesicles and virions from the
neutralized plasma were lysed by the addition of 1% Triton
and Nef ELISA was performed according to protocol.
Briefly, 100ml of acid-treated plasma or culture supernatants
of HIV-infected cells was added to ELISA plates coated with
anti-Nef (Component A) and incubated for 1 h at room
temperature. Plates were washed three times with wash
buffer (Component B); 100 ml of anti-Nef-HRP-labeled anti-
body solution (component E) was then added to each well
and incubated for 1 h at room temperature. Plates were
washed three times with component B; 100ml of alkaline
phosphatase substrate (component F) was added to each
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well and then incubated for 10 min at room temperature.
After approximately 10 min, 100 ml of stop solution (Com-
ponent G) was added to each well and the absorbance at
450 nm was determined using a Spectramax spectropho-
tometer.

SDS–PAGE and immunoblot

Proteins were separated by SDS–PAGE using 8–16% Tris–
HCl gradient gels (Bio-Rad Laboratories, Hercules, CA) ac-
cording to the manufacturer’s instructions. Proteins were
transferred to 0.2 mM PVDF membranes (Bio-Rad), blocked
with blotto (5% milk in TBS) for 60 min, and probed with one
of the following primary antibodies: anti-Nef (Immuno Di-
agnostics Inc., Woburn, MA), anti-p24 (Immunodiagnostic),
anti-Alix1 (Santa Cruz), anti-CD63 (AbCam), or anti-CD45
(AbCam) antibodies. Following incubation with primary an-
tibody membranes undergo three 10-min washes in T-TBS
[20 mM Tris-HCl (pH 6.7), 137 mM NaCl with 1% Tween-20
(Sigma-Aldrich)] before being probed with horseradish per-
oxidase-conjugated antimouse ( Jackson Laboratories) or
protein A (Rockland Laboratories) secondary antibodies as
previously described.35 Immune complexes were detected
using advanced chemiluminescence (Amersham Biosciences).
Immunoblots were reprobed by initially incubating the
membrane in stripping buffer [100 mM 2-mercaptoethanol,
2% SDS, 62.5 mM Tris-HCl (pH 6.7)] at 608C with agitation for
15 min followed by three 10-min washes in T-TBS. Blots were
incubated with blocking for 30 min and immunoblotting was
performed as described above.

Apoptosis assay

Caspase-3 activation along with poly(ADP-ribose) poly-
merase (PARP) substrate were measured in cell lysates using a
human capase-3 kit (Millipore, catalog #48-670) according to
the manufacturer’s instructions. Briefly, 1�bead solution
(25ml/well) was added to a 96-well filter plate that was pre-
wet with cell signaling assay Buffer #1 (25ml/well). Cell
lysates diluted 1:1 in Beadlyte cell signaling assay Buffer #1
was then added (25ml/well) to the plate, placed on a shaker
(*500 rpm) at 48C, and incubated overnight. Following in-
cubation, the lysates were removed via vacuum filtration and
the plate washed with cell assay Buffer #1 (100ml/well). Buffer
#1 was removed via vacuum filtration and the wash step was
repeated. Biotin reporter-antibody was added to each well
(25ml) and the plate was incubated for 1 h at room tempera-
ture. The reporter antibody was removed via vacuum and
streptavidin-PE (25ml) was added to each well. The plate was
then incubated for 30 min at room temperature while shaking
(*500 rpm) and protected from light. Streptavidin-PE was
removed from the wells via vacuum and the remaining beads
were resuspended in Beadlyte Cell Signaling Assay Buffer #1
(100ml/well). Experimental samples were analyzed using the
BioPlex 200 system (Bio-Rad).

Statistical analysis

Statistical analyses were performed using the statistical
component of Graphpad Prism. A nonparametric Mann-
Whitney test was used to compare Nef plasma levels in un-
infected and HIV-infected groups and significance was
achieved with a p-value< 0.05.

Results

Nef expression induces cellular release
of Nef-containing microvesicles

We have previously shown that Nef can be found in the
extracellular medium taken from nef-transfected HEK293
cells.35 To determine the nature of Nef expressed into
the culture medium, we examined the culture medium by
differential centrifugation. Conditioned medium was first
centrifuged at 300�g to remove cells. Our results show
that Nef was present in the supernatant of clarified medium
(Fig. 1A). When cell-free medium was subjected to further
centrifugation at 300,000�g all of the detectable Nef was
present in the pellet and none remained in the supernatant
(Fig. 1A). This suggests that the Nef released into medium
was present in a higher molecular weight form. To determine
the nature of the pelleted material we examined the high-
speed pellet by electron microscopy (Fig. 1B). The high-speed
pellet contained numerous vesicles that varied in appearance,
but typically had diameters of approximately 100 nm.
HEK293 cells mock transfected did not contain Nef in the
conditioned medium and high-speed pellets contained no
visible vesicles (Fig. 1B and C).

Nef microvesicles released from HIV-infected cells
are isolated by anti-CD45 immunoaffinity

Extracellular vesicles are derived primarily from two sour-
ces: (1) budding from the plasma membrane47,48 or (2) exo-
cytosis of late endosomal bodies/multivesicular bodies.38,39

Microvesicles are protein rich and are often found in virion
preparations due to their similar size and density. During as-
sembly and budding, HIV-1 selectively incorporates some
cellular proteins while excluding others, such as CD45 (human
leukocyte antigen).53,66 Microvesicles, on the other hand,
contain CD45 and this has been exploited to form the basis of a
method to separate vesicles from virion particles using para-
magnetic anti-CD45 beads.55 Cell-free medium was collected
from Jurkat cells infected with HIV-1NL4-3. The cell-free me-
dium was analyzed by immunoblot using anti-HIV serum and
revealed bands consistent in size and amount with virions
(Fig. 2). The supernatant was subjected to fractionation using
an anti-CD45 magnetic column as described. Fractions pro-
duced during separation of microvesicles and virions via
CD45 magnetic bead separation were analyzed by Western
blot. The flow through fraction contained many of the same
viral proteins found in the starting material, including a pro-
minent p24 band. Likewise, washes of the column contained
viral proteins (Fig. 2). The eluate consistently contained only
one viral protein approximately 27 kDa in size (note the band
is slightly higher than the p24 in the other fractions). When the
same fractions were reprobed with anti-Nef antibody only
the 27-kDa band in the eluate was present. This suggests that
the majority of the Nef present in cell-free medium from
infected cells is contained within the vesicle fraction and
undetectable levels were present in virions.

To confirm that CD45 paramagnetic separation isolates
microvesicles from virions, each fraction was tested for
infectivity using a MAGI cell assay. As expected, infectious
virions were found only in the starting virus suspension and
flow thorough and the CD45 capture material was noninfec-
tious (data not shown). To confirm that the majority of the
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Nef present was colocalized with CD45þ, we pretreated
microvesicles with subtilisin prior to CD45 affinity purifica-
tion. The subtilisin treatment dramatically reduced the
amount of Nef that was captured on the anti-CD45 column
(Fig. 3, compare A and B). The small amount remaining
bound to the column was likely due to incomplete removal of
CD45 from treated vesicles. This experiment confirms that a
majority of Nef was being captured in a CD45þ-dependent
fashion.

THP-1 monocytic cells produce more Nef microvesicles
than Jurkat T cells

We wished to determine if production of Nef vesicles was
influenced by cell type. Culture supernatants from HIV-1-
infected Jurkat T cells and THP-1 macrophage cells were
harvested; HIV-1 p24 was measured and the amount of
Nef was measured in the culture supernatant and CD45

captured material as previously described. As expected, the
total amount of p24 isolated from Jurkat cells was about 5-fold
higher than either stimulated or nonstimulated PMA cells (see
Fig. 4A). Even though the amount of p24 produced by Jurkat
cells was much higher than THP-1 cells, the amount of Nef
secreted into conditioned medium was about 20-fold less than
stimulated THP-1 cells (Fig. 4B). This suggests that even
though PMA-treated THP-1 may produce fewer virions than
Jurkat T cells these macrophage-like cells produce many more
Nef vesicles.

Nef microvesicles are detected in plasma
of HIV-infected individuals

Because Nef microvesicles are released from infected cells
we wished to determine whether they might also be present in
the plasma of HIV-infected individuals. To determine this, we
tested plasma from HIV-infected and uninfected donors.

FIG. 1. Nef expression and HIV-1 infection induce vesicle formation. TEM image of conditioned media from HEK293 cells
transfected with (A) Nef expression plasmid or (B) mock-transfected. Conditioned media collected 3 days posttransfection
and subjected to ultracentrifugation (400,000�g). Pellets were fixed, embedded, and stained with 2% uranyl acetate. Samples
were visualized using a JEOL 1200 EX transmission microscope. (C) Culture supernatant from HEK293 transfected with a Nef
expression plasmid was subjected high-speed differential centrifugation. Supernatants were centrifuged for 10 min at 300�g,
followed by 30 min at 10,000�g, and then centrifuged for 1 h at 300,000�g. Nef was detected in vesicles pelleted at 300,000 by
immunoblot using anti-Nef monoclonal. S, supernatants; P, pellet.
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Plasma was subjected to high-speed centrifugations followed
by paramagnetic CD45 immunoaffinity capture as previously
described. We determined plasma levels of Nef microvesicles
in a small cohort of HIV-infected subjects using a Nef ELISA.
To ensure that antibodies in the plasma were not masking the
detection of Nef, we used acid dissociation techniques similar
to those that have been used in measuring p24 protein levels
in the plasma. In agreement with earlier reports (Fujii et al.56),

the median Nef level in plasma was approximately 10.4 ng/
ml (Fig. 5). Plasma from uninfected controls showed no sig-
nificant Nef in any fraction (Fig. 6A). Plasma from HIV-
infected individuals had significant Nef in the plasma
(Fig. 6B). The majority of this Nef was captured on anti-CD45
columns and was present in the eluate, whereas minimal
amounts were present in the flow through and wash. This
finding clearly indicated that the majority of the Nef present in
the plasma of infected individuals is in the form of CD45þ

microvesicles whereas only small amounts are associated
with the HIV virion.

Microvesicular Nef levels did not appear to correlate with
viral load or CD4 count (data not shown). Overall, these
preliminary studies show that of Nef is released from infected
cells largely in vesicular form and is present in the plasma of
HIV-infected individuals.

Nef microvesicles induce apoptosis in Jurkat
T-lymphocytes but not in U937 monocytic cells

We have previously shown that recombinant, soluble
Nef can induce apoptosis in T-lymphocytes via CXCR4-
dependent mechanisms.19,20 We have also shown that cell-
free tissue culture supernatant contains Nef, which can also
induce apoptosis in T cells. To confirm the apoptotic activity
of the microvesicular Nef isolated in this study we exposed
Jurkat and U937 cells to Nef-GFP microvesicles for 3, 6, or 18 h
(Fig. 7). For comparison, a peptide containing one of the
apoptotic motifs previously described was also included.
Following exposure to the Nef-GFP microvesicles, the degree
of apoptosis was measured by caspase-3 activation using
a Luminex assay. Interestingly, the interaction of Jurkat
T-lymphocytes with Nef-GFP resulted in caspase-3 activation
after only 6 h of treatment whereas the U937 monocytic cells
did not show evidence of apoptosis until after 18 h of expo-
sure. Taken together, these data provide evidence that the
microvesicular Nef isolated in this study was proapoptotic.

FIG. 2. Nef vesicles captured using anti-CD45 magnetic
bead separation. Supernatants from HIV-1-infected cells were
harvested 15 days postinfection and vesicles/virions were
concentrated by centrifugation at 200,000�g for 1 h on a 20%
sucrose cushion. The pellet was resuspended in 1�TNE buffer
and subjected to CD45 magnetic bead separation. Each frac-
tion was collected, ultracentrifuged at 400,000�g for 1 h, and
then separated by SDS-PAGE. Fractions (SM¼ starting ma-
terial, FT¼flow through, W¼wash, and E¼ eluate) were
analyzed by Western blot for HIV proteins using anti-HIV
sera (upper panel). The singular band present in the eluate
was confirmed to be Nef via an immunoblot using an anti-Nef
monoclonal antibody (lower panel). Nefþ, recombinant Nef
protein.

FIG. 3. Subtilisin treatment reduces CD45 capture of Nef microvesicles capture. Nef microvesicles from supernatants of
HIV-infected Jurkat cells (15 days postinfection) were isolated as described in Fig. 2, treated for 4 h with subtilisin (2 mg/ml),
and then CD45 affinity purified. Nef contents in subsequent SM, FT, W, and E fractions were measured by ELISA.
SM¼ starting material, FT¼flow through, W¼wash, and E¼ eluate.
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Based on this work and previous reports from our laboratory
and others we propose a general model for the roles of
released Nef (Fig. 8).

Discussion

The role of Nef in HIV-1 pathogenesis has been difficult
to clearly define. One of the major reasons for confusion has
been the multitude of effects that have been ascribed to Nef.
Most of the known functions attributed to Nef are based on
the intracellular expression of the protein. Downregulation of
CD4, MHC class I and II, and dysregulation of signal trans-
duction are a few. The role of Nef in the enhancement of
infectivity remains controversial, but it appears that mem-
brane association is also important for this effect as well.67,68

Using both nef-transfected and HIV-1-infected cells, we
show that Nef is released from cells in the form of micro-
vesicles. The presence of contaminating microvesicles in virus
preparations is a common observance. Procedures have been

developed to purify virions from vesicles using density gra-
dients. However, because of the similarity of contaminating
vesicles and virions in size and density it has been difficult to
separate the two by physical means alone. More recently,
Trubey et al.55 developed a procedure to purify virions based
on the observation that virions exclude CD45 (common leu-
kocyte antigen) whereas contaminating vesicles contain
CD45. We have used this procedure to investigate the possi-
bility that the microvesicles that commonly contaminate virus
preparations are actually microvesicles containing Nef.

The observation that Nef is released in the form of vesicles
is not surprising. Nef is myristoylated at its N-terminus and
most of its known functions are dependent on its ability to
interact with membranes. Nef has been shown to upregulate
the endosomal pathway and actually increase the numbers of
endosomes within the cell.36,37,54,69–72 Given Nef interactions
with the endosomal pathway it is not unlikely that Nef could
be released into exosome-like microvesicles.

Isolation of CD45þ microvesicles from viral supernatants
has allowed us to compare the relative quantity of HIV virions
and Nef microvesicles released from HIV-infected Jurkat T
cells, THP-1 monocytic cells, and PMA-treated macrophage-
like THP-1. Interestingly, Jurkat T cells that produce high
levels of virus as measured by p24 released 5-fold less CD45þ

Nef microvesicles than PMA-stimulated macrophage-like
THP-1, which produced much less virus than Jurkat T cells.
This suggests that high levels of viral replication are not
needed to produce nef-containing microvesicles and that the
degree of vesicle production appears to be dependent on cell
type. Results from this study clearly demonstrate that Nef
vesicles are released from PMA-treated THP-1 at an almost
20-fold greater amount than HIV-1 virions, suggesting that
Nef microvesicles are actually the primary product of acute
HIV-1 infection in monocytes/macrophages. This finding fits
well with current paradigms of acute HIV infection and dis-
ease progression. In the Trojan Horse model of trans-infection,
DC-SIGNþ macrophages and dendritic cells internalize HIV

FIG. 4. Production of CD45þ Nef microvesicles is cell-type
dependent. Concentrations of p24 (A) microvesicles and Nef
(B) were measured by ELISA in culture supernatants and
CD45 captured microvesicles of HIV-1-infected Jurkat T-
lymphocytes, THP-1 monocytes, and PMA-treated THP-1
(macrophage-like). T-lymphocytes release the most HIV-1
virus as measured by p24 ELISA whereas macrophage-like
THP-1 releases the most Nef microvesicles.

FIG. 5. Nef microvesicles are detected in plasma of HIV-
infected subjects. Plasma was collected from uninfected
(n¼ 15) and HIVþ-infected individuals (n¼ 10). Microvesicles
were ultracentrifuged (400,000�g); pellets were resuspended
in PBS and assayed for Nef using a Nef-capture ELISA. The
median value of Nef in plasma is 10.3 (ng/1 ml plasma).
Statistical significance was determined using a two-tailed
Mann–Whitney analysis. ***p-value< 0.001.
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and home to lymph nodes where they expose CD4 T cells to
HIV.73–75 If these macrophages release high levels of Nef
microvesicles within the lymph node then this could account
for the depletion of CD T cells. Elevated Nef microvesicle
release from macrophages also fits the paradigm of acute HIV
infection involving the gut-associated lymphatic tissue
(GALT). In this model of disease progression the GALT is the
principal site of virus production and depletion of CD4þ T
cells. Using the SIV model, Li et al.76 have shown that intes-
tinal memory CD4 T cells in the lamina propria of the GALT
are preferentially infected and depleted within days of infec-
tion.76 Results from this study suggest that only *7% of CD4
T cells in GALT are productively infected by SIV and a large
portion of these cells undergoes bystander apoptosis on ex-
posure to viral proteins. It is very plausible that this viral
protein is the microvesicular Nef released from monocytes/
macrophages exposed/infected with HIV in the GALT. Be-
cause macrophages appear to be refractive to Nef-induced
apoptosis, these cells can continue to release microvesicles
without undergoing significant depletion. We know from
experiments in our laboratory that Nef microvesicles can be
taken up by other cells,35 and that Nef can stimulate en-
dosomal trafficking. Therefore, we are investigating whether
the early production of Nef microvesicles by infected mac-
rophages could actually prime other cells for subsequent
infection. An observation that lends credence to this idea is
that Nef is present in the plasma of HIV-infected individuals.
Our results are consistent with previously published findings
(Fuji et al.56) that Nef is present at the level of 5–15 ng/ml in
plasma. By comparison, it is typical to find p24 present in
plasma at levels of picograms. This observation supports our
cell culture findings in which Nef could be produced in
greater quantities than p24 in infected cells.

Our results suggest no significant direct correlation be-
tween Nef levels in the HIVþ plasma and viral load or CD4þ

FIG. 6. Nef microvesicles in plasma of HIV-infected subjects are isolated by CD45 affinity. CD45þ microvesicles in plasma
of (A) uninfected and (B) HIVþ donors were isolated as described previously in Fig. 2. Fractions generated during CD45
affinity (SM, FT, W, and E) were ultracentrifuged (400,000�g); the pellets were resuspended in PBS and assayed for Nef via
Nef capture ELISA. Nef was detected in the SM and CD45 captured material (E). SM¼ starting material, FT¼flow through,
W¼wash, and E¼CD45 captured eluate.

FIG. 7. Exposure to vesicular Nef induces apoptosis. Cas-
pase-3 activation in Jurkat and U937 monocytic cells exposed
to Nef for 3, 6, and 18 h was measured using a 3-plex Lu-
minex kit. Statistical significance was determined using
ANOVA, *p-value <0.05.
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counts (although our sample size is small). Larger studies
are underway. A major goal of these studies will be to correlate
Nef levels with various markers of immune function. The
main hypothesis is that released microvesicular Nef can in-
teract with various cells of the immune system and cause ef-
fects that result in T cell depletion and immune dysregulation.

Surprisingly, Nef was still present in HIV-infected patients
with undetectable viral loads. This suggests that active viral
replication is not required for Nef secretion. Thus, Nef vesicles
may be released throughout all phases HIV-1 infection in-
cluding asymptomatic clinical latency and contributes to the
observed continuing decline in CD4þ T cells. With a larger
HIVþ patient cohort, we hope to continue to redefine clinical
correlates with Nef levels and elucidate the nature of the in-
teraction of Nef vesicles with monocytes/macrophage and
other cells of the immune system.

The questions of how and why Nef is released from cells
still remain unknown. A recent report demonstrating that Nef
interacts with Rab1159 suggests that Nef microvesicle release

is via the MVB pathway. This would mean that Nef vesicles
could be thought of as exosomes. This is consistent with the
idea that HIV-1 has actually taken advantage of existing cell
mechanisms (such as exosome release) to facilitate an aspect
of viral pathogenesis (T cell depletion). The release of Nef
microvesicles has many potential implications for viral path-
ogenesis. We have attempted to account for these various
effects in the form of a model for Nef vesicles (see Fig. 7). In
this model, Nef microvesicles along with HIV virions are re-
leased from infected cells. The microvesicles via apoptotic
domains identified on extracellular soluble Nef can interact
with CXCR4 on the surface of T cells and induce apoptosis as
previously described by Huang et al.19 Microvesicles can also
interact with monocytes and macrophages. Although vesi-
cles do not typically induce apoptosis in these cells, they can
be internalized. We do not yet know the effects of internal-
ized Nef on monocytes or macrophages; however, it has
been shown that the uptake of soluble Nef by macrophages
can reproduce many of the same effects (i.e., CD4

FIG. 8. Model of Nef microvesicle in HIV pathogenesis. HIV-infected cells release both virions and Nef microvesicles.
Depending on the cell type of the microvesicle, the virion ratio varies. In step 1 the infected cells release both virions and Nef
microvesicles. Cells (both T cells and monocytes) that come in contact with virions become infected (step 2). T cells en-
countering only Nef microvesicles undergo apoptosis whereas monocytes/macrophages do not (step 3). In this model Nef
microvesicles are integral to HIV pathogenesis.
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downregulation) that endogenously expressed Nef can pro-
duce. Exactly what occurs when CD8þ T cells or other cells of
the immune system are exposed to vesicular Nef is yet to be
determined. Studies investigating the responses of other cells
(such as dendritic cells) to microvesicular Nef are ongoing in
the laboratory. Importantly, many of the characteristics of
HIV-1 Nef microvesicles are conserved in SIV.

Overall, this study documents a novel finding in HIV-1
pathogenesis. We demonstrate that Nef is released from in-
fected cells in CD45þ exosome-like microvesicles. Most im-
portantly, these Nef microvesicles could be detected in plasma
of HIVþ patients in large quantities. Given the capacity for
these microvesicles to induce apoptosis in T cells and interact
with other cells in the body, it seems likely that mvNef could
play an important role in HIV-1 pathogenesis.
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