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ABSTRACT
Chronic lung diseases are increasingly recognised
complications of the human immunodeficiency virus (HIV)
infection and acquired immune deficiency syndrome
(AIDS). Of these, pulmonary emphysema, characterised
by permanent destruction of the lung parenchyma distal
to the terminal bronchioles accompanied by various
degrees of inflammation, is emerging as a distinct source
of morbidity for patients infected with HIV. Similarly, HIV
is now frequently cited as a susceptibility factor for the
development of emphysema, independent of cigarette
smoking status. The presence of common coexistent
confounding factors that may predispose patients to
chronic lung injury such as drugs, opportunistic infections
and malnutrition, limits the scope of studies of direct
mechanisms involved in HIV associated emphysematous
lung disease. We review the clinical studies supporting a
direct association between HIV infection and emphysema.
Recent developments in the basic understanding of HIV
infection and emphysema are also reviewed, since they
may aid in understanding the pathobiology of HIV
associated emphysema. The authors emphasise how HIV
infection may affect cytotoxic lymphocyte activation, lung
capillary endothelial cell injury and apoptosis, sphingolipid
imbalance and oxidative stress in the lung. A better
understanding of the pathogenesis of HIV associated
pulmonary emphysema may provide clues and therapeutic
targets that have broader application in this disease,
including cigarette smoke induced emphysema.

Before the advent of effective antiviral medications,
opportunistic infections were early, inevitable and
fatal consequences of acquired immune deficiency
syndrome (AIDS). Pneumocystis jiroveci (former car-
inii) pneumonia (PCP) was the most common fatal
complication, compromising about 75% of AIDS
patients in the early years of the epidemic. Indeed, of
the first 1000 cases of AIDS reported to the CDC,
PCP was the AIDS defining illness in 580 patients.1

Tuberculosis, bacterial pneumonias and Kaposi’s
sarcoma, now known to be associated with human
herpes virus 8 (HHV-8) infection, were also frequent
occurrences in human immunodeficiency virus (HIV)
infected patients. Together, these pulmonary com-
plications were major sources of morbidity and
mortality at the beginning of the epidemic.

HIV related bullous disease was first reported in
the late 1980s.2 The description of bullous disease
during radiological examination of the thorax in
patients with AIDS provided the first hint that
HIV infection was associated with emphysema-
tous destruction of the distal lung parenchyma.3

Radiologically, emphysema manifests early as
decreased attenuation of the lung parenchyma on
CT images, usually in a centrilobular distribution,

while more severe disease is characterised by larger
usually round areas of hyperlucencies with thin
walls, described as blebs or bullae (fig 1).
Emphysema typically is a disease of cigarette
smokers; however, only a minority of smokers
develops the disease, over a prolonged period of
time of two to three decades. Therefore, there is
limited information about the cellular mechanisms
behind the pathogenesis of cigarette smoke
induced emphysema in the general population. In
contrast, HIV associated emphysema occurs over a
much shorter period of time than smoking related
emphysema. For example, emphysema may be
recognised in 20–40-year-old patients, rather than
in the 50–70-year-old patients in non-HIV smo-
kers. Insights into the pathogenesis of HIV related
emphysema might help determine the pathogen-
esis of emphysema in the general population of
smokers. HIV itself has been reported to cause
direct cytotoxic effects in the brain and kidney
cells, leading to conditions such as HIV dementia
and HIV nephropathy, respectively. A similar
effect could also occur in the lung, explaining the
HIV associated emphysema in non-smokers.
Alternatively, in smokers with HIV and emphy-
sema, what is the underlying mechanism by which
HIV infection augments the damage caused by
tobacco smoke, to explain why the disease appears
to occur earlier than in smokers without HIV? Is it
unique to HIV infected patients, or could similar
mechanisms apply to the pathogenesis of emphy-
sema in the HIV negative population?

The purpose of this review is to discuss the
clinical studies that established the link between
HIV infection and emphysematous lung destruc-
tion in the light of experimental work that
suggested a molecular mechanism for this destruc-
tion. This analysis could lead to improved under-
standing of the more general problem of
emphysematous destruction of the lung.

CLINICAL STUDIES OF HIV ASSOCIATED
EMPHYSEMA
The introduction of highly active antiretroviral
therapy (HAART) in the mid 1990s, along with
effective methods of PCP prophylaxis, greatly
reduced the incidence of infectious pulmonary
complications among HIV infected individuals.
However, pulmonary complaints remained promi-
nent among the HIV seropositive (HIV+) popula-
tion, even in the absence of overt pulmonary
complications. A survey of 327 patients revealed
that HIV+ patients have a greater incidence of
cough, phlegm production, dyspnoea and wheez-
ing compared with HIV negative (HIV2) controls.4

This finding was independent of tobacco use.
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The symptoms of HIV related emphysema described by Diaz
and colleagues4 are quite similar to the classic symptoms of
pulmonary emphysema and chronic obstructive pulmonary
disease. Early in the epidemic in 1989, Kuhlman et al published
a case series of CT examinations in HIV+ patients. Twenty-three
out of 55 patients had bullous changes identified on CT
examination.2 Three years later, Diaz et al reported physiological
evidence of emphysema-like disease in a small series of four HIV+
patients.5 In these patients, who ranged in age from 32 to 55 years
and presented with dyspnoea but no history of pulmonary
opportunistic infections or infiltrate on chest radiograph, pul-
monary function tests revealed prominent air trapping and
hyperinflation. Additionally, all had decreased carbon monoxide
diffusion capacities. Although there was minimal evidence of
obstruction, all three patients who underwent high resolution CT
examinations had evidence of bullous changes. Because the
changes in pulmonary function tests were disproportionate to

the reported tobacco use, the authors postulated an increased
susceptibility to cigarette smoke damage in HIV infected patients.

This hypothesis has been supported by further comparisons
of HIV+ smokers with HIV smokers. In a recent observational
study comparing 1014 HIV+ and 713 HIV2 male veterans, HIV
was identified as an independent risk factor for chronic
obstructive pulmonary disease (COPD) after adjusting for age,
race, pack-years of smoking, intravenous drug abuse and alcohol
abuse. HIV subjects were 50–60% more likely to receive a
diagnosis of COPD when these risk factors were accounted for.6

A series of 114 HIV+ patients, when compared with 44 HIV2

controls, revealed a significantly higher rate of emphysema (17/
114 vs 1/44) among the HIV+ individuals.7 When controlled for
tobacco exposure, the HIV+ subjects again had significantly
more emphysematous damage for a given level of tobacco use. A
significantly higher percentage of cytotoxic T lymphocytes were
found in the bronchoalveolar lavage of HIV+ patients with
emphysema than in any other group.7 As discussed further in
the review, cytotoxic T lymphocytes are postulated to play a
pathogenic role in the development of human emphysema.8 In
the context of the HIV infection associated emphysema,
cytotoxic T lymphocytes may be a marker of specific lung
damage or may directly be involved in the pathogenesis of
emphysematous lung destruction. Although the above discussed
studies provide evidence of an association between HIV and
emphysema, many features of this disorder are not clear.
Because emphysema develops earlier in HIV+ patients, the
association between HIV infection and emphysema may reflect
an increased susceptibility to tobacco damage. The increased
susceptibility may be due to HIV decreasing the lung’s ability to
cope with the injury by cigarette smoking. However, neither the
long term natural history of HIV associated emphysema is
known nor is the effect of HIV treatment on its course. In the
aforementioned VA study, which, importantly, was not
designed to assess the effect of HAART on the development
or progression of COPD, there was no significant difference in
the number of patients diagnosed with COPD among those
who received HAART therapy versus those who did not.6 In
addition to the limitations in the study design, the lack of data
on HAART adherence and effectiveness among the patients
studied significantly impairs drawing any conclusions about the
impact of HAART on COPD incidence or the clinical course in
HIV infected individuals.

Adding to the complexity of HIV associated COPD, several
risk factors associated with HIV infection may themselves play
a pathogenic role in the development of emphysema, such as
infection or colonisation with Pneumocystis, intravenous drug
use, malnutrition, etc. Despite the decrease in the morbidity and
mortality associated with PCP pneumonia, a large number of
HIV+ patients, especially those with low CD4 cell counts, may
be colonised with Pneumocystis. A recent study identified
Pneumocystis in 42 of 91 (46%) patients.9 The risk of colonisation
increased with cigarette smoking but was not associated with
CD4 count, use of prophylaxis, use of antiretroviral agents or
prior PCP pneumonia. Other studies have found colonisation
rates as high as 69%.10 In the non-HIV infected population,
Pneumocystis colonisation has been associated with increased
severity of airway obstruction in COPD.11 In the studied cohort
of patients, 36.7% of patients with Global Health Initiative on
Obstructive Lung Disease (GOLD) stage IV disease were
colonised with Pneumocystis compared with only 5.3% of
patients with less severe COPD or normal lung function.
These data led to the hypothesis that Pneumocystis colonisation
may accelerate the development of airway obstruction. Further

Figure 1 Radiological manifestations of HIV associated emphysema.
(A) CT scan of the thorax (apical lung section at the level of the aortic
arch) of a 56-year-old male, HIV positive since 2002, nadir CD4 = 72 and
not receiving antiretroviral therapy. Self-reported smoking history of 2
pack-years. Note the normal appearing lung structure. (B) CT scan of the
thorax (apical lung section at the level of the aortic arch) of a 58-year-old
male, HIV positive since 2001, nadir CD4 = 538 and not receiving
antiretroviral therapy. Self-reported smoking history of 21 pack-years.
Despite a slight difference in the window level due to the different image
acquisition technique, the differences from the CT scan in (A) are readily
noted, such as the increased anteroposterior diameter of the chest and
the widespread presence of low attenuation lung structures (arrow)
consistent with extensive emphysema.
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studies of the pathogenic role of the fungal colonisation in the
development of airspace enlargement in emphysema are needed
to better understand the role of colonisation by Pneumocystis
colonisation and infection in the pathogenesis of HIV related
emphysema. A detailed understanding of these pathogenic
mechanisms will likely require the use of a relevant animal
model. Recently, investigators have reported on the develop-
ment of such a model, of non-human primates infected with the
simian immunodeficiency virus, then colonised with
Pneumocystis who develop a progressive decline in lung function
accompanied by influx of cytotoxic lymphocytes.12

The high risk of HIV infection in injecting drug users
confounds the interpretation of emphysema in HIV+ indivi-
duals, since intravenous drug use has been associated with
bullous lung disease. A large retrospective series found a 2%
incidence of bullous pulmonary damage in intravenous drug
users, with emphysematous changes typically present in the
upper lobes.13 14 Interestingly, intravenous injection of crushed
methylphenidate tablets (Ritalin) is associated with a panlob-
ular emphysema mostly affecting the lower lobes of the
lung.15 16 While this is different from the emphysema seen in
other intravenous drug users and in chronic smokers, the
radiographic and pathological presentations resemble the find-
ings in patients with alpha 1-antitrypsin deficiency. Talc from
the Ritalin tablets was implicated as a possible causative factor
similar to that found in intravenous methadone preparations,17

possibly related to foreign body microemboli of the pulmonary
capillary beds causing lower lobe emphysema which may
coexist with interstitial fibrotic changes.18 Despite the fact that
the use of marijuana is not a risk factor for HIV in patients who
are habitual marijuana smokers, bullous lung disease has been
described in association with the heavy use of marijuana. These
marijuana associated bullae differ from tobacco associated
emphysema in their distribution as they are typically located
paraseptal, rather then centrilobular.19

EXPERIMENTAL STUDIES AND MECHANISTIC THEORIES
RELATED TO THE PATHOGENESIS OF EMPHYSEMA IN HIV+
INDIVIDUALS
There is increasing appreciation that the pathogenesis of
emphysema is a complex process that involves crosstalk
between multiple physiological and pathological pathways of
the lung. Immune, apoptotic, proteolytic and oxidative stress
responses of multiple cell types converge to cause relentless lung
destruction over a period of years.20 The elastase instillation
model of emphysema developed by Senior et al provided the
experimental validation of the causal role of excessive elastolytic
burden in alveolar destruction in emphysema.21 In the present
age of transgenic modelling of disease, the protection against
cigarette smoke induced emphysema in mice deficient in matrix
metalloprotease-12 solidified the protease/antiprotease hypoth-
esis as a prime potential target for therapies against the
disease.22 Because the experimental evidence of excessive
proteolysis developed in the past two decades, several human
studies documented the activation of inflammatory cells in
smokers and the presence of markers of inflammation in the
blood, bronchoalveolar lavage and lung tissue.8 23 24 Several
experimental studies documented that depletion of macro-
phages rendered rodents resistant to cigarette smoke induced
emphysema.25

In parallel with studies on inflammatory cells, other
investigators focused their research on the role of resident
structural cells of the lung in emphysema. In the alveoli, O2 is
transported from airspaces lined by epithelial cells to blood

vessels lined by endothelial cells. Destruction of either of these
cell types would result in the disappearance of alveolar units. In
principle, cigarette smoke and other aetiological agents can
cause emphysema26 by triggering apoptosis of either epithelial
cells (direct mechanism)27 or endothelial cells (through down-
regulation of survival signalling molecules).26 28 29 There is strong
evidence that severely emphysematous lungs have increased
numbers of apoptotic cells.26 The first study to mechanistically
implicate apoptosis in the development of emphysema demon-
strated that inhibition of the angiogenic and pro-endothelial cell
survival vascular endothelial growth factor (VEGF) causes
pulmonary endothelial cell apoptosis.28 30 The relevance of the
VEGFR blockade model to human emphysema is that both have
decreased VEGF signalling, decreased number of lung capillaries
and increased oxidative stress and alveolar cell apoptosis. In the
VEGF blockade model however, the apoptosis dependent
alveolar destruction proceeds without inflammation,28 31 thus
showing for the first time that apoptosis plays a distinct
pathogenic role in alveolar destruction and emphysema devel-
opment. Apoptosis has been classically described as a process of
coordinated removal of unwanted cells without stimulating
inflammation. Furthermore, physiological apoptosis would lead
to a local anti-inflammatory environment characterised by
production of prostaglandin E2 and transforming growth factor
b.32 In the context of emphysema, Henson proposed that
excessive alveolar cell apoptosis or impaired apoptotic cell
clearance would cause inflammation from prolonged exposure
of nuclear and cytoplasmic contents of dying cells.33 In an
editorial written in 2003, we framed apoptosis as the missing
link in the pathogenesis of emphysema.34 Since then, additional
evidence supported the notion that abnormal levels of apoptosis
may invoke an inflammatory response. For example, Zheng
et al linked apoptosis to excessive inflammation caused by
upregulation of interferon c.35 The most striking result of their
studies was that blockade of apoptosis significantly reduced
inflammation,35 thus positioning, for the first time, apoptosis
upstream of alveolar inflammation and emphysema. Another
potential link between inflammatory and apoptotic pathways
has been shown with work on alpha 1 antitrypsin, a well
known protective factor against emphysema. Alpha 1 anti-
trypsin is a serum bona fide anti-inflammatory protease
inhibitor, but which we found to also enter lung endothelial
cells,36 where it plays an antiapoptotic role against injurious
stimuli both in cell culture36 and in vivo.37 Finally, abundant
data implicate injurious levels of oxidative stress, usually
attributed to cigarette smoke or phagocyte activation, in the
pathogenesis of emphysema.38 39 Erythrocytes and alveolar
macrophages from smokers show altered activities of antiox-
idant enzymes such as superoxide dismutase, catalase and
glutathione peroxidase, which are hypothesised to be initially
activated, but eventually downregulated, therefore overwhelm-
ing their ability to scavenge the excess free radicals.39 40 It is by
now well recognised that reactive oxygen species play various
roles in the cellular biological responses, from physiological
intracellular signalling, to injury and cell death.

Like most studies attempting to elucidate the pathogenesis of
emphysema, a complex disease which takes decades to manifest
clinically, the investigations into the mechanisms of HIV related
emphysema are primarily using observational studies in
humans, translational studies utilising human derived speci-
mens, basic studies of the virus in cell culture systems and
animal models of disease. As most laboratory animal species are
not susceptible to HIV infections, it is even more difficult to
develop complex models of HIV related lung pathology, having
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to rely on expensive non-human primate models of HIV
infection using the simian immunodeficiency virus. Next, we
will summarise data available from all these levels of investiga-
tion that may suggest pathogenic mechanisms of HIV induced
lung alveolar destruction, with the understanding that most of
the in vitro or data derived from other organs affected with HIV
will have to await confirmation in lung models of disease in vivo
and even in human studies before being widely adopted.

HIV and lung inflammation
The extent of inflammatory reaction in emphysema is variable.
The role of inflammation in the development of emphysema
has been traditionally supported by the protease/antiprotease
imbalance theory. Patients with low levels of alpha 1
antitrypsin are highly susceptible to smoking induced emphy-
sema. Furthermore, instillation of elastase is a classical experi-
mental model of emphysema. The sources of excessive proteases
are postulated to be the polymorphonuclear cells that release
neutrophil elastase and proteinase 3 and the macrophages,
which release matrix metalloproteases. However, in the 1990s,
studies reported accumulation of CD8+ T cells in the lungs of
patients with severe COPD.41–43 Subsequent work demonstrated
that these cells express a T helper type 1 (Th1) cytokine profile,8

a pattern suggestive of a cytotoxic T lymphocyte phenotype
(CTL).44 The potential role of CTL in the pathogenesis of
emphysema is further supported by animal models demonstrat-
ing that pulmonary viral infections, which typically lead to a
localised CTL immune response, are important cofactors in the
development of disease.45 Given these observations, it is not
surprising that emphysema is found in HIV infected subjects,
whose lung response to the HIV infection is characterised by the
accumulation of CD8+ cells in the alveolar space (fig 2).46 47 In
fact, lymphocytic alveolitis, defined as greater than 15%
lymphocytes in bronchoalveolar lavage, is a common finding

in HIV infected subjects (fig 2A, 2B). These lymphocytes
typically express CD8 (fig 2C), consistent with their CTL
phenotype.46

How might the presence of CTL in the lung lead to
emphysema in HIV infected subjects? There are several
potential mechanisms. We and others have shown that the
production of interferon c is increased in the lungs of HIV
infected subjects,48 49 likely coming primarily from CD8+ CTL.
This could lead to a state of chronic alveolar macrophage
activation and chronic inflammation in the lung. Second, when
CTL encounter their antigenic targets they release perforins and
proteases which could directly damage the lung.50 Third,
perforins and proteases have also been shown to induce
apoptosis in lung cells,51 further leading to lung destruction.
Thus CD8+ cells can influence lung parenchymal destruction
through many different mechanisms.

If CD8+ CTLs are important in the pathogenesis of
emphysema, what is the ‘‘antigen’’ that drives this response
in HIV infected subjects? Clearly, common respiratory viruses
could contribute in much the same way they are postulated to
do so in non-HIV infected subjects with emphysema.
Pneumocystis has also been shown to evoke a CTL response52

and the emphysema seen in HIV infected subjects frequently
occurs in the apex, a site where Pneumocystis is commonly
present. Other pathogens commonly found in HIV infection
can also induce a CTL response, including tuberculosis.53 The
HIV particles or HIV derived molecules may contain the
‘‘antigen’’ as well. For example, Tat (transactivator of tran-
scription protein) is a transactivator of the HIV-1 long terminal
repeat, required for viral gene expression and replication which
can be secreted. Another potentially important chemokine
secreted in response to HIV infection, and in particular to the
HIV 1-Nef protein54 is interferon inducible protein 10 (IP-10),
which may contribute to CTL chemoattraction.55 Nef is an

Figure 2 (A) Lymphocytic alveolitis,
defined as greater than 15% lymphocytes
in bronchoalveolar lavage (BAL) (broken
line), is common and may persist in HIV
infected subjects in the absence of highly
active antiretroviral therapy treatment
(HAART) (reprinted with permission from
Twigg and colleagues47). Bars represent
individual HIV patients studied in the pre-
HAART era (black bars = first
bronchoscopy, white bars = second
bronchoscopy 11 (9.7) months later).
(B, C) Typical appearance of BAL showing
lymphocytic inflammation in an
asymptomatic HIV positive patient (B).
Microphotograph (106magnification) of
Wright–Giemsa stained BAL showing
alveolar macrophages (arrowhead) and a
large number of lymphocytes (arrows).
(C) Microphotograph (206magnification)
of BAL stained by immunocytochemistry
with a CD8 specific antibody showing
increased presence of CD8 positive T
lymphocytes (brown, arrow) in the BAL
from the same HIV positive patient.
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N-myristoylated adaptor protein which interacts with multiple
cellular signalling pathways and immune cell receptors56–59

contributing to the maintenance of high viral loads during
HIV infection and possibly the HIV associated pulmonary
vasculopathy.60 While Tat stimulates monocytes via activation
of VEGF receptor 161 and Nef may act via CXCR3 receptor,55 an
intriguing possibility is that HIV itself perpetuates the CTL
response.46 In this regard, we have shown in cross sectional
studies that the presence of lymphocytic alveolitis correlates
with the ability to detect HIV in bronchoalveolar lavage fluid.47

Moreover, HIV RNA was detected primarily in cells adjacent to
emphysematous areas of the lung rather than in normal
appearing lungs of AIDS associated emphysema lungs examined
at autopsy.62

Furthermore, in a recently completed longitudinal study, we
demonstrated that HAART was associated with a significant
decrease in the number of CD8+ cells in the alveolar space
(manuscript submitted). This raises the interesting possibility
that the incidence of COPD in HIV infected subjects may
decrease significantly in the HAART era, a question not yet
answered by clinical trials to date. Finally, autoantigens
generated during chronic inflammation may lead to develop-
ment of autoreactive CTL. Thus there is no shortage of
potential antigenic stimuli to drive a CD8+ cytotoxic T cell
response in HIV infected subjects.

In addition, HIV seems to infect the alveolar macrophages in
the lungs of HIV seropositive individuals. This in turn has been
postulated to lead to overexpression of matrix metalloprotei-
nases in adjacent cells which may lead to destruction of the
basement membranes and the development of emphysema.17

HIV and endothelial cell dysfunction and apoptosis
The known effects of HIV infection on endothelial cell function
appear to be linked to angiogenesis (both increased, abnormal
angiogenesis and inhibition of angiogenesis with endothelial cell
death) and the signalling of the proangiogenic VEGF. One of the
first recognised tumours associated with the HIV infection was
the Kaposi sarcoma, a highly vascular tumour characterised by
neoplastic growth of blood vessels, subsequently attributed to

human herpes virus 8 infection (HHV-8). Although VEGF
serum levels do not appear to correlate with HIV or HHV
infection,63 HHV-8 infection stimulates endothelial cell trans-
formation via enhanced VEGF and VEGF R expression, leading
to Kaposi sarcoma.64 The extracellularly secreted Tat has been
primarily involved in the regulation of angiogenesis, although
there are reports of a direct proapoptotic effect on lung
microvascular endothelial cells in vitro.65 Compared with
VEGF, extracellular Tat exerts distinct effects on endothelial
cells, for example stimulation of MAPK ERK is not required for
its angiogenic response,66 but like other growth factors it binds
heparin.67 Interestingly, Tat itself binds VEGF receptor 2 (KDR).
The proposed binding site is its basic domain67 which exhibited
a low specificity and high affinity for binding KDR.68 However,
other domains of Tat may bind VEGF receptors.69 Twenty
amino acid and 12 amino acid peptides corresponding to the
cysteine rich and basic domains, respectively, of HIV-1 Tat also
inhibited VEGF binding to KDR and neuropilin 1 receptors in
endothelial cells. These Tat peptides inhibited VEGF induced
ERK activation and mitogenesis in endothelial cells, and
inhibited angiogenesis in vitro at concentrations similar to
those which inhibited VEGF receptor binding. These peptides
also inhibited proliferation, angiogenesis and ERK activation
induced by basic fibroblast growth factor (bFGF) with similar
potency and efficacy. Surprisingly, we found that both cysteine
rich and basic domain Tat peptides strikingly induced apoptosis
in endothelial cells, independent of their effects on VEGF and
bFGF. Furthermore, we found no evidence for direct biological
effects of recombinant Tat on VEGF receptor binding, ERK
activation, endothelial cell survival or mitogenesis.70 In sum-
mary, cell culture studies suggested that individual peptides
from both basic and cysteine rich domains induced apoptosis of
endothelial cells independent of VEGF interaction and inhibited
angiogenesis.70 The cysteine rich peptides were more potent
than the basic at inducing endothelial cell apoptosis.70 The
proangiogenic effects of Tat are likely indirect through the
release of bFGF and ligation of integrins a5b1 and avb3.70 These
effects in the lung may oppose the effect of VEGF and cause
excessive lung microvascular endothelial cell apoptosis.71

Microvascular endothelial cell apoptosis may be also triggered
by HIV-1 Nef which has been shown to trigger brain
microvascular endothelial cell apoptosis.72 However, the net
effect of Nef on the lung endothelial cell may be dependent on
cooperative activity of immune cells. In this regard, prompt
clearance of apoptotic endothelial cells and selection for
apoptosis resistant endothelium may trigger aberrant angiogen-
esis in the lung.60

Can HIV cause apoptosis of lung cells directly? HIV
accelerates FAS and ceramide induced apoptosis of Jurkat cells
in culture via the gp160 dependent calmodulin upregulation.73 74

HIV1 causes neuronal apoptosis via monocyte derived tumour
necrosis factor a (and ceramide) and platelet activator factor
receptor activation.75 Interestingly, ceramide has been shown to
enhance HIV viral transcription and HIV production in
myelomonocytic cells latently infected with HIV76 and is
sustained by autocrine tumour necrosis factor synthesis.77 A
metabolic product of ceramide, galactosylceramide, serves as a
portal of cellular entry for HIV-1 virion via gp120 binding to this
lipid receptor.78 79 In neuronal cells, both Tat and gp 120 induced
ceramide production as well as oxidative stress.80 It is
conceivable therefore that HIV and ceramide reciprocally
augment their production, with deleterious effects for lung
homeostasis. In this context, we have shown increased ceramide
levels in the lungs of patients with emphysema and a

Figure 3 Schematic diagram with the putative mechanisms involved in
the HIV associated pulmonary emphysema development. HIV or the HIV-
Tat protein engaging mechanisms important in the development of lung
emphysema, such as an imbalance of protease/antiproteases, oxidative
stress and alveolar endothelial cell apoptosis. CTL, cytotoxic T
lymphocyte; IFNc, interferon c; IP-10, interferon inducible protein 10;
Tat, transactivator of transcription protein.
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pathogenic role for ceramide overproduction in the development
of murine emphysema.31 36

HIV and oxidative stress
Interestingly, it has been noted that while systemic levels of
glutathione are lower in HIV+ individuals,81 there are higher
reduced glutathione levels in the upper lobes of HIV seropositive
patients compared with the middle lobe independent of
smoking status.82 It is unclear the reasons behind these localised
increases at a site with a more pronounced lung damage (upper
lobes), where oxidative stress is expected to be higher and
therefore to consume the reduced glutathione. Evidence for a
repressed antioxidant system in HIV comes also from our
studies in cell cultures, where Tat directly interacted and
repressed the expression of manganese superoxide dismutase83

and seleno-glutathione peroxidase,84 potent antioxidant
enzymes. Thus the alterations in redox homeostasis in the lung
may predispose to accumulation of reactive oxygen species and
increased susceptibility to emphysema.

Other potential mechanisms of HIV associated emphysema
Malnutrition may play a role in the development of emphy-
sema85 in HIV infected patients. Indeed, the body mass index
was the most important clinical variable associated with
decreased carbon monoxide diffusion capacities among the
HIV+ subjects.7 How starvation causes emphysema is not yet
known, and may involve increased apoptosis and cytotoxic
lymphocyte activation.86 Similarly, whether any relationship
exists between HIV infection and acceleration of senescence
which has been recently implicated in the emphysema
phenotype is currently unknown.87 88 Traditionally, HIV infec-
tion has been associated with increased replicative senescence of
immune cells,89 but how these findings relate to an exuberant
cytotoxic lymphocytic response in the lung or to an increased
senescent profile of parenchymal lung cells90 remains to be
elucidated.

In conclusion, HIV seropositive individuals have a propensity
to develop emphysematous changes in their upper lobes at an
accelerated rate independent of smoking status. Confounding
factors in HIV infected individuals, including Pneumocystis
colonisation, drug use and malnutrition may play a role in the
predisposition for emphysema. However, HIV itself is emerging
as an independent factor in the pathogenesis of emphysema
(schematic diagram summarising the putative mechanisms is
shown in fig 3). It remains to be determined whether HAART
therapy can prevent or retard the development of HIV related
emphysema. Understanding the processes that trigger emphy-
sema in HIV infected individuals may unravel the mechanisms
of cigarette smoke related emphysema in non-infected patients
as well.
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