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Most patients infected with HIV-1 devel-
op AIDS unless they receive antiretrovi-
ral medication. However, a small num-
ber of HIV-infected individuals with
high viral titers remain disease free and
do not experience progressive immuno-
suppression, even in the absence of ther-
apy. Such individuals are labeled long-
term nonprogressors (LTNPs) and are
characterized by a series of laboratory
parameters that are usually compro-
mised in HIV-1 carriers who ultimately
develop AIDS. In particular, LTNPs pos-
sess a high frequency of peripheral CD4+

T cells, as well as a low level of sponta-
neous apoptosis, correlating with a nor-
mal mitochondrial transmembrane
potential (∆ψm) among circulating T
cells. It has long been assumed that, as
an experimentum naturae, LTNPs might
furnish valuable clues for the identifica-
tion of molecular determinants of 
HIV-1 pathogenesis. A study by Badley
and colleagues involving LTNPs, report-
ed in this issue of the JCI (1), strongly
suggests that viral protein R (Vpr) is a
major HIV-1 virulence factor.

Vpr – a cytocidal protein 
encoded by HIV-1
The HIV-1 genome encodes structural
and enzymatic proteins common to all
retroviruses, but also some accessory
proteins that are not always required
for the replication of HIV-1. One of
these accessory proteins, Vpr, is found
in virions, HIV-1–infected cells, and in
the serum and cerebrospinal fluid of
HIV-1 carriers. Vpr is a small (96 amino
acids) soluble protein composed of
three α-helical domains (Figure 1a).
Vpr is dispensable for viral replication

in T lymphocytes, but not in mono-
cytes, and thus is rapidly lost among
laboratory HIV-1 isolates. In contrast,
Vpr is maintained in most HIV-1–
infected patients, indicating that this
protein may be important for the in
vivo biology of HIV-1. In vitro, Vpr
reduces the proliferation of CD4+ lym-
phocytes and of various other cell types
via a G2 cell cycle arrest. Moreover, Vpr
induces cell death through the intrin-
sic pathway of apoptosis, which
involves mitochondrial membrane per-
meabilization (MMP), the release of
cytochrome c from mitochondria, and
the cytochrome c–dependent activa-
tion of caspases (2, 3).

A fraction of Vpr transfected into
cells can be found in the mitochondri-
al compartment (2). When added to
purified mitochondria, recombinant or
synthetic Vpr crosses the outer mem-
brane through the voltage-dependent
anion channel. It then interacts with
the adenine nucleotide translocator
(ANT) in the inner mitochondrial
membrane to form a composite ion
channel. This channel dissipates the
∆ψm and thus favors MMP and subse-
quent apoptosis (3). The physical inter-
action between Vpr and ANT has been
determined by coimmunoprecipita-
tion, electrophysiological measure-
ments, and surface plasmon resonance
(3). Vpr fails to kill ANT-deficient cells
(3), which suggests that the Vpr/ANT
interaction is central to the apoptosis-
inducing properties of Vpr.

Vpr is mutated in LTNPs
In this issue of the JCI, Badley and col-
leagues (1) report that 80% of LTNPs
manifest a point mutation in Vpr
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leading to the exchange of arginine 77
with a glutamine residue. This muta-
tion (R77Q) is far less frequent (33%)
among patients with progressive dis-
ease. Badley and coauthors’ analysis
confirms previous studies (4) and sup-
ports the idea that Vpr may serve as a
mediator of CD4+ T cell depletion in
HIV infection. In T cell infections uti-
lizing vesicular stomatitis virus G pro-
tein–pseudotyped HIV-1 particles, the
R77Q mutation had no impact on cell
cycle arrest or viral replication, yet it
led to a significant reduction in apop-
tosis (1). Compared to the wild-type
Vpr peptide, a synthetic Vpr peptide
carrying the R77Q mutation induced
much less apoptosis, ∆ψm dissipation,
cytochrome c release, and caspase-3
activation (1). This result has been
demonstrated in vitro, when Vpr-
derived peptides were added to
human T lymphoma cells, and in vivo,

when such peptides were injected into
mice in which the depletion of CD4+

and CD8+ T cells was being monitored
(1). Based on these findings, Badley
and coauthors (1) propose that the
R77Q mutation (and the subsequent
reduction in Vpr-mediated apoptosis)
might explain the LTNP phenotype.

How the Vpr mutation attenuates
Vpr function
How is it possible that the R77Q
mutation reduces Vpr-mediated apop-
tosis induction and HIV-1 virulence,
even though computer-based calcula-
tions do not predict any major effect
of this single amino acid substitution
on the overall folding of the α-helical
structure (5) of Vpr (Figure 1a)? The
answer to this enigma may reside in
the mechanism through which Vpr
interacts with ANT. Indeed, the mini-
mum unit of Vpr capable of inducing

MMP in vitro in isolated mitochon-
dria is a dodecapeptide (aa 72-83)
located within the C-terminal α-helix
(3). This mitochondriotoxic domain
contains three arginine (R) residues
(R73, R77, and R80), which asymmet-
rically distribute to just one side of
the α-helix and participate in the
physical interaction with one particu-
lar moiety of the six–transmembrane
domain ANT, namely the first loop
(amino acids 104–116) exposed to the
mitochondrial intermembrane space.
These positively charged R residues
(e.g., R77, but also R73 or R80) with-
in Vpr are likely to be involved in
cation-π interactions with F109,
W111, Y113 and/or F114 within ANT
(Figure 1b). This type of noncovalent
binding, which is as least as strong as
a hydrogen bond, is increasingly con-
sidered for drug design and has been
shown to be instrumental for antigen
recognition by immune receptors,
detection of DNA damage by repair
enzymes, and ligand-elicited receptor
signaling (6). Mutations of R77, as
described by Badley and colleagues
(1), may be expected to strongly
reduce the affinity of Vpr for ANT.
This would explain the reduced mito-
chondriotoxic and proapoptotic
potential of Vpr R77Q.

Based on these findings, several tan-
talizing possibilities arise. It appears
possible that R77Q could act as a
dominant-negative Vpr mutant, based
on the previous finding that R73-
mutated Vpr reverses the wild-type
Vpr-mediated block in host cell pro-
liferation, presumably through the 
N-terminus–mediated oligomeriza-
tion with wild-type Vpr (7). Such
dominant-negative Vpr inhibitors, as
well as synthetic blockers of the
Vpr/ANT interaction, may be expect-
ed to have a positive impact on the
prognosis of HIV-1 infection, provid-
ed that Vpr and the Vpr/ANT interac-
tion are truly important for AIDS
pathogenesis. Indeed, HIV protease
inhibitors have already been shown to
suppress the MMP-inducing effects of
two ANT ligands, Vpr and atractylo-
side, as assessed using isolated mito-
chondria (8). This could explain why
HIV-1 protease inhibitors can inhibit
HIV-1–induced apoptosis, independ-
ently of their anti-retroviral effect.

Figure 1
Impact of the R77Q mutation of Vpr on the conformation of Vpr and the interaction between
Vpr and ANT. (a) Representation of wild-type (R77) Vpr and R77Q Vpr. Three amphipathic
helices (shown in red and yellow) are linked by turns (green) and flexible loops (gray). The
mitochondriotoxic domain of Vpr has been marked in yellow. Only the side chain of amino
acid 77 is shown. (b) View of the arginine residues (R73, R77, R80) within the mitochondri-
otoxic domain of Vpr (yellow) and the aromatic residues of ANT (F109, W111, Y113 and/or
F114) involved in cation-π interactions, as calculated by molecular modeling (10). The inner
mitochondrial membrane (dark blue) is indicated to facilitate the topological orientation of
the third loop (residues 104–116) of ANT. C, carboxy terminus; N, amino terminus; L134
and R72 are amino residues of ANT.



It is also important to note that the
proapoptotic Vpr protein is not the
only viral mitochondrion-targeted
protein to be identified as a virulence
factor (9). It will be interesting to learn
which other viruses produce similar
mitochondrion-targeted, apoptosis-
regulatory, disease-relevant proteins,
all of which could constitute promis-
ing pharmacological targets.
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Of late, life has become more compli-
cated in cardiovascular biology. Life was
simpler when the prevalent dogma stat-
ing that the heart is a terminally differ-
entiated organ without regenerative
capacity remained unchallenged (1).
This static view of the myocardium
implied that both myocyte death and
myocyte replication played no mean-
ingful role in cardiac homeostasis and
could be safely ignored. In the absence
of myocyte renewal, cell death by apop-
tosis or necrosis had to be extremely low
or non-existent to explain the preserva-
tion of the cardiac mass throughout the
lifespan of the individual. Even very low

rates of myocyte death would have
resulted in the complete disappearance
of the myocardium in a few decades.
Thus, it is not surprising that the exis-
tence of myocyte apoptosis remained
controversial during the past decade (2).
Recent findings indicating the presence
in the adult myocardium of a cell popu-
lation with the behavior and potential
of cardiac stem cells has challenged the
status quo, provided an explanation for
the existence of a subpopulation of
immature cycling myocytes and em-
braced myocyte death and myocyte
renewal as the two sides of the prover-
bial coin of cardiac homeostasis (3).
This myocyte renewal depends on the
differentiation of primitive cells into
immature myocytes that might divide
two to four times before becoming ter-
minally differentiated and permanently
withdrawn from the cell cycle. There is
no evidence that already mature car-
diomyocytes can de-differentiate, re-
enter the cell cycle, and proliferate. In

this new light, the presence, regulation,
and physiological consequences of myo-
cyte apoptosis have gained new signifi-
cance. Two papers in this issue of the JCI
highlight the effect of this type of myo-
cyte death in cardiac performance and
provide new insights on the role of
myocyte death and renewal in cardio-
vascular physiology (4, 5).

Diffuse cell death leads 
to dilated cardiomyopathy
Although it is well accepted that
myocyte death is a determining fac-
tor of ventricular dysfunction and
end-stage failure (6), whether diffuse
myocyte apoptosis can, by itself,
cause cardiac failure has remained
controversial. The pattern of cell
death within the myocardium has
distinct consequences on cardiac
function. Moderate scattered myo-
cyte death has a greater negative ef-
fect on ventricular hemodynamics
than equivalent segmental myocyte
loss (7). It takes the destruction of
40–50% of left ventricular myocytes
after coronary artery occlusion to
produce cardiac failure (8), while a
10–20% myocyte dropout dispersed
throughout produces the same result
(7). The two animal models of
myocyte apoptosis published in this
issue of the JCI (4, 5) provide conclu-
sive proof that myocyte dropout by
itself can cause cardiac failure. In
these studies, appearance of dilated
cardiomyopathy is mediated by dif-
fuse myocyte apoptosis across the
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