
Viral mechanisms of adipose dysfunction: lessons from HIV-1 Vpr

N Agarwal1 and A Balasubramanyam1,2,*
1Translational Metabolism Unit; Diabetes Research Center; Division of Diabetes; Endocrinology and Metabolism; Baylor College of Medicine; Houston, TX USA;
2Endocrine Service; Ben Taub General Hospital; Houston, TX USA

HIV-associated lipodystrophy is a
heterogeneous, evolving condition

associated with fundamental defects in
adipose tissue differentiation, turnover
and function. Although many antiretro-
viral drugs can affect adipose tissues
adversely, clinical evidence suggests that
factors associated with the virus per se
could play a role. We have focused on the
possibility that an HIV accessory protein,
viral protein R (Vpr) could dysregulate
metabolically critical transcription fac-
tors to cause the adipose dysfunction. In
a recent study published in Science
Translational Medicine, we utilized 2 ani-
mal models to show that Vpr, produced
in tissues that sequester HIV after antire-
troviral therapy, can act in a paracrine or
endocrine fashion to disrupt adipocyte
differentiation and function by inhibiting
PPARg target gene expression and acti-
vating glucocorticoid target gene expres-
sion. The phenotypic consequences
included many features typical of the
human syndrome, including accelerated
lipolysis, increased macrophage infiltra-
tion in adipose tissue, diminished size of
white adipose depots and hepatic steato-
sis. In this commentary, we summarize
the background, results, and implications
of these studies, and raise important
questions for future investigation. More
broadly, these studies suggest that
chronic viral infections may be a causa-
tive factor in the pathogenesis of some
forms of lipid metabolic disease, insulin
resistance, and diabetes.

Obesity, primarily a condition of dys-
functional adipose tissue, is the traditional
starting point for translational investiga-
tions into adipose defects in humans.
However, the phenotypic heterogeneity

and etiological complexity of human obe-
sity render it a difficult model to dissect
pathophysiologic pathways and identify
specific molecular defects. The human lip-
odystrophy syndromes (conditions of gen-
eralized or regional fat loss with or
without fat expansion in some areas) are
somewhat more tractable to specific etio-
logic analysis, and could be useful models
to uncover primary adipocyte-specific
defects that in turn could shed light on
adipocyte biology and on pathways that
may be disrupted in “common” obesity.
Over a dozen rare lipodystrophic syn-
dromes have yielded to genetic analyses,
and have proven to have a monogenic
cause.1 The degree of complexity is
increased when one considers the acquired
lipodystrophic syndromes; for one thing,
“lipodystrophy” is to some extent in the
eye of the beholder, and subtle forms may
go unnoticed against the powerful secular
trend toward overnutrition-related adi-
pose expansion. For another, the acquired
lipodystrophy syndromes tend to have
multiple phenotypes with ranges of sever-
ity depending on the timing, chronicity,
and reversibility of the aggravating
causes.2

HIV-associated lipodystrophy is a
striking, widespread but phenotypically
heterogeneous and highly variable
acquired lipodystrophic syndrome that
first came to clinical notice when protease
inhibitor drugs became the backbone of
HIV therapy in the late 1990s.3-8 Impor-
tantly, the anthropomorphic changes
described as “fat redistribution” were asso-
ciated with markers of dyslipidemia, vas-
cular inflammation, insulin resistance and
accelerated atherosclerosis; the prevalence
of these “metabolic” defects spread well
beyond patients with visible or quantifi-
able adipose depot changes. These adipose
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and lipid metabolic defects were initially
attributed to adverse effects of the PI
drugs, but, with some variations, they
were also noted in association with nucle-
oside reverse transcriptase agents, and, to
subtler degrees, with drugs of other classes
and modes of action. Now, in the era of
the fourth or fifth generations of antiretro-
viral drugs, it is clear that in addition to
adverse drug effects, there are important
roles for persistent HIV-1 per se and for
the associated chronic immune/inflamma-
tory responses in the pathophysiology
of the adipose and metabolic disturban-
ces.9-12

Biochemical evidence for a fundamen-
tal defect in adipose tissue function in
HIV patients came from human meta-
bolic studies indicating that accelerated
lipolysis with defective oxidation of the
released fatty acids in the fasted state, and
extremely poor clearance of dietary fat in
the fed state, are characteristic features of
HIV-associated metabolic disease.13–15

These manifestations pointed to a funda-
mental dysregulation of adipocyte
enzymes such as hormone sensitive lipase
and lipoprotein lipase,16-20 raising the
likelihood of specific regulatory defects
that could explain abnormalities of multi-
ple enzymes and pathways. Biopsy studies
of lipoatrophic regions of subcutaneous
fat in HIV patients demonstrated a high
degree of apoptosis, together with dimin-
ished expression of an array of genes of
adipocyte differentiation, including
PPARg 21-23; this placed the fundamental
lesions, at least in subcutaneous fat, within
pathways of preadipocyte differentiation
and adipocyte apoptosis. Clues as to the
fundamental lesions in hypertrophic vis-
ceral fat were scarce due to a paucity of
studies of those depots, while biopsies and
functional studies of regional fat accumu-
lation, such as in the cervical region, indi-
cated a possible transformation of pockets
of WAT to a beige or brown fat pheno-
type.24 Collectively, these data indicated
that the adipose defects likely occur in
both preadipocytes and adipocytes, due to
defects in transcriptional regulation of dif-
ferentiation as well as in enzymatic activi-
ties of function, and differentially in
various adipose depots.

In the attempt to find common factors
that would cause these pleiotropic

disturbances in adipose regulation, we
were intrigued by elegant work from the
laboratories of Dr. Kino, Chrousos and
Kopp at the NIH, demonstrating that
viral protein R (Vpr), an HIV-1 accessory
protein, could function in vitro as a potent
co-activator of the glucocorticoid receptor
and a co-repressor of PPARg.25-27. Fur-
thermore, Vpr could induce G2/M
cell-cycle arrest and apoptosis.28 Impor-
tantly—since lipodystrophy and meta-
bolic aberrations are most apparent in
HIV patients on apparently effective anti-
retroviral therapy with undetectable
plasma viral load—Vpr had the character-
istics of a hormone, i.e., it could be
released from HIV-1-infected cells
(including replication-deficient HIV-1)
and despite inhibition of viral replication
by protease inhibitors,28 circulate inde-
pendently of intact HIV-1,29 and trans-
duce a range of cells in a receptor-and
energy-independent manner.27,29 These
features suggested the following hypothe-
sis—Vpr released from HIV-1-infected
immune cells within reservoirs in ART-
treated patients could act as endocrine or
paracrine effectors, transduce adipose cells
to promote glucocorticoid sensitivity and
downregulate PPARg, and produce the
characteristic biochemical and clinical
features.

In work published recently in Science
Translational Medicine,30 we first demon-
strated that Vpr is present in the serum of
both treated and untreated HIV patients,
with no relation to plasma viral load, then
utilized 2 mouse models to demonstrate
mechanisms whereby Vpr can disrupt adi-
pose differentiation and function in vivo.
The first (transgenic) model was designed
to investigate whether Vpr expression in
the metabolic tissues of interest can cause
characteristic HIV-associated metabolic
defects, and the second (pharmacologic)
model was designed to investigate whether
virion-free Vpr in the circulation is suffi-
cient to cause these defects in adipose cells
and hepatocytes.

The two mouse models displayed a
very similar phenotype that substantially
recapitulated the cardinal defects in HIV
patients. The Vpr mice demonstrated
increased lipolysis with blunted fat oxida-
tion, diminished WAT mass with
increased macrophage infiltration, blunted

expression of PPARg-target genes regulat-
ing adipocyte differentiation and function
(Pparg, Adiponectin, Ap2, Cap, Cd36,
Glut4, Lpl, Perilipin) but increased expres-
sion of GR-target genes regulating lipoly-
sis (Atgl, Hsl) in perigonadal and inguinal
fat depots, and decreased circulating levels
of adiponectin (total and HMW) and
aP2. Moreover, Vpr was present in the
serum of the transgenic mice, indicating
that Vpr expressed within cells is released
into the circulation.

Several details of the specific cellular
mechanisms revealed by these models pro-
vide insights into how a nuclear-acting
pathogenic factor could produce different
effects in different tissues, and even in dif-
ferent adipose depots. For example, within
the perigonadal adipose depot (analogous
to visceral fat in humans), protein expres-
sion of adipocyte triglyceride lipase
(ATGL, which catalyzes the hydrolysis of
the first fatty acid in triglyceride) was
markedly increased, reflecting Vpr’s co-
activation of its gene transcription via the
glucocorticoid receptor. ATGL protein
was also increased within the inguinal fat
depot (analogous to subcutaneous adipose
tissue in humans), though much less than
in the perigonadal fat. However the level
of the active (phospho-Ser563) form of
hormone sensitive lipase (HSL, which cat-
alyzes the hydrolysis of the second fatty
acid in triglyceride) was altered by Vpr in
opposite directions in these 2 depots–—
increased in perigonadal fat but decreased
in inguinal fat. This discordance reveals a
potential mechanism for the observation
that in conditions of generalized adipose
dysfunction such as obesity, lipolysis is
greater in visceral compared to subcutane-
ous fat 31; glucocorticoid “effectiveness,"
e.g. by activation of 11-b hydroxysteroid
dehydrogenase type 1, might vary in these
depots due to differential expression of the
rate-determining lipolytic enzymes, and
result in a greater flux of fatty acids
directly into the portal vein than into sys-
temic venous effluents.32 It also suggests
that whole body hyperlipolysis could
result in greater release of diglycerides in
inguinal than in perigonadal fat. Recent
work has suggested that products of lipol-
ysis play an important chemotactic role in
the entry of monocytes into adipose tis-
sues 33; we have found that T cells
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infiltrate the inguinal fat of Vpr mice in
greater numbers than in perigonadal fat,
and it is possible that a higher concentra-
tion of diglycerides in the former depot
plays a role in this phenomenon.

A common finding, especially among
men with HIV infection on HAART, is
that lipoatrophy in subcutaneous adipose
tissues is not matched by similar loss of fat
in visceral adipose depots—indeed the lat-
ter are frequently expanded.3-8 The Vpr
mouse models display diminution of fat
mass in both inguinal (“subcutaneous”)
and perigonadal (“visceral”) depots, which
is at odds with the pattern in humans. A
careful gene expression study by Gallego-
Escuerdo et al, utilizing human biopsy
samples from both subcutaneous and vis-
ceral fat depots of antiretroviral-treated
HIV-1 infected patients, has explored the
mechanistic basis for this depot differ-
ence.34 These investigators found that
while expression of adipogenic genes such
as PPARg was diminished in subcutane-
ous fat, it was unchanged in visceral fat;
this was accompanied by milder increases
in proinflammatory cytokine gene expres-
sion in the visceral compared to the subcu-
taneous fat. These findings suggest that in
the context of human infection with HIV-
1, the effects of Vpr on visceral fat could
be modulated by factors such as immune
alterations associated with gut-lymphoid
tissues, or by transcriptional co-regulators
or micro-RNA’s specific to visceral adi-
pose tissue.35-37 The possibility that Vpr
could modulate estrogen receptor signal-
ing, which may also vary in different adi-
pose depots, is discussed below.

A provocative observation in the Vpr
mice was the rapid development of hepatic
steatosis within a few weeks of induction
of Vpr expression or synthetic Vpr admin-
istration. This is of great interest in view
of the high prevalence of non-alcoholic
fatty liver disease among HIV patients
(currently estimated at 30–35% of mono-
infected patients, i.e., those without con-
comitant hepatitis B or C infection).38–43

Accelerated lipolysis in visceral adipose tis-
sue undoubtedly contributes to the fatty
liver phenotype, but we also found evi-
dence pointing to additional mechanisms:
diminished oxidative disposal of fatty
acids and defective VLDL-triglyceride
export. Evidence for the former was found

in blunted expression of hepatic genes reg-
ulating fat oxidation (Ppara, Cpt1, Lcad,
Aox), and for the latter in decreased
expression of Mtp1, encoding microsomal
triglyceride transfer protein which is criti-
cal for hepatic VLDL-TG export. We are
currently performing experiments to
obtain biochemical support for these find-
ings; for the present, the interesting fact is
that all of these genes are regulated by
PPARa, hence it appears that Vpr co-
represses PPARa in liver just as it does
PPARg in adipose tissues. Collectively,
these data indicate that Vpr may be a rela-
tively promiscuous co-regulator of an
array of metabolically important transcrip-
tion factors, at least in part through direct
interactions via its LXXLL motif.25-27 As
with the reciprocal effects upon GR com-
pared to PPARg/PPARa, the coregulation
could be positive or negative. Indeed, the
Kopp lab has recently shown that Vpr also
interacts with another PPAR family mem-
ber, PPARb/d - however, the effect in this
instance is to increase PPAR response ele-
ment-driven transcriptional activity, with
a consequent reduction in the activity of
the pyruvate dehydrogenase complex in
HepG2 cells and increase in mitochon-
drial oxygen consumption.44 This effect
could contribute to impaired hepatic
energy metabolism (diminished oxidative
phosphorylation) and increased energy
expenditure in HIV patients. Very recent
(unpublished) work in our lab suggests
that Vpr could also co-regulate liver X
receptor-a (LXRa), with important con-
sequences for altered rates of hepatic
lipogenesis.

Another interesting observation, cur-
rently still preliminary, relates to gender
differences in the Vpr mouse phenotype.
Male mice, as noted above, have decreased
WAT mass. Female mice, on the other
hand, appear to manifest expansion of
most WAT depots compared to wild-type
littermates. This is intriguing because in
many cross-sectional analyses of HIV
patient cohorts, lipohypertrophy is more
prevalent in women than in men 45-51

(although the longitudinal FRAM Study
suggested that progressive peripheral fat
loss also occurs in HIV-infected women,
and that increased visceral fat accumula-
tion may be restricted to women
without peripheral lipoatrophy52). These

preliminary findings raise the possibility
that the estrogen receptor may be yet
another transcription factor prone to dys-
regulation by Vpr.

Despite the intriguing results of these
targeted studies, it is clear that heteroge-
neous manifestations of the HIV-associ-
ated lipodystrophy syndrome represent
the consequences of multiple, interacting,
temporally evolving factors that include
HIV-1 per se, immune responses and the
undeniable effects of antiretroviral drugs.
It is likely, as some investigators have pro-
posed,53 that products of HIV-1 infection
initiate a “first wave” of alterations in adi-
pose tissue that is amplified by antiretrovi-
ral toxicity and ultimately results in HIV-
1 lipodystrophy.

In conclusion, our reported and ongo-
ing studies in the Vpr mouse models and
cellular investigations reveal fresh
approaches into the study of acquired dis-
orders of adipose dysfunction, and point
to specific areas of future investigation.
The most significant concept is that a
product of a chronic viral infection can
co-opt key transcriptional regulators of
energy metabolism to give rise to lipodys-
trophy. Is this is generalizable concept,
i.e., could this occur in the context of
other viral or parasitic infections? Much
work remains be done to establish this
concept. First and foremost, it will be
important to confirm, through biopsy
studies correlated with organ specific func-
tion, that Vpr is a significant pathophysio-
logic mechanism in HIV infected
patients. In parallel with this effort is the
need to understand Vpr mechanisms
underlying fatty liver disease and the sex
difference in the lipodystrophic pheno-
type. Studies to address these questions
are under way.
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