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Abstract

Immunosuppression associated with human immunodeficiency virus (HIV) infection impacts all
components of host defense against pulmonary infection. Cells within the lung have altered
immune function and are important reservoirs for HIV infection. The host immune response to
infected lung cells further compromises responses to a secondary pathogenic insult. In the upper
respiratory tract, mucociliary function is impaired and there are decreased levels of salivary
immunoglobulin A. Host defenses in the lower respiratory tract are controlled by alveolar
macrophages, lymphocytes, and polymorphonuclear leukocytes. As HIV progresses, lung CD4 T
cells are reduced in number causing a lack of activation signals from CD4 T cells and impaired
defense by macrophages. CD8 T cells, on the other hand, are increased in number and cause
lymphocytic alveolitis. Specific antibody responses by B lymphocytes are decreased and
opsonization of microorganisms is impaired. These observed defects in host defense of the
respiratory tract explain the susceptibility of HIV-infected persons for oropharyngeal candidiasis,
bacterial pneumonia, Pneumocystis pneumonia, and other opportunistic infections.

Keywords
HIV infections; Host defense against infection; T-lymphocytes; B-lymphocytes; Lung diseases

INTRODUCTION

Approximately 1.2 million people in the United States are living with HIV infection.
Although antibiotic and antiviral therapies have decreased the incidence of pulmonary
infection in HIV-infected patients, this population remains at risk for opportunistic
infections, such as Pneumocystis pneumonia. The high frequency of pulmonary infections in
HIV-infected individuals suggests a disruption of important pulmonary host defenses.

A number of mechanisms explaining host susceptibility to lung infections during HIV, have
been suggested.23 First, HIV can directly infect and kill host cells, leading to a decline in
the number of cells that can participate in host defense against pathogens. Second, HIV can
impair the secretory or cytokine functions of host immune cells (i.e. shift from Thl
cytokines to Th2 cytokines). Third, HIV infection can interfere with the ability of circulating
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immune cells to migrate into the lungs to clear pathogens. Lastly, coinfection of a pathogen
may further impair host defense.

Abnormalities in host defense, caused by HIV, are dependent upon the duration or extent of
HIV infection. Generally, bacterial pneumonia, tuberculosis, and oral thrush are commonly
seen early in HIV infection whereas Prieumocystis pneumonia, atypical mycobacterial
infections, toxoplasmosis, and cryptococcal infections are found later when CD4 T cell
counts are low.# In terms of pulmonary host defense, HIV infection may be seen as a cycle,
with HIV infection causing defective host defense leading to pulmonary infection that
further exacerbates the HIV infection.?

The lungs are protected against infection by defense systems operative at different anatomic
levels and at different times after an infectious challenge. The first line of defense is
provided by mechanical barriers and airway secretions (Figure 1).5 The earliest cellular
response is provided by innate immunity followed by adaptive immunity. Prior reviews have
been published that summarize defective host defense against pulmonary infections seen in
HIV-infected individuals. This review will outline more recent knowledge, from 2012 to
present, on host defense defects associated with HIV in the lung.

PATHOGENESIS OF HIV INFECTION

HIV infection can alter host defense by directly infecting pulmonary cells. Various strains of
HIV demonstrate cellular tropism, based on the phenotype and receptor/co-receptors
required for entry of the virus into host cells.2 The primary receptor for HIV is the CD4
receptor, found in humans on the surface of monocytes/macrophages and lymphocytes. HIV
is divided into three groups based on cellular tropism. The macrophage-tropic (M-tropic)
strain, which interacts with the chemokine coreceptor CCR5 (R5), infects peripheral blood
mononuclear cells, monocytes, macrophages and T lymphocytes. The T-cell tropic (T-tropic)
strain, which interacts with the chemokine coreceptor CXCR4 (X4), infects T lymphocytes
and T cell lines but not monocytes or macrophages. Lastly, the dual tropic strain (R5X4),
which interacts with both chemokine receptors, infects both monocytes/macrophages and T
cell lines.® It can be envisioned that cellular tropism of HIV might result in differential
effects on pulmonary host defense and host susceptibility to specific infections, but the /in
vivo correlates of HIV tropism are unknown.

UPPER RESPIRATORY TRACT AND CONDUCTING AIRWAYS

Mechanical barriers provide the initial defense of the respiratory tract by filtering
microorganisms from the air stream through nasal hairs and branching airways that serve to
prevent HIV-associated pathogens from entering the lower respiratory tract.> The initial
mechanical barriers encountered by microorganisms are ciliated epithelial cells and airway
secretions, which contain molecules that provide protection against infection of the
respiratory tract. Ciliated epithelial cells line the upper respiratory tract and conducting
airways and function as a mucociliary ladder, which sweeps foreign objects and infectious
agents from the upper respiratory tract to be swallowed or expectorated. Decreased ciliary
transport may explain the high rate of sinusitis seen in HIV-infected patients.” Airway

Semin Respir Crit Care Med. Author manuscript; available in PMC 2018 January 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Charles and Shellito

Page 3

secretions contain protective molecules (i.e., lysozyme, lactoferrin, defensins, collectins, and
immunoglobulin A (IgA)), which are secreted by cells of the immune system. Although
changes in the concentration of these molecules in airway secretions have been observed
during HIV infection, the correlation between changes and disease progression have not
been determined. There are several HIV-associated upper respiratory tract infections, but the
most frequent opportunistic infection is oropharyngeal candiasis (OPC), also known as
thrush.8 Oral thrush is seen in later stages of HIV and is often used as a predictor of disease
progression to AIDS, independent of CD4 T cell count.

DEFECTS IN INNATE IMMUNITY

The innate defense system consists of phagocytic cells and natural killer cells, which are
able to neutralize bacteria and virus-infected cells through pattern recognition receptors.
These receptors recognize conserved bacterial products and viral motifs. Innate immune
cells also produce a wide range of pro-inflammatory cytokines and chemokines to facilitate
an inflammatory response to infection. Many innate immune cells can also process and
present antigen to lymphocytes.

Alveolar Macrophages

The primary reservoir for HIV in the lung is thought to be macrophages. All macrophages
originate from precursor cells in hematopoietic organs and gain access to the respiratory
tract via the blood and lymph. Alveolar macrophages (AM) represent 95% of the cells in
bronchoalveolar lavage (BAL) fluid.® AMs are resident lung phagocytes which express high
densities of immunoglobulin receptor, complement receptor, mannose receptor and several
types of scavenger receptors that aid in phagocytosis of opsonized and non-opsonized
particles.10 AMs are active producers of cytokines/chemokines, and have important pro- and
anti-inflammatory roles in the alveolus. The number of macrophages in BAL from AIDS
patients have been reported as normal however the overall percent of AM in the BAL is
decreased, which is thought to be caused by an increase in other cells, particularly
lymphocytes.2

HIV-1 infection is characterized by sustained activation of the immune system. HIV can
infect several types of immune cells, though macrophages and CD4 T cells are the principal
targets of the virus.11-13 Macrophages are terminally differentiated and play an important
role in the clearance of pathogens and cellular debris by phagocytosis. Macrophages also act
as antigen presenting cells, causing an exchange of information between themselves and
CDAT cells. This exchange of information is important in the transmission of HIV-1 from
macrophages to CD4 T cells.14-16 Unlike T cells, macrophages are less prone to the
cytopathic effect of HIV.1718 Once HIV enters the macrophage, the viral ribonucleoprotein
complex is released into the cytoplasm and viral DNA is synthesized.1218 The rate of
reverse transcription is slower in macrophages, compared to T cells, because they are non-
dividing cells that have limited dNTP pools.1%-20 |n addition, macrophages possess
inhibitory factors, called host restriction factors, which interfere with the viral life cycle. The
sterile alpha motif domain and HD domain containing protein 1 (SAMHD1) is a
macrophage specific host restriction factor that has trophosphohydrolase activity.21-23 This
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causes hydrolysis of dNTPs and thus reduces the overall ANTP pool in macrophages
resulting in the inefficient reverse transcription of the HIV-1 genomic RNA.24

Several HIV-1 proteins may modulate the macrophage signaling pathway resulting in T
lymphocyte depletion and viral cellular reservoir formation, especially in macrophages.
These soluble HIV proteins, such as Nef, Tat, and Vpr have been detected in the serum of
HIV-1 infected patients.25> Soluble proteins are able to enter macrophages and modulate both
cellular machinery and viral transcription. Nef, a 27 kDa protein, is expressed early in the
virus life cycle and down-regulates cell surface receptors.26:27 Nef-expressing macrophages
enhance resting CD4 T cell permissiveness through a complex cellular and soluble
interaction involving macrophages, B cells, and CD4 T cells.28:29 Nef plays a dual role in
the pathogenesis of HIV by protecting HIV-infected cells from cell death and inducing
apoptosis in bystander CD4 T cells. HIV-1 Tat has a critical role in viral replication and is
detected in the serum of HIV-infected patients. Tat protein is essential for efficient
transcription of viral genes and for viral replication. Tat also regulates the expression of
cellular genes and interferes with intracellular signaling.3%-31 Functional consequences of Tat
activation include TNFa release from macrophages and monocytes.32 Lastly, Vpr, a virion-
associated protein, is critical for HIV replication in non-dividing cells, such as
macrophages.33-38 /n vitro studies have also demonstrated that high concentrations of
recombinant Vpr (rVpr) is cytotoxic to macrophages. However, at a low concentration r\Vpr
enhances the activity of several macrophage transcription factors resulting in increased viral
replication.3°

Cell death occurs after intracellular infection and many pathogens target cell death pathways
as a virulence strategy.*0 As cells undergo apoptosis they emit signals that allow
macrophages, and other phagocytes, to respond and engulf the apoptotic cell
(efferocytosis).41-43 Efferocytosis is crucial to macrophage function and is required to
control certain infections. Attenuated strains of Mycobacterium tuberculosis (Mtb) have
been shown to stimulate apoptosis causing efferocytosis to occur by binding of the
phagosome to a lysosome causing killing of Mtb 7n vitroand in vivo.** Macrophages from
HIV-infected individuals have a reduced ability to phagocytose Candida albicans, and there
is a significant decrease in oxidative processes for the intracellular killing. Impaired
macrophage phagocytosis of the apoptotic bodies of neutrophils may contribute to the
persistence of the inflammatory state in HIV-infected individuals.*>

Infection with HIV alters the function of alveolar macrophages. HIV-infected macrophages
release a variety of proinflammatory cytokines, including tumor necrosis factor alpha
(TNFa), interleukin (IL)-1, IL-6, interferon a. (IFN-a), and chemokines. Many of the
cytokines and chemokines secreted induce T cell proliferation and viral replication. AMs
also require a host of activating cytokines, like interferon-y, to maximize their ability to
detect and clear pathogens such as £ jirovecii*® HIV infection depletes important immune
effector cells and therefore diminishes a major source of cytokines that activate AMs in host
defense. In addition, this phenomenon indirectly impairs the function of alveolar
macrophages in responding to pathogens. Mwandumba et al. showed that alveolar
macrophages from HIV-infected patients with Mth had an enhanced expression of TNFa
and IL-6, which suggested that alveolar macrophages, from HIV-infected individuals with
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Mtb, retained their capacity to mediate inflammatory responses. This further suggests that
the increased susceptibility to Mtb, which occurs during HIV infection, may not be due to
impairment of the alveolar macrophage innate inflammatory response. Mannose receptors,
found on the surface of alveolar macrophages, have also been shown to be impaired during
HIV infection. Mannose receptors permit binding and internalization of glycoconjugates
containing mannose, fucose, N-acetylglucosamine, and galactose residues. Decreases in the
mannose-receptor during HIV infection impairs clearance of pathogens (i.e. Pneumocystis
Jirovecii) 4

Dendritic Cells

Many viruses target specialized cells of the respiratory tract for initial replication, thus
causing disease that is restricted to the lungs and upper airways. Alternatively, viruses may
infect mobile cellular populations, such as dendritic cells, that are resident in the respiratory
tract and can carry the virus to a second target organ.*® Antigen processing, antigen
presentation, and T cell activation are the primary roles of dendritic cells.*8 Dendritic cells
(DC) share a common precursor with macrophages in the bone marrow but differentiate in
the tissues (including the airway submucosa) to form cells with distinct morphology,
receptor expression, antigen processing capacity and function. Immature DCs (iDCs) are
proficient in their ability to capture antigen. Once DCs process antigen in the lung and
airways, they migrate to the regional lymph nodes and present the antigen to T cells. DCs
are divided into two main groups: conventional myeloid DCs (cDC) and non-conventional
plasmacytoid DCs (pDC).® Plasmacytoid DCs, also referred to as type 1 IFN-producing
dendritic cells, develop in the bone marrow and are found in blood, secondary lymphoid
organs, as well as, peripheral tissues.?? Plasmacytoid DCs are specialized in producing
massive amounts of IFNa and IFNp during an HIV-1 infection.51-53

Conventional myeloid dendritic cells are central to the integration of nonspecific and
specific immunity.>45% These professional antigen presenting cells are located at sites of the
body where maximal microbial encounter occurs, such as the skin, gut, and lung.>® Naive T
cells of the adaptive immune response need DCs to become fully activated. Innate immunity
against viral infections depends upon type | interferons (interferons disrupt viral replication)
from DC’s. IFN-a/ also increases MHC class | expression on virus infected cells and
promotes the activation of NK cells.>®

The interactions between DCs and CD4 T cells also represents a mechanism by which HIV
spreads and infects new target cells. DCs express high levels of the HIV entry receptors
CCRS5 and CXCR4, as well as low levels of CD4.57 This suggest that DCs may be crucial
for HIV transfer to uninfected CD4 T cells. Although DCs can be a vehicle for HIV
transmission, DCs are themselves poorly infected compared to T cells. /n7 vitro models have
shown that DCs can sequester infectious HIV for several days and efficiently transfer intact
virions to CD4 T cells for infection and viral replication.58-80 Several restriction factors
have been shown to block HIV replication in DC’s at different stages of infection.61.62 Both
cDCs and pDCs display reduced numbers in the blood early after infection and these levels
persist in chronic infection.53:64 Due to poor infectivity, it is unlikely that infection by itself
explains the reduced DC frequencies. DC numbers may be reduced due to acute and chronic
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type | IFN secreted upon HIV infection. IFNa can impair cDC differentiation and type | IFN
has been shown to regulate pDC number negatively /i vivo.8566

Dendritic cells and their subsets (Table 1) have been shown to have a major role in immune
defense against viral infection by generating innate and adaptive immune responses.5”
HIV-1 infection mostly occurs through vaginal and rectal routes, which are also areas with
high concentrations of DCs and their subsets. DCs capture and internalize invading
pathogens, and subsequently process antigen through major histocompatibility complex
class I and class 1l molecules for presentation to CD8 and CD4 T cells, respectively,
allowing a bridge between the innate and adaptive immune system. Mucosal DCs allow for
effective antigen capture and interaction with effector T cells in lymphoid tissues, facilitating
spread of HIV infection to CD4 T cells.

Upon pathogen encounter, DCs undergo maturation and upregulate molecules on their
surface. Some of these molecules include: MHC class I, CD80, CD83, CD86, and CD40.58
Currently, two phases of HIV-1 viral transfer from DCs to T cells have been described.59.70
First, trans-infection where the virus is at or near the donor cell surface and transmitted to a
different target cell via the infectious synapse.87:71.72 Secondly, cis-infection where HIV-1
can infect target cells and productively replicate, producing progeny virions. These virions
subsequently infect new target cells.5

Neutrophils

Polymononuclear leukocytes (PMNSs) are important in host defense during the early innate
response against bacterial and fungal infections.” During an infection, PMNs migrate from
the blood to inflamed tissues and trigger the production of reactive oxygen species (ROS) as
part of the oxidative burst.”3 HIV does not directly infect PMNs but leads to impaired PMN
responses, such as phagocytosis, oxidative burst, and bacterial killing. Once PMNs kill a
microbe, they die spontaneously through apoptosis. Inappropriate survival of PMNs in HIV
infection is thought to cause a chronic inflammatory state with ongoing release of
inflammatory mediators.”*

In the lung, neutrophils are the most important PMN and are recognized as essential effector
cells of the innate immune system. Neutrophils migrate to the draining lymph nodes where
they are involved in the induction and regulation of adaptive immune responses by exerting
pro-inflammatory or anti-inflammatory functions. PMNs are important effectors of innate
immunity. They recognize and phagocytose bacteria and other microorganisms, and
additionally they can present antigen and mediate adaptive immune responses. In patients
with HIV infection, neutrophil functions, such as chemotaxis, respiratory burst activity,
bacterial killing and antibody-dependent cell-mediated cytotoxicity, are impaired.”> 72 This
suggests that these cells may be responsible for the increased frequency and severity of
bacterial and opportunistic infections found in patients. It is still unclear whether these
defects are caused directly from infection of these cells by HIV or are secondary to other
events.

PMNs are a key component of the early innate response to fungal pathogens. In response to
pathogen, PMNs rapidly migrate from the blood to inflamed tissues, where their activation
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triggers a microbicidal mechanism. Neutrophils have the shortest half-life of all circulating
leukocytes. Pitrak et al. demonstrated that the rate of neutrophil apoptosis is accelerated in
AIDS patients.89 Furthermore, it has been shown that phagocytosis of apoptotic neutrophils
triggers the production of anti-inflammatory mediators from macrophages.8!

T cell exhaustion during an HIV infection is associated with increased levels of programmed
death- 1 (PD-1) on the surface of CD4 and CD8 T cells.82-85 Binding of PD-1 to its ligands,
PD-L1, on cells of myeloid lineage negatively regulates T cell proliferation and production
of cytokines.86-89 During HIV infection, neutrophils express increased levels of PD-L1, in
addition to high levels of PD-1 on T cells, leading to suppression of T cell function via ROS
and PD-1/PD-L1 signaling.? This suggests that neutrophils contribute to T cell exhaustion
and immune suppression during an HIV infection.

Natural Killer Cells

Natural killer (NK) cells are lymphocytes of the innate immune system that effect their
activity through granule-mediated killing and cytokine production.®! NK cells are able to
recognize various targets without specific sensitization and independent of major
histocompatibility complex (MHC) expression. Bone-marrow derived NK cells undergo a
maturation process that leads to the acquisition of their effector functions, changes in
receptor repertoire, and migration from the bone marrow through the blood to the spleen,
liver, lung, and many other organs.®2 In healthy lungs, NK cells account for approximately
10% of all lymphocytes.93 NK cells can also be infected with HIV causing a decrease of NK
cells in the blood. Decreased numbers of NK cells in blood have been associated with a
more rapid progression of HIV. Kelly et al. recently identified a functional interaction
between NK cells and CD4 T cells during murine Pneumocystis pneumonia.®* The
investigators found that, both /in vivo and in vitro, the addition of CD4 T cells to NK cells
caused an increase in clearance of Pneumocystis pneumonia and activation of NK cells.9
This observation suggests that NK cells play an important role in pulmonary host defense
against opportunistic pathogens and support an adaptive immune response.

Natural killer T (NKT cells) are a lineage of lymphocytes that share characteristics of both T
cells and NK cells. NKT cells have been shown to play important roles in various immune
responses, including antitumor, autoimmune, and antimicrobial immune responses. Human
Va24 natural Killer T (NKT) cells are a CD1-d restricted T lymphocyte lineage and are
characterized by co-expression of an invariant and conserved a8 T-cell receptor and the NK
cell marker CD161.9% These NKT cells recognize endogenous and exogenous glycolipid
antigens presented by CD1d. NKT cells have been reported to be targets of HIV infection
and are reduced in peripheral blood mononuclear cell (PBMC) cultures infected with HIV /in
vitro.96-98 NKT cells are also mainly targeted by CCR5 HIV strains early during HIV
infection, suggesting NKT cells may play an important role in establishing HIV
infection.95-97 However, in a longitudinal study there was no evidence to support an
important role of NKT cells in determining the rate of progression during HIV-1 infection.%8
Currently it is still unknown how lung NK cells change during the course of HIV infection
and the role of NKT cells in the progression of HIV infection.
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HIV weakens cell mediated immunity by destroying CD4 T cells and impairing the
production of new T cells. HIV-1 infection is further characterized by immune cell
dysfunctions driven by chronic immune activation. Plasma viral load and CD4 T cell count
are two surrogate markers of HIV-1 disease progression and immunologic health. The status
of immunologic health is routinely assessed by several quantitative traits that center on CD4
T cells, including absolute CD4 count, CD4 percentage, CD4 counts over time, and
thresholds of severe CD4 deficiency. Among immunologic markers of HIV-1 pathogenesis,
CD8 activation, CD8 exhaustion, CD4:CD8 ratio, and delayed-type hypersensitivity to recall
antigens can also serve as outcome measures that reflect immunologic health.99-104 The
blood CD4:CD8 ratio is rarely measured below 1.0 in healthy patients, so an inverted
CD4:CD8 ratio is often viewed as clinically relevant.105

Studies have shown an increased percentage of lymphocytes in BAL from HIV-infected
individuals compared to uninfected individuals. In the BAL, there are decreased numbers of
CD4 lymphocytes and increased numbers of CD8 lymphocytes resulting in a decreased
CD4:CD8 lymphocyte ratio.18 An excess of pulmonary lymphocytes (lymphocytic
alveolitis) in HIV-infected individuals is associated with pulmonary complications. HIV
specific T cells in BAL have impaired proliferative capacity and increased expression of the
programmed cell death marker, PD-1.107 Increased PD-1 expression on the HIV-specific T
cells was associated with reduced proliferation, which was shown to be reversed with PD-1
blockade.107 This suggests that the HIV-specific T cells in the BAL are exhausted, which is
often seen in other chronic viral infections. The lymphocytic alveolitis seen in HIV infection
likely represents an influx of dysfunctional HIV-specific CD8 cells. In the peripheral blood
higher numbers of lymphocytes are observed during the middle phase of an HIV infection,
when CD4 counts are 200 to 500 cells/uL, with lower lymphocyte numbers observed during
early and advanced HIV infection.108 Ho et al. have previously shown that the CD4 T cell
depletion seen in AIDS is primarily a consequence of the destruction of CD4 T cells and not
a lack of their production.109

During infection, CD4 T cells undergo phenotypic and functional impairments, causing an
increase in HIV pathogenesis. Viral load correlates with disease progression and the level of
immune activation. Changes include elevated expression of activation, exhaustion, and
senescent markers. Studies reveal that DNA methylation at the /L2locus in CD4 T cells
plays a role in the dysregulation seen during HIV-1 infection.119 Nakayama and colleagues
revealed that the persistent presence of HIV-1 directly affected the ability of memory T cells
to produce Th1- and Thi7-related cytokines during chronic HIV-1 infection.11! Th17 cells
are a subset of CD4 T cells and are characterized by 1L-17 production, which is crucial for
protection against bacteria and fungi. Studies have shown that Th17 cells are depleted in the
blood and lymphoid tissues during an HIV infection. A link between Th17 and Th17/Treg
ratio with key HIV-specific CD8 T cell responses against the infection has been identified.
NKG2D, an activating receptor of natural killer and CD8 T cells, plays an important role in
immune responses against HIV-1.112 NKG2D delivers activating and co-stimulatory signals
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resulting in cytotoxicity and release of cytokines from NK and CD8 T cells. Recently, lower
NKG2D expression was found on both NK and CD8 T cells in HIV-1 infected patients,
which suggests that NKG2D may be involved in the control of HIV-1 infection.112

Interleukin 7 is important in early T cell development and homeostatic proliferation of naive
and memory CD8 T cells.113-116 Sjgnaling via the IL7-receptor is mediated through
alterations in CD127 expression levels, which are present in high levels on naive and
memory T cells. Reduced expression of CD127 is associated with HIV and other viral
infections. Decreases in CD127 expression have been correlated with reduced CD4 T cell
numbers, increased viral replication, and immune activation.217-120 |n addition to increased
plasma IL-7 in HIV infections, the production of IL4 is also increased, which has been
shown to decrease CD127 expression on CD8 T cells and thymocytes.12 More research
must be done to address the effect of HIV infection on IL-7 levels in the lung.

CD8 and CD4 T cells play a central role in controlling HIV -1 replication and progression to
AIDS. However, HIV-1 is associated with a progressive loss of T cell functional capacity
including decreased responsiveness to antigenic stimuli, lowered capacity to produce
cytokines, and reduced proliferative and cytotoxic activity. Loss of CD4 T cells and
functional impairment of CD8 T cells eventually results in a failure of host immune system
to maintain control of HIV-1 leading to an accelerated disease progression. HIV-1 specific T
cells from rapidly progressing patients exert decreased cytotoxic and proliferative activity
and produce reduced levels of TNFa, IL-2, IFN-y, and CD107 compared to T cells from
NoN-progressors.

Humoral Immunity

In healthy individuals, most B cells in peripheral blood are either resting naive B cells or
memory B cells. On the other hand, in HIV-infected individuals, additional populations have
been observed, such as: immature transitional B cells, exhausted B cells, activated mature B
cells and plasmablasts.122 The increase in these non-traditional B cell populations reflects
the non-specific immune activation associated with HIV infection. Infection of individuals
with HIV leads to progressive loss of immune functions and defects in humoral immune
responses are clearly present. /nn vitroit has been observed that local immunoglobulin
production by B cells depends on stimulation by T cell cytokines secreted as a result of
interactions with antigen-primed accessory cells. Since opsonizing antibody activity resides
primarily within the 1gG isotype, it is possible that increased susceptibility to pulmonary
infections caused by encapsulated organisms in HIV-infected patients might be secondary to
decreased local 1gG concentrations in the lung.123 It has been observed that BAL fluid from
HIV-infected subjects contains significantly less 1gG than normal BAL. In contrast, IgA and
IgM concentrations are relatively unaffected in HIV BAL. BAL fluid from HIV-infected
individuals also contains lower concentrations of antigen specific 1gG than normal BAL.
This defect is due to an impaired ability of HIV-infected AM to induce 1gG secretion from B
cells, likely a result of enhanced TGF-p secretion by HIV-infected AM.124 While an
increase in total B cell numbers is observed, antibodies generated to specific antigens are
impaired. B cells from AIDS patients spontaneously secrete immunoglobulin, have impaired
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proliferation in response to mitogens and do not initiate normal antibody synthesis in
response to newly encountered antigens.125

THE MICROBIOME AND HIV INFECTION

The lungs of healthy individuals were previously believed to be sterile, however, a recent
study revealed communities of bacteria that were diverse and few in number.126.127
Lozupone et al. showed that the lung of subjects infected with HIV harbored a different
community of bacteria, compared to HIV-negative individuals, with Tropheryma whipplei
being a dominant species.128 7. whippleiis the causative agent of Whipple’s disease and is
often associated with defects in innate immune activation. In this study it was also observed
that HIV-infected individuals have a reduced ability to clear 7. whipplei once it enters the
lung. Characterization of the lung microbiome may provide important pathogenic insights
into respiratory illnesses and host defense in HIV-infected patients.

SUMMARY

Although the fundamental pathogenic process in HIV infection is depletion of CD4 T cells,
multiple components of the pulmonary host defense network are impaired. The observations
above suggest that the alveolar space in an HIV-infected individual can be viewed as an
environment of inflammatory cellular recruitment, active HIV infection, cytokine release,
and cellular activation (Figure 3).> Once a pathogen enters the HIV* alveolar space, alveolar
macrophages are unable to recognize the pathogen and the host is unable to mount a
sufficient cell-mediated or humoral response to prevent infection. Although much is known
about how HIV infection alters immune function, more work is required to understand how
HIV infection alters specific defense mechanisms of the respiratory tract. In the future,
improved understanding of these lung impairments will lead to the development of more
effective therapies for opportunistic pulmonary infections.
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Figure 1.
Pulmonary host defense mechanisms.
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Figure 2.
Tropism of HIV strains for lung cells. Coreceptors determine viral entry into different cell

types. Macrophages express CCR5 and CXCR4, whereas T cell lines only express CXCR4.
M-tropic strains infect macrophages using CD4 as the main receptor and the coreceptor
CCRS. T tropic stains infect T cells using CXCR4 as the coreceptor. The dual tropic strain is
able to use either coreceptor and is therefore able to infect both cell types.
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Figure 3.
Immune reactions to HIV in the alveolar space. The presence of HIV-infected cells, or free

virus, in lung tissue stimulates an adaptive immune response and the recruitment of HIV-
specific cytotoxic T cells (CTLs). These CTLs accumulate in the alveolar space and release
pro-inflammatory cytokines that further activate alveolar macrophages to release additional
cytokines leading to further inflammatory cell recruitment. When infected with HIV,
alveolar macrophages are compromised in binding and recognizing pathogen and the level
of CD4 T cells is decreased.
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