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AIDS and the lung: update 1995 * 4

Role of the human immunodeficiency virus
within the lung

John R Clarke, Douglas S Robinson, Richard J Coker, Robert F Miller,
David M Mitchell

The lung is an important disease site in in-
dividuals infected with the human immuno-
deficiency virus (HIV) as has been discussed
in the previous three review articles published
in this series. The diseases described in the
lung in HIV disease are usually regarded as
manifestations of generalised changes, mainly
affecting the immune system, which are pro-
duced by HIV infection. During the early years
of the AIDS epidemic it became clear that
certain organ systems, in particular the central
nervous system, were directly infected by the
virus at an early stage in the natural history of
the disease, and that the virus could directly
inflict tissue damage without invoking an im-
mune mechanism. It is now known that other
organ systems - for example, the gut - may
also be directly infected by HIV resulting in
disease. Until recently little was known about
the role, if any, of HIV in the lung. Over
the last few years, using the research tool of
bronchoscopic alveolar lavage (BAL), a sub-
stantial number of research groups have re-
ported on aspects of this interesting area, and
it is the purpose of this article to review what
is currently known about the role of HIV in
the lung.
Our understanding of HIV, the aetiological

agent of AIDS, is rapidly evolving.'2 Most
research so far has studied HIV-1 obtained
from peripheral blood leucocytes (PBL) or peri-
pheral blood mononuclear cells (PBMC) due
to ease of availability of these cells. However,
the relevance of HIV-1 strains recovered from
PBL/PBMC has been questioned when con-
sidering pathogenesis ofHIV within the human
host. Efforts are currently being made to de-
velop sensitive and reliable ways of measuring
HIV disease progression, with particular em-
phasis being placed on the relationship between
the quantity ofvirus at various anatomical sites
and prognosis. The extent of virus replication
within the host immediately following infection
with HIV-1, and during the asymptomatic
phase of disease and its relationship to pro-
gression to AIDS, is being investigated. For
example, whilst HIV-1 is not easily detectable
in the peripheral blood of many asymptomatic
individuals, it has been shown to be actively
replicating in lymph nodes.3 Active replication

of HIV may well be occurring at other sites
including the lung during the asymptomatic
phase of infection.
Pulmonary disease is a well established fea-

ture of HIV infection, and opportunistic pul-
monary disease, most notably pneumocystis
pneumonia, is frequently the AIDS-defining
diagnosis.4 Necropsy studies show that the lung
is the most common site for AIDS-associated
disease processes and is affected in 90% of
patients, 5-8 although recently, as a result of
widespread use of prophylaxis, there has been
a fall in the incidence of pneumocystis pneu-
monia as an AIDS-defining illness.910 Even so,
a recent study reported that the lung, along
with lymph nodes and spleen, was an important
site for HIV replication in both paediatric and
adult AIDS patients." There is now evidence
to show that HIV-1 enters the lung early in the
natural history of HIV infection." Both HIV-
1 and HIV-2 are known to cause AIDS, but
HIV-2 is substantially less virulent than HIV-
1.12 Worldwide infection with HIV-2 is im-
portant but information on its role in the lung
is sparse. A number of recent reviews of HIV-
1 and the lung'3- have concentrated largely on
the immunological and immunopathological
mechanisms. This review will analyse recent
advances in our understanding of the role of
HIV within the lung and its possible con-
tribution to pathogenesis ofpulmonary disease.

Acute HIV infection
Up to 60% of individuals may develop an acute
clinical illness 1-3 weeks after infection with
HIV.7 18 Symptoms may include headache, my-
algia, lymphadenopathy, and rash.'920 In some
individuals pneumonitis, diarrhoea, and en-
cephalitis may occur.'8-21 During the acute
phase a viraemia is observed, often with high
levels of infectious virus detectable in
plasma.223 This "early" virus in cell-free peri-
pheral blood is genotypically homogenous2426
and may be carried to the lung in the cir-
culation, resulting in early pulmonary infection.
A number of cell types in the lung are known
to be susceptible to infection with HIV-1 in-
cluding resident interstitial lymphocytes and
alveolar macrophages. HIV-1 also both infects
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and replicates within lung fibroblasts2728 and
these cells may yet prove to be an important
reservoir for HIV in the lung. It is not known
yet whether other lung cells such as bronchial
epithelial cells or type I or II pneumocytes can
support the replication of HIV-1. To establish
exactly when HIV-1 reaches the lung following
primary infection detailed studies ofindividuals
close to time of infection will be required. An
interesting question to be answered relating to
acute infection with HIV-1 and lung in-
volvement is whether individuals who do not
have acute clinical symptoms relating to prim-
ary viraemia subsequently have less severe lung
involvement during the course of disease.

Celiular receptor for HIV-1 entry into
macrophages
It is well established that the CD4 molecule
is the primary ligand for the viral envelope
glycoprotein gp120 permitting HIV-1 infection
of leucocytes.2930 Monocytes obtained from
peripheral blood express greater numbers of
CD4 on their cell surfaces than do tissue macro-
phages. Even so, macrophages are more sus-
ceptible than monocytes to infection by HIV,
a higher percentage of macrophages can be
productively infected and, following infection,
the virus grows to a higher titre.3" However,
HIV- 1 entry to macrophages can be com-
petitively blocked by soluble CD4.32 Some
strains of HIV-1, despite being capable of at-
tachment to macrophage surface CD4 and fu-
sion with the cell membrane permitting entry
of the virus into the cell, do not productively
infect these cells.32 A recent report has shown
that, in some macrophage cell lines, there is a
block to productive infection by HIV-1 at the
stage between reverse transcription of viral
RNA and integration of proviral DNA.33 This
suggests that a host cell-virus interaction may
be required between successful virus pen-
etration and integration into the host cell gen-
ome.

Several non-primate cell lines that express
the human CD4 molecule are also resistant to
both penetration by HIV-1 and subsequent
syncytium formation. The block to infection
by HIV-1 in most non-primate cells is at the
stage of membrane fusion and this has been
attributed to the lack of a necessary second
receptor.37"' Recently it has been suggested
that a type of cell surface protease - dipeptidyl
aminopeptidase IV (also called CD26) - is the
second receptor for HIV-1L4° This receptor is
a good candidate as many cell types express
CD26 on their surface including human ac-
tivated B and T lymphocytes and macro-
phages.4' However, other workers have been
unable to show that CD26 is involved in HIV-
1 entry into cells.42"5
Once inside the macrophage, in order to

replicate HIV- 1 converts its RNA genome into
DNA. This is achieved by reverse transcriptase
(RT). Recently RT activity has been shown to
be appreciably slower in macrophages than in
established lymphocyte cell lines.46 Whilst HIV
viral DNA synthesis was completed by 12-16
hours after infection of a T lymphocyte cell

line H9, the same process required more than
36 hours in macrophages. An important factor
in the pathogenesis of HIV infection within
the lung could be whether the rate of HIV
replication increases when macrophages are
activated, and whether productive HIV in-
fection within these cells further abrogates their
function in terms of antigen presentation or
cytokine production.

Detection of HIV-1 in the lung by
molecular techniques
An early report of using in situ hybridisation
techniques on frozen lung sections indicated
that HIV-1 RNA was expressed in lung cells
from four out of 11 (36%) patients.47 In one
patient, an infant with lymphocytic interstitial
pneumonitis, HIV-1 specific RNA was detected
in 0 1% of lung cells, whilst viral RNA was
detected in 0-0 002% of lung cells from the
adult patients, indicating low levels of viral
replication in situ. Hybridisation assays are not
as sensitive as the polymerase chain reaction
(PCR) for the detection ofHIV-1. In one study,
HIV-1 proviral DNA was detected by PCR
in cells obtained at BAL in all eight adult
individuals, even though the virus was not isol-
ated from the cell-free BAL fluid obtained from
any of the patients.48 However, p24 antigen
was detected in the BAL fluid of one patient,
suggesting active in vivo replication ofthe virus.
A more recent study detected HIV-1 proviral
DNA from the alveolar cells of all 15 HIV-1
seropositive individuals who varied in disease
stage from CDC II to I.49 In another study
HIV-1 proviral DNA was detected in the BAL
cells of 21 of 44 (47%) individuals with
AIDS.505' More extensive investigation by the
same group detected HIV-1 proviral DNA in
BAL cells of 80 of 124 (65%) AIDS patients
using PCR.52 Other PCR-based studies have
reported HIV-1 proviral DNA in BAL cells of
between 50% and 85% of adult HIV-1 sero-
positive individuals tested.5354 Interestingly, a
recent report detected HIV-1 proviral DNA in
the alveolar macrophages of 100% ofpaediatric
AIDS patients but of only 67% of adult AIDS
patients.55 Furthermore, Landay and co-
workers, whilst detecting HIV-1 proviral DNA
in the alveolar cells (both alveolar macrophages
and lymphocytes) of 85% of adult AIDS
patients, could detect proviral DNA in the
alveolar macrophages of only 57% of them.54

In two PCR-based studies the frequency of
detection of HIV-1 proviral DNA increased
with disease progression. In the first study HIV-
1 specific DNA was detected from the BAL
cells of 55% of individuals who had been HIV-
1 seropositive for less than one year, and from
72% of those seropositive for more than two
years.56 In the other study HIV-1 DNA was
detected in the alveolar macrophages of 33%
of asymptomatic individuals and 63% ofAIDS
patients.53 Peripheral blood CD4 + T lympho-
cyte cell number was also important, with HIV-
1 specific DNA being detected in the BAL cells
of70% ofpatients with a CD4 + T lymphocyte
count of <0-2 x 109/l in peripheral blood, com-
pared with only 17% with a CD4 cell count of
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>0 2 x 109/1 in blood.56 In one study HIV-1
proviral DNA copy number was found in all
instances to be higher in alveolar macrophages
than in peripheral blood mononuclear cells
from the same patients.53 In contrast, another
study found no correlation in proviral DNA
copy number between these two cell types.57
Some groups have also reported higher quant-
ities of proviral DNA in alveolar lymphocytes
than alveolar macrophages,54 but other groups
have found no correlation between HIV pro-
viral DNA copy number in these cells.57
By the technique of limited cell dilution

quantitative PCR, HIV-1 DNA has been de-
tected in between 0 01% and 1% of BAL cells
in some adult AIDS patients.57 A correlation
between detection of HIV-1 proviral DNA in
BAL cells and progression to death56 has been
observed, suggesting that sequential mon-
itoring of HIV-1 DNA in BAL fluid may have
prognostic value; however, this preliminary
study awaits verification by others. At present
there are no published PCR studies based on
detection ofHIV- 1 RNA fromBAL cells. These
would provide a sensitive method for de-
termining the number of cells expressing HIV-
1 RNA and thus the extent of viral replication
in the lung. HIV-1 RNA expression is being
studied in peripheral blood quantitatively using
reverse transcriptase-based PCR studies.5"0 It
has been shown that abundant expression of
HIV-1 RNA in peripheral blood mononuclear
cells of infected individuals is predictive of
active disease progression.58 At the point of
seroconversion there are no significant differ-
ences in HIV RNA copy number in serum
samples regardless of whether individuals sub-
sequently remain asymptomatic or rapidly pro-
gress to AIDS.59 However, others have found
that HIV-1 proviral DNA copy number is sig-
nificantly higher early in the course of infection
in those with rapid disease progression than in
those with slower progression.60 Interestingly,
DNA copy number was found to increase by
only 2-5-fold as disease progressed, whereas
the number of cells productively infected in-
creased by 21-30-fold. Significant changes in
the levels of viral RNA, but not proviral DNA,
were observed after the initiation of anti-
retroviral chemotherapy and also at the point
where chemotherapy failed.6' It will be of in-
terest to undertake similar prospective se-
quential studies on matched peripheral blood
and BAL samples to determine whether the
number of cells productively infected increases
in both compartments as disease progresses.

Significance of the isolation of HIV-1
from BAL cells
Whilst some groups have failed to isolate HIV-
1 from BAL cells,4849 others have succeeded.
The first isolation was from a Haitian woman
with lymphocytic interstitial pneumonitis.6"
The differential count of the BAL cells from
this woman revealed 57% to be lymphocytes
(normal values <10%) of which 87% were
of the CD8 + phenotype. Other groups have
isolated HIV-1 from BAL fluid in all of four
cases;63 three of 24 (13%);64 34 of 75 (45%)65;

and 37 of 63 (59%)66 individuals. In one study
HIV-1 could be isolated from 38% of purified
alveolar macrophages but from 80% ofpurified
alveolar lymphocyte samples.65 These data sug-
gest that the isolation of HIV from BAL cells
may simply reflect the extent of trafficking
of lymphocytes into the lung from peripheral
blood. Peripheral blood CD4 + T lymphocyte
cell number has been shown to have a profound
effect on the ability to isolate HIV-1 from BAL
cells. Virus is rarely isolated from BAL fluid
in individuals with a blood CD4 + count of
0-3 x 109/1.65-69 This suggests that HIV-1 may
be latent in the lung during the asymptomatic
phase of disease. Alternatively, there may be
fewer HIV-1 infected cells in the lung while the
CD4 count remains high, thus increasing the
difficulty of recovering infectious virus.

Cellular tropism and phenotypic
variation of HIV-1
Infection with HIV-1 is not clonal. Genomic
diversity among independently obtained HIV-
1 strains, to a lesser degree among sequential
strains from the same patient, and even within
a single isolate from a patient is a well char-
acterised feature of HIV-1.70 Whilst this di-
versity is distributed throughout the entire HIV
genome, most DNA sequence and amino acid
variation is found within the envelope gene and
its products. This is particularly so within the
external gp120 protein where there are five
hypervariable regions referred to as Vl to V5.70
As HIV disease progresses from the asympto-
matic phase to AIDS, amino acid changes in
the hypervariable regions are accompanied by
the emergence ofmore virulent strains of HIV-
1.7172 The biological phenotype of early virus
strains is slow growing in culture and is detected
in low titre.7' These viruses fail to induce cyto-
pathic effects in culture and are termed non-
syncytium inducing (NSI) strains.72 A further
characteristic ofNSI strains is that their growth
is restricted to cells of mononuclear phagocyte
lineage (macrophage tropic). Later on in the
course of HIV infection just before or at the
time of progression to AIDS, rapidly growing
strains of HIV-1 emerge.72 These viruses grow
to a high titre in culture, cause cytopathic
effects, and are termed syncytium inducing (SI)
strains.7 72 A further characteristic of SI strains
is that they replicate in a wide range of trans-
formed T cell lines in addition to cells of
monocytic lineage. One determinant of cellular
tropism is amino acid variation within the third
hypervariable region of gp 120, the V3 loop.
Although this region consists of only 35 amino
acids, considerable sequence variability exists
between different virus isolates.70 V3 is im-
portant as a major neutralising epitope for anti-
bodies73 and is also a cellular immune target
for HIV-1 restricted cytotoxic T cells.74 The
V3 loop is an important determinant in the
cellular tropism ofHIV strains, although other
regions of gpl 20 may be involved. SI strains
have a basic amino acid at one or more of the
following positions: 11, 24, 25, and 32 in the
V3 loop, whilst NSI-macrophage tropic viruses
have a neutral amino acid at these positions.70
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Recent reports have failed to find evidence
of distinct macrophage tropic strains, although
strains of HIV-1 differed in their replication
capacity as measured by the production of
infectious progeny75 and in their syncytium
forming capacity within macrophages. Rapidly
growing SI phenotypes did not differ from slow
growing NSI phenotypes in their ability to
grow in monocyte derived macrophages.76 This
finding is in contrast to earlier reports which
indicated that the phenotype of HIV-1 could
be substantially changed by passage through
lymphocytes77 so that these viruses no longer
grew in macrophages. The question therefore
arises - are the HIV-1 genotypes and pheno-
types in the lung the same as those in the
peripheral blood? Schuitemaker et af8 found
the HIV-1 populations in cells obtained byBAL
from one AIDS patient contained mainly NSI-
monocytotropic viruses and that the BAL-de-
rived virus grew in culture to a higher titre than
the corresponding isolates of peripheral blood
leucocytes. This is important as it indicates that
HIV-1 strains from the lung may be biologically
different from those isolated simultaneously
from the peripheral blood. Of note, the rep-
lication kinetics ofHIV-1 strains obtained from
BAL lymphocytes of three HIV-1 seropositive
individuals were found to be similar to those
obtained from numerous isolates from their
peripheral blood leucocytes.79 It seems likely
that, in this instance, lymphocytes obtained
from BAL cells included HIV-1 infected CD4
lymphocytes recruited directly from peripheral
blood. In this respect, it has been shown that
the biological phenotype ofHIV-1 isolated from
the lung ofAIDS patients can be distinguished
in all instances from the corresponding strains
isolated simultaneously from the peripheral
blood.80 Recently, rapidly changing HIV-1 in-
fection has been described in an AIDS patient
who had sequential bronchoscopies where the
phenotype of HIV-1 switched from NSI to SI
in the lung before a similar change was detected
in peripheral blood.8 82 Genetic analysis of
HIV-1 proviral DNA recovered from blood
monocytes and alveolar macrophages of eight
patients showed that the V3 loop region of
HIV-1 strains from both cell types varied.83
More importantly, as many as eight out of 17
amino acids in the V4 loop were different
from the matched blood monocyte and alveolar
macrophage viruses. This strongly suggests that
these two cell populations are being infected
with HIV-1 separately, rather than HIV-1 in-
fected blood monocytes differentiating into al-
veolar macrophages in the lung. This is of
interest as one proposed mechanism for HIV-
1 gaining access to the lung is through HIV-1
infected peripheral blood monocytes entering
the lung and differentiating into alveolar
macrophages.4 16 68 At post mortem examination
it has been shown that the predominant in-
fected cell in the lung is the alveolar mac-
rophage.84 Even though the amino acid
sequences of lung isolates predicted pre-
dominantly NSI phenotypes, giant cell syncytia
were frequently observed in the lungs of these
patients indicating that in vivo the distinction
between SI and NSI strains may not exist.

Possible mechanisms of HIV-induced
pathogenesis in the lung
Three possible mechanisms exist whereby HIV-
1 may deplete alveolar lymphocytes and macro-
phages. HIV-1 infected alveolar cells may be
destroyed by (1) cytotoxic T lymphocyte-
mediated cytolysis; (2) virus-mediated cyto-
lysis; and (3) syncytia-mediated cytolysis.4' 6
A lymphocytic alveolitis which can culminate

in lymphocytic interstitial pneumonitis occurs
in up to 60% of adult HIV-1 infected patients
and can be detected throughout all stages of
HIV disease including the asymptomatic
phase.8586 The lymphocytes are largely HIV
specific CD8 + cytotoxic T lymphocytes and
the early stages at which these CD8 + cells can
be detected in the lung further suggests early
infection of the lung by HIV-1.8788 Alveolar
macrophages from HIV-1 infected individuals
at all stages of disease have been shown to
express macrophage inflammatory protein-lcz
(MIP-loc) which exerts a strong chemotactic
activity on purified activated blood CD8 + T
lymphocytes.89 HIV-restricted CD8+ T lym-
phocytes inhibit HIV replication in vitro and
the extent of inhibition may correlate with
disease state.90 Cytotoxic T lymphocyte activity
also occurs in HIV-infected children9l-93 and
this may be important in disease progression
and the development oflymphocytic interstitial
pneumonitis.
An important question is whether HIV-1 can

infect and replicate within CD8 + T lympho-
cytes. HIV-1 has been observed by electron
microscopy to be budding from the surface of
up to 10% of CD8+ T cells.94 CD8+ T
lymphocytes infected with HIV-1 have recently
been reported resulting in the accumulation
of unintegrated HIV-1 proviral DNA and the
production of progeny virions capable of in-
fecting CD4 + T lymphocytes.95 Infection by
HIV-1 of alveolar CD8+ lymphocytes may
therefore offer an alternative mechanism by
which HIV-1 might enter the lung and this has
implications for pathogenesis.

In virus-mediated cytolysis the accumulation
of virus or virus products within an infected
cell before the expression of viral antigens on
the cell surface could lead to toxic destruction
of the cell.68 In this respect the integration of
HIV-1 proviral DNA into the host cell genome
is important for productive infection.96 Inte-
gration of HIV-1 DNA appears to be relatively
random although there are some privileged
sites."" This integration step could disable the
gene into which virus is being integrated or
change the function of surrounding open read-
ing frames by either down- or up-regulation at
the transcriptional level. This could have a
profound effect on the immune function of
these cells.99 Increasing viral burden in peri-
pheral blood CD4 + T lymphocytes is directly
proportional to the progressive decline in these
cells and to deteriorating clinical course in
HIV infected patients.99100 Alternatively, cell
dysfunction and cell depletion in HIV-infected
individuals may be caused by the inappropriate
induction of programmed cell death (apo-
ptosis).'10 Induction of apoptosis occurs in both
CD4 + and CD8 + T lymphocytes in HIV-1
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infected individuals and this process may be
important to the pathogenesis ofAIDS. Studies
involving genetically immunodeficient SCID-
hu mice which lack both T and B lymphocytes
when reconstituted with adult human T lym-
phocytes and monocytes showed that infection
of these mice with NSI monocytotropic mo-
lecular clones of HIV- 1 led to a more rapid and
profound depletion of CD4 + T lymphocytes
than did infection with the more pathogenic
lymphocytotropic SI strains.'02 Consequently,
similar processes occurring in the lung could
lead to depletion of cellular immune function.
The third possible mechanism of virus-me-

diated pathological damage may result from
cytopathology induced by virus replication.'468
It has been suggested that HIV-1 infection of
alveolar macrophages in vivo is latent due to
inadequate stimulation of HIV-1 replication in
the alveolar environment.49However, this study
also detected p24 antigen in the cell-free BAL
fluid of the only two patients with CDC stage
IV disease, suggesting that HIV was replicating
in the lung late in the disease process. Another
study detected p24 antigen in the cell-free BAL
fluid in 22% of patients with AIDS.56 Fur-
thermore, HIV-1 RNA has been detected by
reverse transcriptase PCR in the cell-free BAL
fluid of all HIV seropositive individuals tested,
implying that HIV-1 is replicating in the lung
in vivo. We have recovered SI HIV-1 strains
from BAL cells which are capable of causing
cytopathology in both lymphocytes and macro-
phages in vitro.6769808 Others have found HIV-
1 infected giant cells in pathological tissue
obtained from the lung, suggesting that HIV-
1 does contribute to cytopathology in the lung
in vivo.84 What needs to be established is the
relationship between productive virus infection
in the lung and the manner in which this affects
cytokine production.'416

Immunological mechanisms in response
to HIV within the lung
In addition to CD4 +, CD8 + T lymphocytes
and alveolar macrophages,'03 lung fibroblasts28
have also been shown to be infected by HIV
both in vitro and in vivo. Other cells such as
eosinophils may be infected by HIV via the
CD4 molecule,'04 whilst dendritic cells and
epithelial cells may become infected through
uptake of HIV/antibody complexes.'05

T LYMPHOCYTES
As discussed above, HIV seropositive indi-
viduals have a predominantly CD8 + lympho-
cytic alveolitis in contrast to the profound
lymphopenia seen in peripheral blood.'08109
This is due to an increase in CD8 lymphocytes
present in 25% of those with early HIV disease
and 50% ofAIDS patients.'06 These CD8 cells
consist of two populations.107 Early in HIV
infection there is a predominant CD8 + D44 +
MHC class I restricted cytotoxic T cell ex-
pansion in the BAL cell population with
cytolytic activity against HIV infected cells.87
There is also a population of CD8 + cells
which express the CD57 surface marker usually

associated with natural killer cells. However,
rather than cytolytic killer function, these cells
suppress cytotoxic activity of CD8 + and nat-
ural killer cells and inhibit B cell differentiation
in vitro. This is dependent on production of a
20-30 kDa glycosylated protein, which is dis-
tinct from tumour necrosis factor alpha
(TNFoa), TNF[, transforming growth factor
(TGF) ac and I, interferon (IFN) oc and y,
interleukin 1 (IL-1), and prostaglandins."ll0'
Suppressor CD8+ CD57+ cells have been
described in the peripheral blood in response
to Epstein-Barr virus infection and have also
been demonstrated in the lung in bone marrow
recipients. They may thus represent a response
to repetitive cytolytic T cell activation generally
rather than a specific response to HIV itself."'
Although the presence of CD8 + CD57 + sub-
set of alveolar T lymphocytes can be detected
early in the course ofHIV infection, the number
of CD8 + D44 + cells appears to decrease as
HIV disease progresses, whilst CD8 + CD57 +
cells become the predominant T lymphocyte
type in BAL fluid. Whether this results from a
failure of CD4 + lymphocyte "help" or the
emergence of more virulent HIV strains re-
mains to be determined. These findings are
compatible with an initial CD8 + cytolytic re-
sponse to HIV in the lung which may have a
role in limiting viral propagation and replication
in both CD4 + T lymphocytes and alveolar
macrophages.110"1 Whether this response is
protective and why it fails are questions for
further research. What is of interest is that
CD8 + CD57 + T lymphocytes suppress other
effector killer cells in the lung including natural
killer and lymphokine activated killer cells.

In contrast to the CD8 + lymphocytosis,
CD4 + T lymphocytes are reduced in BAL
fluid from subjects with HIV infection, even in
early disease. Whether this simply parallels the
progressive decline in peripheral blood is un-
known. Early loss of reactivity to recall antigens
in HIV disease suggests that memoryT lympho-
cytes are selectively affected"2 and lung
CD4+ T lymphocytes are almost entirely of
memory phenotype. "' Thus, CD4 + lympho-
cyte depletion may occur earlier in the lung than
in peripheral blood. The lung is an important
lymphoid organ with trafficking of memory T
lymphocytes through the lung capillary bed,
and so is likely to play an important part in
surveillance against inhaled antigens. As the
lung probably acts as a reservoir for active HIV
proliferation as occurs in lymph nodes' '4
when HIV is almost undetectable in blood, it
is possible that memory CD4 + T lymphocytes
become infected during passage through the
lung. CD4 + T lymphocytes have been shown
to be vital in protection against Pneumocystis
carinii in animal models,"5 and it is progressive
failure of local CD4 + T lymphocyte helper
function that probably determines the de-
velopment of pneumocystis pneumonia in HIV
infected individuals.
On the basis of a shift in the cytokine profile

produced by phytohaemagglutinin-stimulated
peripheral blood mononuclear cells from
patients with late HIV disease compared with
those with early infection, it has been suggested
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that as HIV infection progresses there is a shift
from a Tml pattern of CD4+ T lymphocyte
cytokine response with IL-2 and IFNy pro-
duction to a Th2 pattern with IL-4 and IL-5
production.116 This is an attractive hypothesis
since Thl-type cytokines are associated with
cell-mediated immune responses and have been
demonstrated to predominate in the lung in
non-HIV infected individuals with pulmonary
tuberculosis,117 whereas the Th2 pattern of
cytokines is associated with antibody pro-
duction and atopic allergy and has been dem-
onstrated in the lung in individuals with atopic
asthma."8 In laboratory mice the outcome of
infection with Leishmania can be shown to
depend on the T cell pattern of cytokine re-
sponse predominant in that particular strain;
some strains mount a Thl response and elim-
inate the infection, whereas Th2 responders
succumb to infection."19 However, this view
that HIV infection is associated with a shift to
a Th2 pattern of response has recently been
challenged. Analysis of cytokine profiles in
lymph nodes from patients with HIV infection
did not show a Th2 pattern; indeed, most
cytokine production was from non-CD4 +
cells.'20 Large numbers of T cell clones from
HIV seropositive and normal individuals have
been examined and no shift to a Th2 cytokine
profile was seen in those with HIV infection.'2'
However, there was a reduction in Thl clones
from HIV seropositive individuals, especially in
response to PPD, which elicited a predominant
Thl response in normal subjects. Instead, there
was a shift to both Th2 and the intermediate
ThO pattern (cells producing both Thl and
Th2 cytokines). Also, in vitro, Th2 and ThO
clones were more susceptible to HIV infection
than Thl clones.'2' This issue is not resolved,
but it is ofnote that individuals with high serum
IgE (which accompanies Th2 activation) are
reported to progress more rapidly to AIDS than
those with normal IgE, and some individuals
who mount a cell-mediated response to HIV
but no antibody response appear to remain
healthy.'22 Whether there are changes in the T
cell cytokine profile in the lung either to HIV or
to opportunistic infections as disease progresses
remains unknown. Different patterns ofCD8 +
T cell cytokine production are described,'23
and may also have a finctional role. It will be
important to examine cytokine responses of
both CD4 + and CD8 + T cells in the lung
if therapeutic manipulation of such cytokines
becomes a reality.

Effects ofHIV on alveolar macrophage function
Increased numbers of alveolar macrophages in BAL fluid in
some subjects
Change in surface markers
Enhanced accessory cell function
Spontaneous production of cytokines
(TNFa, IL-1, ILU6, GM-CSF, MIP-la, TGFP)*

Priming for enhanced cytoline response to lipopolysaccharide
(TNFa, IL-i, IL-6, GM-CSF)

Cytokine production in pneumocystis pneumonia
(TNFoa, GM-CSF, IL-8)

Preserved responsiveness to interferon y (IFNy)
Decreased phagocytosis in AIDS

* Reports differ on whether cytokines are produced from alveolar
macrophages in HIV spontaneously or after stimulation. This
may reflect patients studied or culture conditions used.

Cytokines produced by other cell types pro-
foundly influence T cells, and the interactions
with macrophage derived IL-10 (which inhibits
both Thl and Th2 cell cytokine production'24)
or IL-12 (which switches to Thl IFNy pro-
duction) remain to be explored in the lung in
HIV.

ALVEOLAR MACROPHAGES
Alveolar macrophages serve a wide variety of
functions in the lung, both as phagocytes and
regulators of specific immune responses.
Although they express surface HLA DR
molecules,'25 these cells are poor antigen-pre-
senting cells (APC) in normal individuals and,
indeed, suppress T cell responses.'26127 How-
ever, it has been shown that alveolar macro-
phages from HIV seropositive subjects
demonstrate enhanced APC activity in vitro
when compared with cells from normal vo-
lunteers. 128 It has also been shown that more IL-
1 and IL-6 production occurred from alveolar
macrophages from HIV infected donors than
normal subjects, and that APC function of
alveolar macrophages was less critical on
macrophage-T cell adherence in BAL fluid
from HIV positive individuals.'29 It has been
suggested that the increased interaction be-
tween alveolar macrophage and T cells in the
lung in HIV infection may be a mechanism for
propagation ofHIV from alveolar macrophages
to non-infected CD4 + T cells. However, the
importance of these findings for immune re-
sponses is unclear.

Alveolar macrophages may amplify immune
responses through production of such pro-
inflammatory cytokines as IL-1 and TNFa
(which stimulate recruitment of other cells
through increased adhesion to vascular endo-
thelium and subsequently activate functions
such as neutrophil phagocytosis),"30"32 IL-6
(which stimulates the acute phase response
and other inflammatory cells),"31 granulocyte-
macrophage colony stimulating factor (GM-
CSF) (which recruits neutrophils and mono-
cytes), and chemokines such as IL-8 (which is
a neutrophil chemoattractant) and macrophage
inflammatory protein lc (MIP-lla). A number
of reports suggest that alveolar macrophages in
BAL fluid from HIV infected individuals either
release these cytokines spontaneously or are
primed to do so in response to lipo-
polysaccharide from infectious agents such as
Pneumocystis carinii. These cytokines and
chemokines are summarised in the table. The
demonstration of MIP-loc by alveolar macro-
phage production in HIV is of interest since
this agent is chemoattractive to CD8+ cells,
and secretion of MIP-la by alveolar macro-
phages in vitro correlates with the intensity of
CD8 alveolitis in vivo in HIV positive sub-
jects."9 As discussed above, this tends to con-
firm the hypothesis that HIV affects alveolar
macrophage function early in disease, since
CD8 + alveolitis is seen even in asymptomatic
HIV seropositive subjects.
Although enhanced production of pro-

inflammatory cytokines by alveolar macro-
phages in HIV might be beneficial in combating
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both HIV and potential opportunists, ex-
pression of these cytokines might also have
detrimental actions. TNFy, IL-1, and IL-6 can
potentially activate HIV replication by actions
on the NFkB promoter,'34135 so might actually
propagate HIV within the lung. There may also
be protective effects on HIV proliferation from
cytokines such as TGF1335 which are also re-

ported to be produced by alveolar macrophages
in HIV infection.'28

Similarly, cytokines may be either directly
toxic to pulmonary epithelium or recruit and
activate neutrophils producing reactive species
that may contribute to the alveolar capillary
leak seen in pneumocystis pneumonia in AIDS.
Thus, in AIDS, as in other conditions, an

exuberant inflammatory response to pathogens
may itself contribute to morbidity and mor-

tality. Corticosteroids have been shown to be
beneficial as an adjunct in the treatment of
pneumocystis pneumonia.'36 It has recently
been shown that patients with pneumocystis
pneumonia receiving corticosteroids show a

reduced alveolar macrophage production ofIL-
113 and TNFac.'37
Although alveolar macrophages from HIV

infected individuals showed upregulation of
IFNy-induced cytotoxicity to Toxoplasma gon-
dii,138 alveolar macrophages isolated from sub-
jects with AIDS and pneumonia had decreased
phagocytic capacity.139 It is possible that differ-
ent functions of alveolar macrophages are de-
pendent on the cytokine environment present
at different states ofHIV infection. It is possible
that early in HIV infection there is activation
oftheir function leading to cytokine production
and paradoxical activation of HIV replication,
with a later loss of activation of cytokines such
as IFN'y.

OTHER CELL TYPES
The lung contains a dense network of dendritic
cells.'40 It is suggested that dendritic cells may
become infected with HIV and this may lead
to a loss or alteration in the accessory signals
that are vital to co-ordinated T lymphocyte
responses. The role ofgranulocytes in HIV lung
pathology is unclear.'4' GM-CSF is chemo-
tactic to neutrophils and eosinophils, as is
IL-8 which has been demonstrated in BAL fluid
from patients with pneumocystis pneumonia. '42

Raised neutrophil counts in BAL fluid from
subjects with pneumocystis pneumonia carries
a poor prognosis,'43 and BAL eosinophilia may
also accompany pneumocystis pneumonia.'44
The consequences of HIV infection of CD4 +
lung fibroblasts are unknown. Whether bron-
chial and alveolar epithelial cells are directly
infected by HIV is unknown, although there is
good evidence of alveolar capillary epithelial
leak even in asymptomatic HIV disease.

Functional consequences of HIV in the
lung
Abnormalities ofpulmonary function tests, par-
ticularly reductions in the carbon monoxide
transfer factor (TLCO), have been described
in asymptomatic HIV seropositive individuals

without evidence of pulmonary disease,'45 and
abnormalities in alveolar capillary permeability,
as determined by technetium-99m labelled
diethylenetriaminepentaacetic acid (99mTc-
DTPA) lung to blood clearance, have also been
described in these patients.'46 Attempts to de-
fine these abnormalities in physiological terms
have not been illuminating and imaging tech-
niques with high resolution computed tomo-
graphic scanning have not disclosed any
abnormalities such as early interstitial lung dis-
ease.'4' However, both of these abnormalities
have been correlated with the intensity of
CD8+ T cell alveolitis suggesting that they
may result from the direct effects of cytotoxic
CD8 + T cells on the epithelium.'48 The pres-
ence ofHIV proviral DNA as detected by PCR
does not seem to be related to abnormalities
in TLCo as patients with and without detectable
HIV in BAL fluid had similar reductions in
TLCO.52 Furthermore, the reductions in TLCO
in all categories ofHIV disease were not related
to treatment with zidovudine, but smoking had
an additive effect on decrements in TLCo but
could not be invoked to explain all of the
abnormality,'45 nor was the ability to isolate
HIV by co-culture in vitro related to reductions
in TLCO.52 Again, patients who had HIV re-
coverable by co-culture in vitro from BAL
cells had identical reductions in TLCO when
compared with patients where HIV could not
be isolated in vitro.52 Cigarette smoking-in
addition to its generally deleterious effects on
the lung including abnormalities of lung 99mTc-
DTPA clearance and reductions in TLCO -
seems to have specific adverse effects on the
lung in individuals with HIV infection. Firstly,
smokers who are infected with HIV progress
more rapidly to their first AIDS-defining dia-
gnosis than non-smokers, and have decreased
survival.'49 Secondly, HIV is more readily isol-
ated in vitro from BAL fluid from smokers than
from non-smokers.56 It has recently been shown
that alveolar macrophages from smokers with
HIV infection did not show the upregulation of
accessory cell function seen in HIV seropositive
non-smokers. This effect appeared to be due
to reduced IL-1 and IL-6 production. The
lymphocytic alveolitis was also less intense in
smokers, suggesting that MIP-1 ao might also be
reduced. 50

Conclusions
HIV probably enters the lung early during the
course of infection and may constitute an im-
portant site for virus production in HIV in-
fected individuals. It can be detected in the
lung during the asymptomatic phase and the
load increases as disease progresses. HIV is
present in both alveolar macrophages and al-
veolar lymphocytes, as well as other cell types
within the lung, and may have profound early
effects on alveolar macrophage and T lympho-
cyte function resulting in a CD8 + alveolitis
which, although initially may be protective,
later appears to be suppressive towards HIV-
directed cytolysis. The activation of alveolar
macrophages by HIV and other infectious
agents may, by release ofproinflammatory cyto-
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kines such as TNFa and GM-CSF, lead to
impaired gas exchange but also to firther HIV
replication. Further refinement of our un-

derstanding of the interplay between the virus
and the local response within the lung could
allow the possibility of therapeutic immuno-
modulation with local and appropriate cytokine
therapy to the lung to reduce the current mor-
bidity and mortality from AIDS.
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