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GENERAL INTRODUCTION

Objectives

This chapter provides a short overview of host defense mechanisms in
general, an introducticn on the role of granulocytes, monocytes and
macrophages herein, and a review on dendritic cells. Especially, the role of
these cells in the lung and in pulmonary disease is emphasized. The last part
of this chapter explains the aims of the investigations described in this

thesis.

The immune response in a nut shell.

Host defense mechanisms protect the hody against microorganisms and
other foreign structures. These mechanisms can be divided in nonspecific, or
innate, and specific, or acquired, immunity1. in both branches of immunity
the several types of leukocytes {white bhlood cells) play a dominant role.
Nonspecific defense comprises the natural barriers that protect against
invading microorganisms, the complement system, and various types of
white blood cells including granulocytes, monocytes, macrophages and
natural killer celis that are able to neutralize microorganisms and foreign
material by phagocytosis and/or killing. The natural barriers consist of the
epithelial surfaces of the body, such as the skin and the bronchial epithelium.
in the lung, junctional complexes between bronchial epithelial cells physically
prevent the invasion of microorganisms. In addition, microorganisms and
other particles are removed from the respiratory tract by the "tapis roulant":
the mucus film propelled towards the oropharyngeal cavity by the cilia of the
epithelial cellsZ, The mucus not only serves as vehicle for particle transport,
but also contains antibacterial and antiviral proteins®.

Specific immunity involves the recognition of foreign structures (antigens),
the discrimination between self and non-self, and the generation of
immunologic memory. A crucial step in the initiation of an immune response
is the presentation of antigens to and the stimulation of T cells, Cells capable
of antigen-presentation and the stimulation of T cells are called antigen-
presenting cells {APC} and comprise monocytes, macrophages, B cells and in
particular dendritic cells {DC}. Recognition of the presented antigen by the T
cell and the generation of costimulatory signals by the APC result in
proliferation, cytokine production and a change in marker expression of the T
cell. The T cells thereby regulate the activation of several effector cells such
as B cells {that produce antibodies), and macrophages. These effector
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Chapter 1

mechanisms are directed to eliminate the antigen'.

Granulocytes

Three types of mature granulocytes can be distinguished: basophilic,
eosinophilic and neutrophilic granulocytes. Although basophils and
eosinophils play a major role in asthma®®, we will here focus on the latter
type of granulocytes: the neutrophil. Since neutrophilic granulocytes
comprise by far the largest class of leucocytes in the biood {approximately
60%), these cells will be further referred to as granulocytes.

Like all leucocytes, neuirophils are derived from the bone marrow, where
precursors proliferate and differentiate under the influence of colony-
stimulating factors, most importantly granulocyte-macrophage colony-
stimulating factor (GM-CSF) and granulocyte colony-stimulating factor (G-
CSF}. After reiease from the bone marrow, neutrophils circulate for about 10
h. in the blood, and then migrate to the tissues where they live only 1-2

days.

Neutrophit accumulation is one of the first events in an inflammatory
responsa, Cells migrate towards the inflammatory site in response to
chemotaxins, which include factors derived from bacteria {e.g, formyl-
methiony! peptides), complement factors {CHa} and chemotaxins elaborated
by immune cells or tissue cells (e.g. leukotriene B4, interleukin{IL}-8)°.
Intracellular signal transduction may differ between various chemotaxin
receptors triggered, but the stimulation of phospholipase C leading to the
production of polyphosphoinositois and diacyl glycerol is a common pathway
of chemotaxin receptor binding’. The activation of second messengers
results in a rapid and transient polymerization of actin filaments responsible
for neutrophil motility and migration towards the site of inflammation.
Migration through the endothelial wall is preceded by rolling along and
adherence to endothelial cells. Adherence of neutrophils to the endothelium
is also enhanced by chemotactic factors via the upregulation of adhesion
molecules on both celis,

Neutrophils are able to sliminate microorganisms or other particles by
phagocytosis. Phagocytosis is strongly facilitated if these particles are
coated with complement factors or immunoglobulins for which receptors are
present on the neutrophil plasma membrane. Killing of the ingested
microorganisms in the phagosome is preceded by fusion with azurophilic and
specific granules that contain bactericidal proteins, by the production of
reactive oxygen species and by lowering the pH in the phagosome. The
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General introduction

respiratory burst includes the activation of NADPH-oxidase resuiting in the
production of superoxide{Q,’), from which other bactericidal oxygen radicals
can be generated, especially H,0,, HOe and hypohalite ions via
myeloperoxidase®:®, Extracellular degranulation also occurs, especially of
specific granuies and in the case of reversed endocytosis {e.q. in response to
immune complexes on a solid surface}'%11,

A normal neutrophil accumulation and function are critical for pulmonary host
defense. Both severe granulocytopenia {e.g. after chemotherapy} and a
deficient function {e.g. absent oxidative responses in chronic granulomatous
disease) give rise to potentially fatal infections'2'3, An increased susceptibi-
lity for pulmonary infections is also encountered in conditions with an
impaired chemotactic ability of neutrophils, such as burn injuries, viral
infections and in rare diseases such as the Kartagener syndrome, the
Chediak Higashi syndrome and the hyperimmunoglobulin E syndrome14'15.

G-CSF has been used successfully to restore the numbers of neutrophits and
to prevent infections after chemotherapy'®. In addition, several animal
studies have shown that G-CSF might also be effective in the restoration of
neutrophil function and host resistance to infections?7:18,19,20,

Although neutrophils constitute an important first line of defense against
invading microorganisms, accumulation and activation of neutrophils may
aiso cause severe tissue damage by the elaboration of proteolytic enzymes
such as elastase and free oxygen radicals as for example in the adult
respiratory distress syndrome and pulmonary emphysema?!” 223,24

Monocytes and macrophages

Monocytes are rounded cells with a horseshoe-shaped nucleus. Their
cytoplasm contains myeloperoxidase, acid phosphatase and nonspecific
esierase. Characteristic immunocytologic markers of monocytes are CD14,
CD64 and CD6825, Macrophages display a marked phenotypical and
functional heterogeneity. These cells are usually larger than monocytes, and
they are strongly positive for acid phosphatase and nonspecific esterase.
Macrophages typically express CD68, RFD7 and RFD926,

Monocyte production in the bone marrow is enhanced by GM-CSF and
monocyte colony-stimulating factor. After migration to the tissues these cells
are able to mature into macrophages and possibly into dendritic cells {see
later},
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Like granulocytes, monocytes and macrophages also respond to chemotactic
stimuli and are equipped with the machinery for phagocytosis and killing
{including the production of oxygen ‘radicals). Beside these phagocytic
functions, monocytes and macrophages are able to produce a large array of
cytokines and other mediators, and these ceils are able to present antigens
to T cells (see below),

Two major macrophage populations can be discriminated in the lung: alveolar
macrophages which reside in the alveoli and in the conducting airways and
interstitial macrophages residing in the various connective tissue
compartments of the Iun927'28. Although alveolar macrophages are able to
phagocytose large numbers of microorganisms, these cells have a limited
bactericidal capacity and a reduced capacity to generate oXygen
radicals?%3%, This decreased potential to generate oxygen radicals is
probably due to their close contact with surfactant3!, The chemotactic
ability of alveolar macrophages is also limited32, Although macrophages in
general are capable to present antigen to and stimulate T cells, alveolar
macrophages have been described to be poor T cell stimulators, and these
cells are even able to suppress T cell profiferation®3.

in lung cancer as well as in other malighancies, monocyte chemotaxis is
decreased®436.:36.37.38  This decreased monocyte chemotactic ability has
been associated with the presence of p15E-like immunosuppressive factors
in the serum and in malignant effusions3®, In patients with chronic purulent
infections of the upper airways a decreased monocyte chemotactic ability
together with p15E-like serum factors has been described as well40,

Dendritic cells nomenclature and definition

DC are specialized antigen-presenting cells that are able to cluster with and
to stimulate {naive} T cells, in contrast to mononuclear phagocytes, DC are
poorly phagocytic. DC were named after their remarkable "dendritic"
morphology: an irregular outline with broad lamellipodia or veils*!, Additional
key features of DC are the expression of MHC class Il molecules, and the
absence or a juxtanuclear spot of acid phosphatase42.

DC are also called leucocyte dendritic cells to distinguish them from follicutar
dendritic cells (FDC). Here, leucocyte refers to the bone marrow origin and
the leucocyte common antigen {CD45) expression of DC. The (leucocyie)
dendritic cell family comprises the Langerhans cell in the epidermis, the
veiled cell in the lymph, the interdigitating cell in the paracortical areas of the
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lymph neode, and dendritic cells in the thymus, the spleen, the lung and in
almost all organs of the body43. DC preferentially interact with T cells, and
DC home to T cell areas in the lymphoid organs. In contrast to the leucocyte
DC, FDC are CD45™ and have probably a local tissue origin. FDC are
exclusively present in the germinal centers of the lymph node in close
contact with B cells, where these cells catch and retain immune complexes
for transfer to B celigd449

Morphology and marker pattern of dendritic cells

Besides the dendritic morphology described in the previous paragraph, DC
characteristically show an eccentric bean-shaped or lobulated nucleus, with a
nucleo-cytoptasmic ratioc varying from 1:2 to 1:4. Electron microscopy
reveals an electrolucent cytoplasm, The nucleus is mainly euchromatic. The
cytoplasm contains smooth and rough endoplasmic reticulum, polyribosomes,
a Golgi apparatus and mitochondria, and sometimes vacuoles. DC do not
possess an abundant amount of {phago}lysosomes characteristic for monocy-
tes and macrophages, but do have an endocytic apparatus including
endosomes and lysosomes, which is often concentrated in a juxtanuclear

position*847,

Langerhans cells, a subpopulation of dendritic cells present in the epidermis,
are characterized by the presence of Birbeck granules®®, These cells express
CD1a. Similar cells have been described in nasal*® and bronchial
epitheliumso. In addition, Birbeck granules have been described in veiled cells
from skin-draining lymph®! and in interdigitating cells after immune
stimulation®2.

The marker pattern of DC is characterized by a strong expression of MHC
class | and Il molecules and adhesion molecules such as intercellular adhesion
molecule 1 (ICAM-1}, leucocyte function antigen 3 {LFA3}), B7,
CD11/CD18%354, Although these markers are essential for DC function, they
are not specific for DC, In addition, these cells may express RFD1, L2b,
CD1, $100, CD83, which are somewhat more specific for DCB8.56.57 cp1g
is a particularly interesting marker, since, outside the thymus, it is normally
only expressed by epidermal LC and their homologues in the airways®8:59,
DC differ from monocytes in that CD14 expression is low or absent. Fc
receptors for igG are absent on most DC, but are expressed by Langerhans
celis®0:81 There are contradictory reports on the expression of other myeloid
markers, such as CD13 and CD33. This will be discussed below.

The distinction of DC from monocytes, however, may be sometimes very
difficuit, because monocytes, especially after activation, may exhibit a
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dendritic morphology as well®2, and dendritic cells in situ {especially in non-

lymphoid organs) may express CD14, Fcy receptors and other "macrophage”
markers©3.64.65,66

Antigen presentation

The primary function of DC is the uptake and the degradation of exogenous
antigen into antigenic peptides, and subsequently the transfer of antigenic
peptides bound to MHC class i molecules to the cell membrane for
presentation to T cells. All nucleated cells present fragments of
endogenously produced proteins via MHC class | molecules, whereas the
presentation of exogenous antigens only occurs in class 1l positive APC,

Class | and class il MHC molecules are produced in the rough endoplasmic
reticulum. Peptides derived from endogenously produced proteins are
transported from the cytosol into the rough endopilasmic reticulum via the
TAPT and TAPZ transporter molecules. These small peptides (8-10 amino
acids) subsequently bind to the groove of MHC class | molecules, which are
then directed to the cell membrane®’. In the rough endoplasmic reticulum,
binding of endogenous peptides to MHC class li molecules is blocked by the
invariant chain, which also targets the MHC class I molecule to the
endocytic compartments {late endosomes and lysosomes}. These
compartments contain peptides derived from exogenous proteins, that have
been internalized via coated pits or in a receptor-mediated fashion. After the
degradation of the invariant chain, exogenous peptides bind to the groove of
the MHC class Il molecules, which are then transferred to the cytoplasmic
membrane to present these antigenic peptides to T calls®8:8% T cells
coexpressing the CD4 molecule next to the T cell receptor interact with MHC
class Il - peptide complexes, whereas CD8 positive T cells interact with class
I molecules. Although exogenous proteins are primarily presented by MHC
class fI molecules, it has been demonstrated that presentation on class |
molecules may occur as well’%, and that the endosomal and the
nonendosomal processing pathways are accessible for both endogenous and
exogenous antigens’ ',

Interactions between antigen-presenting cells and T-cells

As stated above, APC present antigenic peptides to T cells. To allow this
process to take place, a close proximity of the cell membranes of the T cell
and the APC is required. To establish such a contact, the adhesion molecules
LFA3 and ICAM-1 on the cell membrane of the APC interact with LFA1 and
CD2 respectively on the T cell’%73, Other adhesion molecules may play an
additional role’4. Recognition of the peptide MHC molecule complex by the
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General introduction

T-cell receptor is a crucial step in T-cell stimulation, but other, costimulatory
signals are required as well. These signals are generated by mediators,
especially cytokines such as IL-1 and IL-8, and costimulatory molecules
including the adhesion molecules mentioned above, CD4 and CD8 molecules
that bind to sites on MHC class Il and class | molecules respectivaly’®, and
the interaction of molecules of the B7 family on the APC with CD28 and
CTLA-4 on the T cell membrane’®, Costimulation by B7/CD28 interactions Is
required for resting T cells, but not for memory T cells’”. DC are very well
equipped with costimulatory molecules, but, in general, DC produce only low
amounts, if any, of various cytokines’8,

T-cell stimulation results in proliferation and cytokine production, Based on
the profile of cytokine production, two major T helper {Th) cell subsets can
be distinguished: Th1 and Th2. Th1 cells produce predominantly IL-2, IFN-y
and TNF-#, and are the principal effectors of ceil-mediated immunity against
intracellular microbes and delayed-type hypersensitivity reactions. Th2 cells
produce IL-4, IL-5 and IL-10, thereby promoting the production of Igk (and
lgG4) by B cells and stimulating eosinophil activation’®, In the absence of
strongly polarizing signals, however, most CD4% Th cells produce a less
pronounced cyiokine profile, and are designated ThO. The direction of T cell
differentiation may be a crucial step in the pathogenesis of many diseases. In
the pathogenssis of allergy and asthma for instance, the development of Th2
responses is thought to play a central role®%. Many factors have been
suggested to infiuence the direction of Th differentiation into either Th1 or
Th28'. These factors include the nature of the antigengz, the amount of
antigen, the type of APCE384 the presence of cytokines and other
microenvironmental factors. FN-a, TGF-£, IL-12 and IL-1RA induce
differentiation towards the Th1 subset. Conversely, iL-4 and prostaglandin
E28588 direct T cells towards a Th2 cytokine profile. The APC might
promote Th1 or Th2 differentiation by the production of cytokines or by the
expression of certain molecules on the cytoplasmic membrane. Except for
the type of APC (DC, macrophage or B cell), the source of the APC may be
important as well. Splenic DC, for instance, have been shown to regulate
Thi versus Th2 responses differenily from DC isolated from Peyer's
patches®’. The exact role of the APC and especially the DC in this process,
however, remains to be elucidated.

Although there is ample of evidence that interaction between the APC and a
T cell may result in T cell activation, only few data are available on the
consequences of this interaction for the APC. Studies on B celis have
revealed that cross-linking of MHC class Il molecules, for instance during the
interaction with T cells, provides a signal inducing B7 expression®8-89, and
an identical mechanism of activation has been suggested for DG7%78, For
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monocytes it has been shown that crosslinking of adhesion molecules, for
instance LFA3, induces the production of the costimulatory cytokines IL-1
and TNF-¢%0, Conversely, APC can be stimulated by cytokines produced by

activated T cells,
Dendritic cells versus other APC

B cells, monocytes, macrophages and dendritic cells are the classical APC.
Under normal conditions most other cells lack MHC class Il molecules and
are unable to present exogencus antigen to T cells. However, upon
activation some of these "non-classical APC" express MHC class Il molecules
and develop the capacity to present antigens as well, Unstimulated bronchial
epithelial cells, for instance, are unable to present antigen, but acquire a low
antigen-presenting capability after induction of MHC class Il expression by
!FN-y91'92. Conversely, all regular APC constitutively express MHC class |l
antigens and are able to present antigen, but their capacity to stimulate T
cells differs. DC have the most potent T cell stimulating {accessory}
capability. Moreover, DC are able to stimulate naive, unprimed T cells,

whereas other APC can only stimulate previously primed, memory 7T
cells®3/94.95,96

Additional functions of dendritic cells

To exert their function as specialized APCs, DC generate muttiple intercellular
contacts with T cells. Hereto BC are equipped with an extremely motile

: : : : 97,98
cytoplasmic membrane, which contains adhesion molecules for T cells .
These close contacts with T cells result in the formation of typical clusters of
a DC with several T cells. Cluster formation is an essential feature of DC,
and is required for the stimulation of T celis®2,

As discussed above, DC primarily present antigens to MHC class ll-restricted
CD4* T cells. However, DC are also potent inducers of class | restricted
CD8* cytotoxic T lymphocyte responses, as has been shown for viruses and
viral antigens'9%1'91 \whereas macrophages were unable to stimulate such
cytotoxic T lymphocyte responses. With respect to interactions with non T
cells, DC probably only indirectly {via T celis) interact with B cells, However,
for in vitro primary T dependent B cell responses, clustering of BC with T

cells and B cells is required for the development of antibody-producing
CBHSIO:ZJOS.

DC are known to be non- or poorly phagocytic, but precursors of mature
lympheid DC, such as LC, are able to phagocytize. Fresh LC are good at
antigen uptake and processing, but are relatively poor in antigen

18



General introduction

presentation. After 2 days of culture, however, phagocytic and processing
capacities have been downregulated, whereas the cells have become
excellent in antigen presentation and T cell stimulation’®1%%, This is in
keeping with the concept of peripheral antigen uptake and processing and
antigen presentation and T cell stimulation after migration into the lymph

node,

Origin and kinetics of dendritic cells

The general concept on DC ontogeny and kinetics is that 1.} these cells are
derived from the bone marrow; 2.) after the release from the bone marrow,
DC, or their direct precursors, trave! through the peripheral blood and enter
the peripheral {non-lymphoid} tissues, where DC may internalize and process
antigens; subsequently 3.} these cells travel through the peripheral lymph to
the paracortical areas of the lymph node, where they present antigens to T
cells. The exact origin of DC, however, is still controversial. Some authors
propose a completely separate DC lineage in the bone marrow, whereas
others suggest a myeloid origin or propose the peripheral blood monocyte as
the precursor of the DC.

The first reports on the isolation of DC from human blood involved density
gradients, adherence steps and overnight culture®9:48, Because DC obtained
by these procedures lacked most myelo-monocytic markers, including CD13,
CD14, CD33 and Fcy receptors, and because DC did not respond to M-CSF
or G-CSF, it was suggested that DC represent a separate lineage®?.
However, overnight culture during these isolation procedures may have
affected marker expression. For instance, CD14 expression is downregulated
during culture 98,

in a recent paper, in which fresh blood DC were obtained by negative
selection for CD3, CD19, CD14 and CD16, it was shown that these DC
expressed the myeloid markers CD13 and €D33, and were dimly positive for
CD14, suggesting a myeloid origin of DC'%7, The observation that precursors
of DC proliferate under the influence of the myeloid growth factor GM-CSF
further supports this conceptms.

In other studies, including those of our own laboratory, cells with a
phenctype of DC and LC and an enhanced accessory potential compared to
blood monocytes were cultured from peripheral blood monocytes, supporting
the concept that the DC is a monocyte-derived cell!99110.311 ynon culture,
monocyte CD14 expression is downregulated'9? 102, However, it has not
been completely clarified whether these cells are equally potent APC as
lymphoid DC isolated by others.
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Several groups have tried to unravel the nature of the DC lineage by
culturing DC from proliferating CD34* progenitors. CD34 is expressed by
stem cells and early precursors of the myeloid and lymphoid Iineages”2.
CD34%t stem cells from neonatal cord blood were shown to contain DC
progenitors, which proliferated in colony-forming unit-like clusters and
matured to DC and monocytes under influence of a combination of GM-CSF
and TNF-a, suggesting a common DC-monocyte precursor''3. Caux and
colleagues showed that CD34% progenitors from the bone marrow
differentiate under the influence of GM-CSF and TNF-¢ into two subsets of
DC. The first subset is positive for CD14 and CD1a, but does not contain
Birbeck granules, whoreas the second subset is CD14 negative, but
expresses CD1a and contains Birbeck granules''®. In addition to GM-CSF
and TNF-g, stem cell factor (c-kit ligand) has been shown to enhance the
GM-CSF and TNF-a induced differentiation of CD34 * precursors into DC'8,

As discussed above, DC in the peripheral tissues, such as LC, are less
distinct from monocytes than DC after isolation in vitro, since these DC often
express CD14 and Fcy receptors, commonly associated with cells from the
monocyte lineage. Therefore, it has been suggested that LC are derived from
monocytes 18, In support of this hypothesis, the LC marker CD1a can be
induced on PBM by GM-CSF'17, and in the blood of burn patients CD1a*
cells have been described that coexpress the monocyte marker CD14'18,

In conclusion, PC are myeloid cells, closely related to cells of the monocyte-
macrophage lineage and possibly part of it. However, the exact relationship
between DC and the monocyte Hneage remains to be established.

Dendritic cells in the lung

In the mouse and the human lung, dendritic cells were first described by
Sertl'19, Holt described the intraepithelial DC in the human bronchus as a
tightly meshed network, and hypothesized an important function as an
intraepithelial trap for inhaled antigens'2°,

Purification of DC from rat and human lung showed that these pulmonary DC
are potent antigen-presenting cells, whereas AM are able to suppress T cell
stimulation33121:122 Nicod later described an improved isolation method,
based on autofluorescence, for the purification of DC from minced and
digested human lung tissue'23, These cells were shown to produce only low
quantities of IL-1a, IL-1R and TNFa compared to PBM and AM, and these DC
did not require these cytokines for the stimulation of T cells'??. These
pulmonary DC expressed high levels of adhesions molecules, which were
shown to be crucial for their capability to stimulate T cells 125,
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Pulmonary DC, however, are not a homogenous population of cells. Several
animal studies reported a marked heterogeneity in marker expression as well
as in function128:127.128  pmoreover, differences were reported associated to
their anatomical location: intraepithelial DC were shown to share many
features with epidermal Langerhans cells, whereas parenchymal DC showed
the characteristics of more mature DC129,

Only few data are available on the ontogeny of the DC system in the lung.
One study in the newborn rat reported a virtual absence of MHC class 1l
expression on airway DC, and it was suggested that this immaturity of
airway DC might contribute to the increased susceptibility to infections and
elevated risk of the induction of allergic disease in infancymo. In contrast,
two other studies showed the appearance of MHC class ll-positive DC at day
186 of gestation that slowly increased and reached adult levels 1-3 weeks

after birth131:132,

The density, distribution and phenotype of airway DC populations in the
aduit rat was shown to be reflected by the level of stimulation provided by
inhalation of irritant stimuli'®3, In humans, cigarette smoking also increased
the numbers of DC/AC in the bronchoalveolar lavage fluid and in iung
tissue!34 135 |phalation of LPS or moraxella catarrhalis induced a rapid
recruitment of MHC class ll-positive DC precursors into the airway
epithelium. Peak levels of MHC class Il positive cells were attained at 2 h.
after inhalation, After 24 h. these cells had developed into morphologically
typical DC, Within 2 to 3 days most of the DC then migrate into the draining
lymph node 38137 Rat splenic DC when instilled intratracheally, also have
been shown 1o migrate into the paracortical areas of the draining lymph node
to elicit primary T-cell responses138'139. The mechanisms regulating DC
influx have not been fully elucidated, but may include the production of
chemotactic factors by bronchial epithelial cells and the release of
chemotactic neuropeptides by autonomic nerve fibers. In the rat lung, a close
proximity was observed between substance-P containing nerve fibers and
DC. Moreover substance-P was shown to be chemotactic for DC'4°, Human
bronchial epithelial cefls produce chemotactic factors in diseases such as
asthma and in response to stimuli like cigarette smoke, endotoxin and
histamine. These factors include chemotaxins {e.g. LTB4, IL-8, MCP-1, GM-
CSF) for neutrophils, eosinophils, monocytes and probably also for
DC141.142,143,144.145  Of these factors especially GM-CSF has been
proposed as an important local factor for the recruitment and differentiation
of DC in the lung'*®. Besides epithelial cells, macrophages may also
suppress or augment DC function47:148 1t is not known how migration from
the bronchus to the lymph nodes is induced. In the cutaneous immune
response, however, TNF-¢ was suggested to provide a stimulus for LC
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migration to the lymph node 49,

DC in lung disease

Langerhans cell histiocytosis comprises a group of diseases characterized hy
a local or generatized hyperplasia of cells with the features of TLC, This
group of disorders encompasses histiocytosis X, Hand-Schiiler-Christian
syndrome, Letterer-Siwe disease, eosinophilic granuloma of the bone and
self-healing reticulo-histiocytosis'®C. The nature of this group of diseases has
long been elusive, but a recent study suggests that all forms of LC
histiocytosis are based on a clonal proliferation of LC, and that this group of
diseases should be considered as a neoplastic disease with variable biologic

behavior'°1,

Considering the role of DC/LC in allergic diseases, the numbers of LC in the
skin in atopic dermatitis and in the nasal mucosa of patients with alergic
rhinitis have been found to bhe increased, and these LC displayed more
surface IgE and Fc receptors for IgE192.153:154.185,156  1hy yympers of LC
were shown to be higher during the grass-pollen season, and after allergen
provocation there was a rapid threefold increase in epithelial LC and later {at
24 h.) also in the lamina propria'®7'58  such studies have not been
performed in asthma, however, increased numbers of RFD1* cells {a marker
for DC} in the bronchial mucosa have heen reported, which decreased during
treatment with inhaled corticosteroids'®?, In allergic rhinitis, corticosteroid
spray also reduced the numbers of LC'®0, Similar studies in the rat show
that glucocorticoid administration inhibits the influx of DC in the airway
wali'®!, Studies on monocytes and on epidermal LC suggest that

glucocorticoids downregulate the T cell stimulatory potential of these
08!13162’163'164.

The functional role of DC/LC in allergic inflammation has not been completely
established. The resistance to eosinophilic airway inflammation in MHC class
ll-deficient mice, however, indicates the requirement of APC - T cell
interactions in the pathogenesis of this condition'®®, In some experimental
conditions DC and LC have been shown to promote preferentially T helper 2
responses166'167'168, and might thereby a factor in the devefopment of
allergy and asthma. IgE on DC/LC may facilitate antigen presentation and
trigger ongoing IgE synthesis’®%170 |n atopic dermatitis, igE* LC have been
demonstrated to promote strongly T cell responses to house dust allergen,
whereas IgE” LC from either patients or controls did not'71,

Besides a role in allergic diseases, DC have been implicated in the
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pathogenesis of bronchiolitis obliterans associated with chronic rejection of
lung allografts. The infiltration of recipient DC together with CD4* T cells in
the graft is an early event in the pathogenesis of this condition, possibly
associated with the stimulation of alloreactive T cells by DCt72.173,174 Ap
increased infiltiration of DC (together with macrophages and T celis) has also
been described in bronchiectasis!?5:178,

In several types of human cancer, the infiltration of DC/LC in the primary
tumor correlated with an improved survival and suppressed metastatic
spread‘”. Such a favorable correlation with survival rates has also been
described for the infiltration of DC in lung carcinoma'’®. DC are thought to
play a role in the immunosurveillance against tumor cells, In animal studies,
the ability of DC has been demonstrated to present tumor-associated
antigens and to stimulate tumor-specific T celis179:180 15 contrast to DC/LC,
the extent of macrophage infiltration in malignant tumor is not associated
with a prolonged survival. Although macrophages may display anti-tumeor
cytotoxicity and stimulate lymphocytes, the production of growth factors by
these cells may enhance tumor growth 181,182

Aims of the investigations described in this thesis

PART ONE

Since DC are equipped with unique properties to present antigens to and to
stimulate {naive) T cells, these cells are thought to play an essential role in
the initiation {and in the propagation) of immune responses and thereby in
the pathogenesis of many lung diseases. To extend the knowledge and our
understanding of the role of DC in the normal immune response in the lung,
we have tried to define the immunophenotype, distribution, cytokine
production, accessory cell function and sensitivity for glucocorticoids of
populations of pulmonary DC, and we compared these cells with alveolar
macrophages from human lung {chapters 2 to b},

in chapter 2 we investigated the distribution and immunophenotype of
mononuclear phagocytes and DC in "normal” lung tissue from patients
undergoing lobectomy or pneumectomy.

In chapter 3 a separation method for cells from the bronchoalveolar lavage
{BAL) based on autofluorescence is described. With this method, we were
able to obtain two distinct populations of cells: the high autofluorescent
(HAF) cells were typical AM, and the low autofluorescent (LAF) cells
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displayed features of DC, but also showed some monocyte characteristics.

In chapter 4 we examined the effects of glucocorticoids on
immunophenotype and function of dendritic LAF cells isolated from the
human BAL.

In chapter 5 we addressed the question whether LAF cells isolated from the
BAL are able to produce IL-1, IL-6 and TNF-a and to what extent these
cytokines contribute to their function as APC. Moreover, we investigated
whether subpopulations of LAF cells differed in the ability to produce these

cytokines.

PART TWO

Patients with chronic recurrent purulent infections of the lower airways
constitute a significant clinical problem, since 1. the infections do not resolve
or quickly relapse despite appropriate antibiotic therapy, 2. such patients
regularly present at all clinics, and 3. the cause of the susceptibility for these
infections is often ejusive, and hence treatment can be only symptomatic. In
chapter 6 and 7 we studied the function of peripheral blood monocytes and
granulocytes (chemotactic responsiveness and superoxide production) in
these patients.
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Macrophages and dendritic cells in the human lung

Distribution and Immunophenotype of Mononuclear Phagocytes
and Dendritic Cells in the Human Lung
Jan Maarten W. van Haarst, Harm J. de Wit, Hemmo A. Drexhage,

and Henk C. Hoogsteden

Department of Immunology, Erasmus University, and Department of Pulmoenary Medicine,

University Hospital Dijkzigt, Rotterdam, the Netherlands

Mononuelear phagocytes and dendritic ceils (DC) play an important role in the immune response in the
lung. DC act in the afferent phase of the immune response by presenting antigen to T cells, while macro-
phages play a role in the efferent phase by exenting phagocytic/cytetoxic functions. We investigated the
{ocalization and the marker paltern of these cells in the human lung. Macrophages, identified as large,
rounded, acid phosphatase-positive cells, were mainly detected in the alveolar spaces, in the lumen of
the bronch(iol)us, and in the brenchoalveolar lavage (BAL). They were positive for major histocompatibil-
ity complex (MHC) class IT antigens (DR, D), CD68, RFD?, RFDY, and partly positive for REDL. Ir-
regularly shaped cells with a marker pattern comparable to that of blood-derived DC (positive for DR,
DQ, L25, RFD1, and CD68) were predominantly observed in the epithelium and subepithelial tissue of
the bronch(ioljus and in the bronchus-associated lymphoid tissue. In the epithelium, approximately 30%
of these cells were positive for CDla (OKT6). In the subepithelial tissue, these DC formed characteristic
small clusters with T celis. The BAL, the alveolar spaces, and the alveolar walls contained only a small
number of DC. These immunohistologic data suggest that the bronch(iol)us is well equipped to initiate
immune responses. The high number of macrophages in the alveolar compartment, which have been de-
scribed to suppress T cell proliferation, together with low numbers of DC, makes the alveolar compart-

ment Jess suited for mounting an immune response.

Monocytes and macrophages have important phagocytic and
cytotoxic functions and produce an array of mediators (1),
Although these cells are capable of presenting antigen to T
cells and thereby stimulating preliferation, alveolar macro-
phages (AM) in high numbers have been described to sup-
press T cell proliferation (2). The most potent stimulators of
preliferative T cell responses are dendritic cells (DC), and
in conteast to other antigen-presenting cells DC are able 1o
activate unprimed (resting) T cells (3). Typicat immuno-
histologic features of DC are their bean-shaped eccentric nu-
cleus, the prominent cytoplasmatic protrusions, the enzyme
histochemistry (juxtanuclear spot or absence of acid phos-
phatase), and the strong major histccompatibility complex
{MHC) class II expression {4), DC are considered by some

authors to represent a separale, bone marrow-derived lineage .

(Received in original form June 13, 1993 and in revised form November 1,
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histocompatibility complex, MEC: monoclonal antibody, mab; phosphate-
buifered »zline, PBS.
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(CD435 positive) ¢3), while others suggest a monocyte origin
{6, 7). The Langerhans cell, carrying the marker CDta, is
amember of the DC famiiy and is thought to be the precursor
of the interdigitating cell in the lymph node {8, 9),
Macrophages reside mainly in the alveelar space and in
the lumen of the bronchus and bronchiolus, DC have been
described in both the human lung (10-12) as well as in the
rat {13) and in the mouse (£0) lung. A further characteriza-
tion of their marker pattern and a more precise localization
of these ceils may improve cur understanding of the local im-
mune responses in the normal lung. We therefore examined
the presence and distribution of macrophages and DC in the
human lung, using an array of markers (Table 1), Moreover,
we compared the marker pattern of lung DC and macrophages
with those of blood monocytes and blood-derived DC,

Materials and Metheds

Cells and Tissues

Normal lung tissue was obtained from 14 patients undergo-
ing (partial) lung resection for bronchial cascinoma. The pa-
tients were all current smokers or ex-smokers. Tissue speci-
mens remote from the tumor were used, which contained
smaller bronchi, bronchioli, alveolar tissue, and blood ves-
sels. Lung tissue was gently inflated with optimal cutting
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TABLE 1
Monoclonal antibodies used in this study

Monoclonal Arubody Main Specificity

OKla#* HLA-DR
Anli-HLA-DR¥ HLA-DR
Anti-HLA-DR-biotint HLA-DR

Leul{H HLA-DQ

REDL DC, AM, and B celis
L2356 DC and B ¢2lls

Myds CD14 (menocytes)
LeuM3* CD14 (monocytes)
UCHM# CD14 (menocytes)
KIMG&** CD68 (macrophages)
KIM7++ CD68 (macrophages)
EBMI1LH CD68 {macrophages)
RED7 Macrophages

REDGY Macrophages

QKTé6* CD1a (Langerhans ceils)
Leudt CD3 (T cells)

B4t CDI9 (B cells)

5D Cytokeratin 8 and 18
Mo 16f Factor VHI

* Ortho Dlagnostics, Rarilan, NI,

* Becton Dickinson, San fose, CA.

D1 L. W, Pouler, London, UK,

§ Dr. T. Takami, Gifu, Japan,

1 Coulter Clone, Hialeah, FL.

! Dr, P. C. L, Beverley, London, UK,

¥ Behring, Masburg, Germany.

1 Dako, Glostrup, Denmark.

" Organon Tekntka, Apeldoorn, the Netherlands.

temperature cryoembedding material (O.CT: fissue-Tek; Miles,
Elkhart, IN) 1:l diluted in phosphate-buffered saline (PBS)
and embedded in O.C.T. tissue-Tek. Specimens were frozen
and siored at —80°C. Cryostat sections (6 pm} were cut and
brought on poly-L-lysine-coated stides and air-dried,

Bronchoalveolar Javage (BAL) cells were obtained from
healthy, volunteering individuals, This ‘procedure was ap-
proved by the Medical Ethical Commities. Four subjects
were smokers and five were nonsmokers,

Blood monecytes of healthy laboratory staff were isolated
from heparin blood. Heparin blood was diluted 111 with
PBS, and mononuclear cells were obtained by Ficoll-Paque
(1.079 g/mi; Pharmacia, Uppsala, Sweden) density gradient
separation {15 min, 1,000 x g}, Cells were washed twice in
PBS, and subsequently Percoll (1.063 g/ml; Pharmacia) den-
sity gradient separation was performed, which yiglded a pu-
rity of 70 to 95% monocytes as determined by nonspecific
eslerase staining,

Blood-derived DC with a potent, accessory cell function
{potently acting as stimulator cells in mixed lymphocyte
reactions) and a morphology compatible with DC (Tadle 2)
were obtained as described by Kabel and colleagues (7). In
short, blood monacytes were cultured overnight (16 h, 37°C,
5% C0,) under nonadherent conditions (polypropylene
tubes; Falcon, Lincoln Park, NIy, yielding 15 to 35% DC.
Cylocentrifuge preparations were prepared from the various
cell suspensions.

38

TABLE 2

Comparison of marker patterns of DC of the
branchialtbronchiolar wall, blood-derived DC,
peripheral blood monacytes, and AM

Bronchial  Blood-derived Blood
DC DC Monocytes  AM
Enzyme
Acid phosphatase - - - +
Nonspecific esterase - + + +
Monoclonal antibody
OKla (HLA-DR) + + + +
RFDE + + - +/-
L23 + + - ki
OKT6 (CDla) +/- - - -
Myd (CD14) +/- + + -
LeuM3 (CD14) - - + -
UCHMI (CD14) - - + -
KIM? (CD68) + + + ++
RFD7 - - - +
RFDY - - - +
OKT3 (CD3) - - - -
B4 (CDIS) - - - -
++ = strengly positive; + = positive; & = weak; — = negalive; /-
= parily positive,

Imununohistology

Monoclonal leukocyte-specific antibodies were used as
listed in Table 1. L25 is a monoclonal antibody {mAb)
directed against B cells and DC (14, 15) and was a generous
gift of Dr. T. Takami {Gifu, Japan). RFDI recognizes a class
1l-associated epitope present on activated B cells, DC, and
AM (16). As controls we used nonspecific murine [gGl,
IgG2, and IgM. Stainirg with these negative controls was in-
variably negative,

The cytocentrifuge preparations and the histologic sec-
tions were fixed in acetone (Merck, Stuttgart, Germany) for
10 min and thereafter incubated with normal rabbit serum
(Pako, Glostrup, Denmark) 10% in PBS for 10 min before
incubating for 1 h with the appropriate mAb, After washing
3 times with PBS, the slides were incubated for 30 min with
rabbil anti-mouse antiserum conjugated with horseradish
peroxidase (RaMHRP; Dako) dituted in PBS with 10% nor-
mat human serum. The slides were rinsed 3 times in PBS
and stained with diaminobenzidine (DAB; Sigma Chemical
Co,, 81. Louis, MO}, Selected stides were stained for either
acid phosphatase or nonspecific esterase (a-naphthyl ester-
ase). Counterstaining was performed with hematoxylin
{Merck, Darmstadt, Germany). Finally, the slides were de-
hydrated in ethano! (Merck) and embedded in Depex mount-
ing medium {BDH, Poele, UK).

For double immunostaining, fixation and subsequent in-
cubation with first-step mAb followed by RaMHRP was per-
formed as described above. After blocking with normal
mouse serum (1:10), the slides were incubated with a directly
biotinytated second mAb. Slides were rinsed 3 times in PBS.
and incubated with streptavidine-biotin complex conjugated
with alkaline phosphatase (Dako). Slides were sequentially
stained with 3-amino-9-ethylcarbazole (AEC; Sigma) and
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Fast Blue BB Base (Sigma). Firatty, the slides were rinsed
in distitled water and mounted in giycerin gelatin (Chroma,
Stutigart, Germany).

Identificaion and Enumeration of Marker-positive Cells

The slides were evaluated independently by twe investigators
(LM, H. and H.JW.). For each tissue compartment (alveolar
wall, alveolar space, bronchial epithelium, and subepithelial
lissue), criteria were (/) the relative number of positively
stained cells (in comparison with ether compartments and
ather mAbs), (2) the shape of the stained cells, (2) whether
the stained cells were positive for acid phosphatase, and {4)
whether in double-stained slides there was a complete, a par-
tial, or no overlap in the staining pattern of the two mAbs
used,

Enumeration of marker-positive cells/mm’ of tissue sec-
tion was performed on a VidasRT (Kentron Elektronik
GmbH, Neufarn, Germany) image analysis computer. The
areas of the bronchial epithelivm and the subepithelial tissue
were outlined and reeasured interactively. Subepithelial tis-
sue was determined to be the area between the epithelial
basement membrane and underlying structures such as
smooth muscle, cartilage, bloed vessel, or alveolar space.
The area of the alveolar tissue mass (alveolar walls + alveo-
lar macrophages) was identified as contrasted to the alveolar
space and measured on the basis of its grey values. The num-
ber of marker-positive celis in the mentioned areas was
counted interactively using the VidasRT system.

Results
Bronchial and Bronchiolar Epithelfum

Irregularly shaped cells with dendritic processes extending
between the epithelial cells were found in the epithelium of
the bronchi and bronchioli in all patients (Figure 1}, These
cells stained for MHC class IT (245/mum? epithelium; Table
3), L25 (174/mm?), and RFDI (154/inm?*) (Figure 2A), and
a part of these cells (78/mm’, approximately 30%) reacted
sirongly with CDla, while no reactivity was observed with

A

TABLE 3
Numbers of acid phosphatase (APh)-negative cells
staining for respectively OKla, 125, RFDI, and OKTS
and numbers of APh-positive cells per mm® of
epitheliym, subepithelial tissue, and aiveolar tissue

Compartmen! Epithelium Subepithelfal Alveolar
APh-negative
OKla 245 & 61 320 1 136 NC*
L25 174+ 73 24+ 75 26 £ 10
RFD1 154 + 58 216 + 94 LIS
OKT6 78+ 44 Nil Nil
APh-positive P42 22+ 19 249 + 151

* NC = not counted; we teul for explanation. Dals represend the mean £ 5D.

RFD7, RFDY, acid phosphatase, and nonspecific esterase.
These irregularly shaped cells were scaltered along the epi-
thelial barrier and were predominantly situated close to the
basement membrane. Large, oval, acid phosphatase-posi-
tive cells reacting with RFD7 and RFD# were ondy sporadi-
cally observed in the epithelium (I + 2/mm?).

Subepithelial Tissue

A heterogeneous infiltrate of monoauclear cells was found
in the subepithelial tissue of the bronchus and bronchiolus
of all patients, consisting mainly of round, CD3-positive T
cells and irregularly shaped, MHC class H-positive cells,
with long cytoplasmic extensions. Interestingly, these cells
were not equally distributed around the lumen, but they were
mainly located in smalt clusters of dendritic-shaped cells to-
gether with T cells under the bronchial epithelium (Figures
1B and 2B),

Besides HLA-DR (320/mm’; Table 3), most of these ir-
regularly shaped cells stained for HLA-DQ, L25 (224/mm?),
RFDI (216/mm?), and CD68 (KIMT). In these cells, no re-
activity with acid phosphatase, nonspecific esterase, RFDY,
RFDS, Leud, and B4 was detected. Furthermore, these cells
did not contain any inclusion bodies. There was a difference

B

Figure 1. A. CDIa (OKT6)-positive cell in the bronchial epithelivm; note the bean-shaped nucleus and the cytoplasmic extensions; E =
epithelivm; S = subepithelial tissue, Bar = 10 pm. B. Clusters of irregularly shaped cells stained with L23; one cluster directly beneath
and in the bronchial epithelium, with intraepithelial dendritic-shaped cells showing long cytoplasmic protrusiens towards the bronchial
lumens a second cluster is located in a deeper layer of the subepithelial tissue. Bar = 100 gm.
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in the reactivity of mAbs specific for CDI4: virtually ro stain-
ing was found with LeuM3 and UCHM, while My4 did react
with the irregularly shaped cells. Double staining with anti-
class IT and My4 revealed a partial overlap, Compared with
T cells and the irregularly shaped cells, only a few large,
rounded cells staining for RFIX, RFDY, KIM7, class 1, acid
phosphatase (22/mm® Table 3), and nonspecific esternse
wete observed. CDla-positive cells and B cells (CDI9) were
only sporadically encountered in the subepithelial tissue:
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Figure 2. A, Two imegularly shaped cells with clear cytoplasmic
protrusions situated along the basement membrane staining for
both HLA-DR (blug) and 125 (red). B. Clusters of CD3-posilive
T cells (red) and dendritic-shaped HLA-DR-posilive cells {blue) in
the subepithelial tissue of the bronchus. C. Bronchus-associated
lymphoid tissue stained for HLA-DR (blue) and CD3 (red). D.
Strong acid phosphatase-positive {red) alveolar macrophages and
an L25-positive {brown) dendritic-shaped ¢ell with a discrete jux-
tanuclear spot of acid phosphatase in the BAL. E. A dendritic-
shaped CDIa-positive cell (brown) in the peripheral T cell zone of
the brornchus-associated lymphoid tssue,

Brenchus-associated Lynphoid Tissue (BALT)

BALT was determined as nonencapsulated aggregations of
lymphocytes, with distinet B cell and T cell areas, in the
subepitheliai compartment of the bronchus (Figure 2C}.
BALT was encountered in twe of the 12 patients. The cells in
the inner zone of the BALT reacted with the B cell marker
CD19 (B4). The small, outer zone of the BALT could be
identified as the T cell zone on the basis of positivity for CD2
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{Leusd}. Dispersed through the BALT, some rounded, acid
phosphatase-positive cells were observed. In the T cell zone,
characteristic dendritic-shaped, acid phosphatase-negative
cells could be detected that reacted with OKla, L2S, RFDI,
and CDa (Figure 2E).

Alveolar Walls

The recognition of separate HLA-DR-positive cells in the al-
veolar wall was impossible because of MHC class 1I expres-
sion by alveolar epithelial cells as weil as endothelial cells.
Double abeling of anti-HLA-DR with anti-cytokeratin and
anti-factor VI indicated that there were few dendritic-
shaped cells present in the aiveolar wall, These cells were
mainly located in connective tissue in thickened alveolar
walls and at bifurcations of alveolar septa. Other markers
like L25, RFDI, and Leul0 (HLA-DQ) did not stain en-
dotkelium or epithelium, With these markers also occasion-
alty positive cells (negative for acid phosphatase) were en-
countered in the alveolar wall (26/mmy® with L25, 31/mm?
with RFDL; Table 3). Reaclivity with CDla (OKT6) could
not be observed in the alveolar septa.

Bronchoalveolar Lavage

The BALs obtained from healthy controls (¢ = 9) contained
more than $0% large, round, strongly acid phosphatase-
positive macrophages reacting with nonspecific esterase,
class I, KIM7, RFD7, RFDY, and RFD1, AM were either
negative or weakly positive for L25.

A very small percentage of the BAL cells (0.36 1 0.27%)
showed prominent dendritic protrusions, were strengly posi-
tive for MHC class I, and were negative for or had a spot
of acid phosphatase (Figure 2D). Funthermore, these cells
reacted with L25 and RFD1. Although there was a tendency
for higher numbers of these cells in smokers than in non-
smokers (0.45% versus 0.28%), this difference was not
statistically significant. Interestingly, OKTS stained 2.13 +
1.66% of the BAL cells, which were acid phosphatase nega-
tive, seme with a dendritic shape, but the majority showed
a more monocyte-like, rounded morpholegy.

Comparison of Marker Patterns

In Table 2, the marker paitern of the dendritic-shaped cells
in the bronchial/bronchiotar epithelium and subepithelial
tissue and farge, rounded, acid phosphatase-positive macro-
phages from the BAL and the alveolar spaces is compared
with that of blood monocytes and blood-derived DC. The
marker pattern of the dendritic-shaped cells in the bronchial
wall is comparable to that of blood-derived DC and is clearly
different from that of blood menccytes and AM.

Discussion

In this repost, the distribution and marker pattern of macro-
phages and dendritic-shaped celis in the human lung are de-
scribed. There was a predominance of macrophages in the
alveolar compartment and the brorchial/bronchiolar lumen,
whereas the dendritic-shaped cells were situated primarily
in the epithelium and subepithelial tissue of the bronchus and
bronchiclus and in the BALT. Because of the strong resem-
blance to the marker pattern of blood-derived DC and the
lack of various monocyte-macrophage markers {Tuble 2}, we
presume these cefls belong to the DC family. Of course,

functional studies on isolated cells need to confiom this
presumption. The positivity for My4 and CD68 (KIM7) on
the other hand suggests a relationship of these DC to the
monocyte-maceophage lineage.

" The material used in this study was entirely from patients
with bronchial carcinoma. Our tissue specimens were taken
from a site remote from the wmoe and showed a histomor-
phologic normal appearance, except for the sequelae of ciga-
rette smoking and urban life. Since all patients were current
smokers or ex-smakers living in an urban surrounding, our
data might be influenced by these environmental factors.
The numbers of AM and monocyte-like cells (17) have been
described as being elevated in the BAL of smokers. Increased
numbers of total inflammatory cells and polymorphonuclear
leukocytes have also been described in lung tissue of curreat
smokers and ex-smokers (18-20). Nonsmokers might there-
fore differ in the numbers of macrophages and DC in their
lungs. Unfortunately, we were unable to obtain lung tissue
from nonsmokers, and further studies are needed to clarify
this item.

In the epithelivm of the bronchial/bronchiolar wall, a sub-
population of the DC carried the Langerhans cell-marker
CDla (approximately 30%), which is in agreement with the
description of Holt and associates (12}, Others have detected
Birbeck granulae in these cells (1), suggesting a close rela-
tionship with the Langerhans cetl of the skin. The tightly
meshed network of DC as described by Holt and associates
was locally present (12), but in general we observed a more
scaitered pattern of DC in the epithelium, even on tangen-
tially cut sections, The DC in the subepithelial tissue of the
bronchial/bronchiolar well only eccasienally showed CDIa
expression, and there was a stronger overlap with markers
of the monocyte-macrophage lincage {CD14 and CDG3), [t
has been described, however, that Wy4 (CDI4) not only
reacts with monocytes, but reacts with interdigitating cells,
interstitial DC, unfixed Langerhans cells, and endothelium
as well (21-23), Other CDI4 mAbs, like UCHMI and
LeuM3, have a smaller specificity and did not (or only spo-
radically) stain cells in the bronchial wall. The same differ-
ences in reactivity with anti-CDI4 mAbs were found with
our blood-derived DC (Table 2). Different mAbs of the
CD68 cluster (KIMO6, KIM7, and EBM11} showed compara-
ble staining patterns in cur slides. CD68, which is often used
as a macrophage marker, also reacts with Langerhans cells
in the skin, spleen DC, and interdigitating cells (24, 25), In
addition, CD68 is present on freshiy isolated blood DC and
is rearranged to a juxianuclear spot upen culture (26).

DC were also abserved in the T cell zone of the BALT.
This is in line with previous observations in the BALT of
mouse tung €27). Oaly in two of the 14 patients was BALT
encountered. Although BALT has been described in the hu-
man lung, it is argued that it is normally not present in the
lungs of healthy, aonsmoking individuals (28) (see discus-
sion above),

We found a considerably lower number of DC in the alve-
olar compartment as compared with the numbers in the
bronchial wall, Although DC have previously been de-
scribed in the human lung (10, 11), this difference in com-
partmentatization has not been noted. Interestingly, a com-
parable distribution has been described for T cells in the
human lung (2%,
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Qur data are in contrast to those of Soler and co-workers
{t13, who described the presence of a large number of CDIa
(OKT6)-positive cells in the alveolar wall. Sertd and col-
leagues (L0) reported a lack of positivity of pulmonary DC
for CDla (OKT6). In our sections, which showed no back-
ground staining, strongly posilive CDla-positive cells could
be detected in the bronchial epithelium and the BALT,
whereas the alveolar compartment was completely negative
for CDla,

In support of eur immunchistologic data, clearly showing
DC in the human Jung, are studies in which DC were isolated
frem the human lung. These cells were strong stimulators of
allogenic T ceil responses in virre (30). The DC in the bron-
chus observed by us are likely to have such T cell-stimula-
tory properties, since they wete often seen in close contact
with T cells and since their morphology and marker pattern
is virtually the same as that of interdigitating cells and blood-
derived DC, which are streng T cell stimulators as wel (7).
it is unclear, however, whether the clusters of DC and T cells
found by us represent the same active process of clustering
of these cells in vitre, which is essential for T celi stimula-
tion (31),

Macrophages were abundantly present in the alveolar
compariment, AM have been described as inhibiting the
stimulation of proliferative responses by antigen-presenting
cebls (2, 32). Cur data therefore suggest this compartment
to be tess well equipped to initiate immune responses. This
view is strengthiened by the scarce presence of DC in the al-
veolar wall and the BAL. The bronchus and bronchiolus,
showing the clear presence of DC, are better suited for
meunting an immune response than the alveclar compart-
ment, Fhe concept that the bronchial compariment of the
lung is the primary site for the initiation of immune re-
sponses in the lung is supported by the devefopment of lym-
phoid tissue {BALT} in the brorchus/bronchiolus in a few pa-
tients and the presence of high endothelial venules in the
bronchus in healthy subjects (33).
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Human bronchoalveolar lavage (BAL) has been described to contain, besides a large number of alveolar
macrophages (AM) (~95%), smatl numbers of monoeyte-like ceils (2%} and dendritic cells {DC)
(~0.4%). To separate AM thigh autofluorescence) from DC, we used a fluerescence activated cell sorier
(FACS) to separate BAL cels into a low autofluorescent (LAF) fraction and a high autoftuorescent (HAF)
fraction. lmmunecytologic and functional properties of these fractions were investigated. 'The LAF frac.
tion was composed of acid phosphatase (APh)- and RED3-negative cells, which were strongly positive
for HLA-DR, L25, RFD{, and CD68. A portion of these cells expressed CDla (22%) and Myd (60%).
The marker pattern of these cells is reminiscent to that of intraepithelial bronchial DC and to that of blood
DC. The majority of the LAF cells had a monocyte-like morphology, but after overnight culture the per-
centage of LAF cells with long cytoplasmic extensions (DC morphology) was strongly augmented (from
18 10 51%). The HAF fraction contained 100% AM, strongly positive for APh, HLA-DR, CDé68, RFI)7,
and REDY. In culture, the LAF cells formed clusters with T cells and vigorously stimutated the prolifera.
tion of allogeneic T cells and raive (CD45RO-negative) T cells. BAL and LAF cells produced higher re-
sponses in nonsmokers than in smokers. In contrast, HAF cells did not form clusters with T cells and
did not stimulate allogeneic T cell proliferation. HAF cells even suppressed mitogen-driven T cell
proliferation. We ¢onclude that human BAL cells can be separated with a FACS into (f} high autofiuores-
cent AM with T celt-suppressive properties and (2) tow autofluerescent accessory cells with a very strong
T cett-stimulatory potential. These accessory celts show many features of dendritic cells, but do have

some monocyle characteristics as well,

Dendritic cells (DC} and alveolar macrophages (AM) play
an important role in the immune response of the human lung.

DC are professional antigen-presenting cells and are able
to initiate immune responses, [n contrast to macrophages
and other antigen-presenting ceils, DC are able to activate
naive (unprimed) T cells (1). Immunocytologic features of
dendritic cells are their irregular outline, their bean-shaped
eccentric nucleus, an absence of acid phosphatase (APh) {or
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the enxyme concentrated in a juxtanuclear spot), and a
strong surface expression of major histocompatibility com-
plex (MHC) class IT antigens (2-4).

AM have important phagocytic and cytotoxic funciions
and preduce an array of mediators. Although macrophages
are in general regarded as antigen-presenting cells, AM are
poor stimuiators or even suppressors of T cell proliferation
(5, 6), Immutnocytologic features of AM are a rounded mor-
pholegy and strong APh positivity (7).

Bronchoalveolar lavage (BAL) of healthy subjects yields
a cell population containing greater than 90% AM. In addi-
tion to AM, small percentages of lymphocytes (4 %), granu-
locytes (2 %), monocyte-like cells (2%), and BC {0.4%) can
be observed in the human BAL (8, 9).

The abundance of AM in BAL has allowed elaborate
studies en the functional properties of these cells, The num-
ber of studies on DC in BAL and lung is limited, however,
due to the difficult purification procedures required and the
low number of these cells present. Nicod and colleagues re-
cently described the isolation and purification of DC from
minced and digested human lung tissue, based on the
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autofluorescence of AM (10), Havenith and co-workers have
described a similar technique to isolate monocyte-like cells
and DC from the rat BAL Buid afier BCG instillation (11},

Here we describe the isolation and purification of DC and
their precursors from human BAL fluid using a similar sepa-
ration technigue (fluorescence activated cell sorting [FACS]),
based on the difference in autofluorescence between DC and
AM (see also references 10 and 11}. In addition, we tested
the immunocytologic and functional properties of the DC
isolated from human BAL,

Materials and Metheds
Bronchoalveolar Lavage

After informed consent, BAL was performed on individuals
during anesthesia for routine elective surgery. Subjects with
a history of pulmonary or systemic disease were excluded.
Seven smokers (more than five cigarettes a day) and five
lifelong nonsmokers were included in the study (mean age
36 yr, range 28 to 57 yr). BAL was performed with a ltexible
bronchoscope placed in wedge position in the right middle
lobe. Four aliquots of 50 ml saline were subsequently in-
stilledt and aspirated. BAL Ruid {total volume ranged from
E0 to 150 ml) was collected in siliconized bottles, The pro-
cedure has been approved by the Medical Ethical Committee
of the Erasmus University and University Hospitat Dijkzigt,

Isolation and Purification of DC and AM

BAL cells were kept at 4°C, washed twice in phosphate-
buffered saline (PBS} containing 0.5% bovine serum aibu-
min and 0.45% glucose, and subsequently filtered through
a 55 pm and a 30 pm gauze. BAL cells were sorted on a
FACS-Vantage (Becton Dickinson, Erembodegem, Belgiunt)
with a 488 nm laser, Sort windows were generated on
autefiuorescence (FL1, 530 nm) to create a population with
a low autcfluorescence (LAF cells) and a population with a
high autofiuorescence (HAF cells), and on forward scatter
(FSC}) to exclude small cells (iymphocytes) and debris. For
the LAF fraction, an additional sort criterion was set on side-
ward scatter (S5C) to exclude cells with a high $§$C {granu-
locytes and macrophages), In selected experiments, cells
were incubaled with OKT6 conjugated with a fiuvorochrome
to subdivide the LAF fraction. Peripheral blood monocytes
(PBM) and blood DC (used as a control population} were
purified according to techniques described in detail else-
where {§2, 13). In short, monocytes were isolated from
heparin blood or buffy coats by subsequent Ficoll-Paque
{1,079 g/mi; Pharmacia, Uppsala, Sweden) and Percoll
{L.063 g/ml; Pharmacia) density gradient separation. After
exposure to triiedethyronine (T3, 30 min, 37°C), monocytes
were cullured under nonadherent conditions fozr 16 h, yield-
ing a population containing 30 to 45% DC,

Monoclonal Antiboedies

The following monoclonal antibodies (mAbs) were used:
OKla (HLA-DR} and OKTé (CDla) {Ortho Diagnostics Sys-
tems, Beerse, Belgium); Leud (CD3), B4 (CDI9), and
LeuM3 (CDI4) (Becton Dickinson, San Jose, CA); Myd
(CD14) (Ceculter Immunelogy, Hialeah, FL}; UCHLI
(CD45R0O) (Serotec, Oxford, UK}); 32.2 (CD64) (Medarec
Tuc., West Lebanon, NH}; and KIM7 (CD68) (Behring,
Marbueg, Germany). L235 is an mAb directed against B ceils
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ang DC (I4, 15) and was a generous gift of Dr. T. Takami
(Gifu, Japan); REFD7 and REDY are macrophage markers,
RFDI recognizes a class I1-associnted epitope present on ac-
tivated B cells, DC, and AM (16). RFD7, RFD9, and RFD)
were kindly provided by Dr. L. W. Poulter (London, UK).

Immunocytology

Cytocentrifuge preparations were prepared of original BAL
celts, of the FACS-sorted fractions, and afler DC-lympho-
cyte culture {see below), OF the FACS-sorted fractions,
cytospins were prepared immediately afier sorting as well as
after overnight culture ender nonadherent conditions (£6 h,
31°C, 5% CO, in polypropytene tubes; Falcon, Lincoin
Park, NJ).

Cytocentrifuge preparations were fixed in acetone
{Merck, Darmstadt, Germany) for 10 min and thereafier in-
cubated with normal rabbit serum 10% (Dako, Gostrup,
Denmark} in PBS for 10 min before incubating for 1 h with
the appropriate mAb. Subsequently, the skides were either
incubated with rabbit anti-mouse antiserum cenjugated with
horseradish peroxidase (RaMHRP; Dako) for diaminobenzi-
dine {Sigma Chemicals, Axel, the Netherlands) staining, or
with alkaline phosphatase anti-alkatine phosphaltase for Fast
Blug BB Hase (Sigma) staining, Most slides were stained for
APh, and selected slides were stained for nonspecific ester-
ase, Counterstatning was performed with hematoxylin.

Mixed Lymgphocyte Cultures

Responder T cells were isolated from buffy coats of healthy
blood donors. Buffy coats were diluted 1:! with PBS, and
monenuclear cells were obtained by Ficoll-Paque (1.079 g/md;
Pharmacia) density gradient separation (15 min, E000 g).
Monocytes and lymphocytes were separated by Percoll {1,063
g/ml; Pharmacia) density gradient centrifugation. Lympho-
cytes were depleted from B cells and residual monocytes by
adherence in a nylon wool column (Polyscience, Warring-
ton, PA) (I h, 37°C, 5% COQ,). For some experiments, na-
ive CD45RQ-negative T cels were obtained by depleting T
cells from CE45RO-positive memory T cells. T cells were
incubated with UCHLI (CD45R0O} and subsequently with
goat anti-mouse IgG microbeads (Miltenyi Biotec, Bergisch
Gladbach, Germany). CD45RQ-positive cells were depleted
with a magnetic cell separator (MACS; Miltenyi Biotec),
The various purified T cell populations were stored in liquid
nitrogen until use.

For mixed lymphecyte reactions (MLR), various stimula-
tor cell populations were irradiated with 2,000 rad. Various
numbers of stirulator cells were cultured with 150,000 al-
logeneic T cells in RPMI 1640 (GIBCO, Breda, the Nether-
lands) to which 10% human A* serum, penicillin, and
steeptomycin were added, 1o a tosal volume of 200 pi. After
5 days, 0.5 pCi ["H]thymidire was added and the cells were
harvested 16 h later. Scintillation was counted on an LKB
1203 Betaplate liquid scintilation counter {Walla¢, Turku,
Finland), Cultures were always performed in triplicate,
Negative controls (["H]thymidine incorporation in T cells
alone and in the various stimulator cell fractions without T
cells) were abways less than 500 counts per minute {cpm).

In some phytohemagglutinin (PHA}- or LAF cell-
induced T celf proliferation assays, the effect of co-culture
with HAF cells was tested. The percentage of inhibition
caused by co-culture with HAF cells was calculated from 1k
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proliferative responses as: 100 — [(STIM + HAF)YSTIM x
100); STIM = PHA or LAF cells,

To visuatize the interaction between stimulator and re-
sponder ceils, 15000 stimulator cells were cultured with
130,000 T celis using 200 pl culture medium in 96-well, flat-
bottom plates. At4and 24 h, the number of clusters (a group
of at least four cells closely attached to each other) was
counted with an inveried microscope, the cells (clustered and
nenclustered) were harvested, and cytocentrifuge slides
were prepared,

Statistics

The numbers of BAL and LAP cells in smokers and non-
smokers were compared with a  test. Normal distributions
of the proliferative responses were obtained after fogarith-
mic transformation {(fog{cpm)). Dose-response curves of
BAL cells, LAF cells, and HAF cells in the MLR were ¢com-
pared with a ¢ test using the log(cpm). P values < 005 (cor-
rected for multiple analysis) were deemed significant. Using
the same method, the effect of co-culture of HAF cefls in
PHA-driven T cell proliferation was evaluated (i7).

Resulis

Cell Recovery and Viability

The BAL fuids of the smokers contained 46 + 17 x 10¢
cells {mean + SD). Cell sorting with the FACS-Vantage
yielded 33 4 12 % 10' cells (0.72%) in the LAF fraction,
The BAL Huids of the nonsmokers contained only 8.9 + 6.5
X 10° cells, from which 30 + 06 X [0 cells (0.34%)
were obtained in the LAF fraction, Diiferences between
smekers and noasmokers were significant (P < 061) both for
absolute numbers and percentages.

The viability of BAL cells was 81 + 8%, The LAF frac-
tion was always more than 95% viable, whereas the HAF
cells had a viability of 73%. Viability figures were compara-
ble between smokers and nronsmokers.

Morpholegy and Immunocytology

In Table 1, the (immuno-)phenotypic characteristics of the
original BAL cells, the LAF acd HAF fractions, PBM, and
blood-derived DC are shown, Due to the fimited availability
of material, only four to 10 slides per marker could be inves-
tigated. There were no gross differences in the percentage of
positive cells for any marker between smokers and nonsmok-
ers; therefore, we made no distinction between these two
groups in the data on BAL, LAF, and HAF cells in Table 1.

The LAF fraction predominantly consisted (85%) of
rounded large monocytic cells that were negative for APh or
had only a juxtanuctear spot of this enzyme activity. These
LAF cells were negative or weakly positive for nonspecific
esterase. There was a low level of contamination with APh-,
RFDT-, and RFD9-positive larger macrophages (9 to 11%)
and lymphocytes (65%). In some cases, low numbers (< 5%)
of granulocytes and epithelial cells were present. The APh-
negative LAF cells had a bean-shaped eccentric nucleus,
Whereas most of these cells showed a more or less rounded
morphology (82 + 9%} (Figure la), only a minor part (18%)
showed an irregular outline with long cytoplasmic exten-
sions. After overnight culture under noradherent conditions
(37°C, polypropylene tubes), there was a marked increase
in the LAF fraction of cells showing such cytoplasmic ex-
tensions or veils (Figure I}, and values of up to 51 + 6%
dendritic/veiled cells were obtained. These morphologic
changes could not be observed after a short incubation
period of | hat 37°C. Immunocytologically, the APh-regative
(or APh-spoty LAF cells showed a high expression of HLA
class H molecules and the DC-markers RFD and L25.
Twenty-two percent of the cells expressed the Langerhans
cell marker OKT6 (CDla); Myd (CD14) was expressed by
60% of the cells, Most LAF cells were negalive for LeuM3
(CDI14), 32.2 (CD64), RFDT, and RFDY. After overnight
culture, there was a marked decrease in the percentage of
cells positive for LeuM3 and Myd (Table 1), For the other
markers, such changes were not detected (data not shown).
Note that the immunecytologic profile of the monocytic LAF

TABLE 1

Percentages of cells exkhibiting cytoplasmic extensions (DC shape) and percentages of marker-positive
cells of total BAL cells and of LAF and HAF cell fractions*

LAF HAE BAL Blood DC FBM Bronchial DC

DC shape tF) 18 +9 0 0 + - +
CC shape (C) 516 ] 0

APh 12 +7 100 +0 93 £33 - - -
OKla %07 o4+ 9 8%+ 5 + + +
RFDI1 57T+ 17 48 1 35 46 + 31 + - +
L2s 84 16 7% L 26 7+ 19 + - +
OKT6 2410 010 2+2 - - +i—
Myd (F) &0 1 3 6416 ND + + +=
Myd (C) 26+ 9 ND ND

LeuM3 (F) i5£6 4+0 ND - + -
LeuM3 (C}) 6 +4 WD ND

322 14 L 15 7219 ND ND ND NBb
KiM? 18 % 16 100 £ 0 ND + + +
RFD? 5%6 60 4 17 ND - - -
RFDY9 12 +£7 75 £ 15 ND - - -
Leud 6 L4 0+0 2+2 - - -

* For the BC shape and My4 and Leubf} expression, data of freshly isolated cells (F) and of overnight cultured cells (C) are shown, The data represent the
mean + 5D of four to 10 slides of smokees and nonsmokers together, For comparison, the zeactivity with these markers of blood-derived DC, PBM, and brenchial
epithelial DC (a5 was described in an earlier study §7]} is shown: + = pasitive, —~ = negative. +/— = partially positive, ND = nol dene,
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Figure I, LAF cells are monocyte-like cells that are strengly positive for L25 and negative for APh and exhibit (freshly isolated) a rounded
morphology (a). HAF cells are [arge rounded cells, strongiy positive for APh and weakly positive for L25 (b). During overnight culture,
LAF cells develop long cytoplasmic extensions (¢). An intimate cluster of a LAF cell (stained with OKla) with several T cells caught

in its long extensions (d). Bar = 10 pm.

celts, though mestly rounded, parallels that of blood DC but
not that of PBM (Table 1).

HAF cells were all rounded cells with a round or oval nu-
clews and all were strongly positive for APh and nonspecific
esterase (characteristic AM; Figure b). HAF cells were
aiso strongly positive for CD68, RFDY, and MHC class H
melecules, but only a portion of these cells was positive for
RFDI and RED7. L25, though positive, was usually ex-
pressed more weakly on these celis than on LAF cells. The
HAF fraction was completely devoid of lymphocytes, DC,
and ihe monocyte-like cells described in the LAF fraction.
Overnight culture did not change the morphologic appear-
ance of the HAF cells (they did not obtain a dendritic/veiled
appearance),

Mixed Lymphocyte Cultures

As is shown in Figure 2, LAF cells vigorously stimulated at-
logeneic T cell proliferation, Significant proliferation was al-
ready obtained at stimulator-responder ratios of [:40. LAF
cell-induced T cell responses were comparable to those of
blovd DC, which we deseribed earlier (9). BAL cells were
poor stimulators of aHogeneic T cell proliferation; HAF
cells were almost nonstimulatory and only had some effect
at a stimulater-responder ratio of 1:1, In all ratios, prolifera-
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tive responses produced by LAF cells, BAL cells, and HAF
cells were significantly different, BAL and LAF celis of non-
smokers produced higher T cell responses in comparison
with those of smokers. These differences were statistically
significant (P < 0.05) for the stimulator-responder ratios of
1:40 to 1:5 of the BAL celis, There were no differences in
the responses induced by HAF cells between smokers and
nonsmokers.

Since LAF cells showed a marked heterogeneity in the ex-
pression of several markers (e.g., CDla), we wondered
whether or not this phenotypical heterogeneity was as-
sociated with a functional heterogeneity within the LAF celt
population. In two experiments, CDla-positive cells were
isolated from the LAF fractions via FACS sorting. These
CDla-positive LAF cells induced even higher responses than
total LAF cells (74,937 cpm versus 43821 cpm).

PBM were poor stimulators of totat CD3-positive T cells
when compared 1o LAF cells (Figure 3). In contrastto PBM,
LAF cells were capable of stimulating CD45RO-negative,
naive T cells {Figure 3). In these experiments, PHA re-
sponses of total T cells and naive T cells were comparable.

During mixed lymphocyte culture, LAF cells formed
clusters with altogensic T cells and allogeneic naive T cells.
As early as 4 h after the beginning of the culture, some small
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Figure 2. MLR of BAL cells {sriangles}, LAF cells (circles), and
HAF cells {squares) of five nonsmokers (closed symbols) and five
smokers {open symbols) in different stimulator-to-T cell ratios.
LAF cells of nonsmokers could caly be tested in a ratio of 1:30;
10 pg/ml PHA was used as a positive control. Data represent the
mean + SEM.

ciusters of just a few celis could be observed. After 24 h,
many more clusters had been formed (Table 2), which grew
slowly in size over the following days. In cytospin prepara-
tions, clusters always contained one or more dendritic LAF
cells and many T cells. The T cells were often located in the
veils or cytoplasmic extensions of the LAF cells (Figure 1d}.
The LAF cells in the clusters strongly reacted with the DC
markers OKla, L.25, RFDI, and CDIa, Surprisingly, how-
ever, there were also LAF cells showing classic veils or long
cytopiasmic extensions and strong positivity for DC mark-
ers, but which did not cluster with T cells. PBM formed only
a few clusters with T cells after 24 h. HAF cells, on the con-
trary, did not form clusters with T cells in culture, but some
superficial HAF cell-T cell interactions coutd be observed
in the cytospin preparations,

Since in all experiments (see Figures 2 and 3) HAF cells
were extremely poor stimulators in the MLR, and since
other investigators reported immunosuppressive properties
of AM, we tested the possible inhibitory effect of co-culiure
of these cells on PHA-driven T cell proliferation, HAF cells,
when co-cultured at a ratio of 1:5 to T cells, showed a vari-

o 11

CPM (Mgusands)

J. ll_,ﬁ I t [‘E

LAF HAF FRaY PHA

|

Figure 3. Comparison of MLR with allogeneic T cells (open bars)
and with allogeneic naive CD4SRO-negative T cells (fatched bars).
LAF cells (1:30), HAF cells (1:5), PBM {1:5), and PHA (10 pg/ml)
were used as stimulators. LAF cells and HAF cells used for these
experiments, were obtained from three nonsmokers and from one
smoker. Data represent the mean + SD.

TABLE 2

Numbers of clusters in six microscopic fields (200%)
after 4 and 24 h of culture of 15,000 LAF cells,

HAF cells, or PBM, rogether with 150,000 T cells*

3h 24b
LAF 1619 35116
HAF 1] 0
PBM 0 16 + 5

* Dam represeat the mean + §D of four experiments.

able but significant inhibition of PHA-driven T cell prolifera-
tionof 43 + 22% (range O to 94 %, n = 8, P < 0.05; Figure
4). With a HAF cell-T cel ratio of L:1, a comparable per-
centage of 54 + 44% inhibition was observed (range 0 to
97%, n = 5, NS). There were no differences between
smokers and nonsmokers regarding the immuonosuppressive
properties of the HAF cefls. The HAF cell-induced inhibi-
tien of PHA-driven mitogenesis could not be reduced by the
addition of indomethacin or by the nitric oxide synthesis in-
hibitor N-monomethylarginine (NMMA). In these experi-
ments (n = 4}, HAF cells (1:3) inhibited PHA-induced re-
sponses for 75% (48 to 94 %) versus 79% (58 to 95%) with
indomethacin (1 pg/ml) added, 73% (44 to 93%) with
NMMA (0.5 mM) added, and 74% (51 to 94 %) with both
substances added. Other concentrations of these substances
tested did not have any effect either (not shown). In contrast
to the immunosuppressive activity in PHA-driven T cell
profiferation, HAF cells in a ratio of 1:5 to T cells enhanced
T cell stimulation by LAF cells by 25 + 8% (n = 3). How-
ever, ina higher HAF cell-T cell ratio {1:1}, LAF cell-stimu-
lated T cell proliferation was reduced by 26 % compared to
LAF cells cultured with T cells alone.

Discussion

This report shows that we were able to separate human BAL
cells on the basis of autofluorescence into twoe immunocyto-
logically and functionally different fractions, The LAF cells
were polent accessory cells and stimulated naive T cell
proliferation in an allogeneic MLR, whereas the HAF cells
were very poor stimulators in an MLR and even suppressed
T cell proliferation in PHA-driven culiures,

Freshly isolated LAF cells predominantly showed a
rounded, monocyte-like morphology, but their marker pat-

0

<o (thausands)
k=]

FriA PHA s HF HAF

Figure 4. T cell proliferation induced by PHA, by PHA + HAF
cells (1:5), and by HAF cells {1:5) alone. Data represent the mean
+ 8D,
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tern was characteristic of DC. Monocyte-like cells in the
BAL were until now regarded as precursors of mature AM
{18). However, upon overnight culture under nonadherent
cenditions, half of the LAF cells developed cytoplasmic ex-
tensions, whereas the other half kept their monocyte-like ap-
pearance. This suggests that the rounded LAF cells rather
differentiate into DC than inte AM, Moreover, the marker
pattern of the rounded LAF cells was comparable te that of
blood-derived DCand to that of DC in the bronchial wali (9).
En contrast ta PBM, LAF cells expressed L25, RFD1, CDla,
and high amounts of MHC class IT antigens, On the other
hand, LAF cells lacked typical macrophage markers (RED7,
RFDY, and APh). KIM7 (CD68), which is generally known
as a pan-macrophage marker, was detected en LAF cells but
has alse been described on DC by us and others (9, 19-21).
CD14 expression was only detected with one of the two
mAbs used on fresh LAF cells and was down-regulated dur-
ing overnight culwre. Although CDI4 is generally regarded
as & monocyte marker, we and others have described the re-
activity of DC with some CDI4 mAbs in (lung) lissue (4,
7). We conclude that the LAF cell fraction of the human
BAL contains a popuiation of monocytic cells that are the
precursors of dendritic/veited cells.

In addition to these strong morphologic and immunocyto-
logic similarities of LAF cells with DC, LAF celis formed
large clusters with T cells and vigorously stimulated al-
logeneic T cell proliferation. Clustering with T cells is an
important feature of DC and is essential for the induction of
T cell proliferation (22). Since the LAF cells could potently
stimulate {and cluster with) naive CD43RO-negative T cells
and since stimulation of naive (unprimed) T cells is a
hallmark of DC (4), these data also clearly show that the
functioning of LAF cells from BAL fluid compares with the
functional capabilities of DC. The notien that CDla-positive
LAF cells were even more potent stimulators of allogensic
(naive) T cell responses further supports this view, tut also
shows the immunohistochemical and functional heterogene-
ity within the LAF cell fraction. This heterogensity was
noted with other markers as well (e.g., My4 and RFD) and
withthe cluster behavior of the cells {some LAF cells formed
large clusters with allogeneic T cells, whereas others did
not). The heterogeneity in the LAF cell fraction might reflect
the coexistence of different cell lineages or differences in
maturation and activation states of one lineage.

With regard to our separation method, autofluorescence
has been cotrelated to the number of lysosomes {23), which
is very low in DC and high in macrophages (24). The separa-
tion of low autofluorescent DC (and monocyte-like cells)
from high autoflucrescent macrophages has been previously
described for human lung tissue (10) and for rat BAL cells
{11). Twenty to thirty percent of the bronchial intraepithelial
DC are positive for the Langerhans cell marker CDla, while
DC elsewhere in the lung are negative for this marker (9, 25).
Nicod and colleagues (10) did not observe CDla expression
in DC isolated from minced and digested lung tissue. This
suggests that DC isolated from digested fung tissue are prob-
ably derived from interstitial DC, whereas our LAF cells—
that are partially positive for CDla—are at least in part de-
rived from bronchial epithalial DC,

Although our experiments were not designed to assess
differences berween smokers and nonsmokers, we found a
higher percentage of LAF cells recovered from the BAL of
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smokers than from nonsmokers. This is in accordance with
the higher percentage of monecyle-like cells (resembling our
LAF cells) in the BAL of smokers described before (8), This
increased influx of monocyte-like cells (and DC) in the lungs
can be explained by the earlier described observation that
bronchial epithelial cells release monocyte chemotactic fac-
tors (leukotriene B.) in response to cigarette smoke (26).
On the other hand, it is likely that AM also contribuie to the
influx of menocytes, since (/) numerous effects of cigarette
smoke on their function have been described (27), (2) AM
are able to produce several monocyte chemotactic factors
(e.g., MCP-1 [28]), and (3} AM from smokers have been
shown to spontaneously produce chemotactic factors for
neutrophils (29), In contrast to the higher percentages of
LAF cells in smokers, BAL ceils and LAF cells of smokers
produced lower T cell responses in the MLR than those of
nonsmokers, These functional dilferences between BAL
cells of smokers and nonsmokers are comparable with the
data of Laughter and associates (30), The mechanism by
which smoking fowers the functional capabilities of these
LAF cells remains to be elucidated. In AM, it has been
shown that cigarette smoke {among other effects) lowers the
expression of the adhesion molecutes CDIY/CDIS (8) and
diminishes interleukin-1 production (31), both of which
might affect the interactions of AM with T cells, Whether
smoking affects the function of LAF cells in a similar way
remains speculative, Except for direct or indirect functional
impairment of LAR cells, smoking might induce differentia-
lion towards phagocytic nonstimutatory AM. However, fur-
ther research is needed to test these hypotheses.

The HAF cells consisted of 100% strongly APh-positive
AM with a high expression of CD68, RFD7, RFD9, and
MHC class 11 antigens. Despite the MHC elass I positivity,
the AM had a poor T cell-stimulatory capacity in the MLR
and they did not form ciusters with T cefls, Only in very high
stimulator-to-responder ratios was a low stimuiation ob-
served. This poor stimulatory capability of the AM could not
be attributed to poor cell viability, since all adherent AM
were still viable after 6 days of culture. Although macro-
phages in general are regarded as antigen-presenting cells,
there is a farge body of evidence that AM are able to exert
immunosuppressive functions as well (5, 6, 32-34). Our data
concering the ability of HAF cells to inhibit PHA-driven
T cell proliferation are consistent with these earlier studies.
Several mediators {nitric oxide [35], prostaglandins (36},
interleukin-1 receptor agonist [37], and transforming growth
factor-8 [38)) and cell-cel contact (39) have been proposed
to be involved in AM-mediated suppression of T cell
proliferation, In our hands, this inhibition was not reduced
by prostaglandin or nitric oxide synthesis inhibition. Con-
cerning the strength of inhibition, however, there was a large
interindividual variability, which suggests a variable activity
and/or a variable number of suppressor macrophages in the
various BALs, This variabitity was not related to smoking
habits, which is in accordance with the data of Weissman
and colleagues (40). Several surface markers (RFDI, RFD7)
on the AM also showed a marked heterogeneity, which has
been attributed to differences in stimulator and suppressor
populations of AM (41). When HAF cells co-cuitured with
LAF cells were compared with LAF cells alone, inhibition
of T cell proliferation was only detected with a very high
HARF cell-T cell ratio {1:1}, whereas in lower ratios (115), T
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cell proliferation was enhanced. This also suggests a critical
balance between stimulator and suppressor activity in AM.
On the other hand, this observation shows that in the same
HAF cell-T cell ratio, profiferative responses can be either
enhanced (LAF cell responses) or suppressed (PHA re-
sponses) depending on the stimulatery signals for the T cells
involved.

From our report, it can be concluded that two functionally
and morphologically comptletely different cell poputations
can be obtained from human BAL using FACS sorting on the
basis of autofluorescence. The LAF cell poputation contains
functional DC and their precursors. The HAF cell popula-
tion consists of AM. This method enables the investigation
of DC {precursors) and AM of human BAL separately, In
various disease states of the lung,
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Glucocorticoids inhibit dendritic cell function

ABSTRACT

Dendritic cells {DC) are the most patent accessory cells for T cell stimulation.
DC thereby play a major role in the initiation and the propagation of immune
responses. Glucocorticoids {GC} exert multipie anti-inflammatory actions on
immune cells, However, there are no data on the effects of GC on the function
of DC, We investigated the influence of GC on the functional and
immunocytologic properties of DC isolated from human bronchoaiveolar lavage
{BAL}. Airway DC incubated with therapeutic concentrations of dexamethasone
showed an impaired accessory capability in the allogenic mixed {ymphocyte
reaction {inhibition at dexamethasone concentrations of 10 nM: 30.7 £19.2%;
100 nM: 35.0+23.9%:; 1uM: 50.2+£21.0% and 10 gM: b5.5+10.6%), GC
incubation significantly suppressed the expression of B7-1 {CD80}. The
expression of CD11b on DC was downregulated by GC incubation in 4 out of
the 6 subjects tested. GC did not affect the expression of other adhesion
molecules or "typical" DC markers, such as HLA-DR, RFD1, L25 and CD1a, The
percentage of cells exhibiting a DC morphofogy was also not influenced by GC.
We conclude that GC downregulate airway DC accessory capability, which may
be partly explained by the repression of B7 expression., The GC induced
suppression of the T cell stimulatory potential of DC might play an important
rofe in the downregulation of bronchial inflammation in asthma.

INTRODUCTION

Dendritic cells {DC} are professional antigen-presenting cells {APC) and these
celis are the most potent accessory cells for the stimulation of T celis', In the
lung, DC are predominantly situated in and just underneath the bronchial
epithelium, often in small clusters with T cells®2, In asthma, increased numbers
of RFD1* and CD1a™ DC and (activated) T cells have been described at these
locations®%/6, T cells are thought to play a crucial role in the development of
asthma’, and we suggest that DC {as the major T cell stimulators) play a role
herein as well. [n MHC class ll-deficient mice, the resistance to eosinophilic
airway inflammation was attributed to the lack of mature T cells®, but might
also point to a role for class |l-positive APC, such as DC.

During glucocorticoid {GC} therapy, which is considered the most effective
treatment in asthma®, the numbers of both RFD1* and CD1a* cells and
{activated) T cells in the bronchial mucosa are reduced*® 1%, However, it is not
clear, whether only the actual numbers of DC are modulated, or whether in
addition, their marker expression is downregulated as well, Studies in the rat
suggest that GC administration inhibits the influx of DC in the airway wafl'*,
There are, however, no data on the effects of GC on marker expression or
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function of DC. Studies on monocytes and on epidermal Langerhans cells
suggest that GC downreguiate the T cell stimulatory potential of these
celis'2 1314 The possible effects of GC on airway DC stimulatory capacity may
have consequences for the activation of T cells and the outcome of the immune
response in the airways and for asthma in particular,

These considerations prompted us to study the effects of GC on the T cell
stimulatory potential and the immunological marker pattern of highly purified DC
isolated from the human bronchoalveolar lavage (BAL}. For comparison, the
effects of GC on peripheral blood monocytes {(PBM) were studied as well.

MATERIAL AND METHODS

Bronchoalveolar lavage

After informed consent, BAL was performed on individuals during anaesthesia
for routine elective surgery. Subjects with a history of pulmonary or systemic
disease were excluded. Nine smokers {more than 5 cigarettes a day) and 7
lifelong nonsmokers were included in the study {mean age 39 yrs, range 26-49
yrs). BAL was performed with a flexible bronchoscope placed in wedge position
in the right middle lobe. Four aliquots of 50 ml saline were subsequently instilled
and aspirated. BAL fiuid (total volume ranged from 110 to 150 ml) was
collected in siliconized botiles. The procedure has been approved by the Medical
Ethical Committee of the Erasmus University and University Hospital Dijkzigt.

Isolation and purification of DC

BAL cells were kept at 4°C, washed twice in phosphate buffered saline (PBS)
containing 0.5% bovine serum albumin and 0.45% glucose, and subsequently
filtered through a 554 and a 30y gauze. BAL cells were sorted on a FACS-
Vantage {Becton & Dickinson, Erembodegem, Belgium) with a 488 nm laser.
Sort windows were generated on autofluorescence (FL1, 530 nm) to create a
population with a low autofluorescence (to exclude AM), on forward scatter
{FSC) to exclude small cells (lymphocytes} and debris, and on sideward scatter
{SSC) to exclude cells with a high SSC (granulocytes and macrophages). As we
described previously, this procedure vields a population of low autofluorescent
cells, highly purified for dendritic cells and their precursors with only small
contaminations of AM ( # 10%) and lymphocytes (+5%)1®, This poputation will
be further referred to as DC. Peripheral blood monocytes (PBM) (used as a
control population) were purified according to techniques described in detail
elsewhere %17 in short, monocytes were isolated from heparin blood or buffy
coats by subsequent Ficoll-Paque {1,079 g/mi; Pharmacia, Uppsala, Sweden)
and Percoll {1.063 g/ml; Pharmacia) density gradient separation.
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Glucocorticoid incubation

After isolation BAL DC and PBM were preincubated overnight under non-
adherent conditions in RPMI containing 10% FCS {16 h., 37°C, 6% CO,,
polypropyiene tubes, Falcon, Lincoln Park, NJ) with or without various
concentrations of dexamethasone (Sigma, St. Louis, MO}. To prevent
contamination of the mixed lymphocyte reactions with dexamethasone, cells
were washed 4 times after this incubation period, and between each wash cells
were incubated at 37°C for 30 min. To check this procedure for residual
dexamethasone contamination of DC or FBM populations, 3H-dexamethasone
was used. SH-dexamethasone concentration in the supernatant and the cellular
3H-dexamethasone content was measured after 24 h. culture of S3H-
dexamethasone preincubated and washed DC or PBM. In selected experiments
beclomethasone dipropionate and fluticasone propionate were used in the same

procedure,

Monoclonal antibodies

The following Moab's were used: OKia {HLA-DR} and OKM1 {CD11b}) (Ortho
Diagnostics Systems, Beerse, Belgium}; LFA 1/2 (CD11a) and LFA 1/1 (CD18)
{CLB, Amsterdam, the Netherlands}; LeuMb {CD11b) (Becton & Dickinson, San
Jose, CA); My4 (CD14) and 4B4 (CDZ28) (Coulter Immunoiogy, Hialeah, FL});
HP2.1 {CD49d}lmmunotech, Marseille, France); BBA-3 {anti-lCAM-1,
CDb4){British Biotechnology, Oxon, U.K.); OKT8 (CD1a) {American Type
Culture Collection, Rockville, MD). L25 is a MoAb directed against B cells and
DC'81® and was a generous gift of Dr, T. Takami {Gifu, Japan); RFD1
recognizes a class ll-associated epitope present on activated B cells, dendritic
cells and alveolar macrophage52° and was kindly provided by Dr.L.W. Poulter,
London, UK. B7-24 ({anti-B7-1, CD80} was a gift from M. de Boer,
Immunogenetics, Gent, Belgium. HB15a (CD83) was provided by T.F. Tedder,
Boston, MA. TS2/9 (anti-LFA3, CDbB8) was a gift of T, Schumacher,
Amsterdam, the Netherlands.

Immunocytology
Cytocentrifuge preparations were prepared of the FACS-sorted DC-fraction,
immediately after sorting as well as after overnight culture in RPMI/FCS with or

without 14M dexamethasone.

Cytocentrifuge preparations were fixed in acetone (Merck, Darmstadt, Germany)
for 10 min, and thereafter incubated with normal rabbit serum 10% {Dako,
Gostrup, Denmark) in PBS for 10 min befare incubating for 1 hr with the
appropriate monoclenal antibody {MoAb). Subsequently, the slides were either
incubated with rabbit-anti-mouse antiserum conjugated with horseradish
peroxidase (RaMHRP; Dako) for diaminobenzidine {Sigma Chemicals, Axel, the
Netherlands) staining, or with alkaline phosphatase anti-alkaline phosphatase for
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fast Blue BB Base (Sigma) staining. Most slides were stained for acid
phosphatase and selected slides were stained for non-specific esterase.
Counterstaining was performed with hematoxylin.

Mixed lymphocyte reactions

Responder T cells were isolated from buffy coats of healthy blood donors. Buffy
coats were diluted 1:1 with PBS, and monenuclear cells were obtained by
Ficoll-Paque (1.072 g/ml; Pharmacia) density gradient separation {156 min., 1000
gl. Monocytes and lymphocytes were separated by Percoll (1.063 g/ml;
Pharmacia) density gradient centrifugation. Lymphocytes were depleted from
B cells and residual monocytes by adherence in a nylon wool column
{Polyscience, Warrington, PA) {1 h., 37°C, 6% CO,). The purified T cell
populations were stored in liquid nitrogen until use.

For mixed lymphocyte reactions (MLR), the stimulator cell populations were
irradiated with 2000 Rad. Stimulator cells {7,500 DC or 30,000 PBM)} were
cultured with 150,000 allogeneic T cells {stimulator-responder ratios 1:20 and
1:5 respectively. RPMI 1640 (Gibco, Breda, the Netherlands) to which 10%
human A ™ serum, Penicillin and Streptomycin were added, was used as culture
medium, Cultures were always performed in triplicate in a {lat bottom 96 well
plate (Falcon) with a total volume of 200 ul per well. After b days, 0.5 uCi 3H-
thymidine was added and the cells were harvested 16 h later. Scintillation was
counted on a LKB 1205 Betaplate liquid scintillation counter {Wallac, Turku,
Finland). Negative controls (3H-thymidine incorporation in T cells alone and in
the various stimulator cell fractions without T cells} were always less than 500
counts per minute {cpm}.

RESULTS

Mixed lymphocyte reactions

Figure 1 depicts the effect the contineous presence of various concentrations
of dexamethasone added to MLR’s of freshly isolated DC and T cells {no
preincubation). Dexamethasone induced a dose-dependent inhibition of T cell
proliferation as measured by 3H-thymidine incorporation. To determine whether
or not this effect couid be {partly) explained by the influence of dexamethasone
on DC, DC were preincubated overnight with or without dexamethasone,
washed extensively, and added to responder T cells in the MLR. Viahility of the
DC after overnight preincubation was 85+ 7% without dexamethasone and
87 £6% with 1uM dexamethasone, Dexamethasone contamination after the
washing procedure, estimated using °H-dexamethasone, was as low as 10713M.
In concentrations lower than 10°1°M dexamethasone did not affect PHA-
stimulated T cell proliferation.
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Figure 1. Effect of the continuous presence of dexamethasone {no preincubation)
on the MLR of airway DC and allegenic T cells {stimulator-responder ratio 1:20j,
Data show mean + SD of one representative experiment.

DC preincubated with dexamethasone produced significant lower T cell
responses in the MLR compared to DC preincubated in the absence of
dexamethasone (figure 2): preincubation with 10nM dexamethasone lowered
DC induced T cell responses to 69.2+ 19.2% (expressed as percentage of the
control value), to 65.0+23.9% with 100nM dexamethasone, to 49.1+£21.0%
with 1uM dexamethasone, and to 44.5+£10.6% with 104M dexamethasone
{(n=56-7, p<0.05 for all concentrations tested as assessed with the Wilcoxon
rank sum test}. Beclomethasone dipropionate and fluticasone propionate,
glucocorticoids used for inhalation therapy, affected DC allostimulatory function
in a similar fashion {figure 3).

With respect to smoking habits, dexamsthasone induced comparable effects on
DC from the BAL of smokers and those of nonsmokers: preincubation overnight
with 1M dexamethasone reduced the proliferative responses to 52.6% of
control values in nonsmokers {n=23) and to 46.5% in smokers (n=4).

Dexamethasone had comparable effects on the accessory potential of PBM in
the MLR (figure 2}. Preincubation with dexamethasone reduced T cell responses
10 75.7+£8.3% for 10 nM, 54.3+17.2% for 100 nM, and to 47.7+17.8% for
1 uM {percentages of controf values).

Immunccytology
FACS sorting vielded a population of low autofluorescent cells with the
characteristics of DC and their precursors, as has been described in detail
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Figure 2. Effects of dexamethasone preincubation {16 h} on accessory function of airway DC and
P8M in an allogenic MLR. Data represent mean = SD of § to 7 experiments of SH-thymidine
incorporation expressed as percentage of 3H-thymidine incorporation of the controls {without
dexamethasone).
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Figure 3. Comparison of accessory function in an allogenic MLR of airway
DC after 16 h incubation with 100 nM dexamethasone (DEX}, 100 nM
beclomethasone dipropionate (BDP), 100 nM fluticasone propionate {FP}, or
without GC (control}). Data represent mean x= SD of 3H-thymidine
incorporation in one of two experiments.
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before'®, These cells are negative for acid phosphatase, and bear typical DC
markers. The influence of 1 #M dexamethasone {16 h) on the immunocytelogy
of the LAF cells is shown in table 1. The percentage cells with characteristic
cellular extensions {DC morphology) was comparable for cells incubated
overnight with and without dexamethasone. The expression of HLA-DR, the
expression of "typical” DC markers, such as RFD1, L25, CD1a and CD83, and
the expression of the monoecyte-lineage marker CD14 were not affected by
dexamethasone (table 1), Compared to incubation with culture medium alone,
dexamethasone reduced the percentage of B7-1 (CD80) positive DC from the
BAL of all 6 subjects tested {p <0.05} (figure 4}, GC strongly downregulated the
percentage of CD11b positive DC in 4 out of 6 experiments. In 2 experiments,
however, we did not observe any effect of GC on CD11b expression. The
expression of other adhesion molecules (CD11a, CD11¢, CD18, CD29, CD49d,
CD54 and CD58) was not affected by GC {table 1),

FRESH MED DEX
DC-morphology 11 39.0+16.8 36.6+15.6
MoAb’s
OKla {HLA-DR} 86.3::11.1 93.0+3.7 95.0+2.6
L26 (84 +6) 72.5+15.2 74.3+12.2
RFD1 {57 +17) 29.3+16.1 25.3+16.7
OKT6 (CD1a) 20.0+14.5 14.8+11.7 14.3+10.8
HB15a (CD83) 4,5+05 7.0+0.8 5,0£2.5
MY-4 {CD14} 63.0+13.7 52.5 +30.3 52,0+26.2
LFA 1/2 (CD11a) ND 17.8+11.7 16.6+13,2
OKM1 (CD11b) 45,0+17.1 39.3+15.2 16.2+10.7
LeuM5 {CD11¢) ND 57.4+24.5 66.2+22.2
LFA 1/1 {CD18) ND 81.4+18.3 89.4+7.6
484 {CD29) ND 84,2+14.8 92,4 4,1
HP2.1{CD49d) ND 15.3+4.1 13.7+5.6
BBA3 (CD54) 60.3+31.0 62.9+19.1 64.3+15.7
TS2/9 {CD68) ND 95.0+2.,5 93.5+6.0
B7-24 (CD8O) ND 12.4+7.4 4.2+3.9

Table 1. immunocytology of freshly isolated LAF cells (FRESH) and LAF cells after 16 h. incubation
in culture medium alone {MED} or with dexamethasone {DEX). The data represent the mean + 5D
of the percentage of cells exhibiting cellutar extensions {DC-morphology) and the percentages of
marker-positive cells. *, p<0.056 MED vs, DEX as determined with the Wiicoxon rank sum test.
Data on fresh LAF cells between parenthesis are derived from a previous studv’s, these stainings
were not repeated in this study, Not done, ND.
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Figure 4. Dexamethasone incubation downregulates B7-1 {(p=0.018, n=7}
and CD11b {(p=0,116, n=6} expression cn airway DC. Data represent mean
+ SD of the percentage positive cells,

DISCUSSION

fn this report we show that therapeutic concentrations of GC significantiy
downregulate the expression of B7 and inhibit T cell stimuiatory function of DC
isolated from the BAL., The effect on the MLR could not be attributed to a
reduced viability after GC incubation or to a direct effect of contaminating levels
of GC after the washing procedure on 7T cells in the MLR. Although there are no
other data on the effects of GC on the function of airway DC, our data are in
agreement with studies using other APC, which demonstrated that GC suppress
the accessory function of PBM?212 and epidermal Langerhans cells?4,

In GC therapy, the functional impairment of DC - the most potent accessory csll
for the stimulation of T cells - most likely contributes to the downregulation of
the activation and cytokine production of T celfs. The latter is an important step
in the initiation and propagation of bronchial inflammation in asthma. The
effects of GC on APC may play an important role in the response to GC
therapy, since corticosteroid-resistant asthma has been shown to be associated
with an impaired response of APC to GC, In GC resistant asthma it has been
demonstrated that GC fail to suppress monocyte complement receptor
e><pression21 and that GC do not inhibit the release of monocyte-derived
neutrophil activating factor?2. Moreover, mononuclear cell proliferation could
not be suppressed by GC in these patients, which was attributed to a defect in
their monocytic celis?3. It must be noted, however, that the inhibitory effect of
GC on T cells Is also reduced in GC-resistant asthma2?.
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With regard to the mechanisms of the suppressive effects, GC might inhibit
cytokine production of airway DC. However, it is generally held that DC produce
only very low quantities of cytokin9525. On the other hand, epidermal
Langerhans cells {(sharing some properties with our BAL DC} have bheen
described to produce a number of cytokines, including I1L-18, IL-6, MIP-1a, MIP-
1ﬁ26'27, and human pulmoenary DC have been demonstrated to produce IL-1a,
IL-18 and TNF-a 28 However, these putmonary DC preduced only fow amounts
of cytokines compared to blood monocytes, and antibodies against IL-1 and
TNF-a did net inhibit MLR's induced by these DC, |n agreemeni with these data,
we did not observe an inhibition of more than 10% with either anti-lL-1, anti-l1L-
6, anti-GM-CSF, anti-TNFa or anti-IFNy in MLR’s of DC from the BAL with T
cells, whereas anti-IL-1 inhibited the monocyte-driven MLR for almost 60%
{unpublished data). Hence: although an impairment of cytokine production might
contribute to the GC effect on DC, itis unlikely that the suppressed DC function
can be fully attributed 1o an effect of GC on cytokine production. Therefore we
focussed in this study on the effects of GC on marker expression of DC,

In contrast to cytokine production, the expression of saveral surface markers
has been shown to be essential for the accessory potential of pc29:30.31 mHc
class Il expression is required for the presentation of exegenous antigen and for
the interaction with the T cell receptor and the CD4 molecule. For PBM it has
been reported that GC upregulate MHC class Il-expression12'32. In these and in
other studie %15, the height of class Il expression was not related to T celi
stimulatory properties. In our study, GC did not affect MHC class |l-expression
on DC, which was constitutively very high. However, others have demonstrated
that the glycosylation state of MHC class |l molecules and other cell surface
membrane molecules on DC differs from that on other APC, which might be
crucial for the T cell stimulatory properties of pc34.35.36

Besides MHC T cell receptor contacts, adhesion molecules are required for the
establishment of intimate intercellular contacts and the formation of clusters
between DC and T celis3’. For human pulmonary DC, the significance of the
expression of adhesion molecules was shown by a study of Nicod®!, who
demonstrated that several anti-adhesion molecule antibodies are able to block
DC-induced allogenic T cell proliferation. Other studies showed that LFA-3 and
ICAM-1 expression on the cell membrane of the APC and LFA-1 and CD2
expression by T cells play a major role in T cell stimulation??, In our
experiments, GC did not repress I[CAM-1 (CD54) or LFA3 {CD58) expression on
DC from the BAL. In monocytic and bronchial epithelial cell lines, however, GC
have been shown to suppress TNF-induced ICAM-1 expression38’39. In a few
pilot experiments (not published), we also found that GC repressed the
upregulation of ICAM-1 expression on peripheral blood monocytes during
overnight culture. The constitutive ICAM-1 expression on airway DC contrasting
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with a stimulator-induced upregulation of ICAM expression in other cells, might
explain this difference.

B7-1 (CDB8O) interacts with CD28 on the T csll and thereby delivers an essential
second signal for T cell activation®®, In agreement with data from studies in
mice on peripheral DC, and on human Langerhans cells*142, only a minor
portion of the DC from human BAL expressed B7. We observed a
downregulation of the B7 expression by GC incubation, which might contribute
to the decrease of the functional capability of DC, Since only a small part of the
airway DC was positive for B7, it is difficult to hold this phenomenon
completely responsible for the lowered accessory capability of the DC.
However, CTLA4-1g (a ligand of B7) strongly inhibits allogenic T cell proliferation
induced by either PBM, Langerhans cells or DC, and it was suggested that B7
expression is upregulated during the MLR43, This suggestion is supported by
the observation that B7 expression is induced by cross-linking of MHC class 1l
molecules due to interaction with T cell receptors44. It is tempting to
hypothesize that GC also inhibit this increase in B7 expression. However,
further research is needed to test this hypothesis, and other, yet unrevealed
mechanisms may play a role as well,

Of the other adhesion molecules investigated, GC exposure reduced CD11b
expression on DC in 4 out of 6 experiments. We speculate that this variability
reflects interindividual differences in the sensitivity for GC. CD11b is the g-chain
of the C3bi-receptor, but interacts with ICAM and other ligands as well. CD11b
plays a role in adhesion to endothelium#®, but probably contributes little to the
interaction of DC with the T cell membrane*®. Downregulation of CD11b
expression might play arole in the decreased influx of DC in the lung during GC
treatment, as has been described by others® 17,

In conclusion, our data show that GC strongily reduce the T cell stimulatory
potential of human airway DC. We suggest that the inhibition of DC function
contributes in the downregulation of bronchial inflammation and the
concomimitant improvement of bronchial hyperreactivity and clinical symptoms
in GC therapy in asthma. Shifts in B7 expression, may contribute to the GC-
mediated functional impairment, but the precise mechanisms, how GC
compromise DC function, remain to be elucidated,
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Differences between CD1a™t and CD1a™ accessory celis from BAL

ABSTRACT

Recently, we described the isolation via FACS-sorting of low autofluorescent
(LAF) cells from human bronchoalveolar lavage. These LAF cells showed a
high potency toc stimulate naive T cells and displayed an immunophenotype
of dendritic cells {DC), but also showed some monocyte characteristics, We
investigated the capability of LAF cells of healthy individuals to produce -1,
IL-6 and TNF-¢, and the role of these cytokines in allogenic T cell stimulation
by these accessory celis. Moreover, we investigatad whether subsets of LAF
cells positive or negative for CD1a and CD14 differed in these capabilities.

Although LPS-stimulated LAF cells released biologically active IL-1, IL-6 and
TNF, and also showed intracellular immune reactivity for IL-1, IL-6, TNF-a,
neutralizing antibodies against these cytokines did not inhibit their ability to
induce T cell proliferation. Marked differences were observed between
CD1a™ and CD1a~ subsets of LAF cells: the CD1a%t subset exhibited a
clearly higher accessory capability than the CD1a™ subset, and CD1a™ cells
were very poor producers of IL-1, {L-6 and TNF-a, whereas CDta~ cells
were potent producers of these cytokines.

In conclusion, two different subsets of LAF cells could be identified on the
basis of cytokine profile and accessory capability, CD1at LAF cells were
very potent T cell stimulators, but poor cytokine producers, and should thus
be regarded as true DC, CD1a— LAF cells had a lower stimulatory capability,
but were potent producers of IL-1, IL-6 and TNF-a, and displayed a morpho-
fogy and marker pattern comparable with both monocytes and DC.

INTRODUCTION

In the airways, dendritic cells (DC} are located in and just underneath the
bronchial epithelium, a location strategical for the uptake of inhaled anti-
gens'2 . The presentation of antigens by accessory cells, such as DC, to T
cells is an essential step in the initiation of immune responses. The presenta-
tion of these antigens to T cells requires interaction between the MHC-
peptide complex and the T cell receptor as well as costimulatory signals.
These costimulatory signals can be generated by intercellular contacts and
by several cytokines, primarily IL-13, IL-64, and TNF-a®,

Recently, we described the isolation via FACS of a popuiation of low autoflu-
orescent {LAF) cells from human bronchoalveolar lavage (BAL}, which
displayed an immunophenotype and function compatible with DC, but
showed some monocytic features as well®. In contrast to aiveolar macropha-
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ges {AM), the LAF cells (strongly expressing MHC class || molecules but
negative for acid phosphatase [APh]) were potent stimulators of (naive} T
cells. These potent airway accessory cells probably play an important role in
immune responses in the lung and in pulmonary diseases such as asthma.

Although the LAF cells are potent T cell stimulators, it is unclear to what
extent cytokines contribute to this property. Besides effects on T cell
stimulation, cytokines may play an important proinflammatory role as well,
and may regutate the activation status of, for instance, bronchial epitheliat
cells or other immune cells, Therefore, we investigated 1) the production of
IL-1, IL-6 and TNF-a by LAF cell populations isolated from BAL of healthy
nonsmokers and smokers, and 2} the role of these cytokines in the stimulati-
on of T celis by these LAF cells. Since we cbserved a heterogeneity in the
expression of several surface markers in the population of LAF cells, most
notably of CD1a and CD14, we also investigated cytokine production in
subpopulations positive or negative for these markers.

MATERIALS AND MIETHODS

Bronchoalveolar lavage:

After informed consent, BAL was performed on individuals during anaesthesi-
a for routine elective surgery, Subjects with a history of pulmonary or
systemic disease were excluded. Seven smokers {more than 5 cigarettes a
day) and 6 lifelong nonsmokers were included in the study (mean age 37 yrs,
range 18-64 yrs), BAL was performed with a flexible bronchoscope placed in
waedge position in the right middle lobe. Four aliquots of 60 ml saline were
subsequently instilied and aspirated. BAL fluid {total volume ranged from 95
to 150 ml} was collected in siliconized bottles, The procedure has been
approved by the Medical Ethical Committee of the Erasmus University and
University Hospital Dijkzigt.

FACS-sorting of BAL cells:

BAL ceils were kept at 4°C, washed twice in phosphate buffered saline
{PBS) containing 0.5% bovine serum albumin and 0.45% glucose, and
subsequently filtered through a 100y and a 30u gauze. BAL cells were sorted
on a FACS-Vantage (Becton & Dickinson, Erembodegem, Belgium} with a
488 nm laser. Two populations were sorted on autofluorescence (FL1, b30
nm), sideward scatter and forward scatter. As described previously, the high
autofluorescent population contained 100% typical AM {APh positive), and
the low autofluorescent (LAF} population contained MHC class 1l positive,
APh negative cells with an immunophenotype of DC (including some mono-
cyte characteristics), and a very potent T-cell stimulatory function®, Periphe-
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ral blood monocytes (PBM) {used as a control population) were purified
according to techniques described in detail elsewhere’-8, In short, monocytes
were isolated from heparin blood or buffy coats by subsequent Ficoil-Paque
{(1.079 g/ml; Pharmacia, Uppsala, Sweden} and Percoll {1.063 g/ml; Pharma-
cia) density gradient separation,

Bioassays for cytokines:

Freshly isoiated LAF cells, AM and PBM fractions at a concentration of
2x10% cells/ml were incubated in RPMI 1640 (Gibco, Breda, the Netherlands)
containing 10% FCS at 37°C and 6% CO, under nonadherent conditions
{polypropylene tubes [Falcon, Lincoln Park, NJ]) with or without 2yg/m! LPS
{derived from E. coli 026:B6, Difco Laboratories, Detroit, Ml). After 24 h.,
the tubes were centrifuged, and the supernatants were collected, filtered
through a 0.45 um filter {(Milipore Corp., Bedford, MA) and stored in aliquots
at -80°C. The samples were tested for biologically active cytokines within 2
months. Cytospin slides were prepared from the cell peilet for immunocyto-
chemical evaluation.

IL-1 activity was measured using a subline of the murine T cell line
D10.G4.1, designated D10{N4}M as described by Hopkins and Humphreys?.
Further improvement at our department resulted in an enhanced reproducibili-
ty of the test'9, IL.-6 content was detected in the B9 bioassay developed by
Aarden and colleagues”. Proliferation of D10(N4)M and B9 cells was
measured via JH-thymidine incorporation. The murine fibroblast cefl line
WEHI 164.13 was used to assay TNF bioactivity according to Espevik and
Nissen-Meyer12. The MTT cytotoxicity test'3 served to measure WEHI cell
viability. For all assays, samples were serially diluted and assayed in triplica-
te. Recombinant human iL-13 (UBI, Lake Placid, NY}, IL-6 (kindly provided by
L.A. Aarden, Amsterdam, the Netherlands) and TNF-a {UBl} served as
positive controis in the D10, B9 and WEH! assay respectively. Cytokine
activities were corrected for background activity of the culture medium and
calculated in U/ml with 1 U/ml corresponding to half-maximal response.

Immunocytochemistry:

Fer immunocytochemical stainings of cytokines, rabbit polyclonal antibodies
specific for [L-1, IL-6, TNF-a and IFN-y (Endogen, Boston, MA), and mouse
monoclonal anti-GM-CSF {Genzyme, Boston, MA)} were used. As controls for
these antibodies, normal rabbit serum and mouse IgG (CLB, Amsterdam, the
Netheriands) were used. Both specific antibodies and control sera were used
at an IgG concentration of 0.1 mg/ml, For the identification of subpopuliati-
ons of LAF celis, My4 (CD14} (Coulter immunology, Hialeah, FL} and OKT6
{CD1a) {(American Type Culture Collection, Rockville, MD} were used in
double stainings with the anti-cytokine antibodies.
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Cytocentrifuge preparations were fixed in acetone (Merck, Darmstadt,
Germany) for 10 min, and thereafter incubated with 10% normal swine
serum or normal rabbit serum for 10 min. The slides were incubated for 1 hr
with an antibody or control serum. Subsequently, the slides were either
incubated with swine-anti-rabbit antiserum or rabbit-anti-mouse antiserum
both conjugated with horseradish peroxidase {HRP} {Dako, Glostrup, Den-
mark), Diaminocbenzidine (Sigma Chemicals, Axel, the Netherlands} was used
as substrate. Counterstaining was performed with hematoxylin.

for double immunostaining, My4 or OKT6 mouse monoclonal antibodies
were added together with the polyclonal antibodies, and in the second step
goat-anti-mouse {Dako} was added simultaneously with the HRP-conjugated
antibody. Subsequently, the slides were incubated with alkaline phosphatase
anti-alkaline phosphatase (mouse) {Dako) and stained with Fast Blue BB Base
{Sigma} and 3-amino-9-ethylcarbazole (Sigma) respectively.

Mixed lymphocyte reactions:

Responder T cells were isolated from buffy coats of healthy blood donors.
Buffy coats were diluted 1:1 with PBS, and mononuclear cells were obtained
by Ficoll-Paque {1,079 g/ml; Pharmacia} density gradient separation (1b
min., 1000 g}. Monocytes and iymphocytes were separated by Percoll
{(1.063 g/ml; Pharmacia) density gradient centrifugation. Lymphocytes were
depleted from B cells and residual monocytes by adherence in a nylon wool
column (Polyscience, Warrington, PA) {1 h., 37°C, 5% CO,). The purified T
cell populations were stored in fiquid nitrogen until use.

For mixed lymphocyte reactions {MLR), the stimulator cell populations were
irradiated with 2000 rad. Stimulator celis {7,500 LAF cells or 30,000 PBM)}
were cultured with 150,000 allogeneic T cells (stimulator-responder ratios
1:20 and 1:5 respectively), RPMI 1640 {Gibco, Breda, the Netherlands} to
which 10% human A* serum, penicillin and streptomycin were added, was
used as culture medium. Cuitures ware always performed in triplicate in a
flat bottom 96 well piates (Falcon) with a total volume of 200 ul per well,
After b days, 0.5 pCi 3H-thymidine was added and the cells were harvested
16 h later. Scintillation was counted with a LKE 1205 Betaplate liquid
scintillation counter (Wallac, Turku, Finland). Negative controls {3H-thymidine
incorporation in T cells alone and in the various stimulator cell fractions
without T celis) were always less than BOO counts per minute {cpm).

Neutralization of cytokines in the MLR:

To investigate the role of cytokines in the MLR, neutralizing polyclonal
antibodies against |1L-1, IL-6, GM-CSF, TNF-a or IFN-y {Endogen} were added
in the MLR at a final concentration of 10 ug/ml. As a measure of the effect

74



Differences between CD1a™ and CD1a™ accessory cells from BAL

of these antibodies on the MLR, T ceil proliferation in the presence of anti-
cytokine antibodies, measured as *H-thymidine incorporation, was expressed
as percentage of the control {T cell proliferation without anti-cytokine
antibodies).

Statistics:
The Wilcoxon rank sum test was used for statistical analysis. P-values less
than 0.05 were considered to be signifcant.
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Figure 1. The production of biologically active cytokines by LPS-stimulated LAF cells, AM and
PBM. Data represent medians and 25 to 75 percentile ranges of the production of IL.-1 {a}, IL-6
{b}, and TNF {c) of nonsmokers and smokers together {open circles), and nonsmokers {dotted cir-
cles) and smokers (closed circles) separately. * indicates p<0.05.

RESULTS

Cytokine production

in the supernatants of unstimulated LAF cell populations, 0.5 U/ml {median,
range 0-4 U/ml) of biologically active IL-1 was detected, compared to 66
U/mi {median, range 3-444 U/ml} in the LPS-stimulated fraction (figure 1a).
LAF cells of smokers and nonsmokers did not differ in the production of 1L-1.
In response to LPS, AM produced significantly lower levels of IL-1 bioactivity
than LAF celis {p <0.05, n=12), Compared to nonsmokers, AM of smokers
tended to produce less IL-1, but this difference was not statistically signifi-
cant (p=0.12 , n=86).
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LAF cells cultured in the absence of LPS produced 136 U/mi (16-482 U/ml)
IL-6, which was enhanced by LPS stimulation to 2995 U/ml (796-13774
U/ml) {figure 1b). LAF cells of smokers ‘secreted similar quantities of IL-6 as
those of none smokers. IL-6 levels tended to be lower in the supernatants of
LPS-stimulated AM compared to the supernatants of LAF cells {p=0.10),
and smokers’ AM tended to release lower levels of IL-6 than AM of nonsmo-

kers {p=0.11}.

TNF-bioactivity in the supernatants of LAF cells incubated without LPS was
14 U/ml {0-43 U/ml}, and 78 U/ml (46-432 U/ml} with LPS. The levels of
TNF production of LAF cells were comparable with AM and PBM ({figure 1c},
and there were no clear differences between smckers and nonsmokers in
TNF secretion by either LAF cells or AM.

Immunocytochemistry
As described previously, the high autofluorescent cells isolated from the BAL

consisted of 100% AM and the LAF fraction contained predominantly cells
with a marker pattern reminiscent of DC (with some monocyte characteris-
tics) with less than 10% contaminating cells (macrophages, lymphocytes and
eosinophils). Approximately 50% of the LAF cells showed prominent cyto-
plasmic extensions {dendritic morphology). After 24 h. of exposure te LPS,
the phenotypes of AM and LAF cells did not change significantly, apart from
an increase in cytoplasmic extensions in the LAF cells,

LAF cells incubated without LPS showed low numbers {20-b0%]) of cells
positive for intracellular IL-1, whereas LAF cells incubated with LPS most
celis {50-80%) were strongly positive for IL-1. Immunoreactivity for IL-6 was
only detected in LPS-stimulated LAF cells. LPS-stimulated LAF cells also
stained with antibodies against TNF-¢ and IFN-y {weakly) and GM-CSF.
Unstimulated LAF cells, however, also stained with anti-GM-CSF and weakly
with anti-TNF-g (table 1). Slides incubated with control serum and igG were
always completely negative.

Cytospin slides of AM stained with control serum were also mostly negative,
but in some experiments a weak background staining was present. Therefore
results with the specific antibodies were related to their appropriate controls.
In AM, intracellular immunoreactivity for iL-1, IL-6 {weak), TNF-a, IFN-y
{weak) and GM-CSF was detected. Compared to LAF cells or PBM, AM
exhibited a much stronger reactivity for GM-CSF. However, in AM incubated
with or without LPS, differences in intracellular immunoreactivity for these
cytokines could not clearly be detected {table 1).
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PBM and T cells were used as controls, Roughly, the staining pattern of PBM
was comparable to that of LAF cells {table 1). In contrast, stimulated T celis
were negative for IL-1, but exhibited a strong IFN-y immunoreactivity.

LAF cells AM PBM
MEDIUM LPS MEDIUM  LPS MEDIUM LPS
-1 £/ + + + * + =/+ ++
IL-6 — + —~{* + —f £ +/+ +
TNF-a + +/4 +/+ +/+ - —f
IFN-y — + + + — +/+ +
GM-CSF + + ++ + + + +

Table 1, The presence of intracellular immunoreactive cytokines in LAF cells, AM and PBM.
MNegative, —; weakly positive, +; positive, +; strongly positive, + +.

Hence, the data on intraceliular immunoreactivity for cytokines roughly
parallel the data on cytokine production described in the first part of the
results section.

Effects of anti-cytokine antibodies on the MLR

Figure 2 shows the effects of the addition of anti-cytokine antibodies to
MLRs with LAF cells or PBM as stimulator cells and allogenic T cells as
responder cells. Neutralizing antibodies against 1L-1 had no significant effect
on LAF cells-induced T cell proliferation (96+6% [meanxSD] of control
values, n=8}, whereas PBM-induced T cell proliferation was decreased to
42+19% of control values {(h=8, p<0.05). Anti-lL.-6 and anti-TNF-g
antibodies did not produce any significant effects on the MLRs of either LAF
cells or PBM with T cells, Anti-GM-CSF had a significant, but small effect on
the MLRs induced by both types of accessory celis: LAF cell-induced MLRs
were reduced down to 88+156% and PBM-induced MLRs to 79+15% of
control values {for both: p<0.05, n=8). Anti-iFN-y had no effect on LAF
cell-induced MLR’s, but PBM-induced MLR’'s were 23% higher than control
values {n=8, p <0.05). The addition of all 5 antibodies together to the MLR
almost abrogated the responses of PBM MLRs (down to 16 £ 21% of control
values, p<0.08), and downregulated LAF cell-induced responses to
68 +£12% of control values {p <0.0b).

Differences between CD1a~ and CD1a™ LAF cells:

Double immunostaining with anti-cytokine polyclonal antibodies and OKT6
{CD1a) disclosed marked contrasts between CD1a®™ and CD1a~ LAF cells.
The majority of CD1a™ cells stained for IL-1, IL-6 and TNF-a, whereas the
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Figure 2, The effects of ths addition of nsutralizing anti-cytokine antibodies on the alfogenic MLR
with LAF cells (closed bars} or PBM {open bars) as stimulator cells, T cell proliferation in the
presence of anti-cytokine antibodies is expressed as a percentage of control values {T cell
profiferation without anti-cytokine antibodies). Data represent mean = SD of 8 experiments, *
indicates p<0.056 compared to control values.

ch1a™ cbla* cD14— CcD14*
IL-1 ++ —/% ++ ++
IL-6 + — + +
TNF-a + + + +

Table 2. Double immunostaining in cytospin preparations of LPS-stimulated LAF
cells with anti-cytokine antibodies and OKT6 {CD1a) or My4 (CD14). The table
depicts the intracellular immunoreactivity for cytokines of CDta—/* and cD14 '+
subpopulations. Negative, —; weakly positive, =+ positive, +; strongly positive,
+ +.

CD1at cells were negative or weakly positive for IL-1, negative for IL-6, and
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negative or weakly positive for TNF-a. Conversely, double staining with My4
{CD14) revealed that both My4~ and My4* subsets contained cells positive
for IL-1, IL-6 and TNF-a {table 2}.

To validate these differences between CD1a™ and CD1a‘t LAF cells, we
labeled BAL cells with OKT6& conjugated with phycoerythrin, and separated
thase LAF cells fractions by FACS-sorting. The CD1a™ fraction was comple-
tely depleted for CD1a™ cells in two out of three experiments, but contained
1% of CD1a™ cells in the third experiment. The CD1a% fraction contained
95-100% CD1a™ cells, In the supernatants of LPS-stimulated CD1a™ LAF
cells the amounts of biologically active IL-1, IL-6 and TNF detected were
comparable to unseparated LAF cells, whereas the supernatants of CD1a%
LAF cells contained no detectable or low levels of IL-1, IL.-6 and TNF. In
contrast to their ability to produce cytokines, the CD1a™ cells were more
potent stimulators of allogenic T cell proliferation compared to the COla™

LAF cells (table 3).

Unseparated CD1a-negative CD1a-positive
Exp. 1 2 3 1 2 3 1 2 3
IL-1 132 48 ND 48 59 222 0 ¢ 4
IiL-6 12386 3108 ND 872 4600 4802 O 98 257

TNF 432 500 ND 97 261 393 26 10 31
MLR 456712 21451 43043 3156 3080 25494 41509 34039 71614

Table 3. Bioactivity of IL-1, IL-6 and TNF in U/ml{ in the supernatants of LPS-stimulated LAF cells
fractions, and stimulatory capability in the allogenic MLR {in cpm} of freshly isolated LAF cell
fractions. Data show the results of three experiments. In the MLR of experiment 1 the LAF cells
to T cell ratic was 1:20, and in experiment 2 and 3 a LAF cells:T ratio of 1:40 was used, ND:

not done.
DISCUSSION

As we described before, LAF cells isolated from human BAL are very potent
stimulators of naive T cells {an important feature of DC'%) and show many
other features of DC®. Our present data demonstrate that these LAF cells are
able to produce IL-1, IL-6 and TNF-g. These cytokines were, however, not
required for the T-cell stimulating function of the LAF cells, since neutralizing
anti-cytokine antibodies did not inhibit LAF cell-driven MLRs. We further
showed that the heterogeneity in CD1a expression of LAF cells Is associated
with functional differences: CD1at LAF cells were more potent T cell
stimutators than their CD1a~ counterparts, and, in contrast to CD1a™ LAF
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cells, CD1a* LAF cells produced no or much lower amounts of IL-1, IL-6 and
TNF-a. Such differences in cytokine production were not found in CD14 1/
subpopulations of LAF cells.

Our observations suggest the existence of two distinet subpopulations of
LAF cells in human BAL., The CD1a™ LAF cells meet all the criteria of classic
DC. The CD1a expression together with the presence of Birbeck granules in
a subset of the CD1a* BAL cells described by Casolaro and colleagues'®,
indicate that these cells resemble epidermal Langerhans cells. The limited
ability of the CD1a* LAF cells to produce cytokines concurs with the general
concept that DC are poor cytokine producers'®. Several investigators
reported that DC do not produce IL-1 or IL-8, whereas others detected low
quantities of these cytokines in supernatants of DC17-18:19:20.21 1 the skin,

however, epidermal LC are a major source of IL-1R22:23,24,

The CD1a™ LAF cells have a lower stimulatory capability and show a
cytokine profile comparable to that of PBM. Unlike PBM, many of these cells
do have dendritic processes, express RFD1 and L25, and are CD14 negative
or low. These CD1a™ LAF cells might contain precursors of {CD1a™) DC.
Several investigators have reported that PBM are able to mature into
(CD1a™) DC-like cells with a strong accessory capability’25:28, | the rat,
Holt demonstrated an influx of monocyte-like cells in the bronchial mucosa
after an inflammatory stimulus that differentiated into mature DC in 1-2
days27:28 The alternative hypothesis is that these CD1a™ cells represent
precursors of mature macrophages. AM may also express RFD1 and 125229,
and PBM differentiating into macrophages aiso downregulate their CD14
expression30. Further research is required to assess the nature of the CD1a™
LAF cells from the BAL.

The data on biologically active cytokines in the supernatants roughly correla-
ted with the observations in immunocytochemistry. Both bioactivity and
intracellular immunoreactivity for cytokines were enhanced by LPS. Unstimu-
lated LAF cells and AM, however, usually showed immunoreactivity for iL-1
in the absence of IL-1 production. This can be explained by the cytoplasmic
storage of pro-IL-1 isoforms3'. The relatively low amounts of IL-1 bioactivity
in the supernatants of AM, contrasting with the high intracellular immunore-
activity, might also be attributed to the high amounts of IL-1 receptor
antagonist produced by these cells, especially in the presence of serum as in
our assay32:33,

in agreement with studies on pulmonary tissue DC and other DC'8.20:21 g
showed that IL-1 is not a major costimulatory factor for T cell stimulation
induced by airway DC, in which the CDta* DC is the major stimulatory
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population. Conversely, {L-1 was used by PBM as a major costimulatory
factor for T cell stimulation, which is in agreement with other studies3?,
Other important cytokines (IL-6, TNF-a and IFN-y} were also not essential for
the induction of T cell proliferation by airway LAF cells either, which con-
firms the general concept that cytokines do not play an important role for T
cell stimulation by DC'®, Anti-GM-CSF, however, slightly reduced T cell
proliferation induced by LAF celis {and PBM). This is in agreement with the
concept that GM-CSF enhances T cell proliferation via augmentation of APC
function3®, We cannot explain the increased PBM-induced T cell responses in

the presence of antibodies against IFN-y.

In this study we focussed on iL-1, IL-6 and TNF-a. In addition to these
cytokines, we also observed immunoreactivity for GM-CSF and IFN-y in both
LAF cells and AM. IFN-y is usually considered to be a T cell cytokine, but, in
support of our immunocytologic data, it has been described before that
human AM secrete IFN-y after stimulation®®. AM and PBM have both been
described to secrete GM-CSF37:38_ For LAF cells and their subsets, however,
further experiments are required to evaluate their ability to secrete GM-CSF
and IFN-y, and to validate our data on intracellular immunoreactivity for these

cytokines.

We investigated BAL cells of both smokers and nonsmokers. There is ample
of evidence that smoking affects the function of immune cells in the
lung39'4°, and smokers’ AM have been shown to produce less IL-1 and IL-6
compared to those of nonsmokers?142, In agreement with these studies, our
data did show a trend for a lower production of IL-1 and IL-8 in smokers’
AM, but these differences did not reach the level of statistical significance,
probably due to the small groups studied (6 smokers and 6 nonsmokers},
Cytokine preduction of LAF cell populations did not differ between smokers
and nonsmokers.

in conclusion, in LAF cells isolated from human BAL, two different subsets
could be identified on the basis of CD1a expression, CD1a™ LAF are classic
DC with a potent T cell stimulating capacity, but a limited ability to produce
cytokines, CD1a™ LAF cells have a lower stimulatory capability, are potent
producers of IL-1, IL-6 and TNF-a, and display a morphology and marker
pattern comparable with both monocytes and DC. These cells might be the
progenitors of either mature macrophages or CD1a™* DC.
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PMN function in chronic airway infection

ABSTRACT

Granulocytes play a major role in host defense against bacterial infections.
Severe inborn defects in granulocyte function are associated with serious
infections in early childhood. More subtie disturbances in granulocyte function
might contribute to an enhanced susceptibility to bacterial infections in
adulthood. We investigated granulocyte functions in 18 adults with unexplained
chronic recurrent infections of the lower airways {12 women, 8 men, aged
4918 vy},

Granulocyte polarization {change in shape from round to polarized under the
influence of chemotactic stimuli} was significantly lower in patients compared
to healthy controls with both N-formyl-methicnyl-leucyl-atanine {FMLP) and
casein as stimulus. Ten of the 18 patients showed a polarization respense to
FMLP below the range of the healthy controls. Addition of granulocyte colony-
stimulating factor (G-CSF) in vitro significantly improved polarization of patients’
granulocytes, especially in those patients with a suppressed polarization
response. Chemotaxis of patient granulocytes was only tested in 7 of the
patients. A just significant fower chemotaxis was found as compared to healthy
controls, Granulocyte superoxide production was comparable in patients and in
healthy controls.

In conclusion, we observed subtle impairments in granuiocyte polarization and
chemotactic motility in approximately half of our selected patients with severe
unexplained recurrent infections of the lower airways. The polarization defects
could be restored /n vitro with G-CSF. We hypothesize that this granulocyte
hyporesponsiveness to chemotactic stimuli contributes to the recurrence and
chronicity of the airway infections,

INTRODUCTION

It is well known that in many of the patients with chronic relapsing infections
of the lower airways, these infections can be attributed to metabolic
disturbances or anatomic abnormalities of the airways. Rare causes of chronic
recurrent airway infections are well-defined impairments in host defence, such
as X-linked agammaglobulinemia and common variable immunodeficiency. More
subtle disturbances in host defence have been suggested as a cause of at least
a part of the remaining unexplained cases with chronic recurrent airway
infections. Deficiencies in immuncgiobuiin isotype, IgG subclasses or specific
antibodies have been observed in patients {in most studies children} with
chronic recurrent {airway) infections'2:34. However, in all these studies such
defects were found only in a proportion {12-58%) of these patients. Moreover,
the role of these defects in the pathagenesis of chronic recurrent infections has
not been completely elucidated®,
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Next to humaral immunity, granulocyte function is important in host defence
against bacterial infections. Complete and inborn defects in either superoxide
production or chemotaxis are associated with severe infections in early
childhood, We hypothesized that more subtle disturbances in granulocyte
function might be responsible for a raised susceptibility to bacterial infections
leading to chronic recurrent infections of the airways (a main porte d’entree} in
adulthood. We therefore investigated granulocyte polarization in response to
two chemotactic stimuli in 18 patients with unexplained chronic relapsing
infections of the lower airways selected in three major Rotterdam clinics in a
period of one year.

Granulocyte polarization is the change of shape of the celis from round to
elongated or triangular with large cytoplasmic extensions. Many important
functions of human granuiocytes are dependent on this ability to undergo
fmpressive morphological changes: passage through smail capillary vessels
requires the rapid acquisition of elongated shape ; emigration from blood to
inflamed tissues necessitates drastic squeezing between endothelial cells®,
ingestion of foreign particles usually involves close adaption of the phagocyte
to its prey®, and displacement along a chemotactic gradient is associated with
characteristic morphological patterns7. In addition to the polarization, the
superoxide production of the patients’ granulocytes was studied as well, as was
their chemotaxis using a commercially available microchemotaxis assay. The
latter assay was only used in a limited number {n=7) of the patients.

Since we observed a decreased granulocyte polarization response in some
patients in preliminary experiments that was correctable by granulocyte colony
stimulating factor (G-CSF) in vitro, we decided to test the effect of G-CSF
addition on granufocyte polarization in alf patients.

MATERIALS AND METHODS

Patient selection:

Patients with chronic relapsing bacterial infections of the lower airways and to

be tested in the polarization assay were selected on clinical suspicion of

immunodeficiency according to the following criteria;

- chronic production of purulent sputum {minimally 3 months a year),

- no response to antibiotic treatment or frequent recurrence despite
antibiotic therapy,

- minimal duration of the disease 2 year,

- spuium culture positive,

- no use of antibiotics at the time of testing.

Excluded were patients with preexisting anatomic abnormalities (e.g. fung
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sequester}, patients with metabolic defects {e.g. diabetes, cystic fibrosis) and
patients with well characterized immunodeficiency syndromes, such as HIV
infection or severe hypo- or agammaglobulinemia {IgG < 4 g/l}). Serum levels of
IgG, IgA and igM were determined by nephelometry, and lgG-subclass levels
were determined with a radial immunodiffusion assay (Department of Clinical
Chemistry, University Hospital Dijkzigt, Rotterdam, the Netherlands}. Patients
were recruited from the dept. of Pulmonoclogy and the dept. of Immunclogy of
the University Hospital Dijkzigt, and from pulmonary departments of the St.
Franciscus Ziekenhuis and the Havenziekenhuis in Rotterdam.

On the basis of the inclusion and exclusion criteria we selected 18 patients,
aged 49+ 18 years (mean + SB), 12 women and 6 men in the study group of
severe chronic relapsing alrway infections. Sputum cultures contained H.
influenza, Str. pneumoniae, P. aeruginosa, M. catarrhalis and S. aureus,
Controls existed of healthy laboratory staff (n=18, ages 20-50 yrs).

Isolation of granulocytes:

Heparinized blood was obtained by venipuncture, immediately brougbt to our
taboratory (< 2 hrs) and mixed 1:1 with phosphate buffered saline (PBS)
containing 0.1% bovine serum albumin {Organon Technika, Boxtel, the
Nethertands}. Granulocytes and erythrocytes were separated from mononuclear
cells with Ficoll-Paque (1.079 g/ml; Pharmacia, Uppsala, Sweden) density
gradient centrifugation. Granulocytes were obtained by lysing the erythrocytes
in icecold NH,Cl-buffer for 20 min. Subsequently, the cells were washed twice
and resuspended in RPMI 1640 {Gibco, Breda, the Netherlands).

Polarization Assay:

The granulocyte polarization assay was developed analogous to the polarization
assay for monocytes described by Cianciolo® and by this 1ab% 0, Granulocytes
{0.2x10%) were incubated in a total volume of 0.25 mi in polypropylene tubes
{Falcon, Oxford, CA} with or without a chemotactic stimulus at 37°C in a
waterbath, After 156 min. celis were fixed by adding 0.25 mi icecoid phosphate-
buffered 10% (w:v) formaldehyde solution. As stimulus was used: N-formyl-
Methionyl-Leucyl-Phenylalanine (FMLP} in concentrations of 0.1, 1, 10, 100 and
1000 nM, and casein {(concentrations: 6.4, 3.2, 1.6, 0.8 and 0.4% wi/v). To
investigate the possible effect of G-CSF on granulocyte polarization, rhuG-CSF
{Roche, Basel, Switzerland} was added in a concentration of 0.2 yg/mi tegether
with 10 nM FMLP in the polarization assay. The cells were kept at 4°C until
counting in a hemocytometer. Of each tube two hundred cells were counted
using a light microscope. A cell was considered to be polarized if it showed
multiple broadened lamellipodia and a triangular or elongated shape. The
percentage granulocytes responding to the chemotactic stimulus was calculated
from the percentage cells polarized in the presence of a chemotactic stimulus
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minus the percentage cells poiarized without a stimulus {medium contral).

Microchemotaxis assay:

Granulocyte chemotaxis was tested in a commercially available
microchemotaxis assay; we used the 48 well microchemotaxis chamber (Neuro
Probe Inc., Cabin John, MD} as described by Falk and -::oileagt,ies1 1 The
chemotactic solution (25 10”7 M FMLP in RPMI/FCS), or as control RPMI/FCS
alene, was placed in the bottom wells. The upper chambers were filled with 50
4t cell suspensions containing 20,000 granulocytes. The test was always
performed in quadruple. The wells were separated by a polycarbonate filter with
3 pm pores (Nuclepore, Pleasanton, CA). After 30 min. incubation at 37°C and
5% CQ,, the chemotaxis filters were removed and non-migrated cells were
swept off using a windscreenwiper. Subsequently the filters were air dried and
stained with Coomassie blue. Migrated cells were counted automatically using
a VIDAS-RT image-analyzing computer (Kontron Elektronik GmbH, Neufarn,
Germany). Granuiocyte chemotaxis was calculated from the mean number of
migrated cells in four wells at 1 mm? in the presence of FMLP minus the mean
number of migrated cells without FMLP.

Cytochrome C Reduction Assay:

Superoxide production was measured as the superoxide dysmutase {SOD)
inhibitable reduction of Cytochrome C as described by Pick and Mizel 12, The
assay was performed in 96 well tissue culture plates in an ELISA-reader
{Molecular Devices, Menlo Park, CA) at 37°C. In each well 100,000
granuiocytes with a stimulus and with or without SOD {Sigma} in a total volume
of 200 ul were incubated for 15 min. As a stimuius phorbol myristate acetate
{PMA, Sigma) 100 ng/ml, serum treated zymosan {STZ} 1.25 mg/ml and FMLP
1M were used, Optical densities {OD) were measured at intervals of 18 s. at
B50 nm and at 640 nm (reference wave length)., From the optical densities
measured, the maximum rate of superoxide production was calculated in
mOD/min using Softmax {Molecular Devices} software. This value was
transformed into nmol/min using the molar extinction coefficient of cytochrome
€ (21.100 Mtem™),

Statistics:
Results are shown as mean  standard deviation. Since all data showed a
normal distribution, the Student’s T-test was used for statistical analysis, P-

values < 0.05 were considered significant.
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RESULTS

Granulocyte polarization:

For both the 18 patients with severe chronic relapsing airway infections and the
healthy controls, the perceniage granulocytes polarizing upon stimulation with
a chemoattractant is depicted in figure 1. There was no difference in
spontaneous polarization {without a stimulus} bstween healthy controis and
patients (9.8+4.4% vs. 10.0+£5.3%, n=18, p>0.5}. However, with 10 nM
and 100 nM FMLP as chemotactic stimulus, granulocyte polarization was
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Figure 1. Granulocyte polarization {corrected for spontaneous polarization) from patients with
chronic recurrent infections of the lower airways {closed circles) and healthy controls {open circles);
a} dose response curves of the responses to FMLP; b} dose response curves of the responses to
casein; data represent mean * SEM; *: p<0.05; **: p<0.01.

significantly lower in our group of patients with chronic lower airway infections
as compared to the healthy controls. The maximal response to the optimal
concentration of FMLP was 36.1% * 11.1% of patients compared to 51.9%
+ 11.9%, (p<0.001) in the healthy controls. Ten of the 18 patients showed
maximal responses below the range of the heaithy controls { <40% granuiocyte
polarization). With 3.2% casein as a stimulus, the granulocytes of the patients
also showed significantly lower responses when compared to the healthy
controls, but the absolute differences between the two groups were smaller
than with FMLP as a stimulus, Maximal polarization was 44.8+10.9%
{patients) vs. B2.7x7.1% {controls, p=0.,022}, and in 4 of the 17 patients
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Figure 2. Granulocyte polarization in response to 10 nM FMLP in the
absence (closed circles} or presence {open circles} of G-CSF. G-CSF
effects on granulocyts polarization responses of healthy controls are
compared to that of patients with a granulocyte polarization within
{NORMAL) and below {(LOWERED} the range of the healthy controls.
Small circles represent individual data; Large circlas represent the mean
+ SD

casein-stimulated granulocyte polarization was below the range of the healthy
controls { <40%!}).

in vitro addition of G-CSF improved FMLP-induced granulocyte polarization in
the patient group (32.0+13.8% without vs. 42.7 £9.7% with G-CSF, n=17,
p =0.008, figure 2), In patients with a granulocyte polarization below the range
of the healthy controls, G-CSF had a marked effect on the percentage of
granulocytes polarized {23.7 +7.7% without G-CSF vs. 41.2+11.4% with G-
CSF, p<0.001, figure 2). However, in patients showing a percentage
granulocyte polarization in the normal range, G-CSF had no effect on
polarization {(45.8 £9.7% without vs, 45.2 + 6.1 % with G-CSF). G-CSF had also
no effect on the percentage granulocytes pelarized of the healthy controis
(48.2+12.5% vs., 48,56 +11.3%, figure 2).

We tried to correlate various clinical parameters of the patients with the defects
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in FMLP-induced granulocyte poiarization. FMLP induced optimal granulocyte
polarization was comparable in patients with normal lung function (n=8} and
patients with an obstructive lung function (n=6, FEV1 and FEV1/FVC < 80%
predicted): 37.6% vs. 36.8%, (p>0.5). There was also no statistical significant
difference between patients with {n=9) and without bronchiectasis (n=7} and
those with {n = 8} or without {n =10} concomitant chronic purulent rhinosinusitis
{34.3 vs, 43.0% and 41.2% vs 34.3% respectively). Granulocyte polarization
was also comparable in patients on prednisone treatment {n-5) and those
without {n=13) prednisone {39.6 vs. 37.1%, p>0.5}.

One patient with a defective granulocyte polarization (189% polarized
granulocytes at the optimal FMLP concentration) showed a strongly elevated IgE
{evel {3419 U/ml). Until 4 years ago, this patient had sufferad from eczema, and
therefore this patient met the criteria of the hyperimmunoglobulin E syndrome,
Apart from this exception, total serum immunoglobulin and subclass levels were
virtually within the normal range in all patients, except for slightly lowered
tevels of IgG and IgA in 2 patients and 1 patient respectively, not explaining
their severe susceptibility for infection (in support of this notion treatment with
intravenous immunoglobulin started in one had no effect).

Granulocyte chemotaxis:

Because in our experience the interassay variation in the granulocyte
microchemotaxis-assay is considerable, the chemotactic activity of the
granulogytes of a given patient was always determined in relation to the
granulocyte chemotaxis of a paired healthy control performed in the same
assay. Only 7 of our patients were tested in the microchemotaxis-assay; the
results showed that this group of 7 patients indeed showed a lower chemotaxis
of their granulocytes towards the chemoattractant FMLP compared to healthy
control group (p =0.06, figure 3). Numbers of patients were too small to carry
out a valid correlation study between outcomes in the polarization assay and
the chemotaxis assay (see for further details the discussion).

Superoxide production:

in earlier experiments we had established that 100 mg/ml PMA, 1,25 mg/ml
STZ and 1M FMLP were optimal stimuli in the superoxide production assay.
No differences in optimal superoxide production were observed between healthy
controls and patients with either PMA, STZ or FMLP as a stimulus (PMA;
518+ 266 vs. 524+ 266 pmol/min, 8§TZ:168+28 vs. 176+ 36 pmol/min,
FMLP: 248 150 vs. 266 98 pmoi/min, n=8, p>0.b). When patients with a
lowered granulocyte polarization (<40%, 5 of 8 patients tested) were
compared to those with a normal polarization we did not observe any difference
between these two groups in superoxide production either.
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Figure 3. The chemotaxis of granulocytes of
patients with chronic recurrent infections of the
lower airways (closed circles) and healthy
controls {open circles). *: p=0.056 (paired
Student’s t-test).

DISCUSSION

We investigated granulocyte function in patients with unexplained chronic
recurrent infections of the lower airways. Our patient selection was primarily
based on clinical symptoms: chronic production of purulent sputum, not
explained by weli-defined immunodeficiencies or preexisting anatomic or
metabolic abnormalities, and infection proved by positive bacterial sputum
culture, Thase patients constitute a significant clinical problem, since despite
intensive and frequent therapy the infections do not resolve, and since such
patients present regulariy (18 patients were selactad from 3 clinics in a period

of 1 year).

We were able to demonstrate that these patients showed a lowered granulocyte
polarization towards two tested chemotactic stimuli, and that G-CSF restored
this granulocyte defect in vitro. In a limited series tested patients also had a
marginally significant lower chemotactic ability of their granulocytes, Patient
granulocytes showed normal superoxide production towards three stimuli used
at optimal concentrations,
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To our knowledge a defective neutrophil polarization in patients with severe
infections has not been reported in the literature before. A disturbed chemotaxis
however is a well recognized phenomenon in patients with burn injuries, in viral
infections and in several rare diseases associated with chronic airway infections
such as the Karthagener syndrome, the Chediak Higashi syndrome and the
hyperimmunoglobufin E syndrome 1314 One of our patients met the criteria for
the hyper IgE syndrome15. In patients with recurrent infections also involving
other sites than the bronchial tree but in the absence of the above mentioned
disorders, a reduced neutrophil chemotaxis has also been reported, be it in a
clear minority'®*7. In a study on 10 patients with chronically infected
bronchiectasis, neutrophil chemotaxis measured in a Boyden chamber was,
although lower, not significantly different from the healthy controls 18, We also
found that the granuiocyte chemotactic response in our patient group tended
{o be lower than the healthy controls.

What is actually known about the relationship between granulocyte polarization
and granulocyte chemotaxis? Displacements along a chemotactic gradient are
associated with characteristic morphological patterns of polarization7, and it has
been suggested that polarization reflects an early event in the process of
chemotaxis®. Ina heterogenous group of patients {including the here described
adult patients, children with recurrent infections, patients with recurrent
infections at other sites, and carcinoma patients) granulocyte chemotaxis was
significantly lower in patients with a relatively low polarization response (<75%
of the value of the day control) compared to patients with a polarization
response of = 75% of the day control (56 £ 12% vs, 78 + 26% chemotaxis
expressed as percentage of the day control, mean £ SE, h=15, p=0.03). It
must be noted, however, that there were also clear exceptions in individual
cases, and low polarization values can be found in the presence of a normal
chemotaxis and vice versa, We therefore view polarization and chemotaxis as
refated phenomena but not as identical processes, and it is clear that the
polarization assay can not fully replace the chemotaxis assay.

Considering the importance for host defence in vivo of the restorative effect of
G-CSF on the defective granulocyte polarization, studies in animal models have
provided interesting data, In mice, burn injury as well as superimposed
Pseudomonas sepsis caused a depressed chemotaxis. Interestingly, in vivo
administration of rhG-CSF, restored chemotaxis and resulted in an improved
survival of the mice'?. In addition, G-CSF and GM-CSF have been shown to
reverse neutrophil dysfunction in influenza A virus infection in chinchiltasZ°. In
experimental C. albicans infection in the rat, G-CSF also enhanced pulmonary
antifungal activityﬂ. G-CSF has been reported to have a number of effects on
neutrophils. It enhances hematopoietic neutrophil progenitor growth, neutrophil
release from the bone marrow, and primes several mature neutrophil effector
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functions2?, G-CSF has also been reported to co-operate in the induction of
FMLP receptors on the myeloid HL6O cell line?3, to prime FMLP-induced
membrane depolarization in neutrophils®, and to enhance FMLP receptor-
mediated, but not protein kinase C-mediated, neutrophil superoxide
generation25. The here described in vitro restoration of a defective polarization
of patient granulocytes by G-CSF has not been described before.

With respect to the cellular mechanisms responsible for the impaired
granulocyte polarization observed in our patients, it seems unlikely that these
are due to a decreased number or avidity of FMLP receptors, since superoxide
production in response to FMLP was normal, it should be noted, however, that
FMLP induces different signal transduction pathways for chemotaxis and for
superoxide production in human neutrophilsze. Hence, our data might be
explained by a hampered signal transduction for chemotactic responses in our
patients’ neutrophils. Changes in cell shape are considered to be driven by
cytoplasmic cytoskeletal elements, whereas the plasma membrane behaves as
a passive structure®®, Actin filaments are likely to play a dominant role in active
cell shape changes, and exposing cells to microfilament inhibitors results in
major alterations of shape control 28, 29, 30 |ndeed, cytochalasin B exposure
abolished the polarization response of granulocyies (data not shown).
Preliminary data indicate that granulocytes of our patients defective in the
polarization-assay do have disturbances in polymerization-depolymerization of
actin-filaments {personal communication A.J. Verhoeven, CLB, Amsterdam, and

H. Hooljkaas}.

With regard to the etiology of the locomotory defects of the patient
granulocytes, defects may be inborn {intrinsic) or induced by factors influencing
the cell’s motility '3, An inborn defect is less likely, since in most patients the
onset of the airway infections was in adulthood. For inborn defects, we would
have expected a positive family history and a start of the infections in
childhood, Factors influencing phagocyte function might be produced by
bacteria colonizing the airways, by airway epithelial cells or by immune cells
themselves, Several bacteria have been shown to produce factors that affect
leucocyte function, e.g. pyocyanine of P. aeruginosa inhibits neutrophil
superoxide production®. The production of cytokines by airway epithelial cells
or various types of immune cells may also downregulate neutrophii function®2.
By the production of such factors, bacterial infection might cause an alteration
of host defenses in the respiratory tract, predisposing to further infection, and
the establishment of a vicious circle, as has been hypothesized before33:34,

Five patients (28%) i our study received oral corticosteroids because of

emphysema at the time of testing. Corticosteroids affect leucocyte function in
varicus ways, but do not have any effect on chemotaxis3®. We could also not
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demonsitrate any effect of corticosteroid treaiment on granulocyte polarization.

The defective granulocyte polarization and its restoration in vitro by G-CSF
observed by us bring up the question, whether or not patients with chronic
recurrent airway infections might benefit from rhG-CSF treatment. In a pilot
study, 7 patients with chronic airway infection and a decreased granulocyte
polarization were treated with subcutaneous rhG-CSF3®, In these patients
infections had persisted despite multiple courses of antibiotics. Interestingly, in
3 of these patients G-CSF completely prevented further infections, and 2
patients showed a partial improvement during rhG-CSF treatment. However, to
establish the possible beneficial effect of rhG-CSF administration to patients
with chronic relapsing airway infections, randomized, double-blind, placebo-
controlled studies are needed.
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Monoeyte response to chemotaxins in chronic airway infections

ABSTRACT

Severe immunodeficiencies are a well-known cause of chronic or recurrent
infections, More subtle disturbances in immune function might also contribute
to an enhanced susceptibility for infections. We investigated polarization
{change of shape in response to a chemotaxin), chemotaxis and superoxide
production of monocytes of patients with severe chronic relapsing bacterial
infections of the lower airways, that failed to respond lastingly to antibiotic
treatment.

FMLP-induced monocyte polarization was significantly reduced in patients
compared to healthy controls {24.5 £93.4% vs. 34.31£5.9%, n=36, p<0.001)
and the percentage monocytes polarized was below the range of the healthy
controls in 14 {39%) of the patients.

in patients with a lowered monocyte polarization, this polarization could partially
be restored in vitro by the addition of thymic peptides (TP-1 or TP5}.
Monocyte chemotaxis was also lower in patients than in controls (444 vs, 698
cells/tield, p <0.05, n= 11}. Superoxide production of patient monocytes did not
differ from controls with either phorbot ester (PMA), serum treated zymosan
{STZ} or FMLP as stimulus. The serum of the patients contained low molecular
waeight factors (LMWF) that were able to inhibit the polarization of healthy
donor monocytes. These LMWF showed an antigenic relationship with the
retroviral immunosuppressive protein p15E.

in conclusion discrete, but clear disturbances in the polarization and
chemotactic ability of monocytes were observed in patients with severe chronic
relapsing infections of the lower airways not responding to antibiotic treatment.
These disturbances might play a role in their susceptibility for infections.

INTRODUCTION

Patients with chronic or recurrent purulent infections of the lower airways, that
do not resolve despite appropriate antibiotic therapy, constitute a significant
clinical problem. The high susceptibility for airway infections can sometimes be
attributed to metabolic disturbances or anatomic abnormalities of the airways.
Severe immunodeficiencies are rare causes of such purulent infections and
mostly present with opportunistic infections as in AIDS.

More subtie disturbances in immune function might also contribute to an
increased susceptibility for airway infections. With respect to B cell function,
deficiencies in immunoglobulin isotype, 1gG subclasses and specific antibedies
have been observed in patients with chronic recurrent (airway) infections /234,

Recently, we described a decreased polarization {change in shape in response
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to a chemotaxin) of granulocytes in patients with chronic relapsing infections
of the lower airways®. These defects could be restored with G-CSF in vitro.
Disturbances in monocyte polarization might also contribute to the increased
susceptibility for infections in these patients. Several important functions of
monocytes depend on their ability to undergo extensive morphological changes:
passage through small capillaries®, the emigration from blood through the vessel
wall?, and shape changes associated with phagocytosis® and chemotaxis®.
Actin filaments and calcium fluxes are likely to play a dominant role in active
cell shape changes'®, To determine such a possible role of defects of shape
change in monocytas, we have investigated the polarization of peripheral blood
monocytes in 36 patients with chronic recurrent purulent infections of the lower
airways that failed to respond lastingly to appropriate antibiotic therapy. In 10
of the 36 patients with chronic recurrent purulent airway infections the
chemotaxis of the monocytes was tested as well, and compared to the
outcomes of the polarization assay.

In patients with chronic purulent infections of the upper airways (rhinosinusitis},
defects in monocyte polarization have been detected by us before. This
decreased ability of the monocytes to polarize was related to the presence of
a low molecular weight immunosuppressive factor (LMWF) in the serum of the
patients'?. This LMWF appeared to be antigenically related to the retroviral
envelope protein p15E!!, Thymic peptides were able to neutralize the
immunosuppressive effects of the p15E-like serum factor and partially restored
the polarization of the patients’ monocytes”. Therefore, we also investigated
the presence of such p15E-like immunosuppressive factors in the serum of
patients with chronic recurrent bacterial infections of the lower airways and the
in vitro effects of thymic peptides on the function of the monocytes of the

patients.

PATIENTS AND METHODS

Patients:

a) Patients with therapy-refractory severe chronic relapsing bacterial
infections of the lower airways were selected according to the following
criteria:

- chronic production of purulent sputum {minimaily 3 months a year},

- no response to antibiotic treatment or frequent recurrence despite
antibiotic therapy,

- a minimal duration of the disease of 2 years,

- sputum culture positive,

- no use of antibiotics at the time of testing.

Excluded were patients with metabolic defects {e.g. diabetes, cystic fibrosis)
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and patients with well characterized immunodeficiency syndromes {e.qg.
agammaglobulinemia, HIV infection).

Patients were recruited from the dept. of Pulmonclogy and the dept. of
Immunology of the Dijkzigt University Hospital, and from pulmonary
departments of the St. Franciscus Ziekenhuis and the Havenziekenhuis in
Rotterdam.

On the basis of the inclusion and exciusion criteria 36 patients were selected
from these 3 clinics in a period of 2 years. The patients aged 64+ 17 years
{mean * SD), 24 women and 12 men. The sputum cultures contained H.
influenza, Str. pneumoniae, P. aeruginosa, M. catarrhalis and S, aureus, Twenty
four of the 33 evaluable patients {73%) had bronchiectasis, diagnosed on CT-
scan, bronchography or as typical chest X-ray abnormalities (tramlines,
infiltrates). Ten patients {28%) with chronic recurrent infections of the lower
airways had concomitant chronic rhinosinusitis. Eleven patients {31%) were
treated with prednisone orally 5 or 10 mg daily, because of severe obstructive
pulmonary disease.

The vast majority of the patients had normal immunoglobulin and subclass
levels. Two patients had lowered levels of IgG {6.83 and 4.30 g/l; normal range
8.0-18.0 g/l}, IgA and igG subclasses. A slightly lowered IgA level {0.79 g/l;
normal range 0.9-4.5 g/l} was observed in another patient. We did not consider
these slight abnormalities as reasons for the infections susceptibility, since
intravenous y-globulin treatment did not resolve the severe purulent airway
infection. One patient was remarkable for a strongly elevated IgE level (*J*/ml),
and, until 4 years ago, this patient had suffered from eczema.

b} Disease controls included patients with uninfected bronchiectasis, that did
not produce sputum and did not have a history of chronic or relapsing airway
infections (n=5, ages 36-79 vyrs), and patients with uninfected chronic
obstructive pulmonary disease {COPD, n=19, ages 31-81 yrs}) of whom no
bacteria could be cultured from the sputum in routine microbiological assays.
¢) Healthy controls were laboratory staff (n=35, ages 20-50 years).

Isolation of monocytes:

Heparin blood was obtained by venipuncture immediately transported to our
laboratory (<2 hrs}, and mixed 1:1 with phosphate buffered saline (PBS}.
Meononuclear cells were isolated by Ficoll-Paque (1.079 g/ml; Pharmacia,
Uppsala, Sweden) density gradient centrifugation. Cells were washed twice in
PBS and were resuspended in RPMI 1640 {Gibco} containing 10% fetat calf
serum (RPMI/FCS}), Subsequently Percoll (1.063 g/ml; Pharmacia) density
gradient separation was performed. The interface contained 70-95% monocytes
as determined by non-specific esterase staining.

Monocyte Polarization Assay:
The monocyte polarization assay of Cianciolo and Snyderman12 was used with
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slight modifications '3, Monocytes {0.2x108) were incubated in a total volume
of 0.25 ml in polypropylene tubes {Falcon, Oxford, CA) with or without 108M
N-formyl-Methionyl-Leucyl-Phenylalanine (FMLP} at 37°C in a waterbath. After
15 min, cells were fixed by adding 0.25 ml icecold 10% {w:v) formaldehyde
solution. The cells were kept at 4°C until counting in a hemocytometer. Two
hundred cells were counted by two investigators independently using a light
microscope. A cell was determined to be polarized if it showed broadened
lameliipodia or a triangular or elongated shape. The percentage monocytes
responding to the chemotactic stimulus (FMLP} was calculated from the
percentage cells polarized in the presence of FMLP minus the percentage
polarized in the absence of FMLP, and corrected for the purity of the monocyte
suspension, as follows:

% monocyte polarization= % polarized (FMLP-medium} x 100%
% NSE-positive cells

With regard to the effects of thymic peptides, two commercially available
preparations were used, viz a crude thymic hormone preparation (TP-1,
SERONO, Madrid, Spain) and a synthetic peptide thymopentin {the 5 AA active
part of thymopoietin, Ortho, Raritan, New York)14. Optimal concentrations of
0.1 mg and 0.01 mg respectively {see for dose-response curves %) were added
to the monocyte polarization assay together with the chemotactic stimulus.

Monocyte Chemotaxis:

Monocyte chemotaxis was tested in a microchemotaxis assay as described by
Falk'6, We used a 48 well microchemotaxis chamber (Neuro Probe Inc., Cabin
John, MD). The chemotactic solution {25 ul 108M FMLP in RPMI/ECS), or as
control RPMI/FCS alone, was placed in the bottom wells. The upper chambers
were filled with b0 gl cell suspension containing 20,000 monocytes. The test
was always performed in quadruple.. The wells were separated by a
polycarbonate filter with 5 gm pores {(Nuclepore, Pleasanton, CA). After 30 min.
incubation at 37°C and 5% CO,, the chemotaxis filters were removed and non-
migrated cells were swept of using a windscreenwiper. Subsequently the filters
were air dried and stained with Coomassie blue. Migrated cells were counted
automatically using a VIDAS-RT image-analyzing computer {Kontron Elektronik
GmbH, Neufarn, Germany). Monocyte chemotaxis was calculated from the
mean number of migrated cells in four wells at 1 mm? in the presence of FMLP
minus the mean number of migrated cells without FMLP,

Cytochrome C Reduction Assay:

Superoxide production was measured as the superoxide dysmutase (SOD)
inhibitable reduction of cytochrome C as described by Pick and Mizel'7. The
assay was performed in 96 well tissue culture plates in an ELISA-reader
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{Molecular Devices, Menlo Park, CA} at 37°C. In each well 100,000 monocytes
with a stimulus and with or without SOD {Sigma} in a total velume of 200 i
were incubated for 15 min, As a stimulus phorbol myristate acetate (PMA,
Sigma) 100 ng/ml, serum treated zymosan (STZ) 1.25 mg/ml and FMLP 1uM
were used. Optical densities {OD) were measured at intervals of 18 s, at 550
nm and at 540 nm (reference wave length). From the optical densities
measured, the maximum rate of superoxide production was calculated in
mOD/min using Softmax {(Molecular Devices) software. This value was
transformed into nmoi/min using the molar extinction coefficient of cytochrome
C(21.100 M Tem™,

Effects of low molecular weight serum factors on monocyte polarization

Sera of patients and controls were diluted 1:1 with PBS, and subjected to
ultrafiltration through Amicon CF25 centrifio cones {Amicon Corp., Danvers,
U.S.A.) for 15 min. at 700 g (molecular weight 'cut off’ point 25 kD). To
assess p15E-like bioactivity, absorption experiments were performed with the
low molecular weight serum fractions (LMWF}. The LMWFs were incubated for
48 h. at 49C with monoclonal antibodies (MAbs), followed by Amicon
uitrafiltration. The MAbs used were a combination of 2 anti-p15E MAbs (4Fb
and 19F8), In previous studies, control MAb with the same isotype did not
absorb inhibitory factors from the LMWFs. Original and absorbed LMWFs were
stored at -70°C until use. The ability of these LMWFs to inhibit the FMLP-
induced polarization of monocytes of healthy donors was tested. LMWFs were
added in the polarization assay at a final dilution of 1:60. The percentage of
inhibition was calculated from the percentages monocyte polarization with
FMLP alone {FMLP} and with FMLP and LMWF (LMWF), which were corrected
for polarization without FMLP (medium}: [1 - {(LMWF - medium) / (FMLP -
medium)] x 100%.

Statistics:
Results are shown as mean z standard deviation. Data showing a normal

distribution were evaluated for statistical significance using Student’s t-test.
Data with a non-normat distribution were analyzed with the Wilcoxon rank sum
test. P-values < 0.05 were considered significant.

RESULTS

Monocyte polarization:

In healthy controls the percentage monocytes polarizing upon stimulation with
FMLP was 34.3+5.9% (mean + SD, range 23-4b%, n=35}. In patients with
chronic airway infection this percentage was significantly lower {24,656 +9.4%,
n=236, p< 0.001, figure 1). in 14 of these 36 patients {39%) the percentage
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monocytes polarized was below the range of that of the here described healthy
controls and of healthy controls reported before {< 20%). The monocyte
polarization of the disease controls was 33.4+£7.1% (n=5) for the patients
with uninfected bronchiectasis and 39.4 + 13.1% {n =19} for the COPD patients
{figure 1}. These values were not significantly different from those of the
healthy controls, Remarkably, defecis in monocyte polarization were mainly
found in patients with severe relapsing bronchial infections younger than 65
years of age. Monocyte polarization defects were equally found in our group of
bronchially infected patients with or without oral corticosteroid treatment, and
irrespective of the presence or absence of obstructive lung disease,
bronchiectasis or chronic upper airway infection.
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Figure 1, Monocyte polarization of healthy controls, patients with chronic relapsing infections of the
lower airways, with "uninfected” bronchisctases, and chronic obstructive lung disease. Individual
data and mean = SD are shown. *: p<0.05b,

in a subgroup of 18 of the 36 patients described here, granulocyte function was
investigated as well, as has been reported in detail elsewhere®. In 10 of these
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18 patients (559%) we observed a decreased polarization of granulocytes in
response to FMLP. Of the 18 patients in which both monocyte and granuiocyte
functions were investigated, combined defects in the polarization of both
monocytes and granulocytes were observed in only 4 patients, 4 showed an
isolated reduced monocyte polarization, 6 exhibited only a lowered polarization
of granulocytes, and 4 showed a normal polarization response of both
monocytes and granulocytes, Hence, correlations did not exist and defects in
granulocyte and monocyte polarization must hence he considered as separate
and independent abnormalities.
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Figure 2. Effects of the addition of thymic peptides in vitro on the
percentage monocyte polarization in patients and healthy controls, e, no
addition; ®», TP-1; a, TP5. The patients are separated in a group with a
percentage FMLP-induced monocytes polarization within the range of the
healthy controls {>20% polarization}, and a group of patients with &
percentage monocyte polarization below the range of the healthy controls
{=209% polarization). Data rapresent mean + SD. ": p<0.05,

In patients with a percentage monocyte polarization below the range of the
healthy controls, monocyte polarization partially, but significantly improved in
vitro under the infiuence of TP-1 from 16.4+4.2% to 22.0+4.4% (p <0.05)
and in the presence of TPS from 16.5+3.9% to 21.5+5.7% (p <0.01) {both
in optimal concentrations} {(figure 2). in patients showing a monocyte
potarization within the range of the healthy controls, the addition of TP-1 or TP5
did not alter the percentage monocytes polarized (figure 2),
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figure 3. Numbers of monocytes migrated upon
FMLP stimulation {cells/mm?} of healthy controls
and patients in the microchemotaxis assay. Data
represent mean * SD. *: p< 0.06

Monocyte chemotaxis:

Because the interassay variation of the microchemotaxis appeared to be high
(numbers of migrated cells ranged from 68-1855 cells/mmZ); the chemotactic
activity of monocytes of patients and paired heaithy controls were always
determined in the same assay. The resulis showed that the monocytes of
patients with chronic relapsing bacterial infections of the lower airways
exhibited a significantly lower chemotaxis (444 £ 218 vs. 698 £ 389 cells/mmz,
n=11, p<0.05, paired Student’s t-test, figure 3}, The addition of TP5 had no
effect on monocyte chemotaxis of both patients and controls.

Monocyte polarization in relation to monocyte chemotaxis

Figure 4 depicts the relation between the polarization assay and the chemotaxis
assay carried out on 35 monecyte suspensions of a heterogenous group of
patients (including the bhere described patients, children with recurrent
infections, patients with rhinosinusitis'? and cancer patients13). In this larger
panel of monocyte suspensions polarization and chemotaxis expressed as a
value relative to the day control positively correlated {r =0.41, p<0.05, n=35}.
Although in most cases a low polarization coincided with a low chemotaxis and
a normal polarization coincided with a normal chemotaxis of monocytes, figure
4 also shows that in some cases clear discrepancies existed between the
outcomes of the polarization assay and the chemotaxis assay. In the 11
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Figure 4, Correlation between data obtained in the polarization and the microchemotaxis assay in
patients {n=35} with chronic recurrent infections of the lower airways (open circles} and other
patients {see text, closed circles), Correlation; r=0.41, p<0.05,

patients with chronic recurrent infections of the lower airways a similar trend
for a positive correlation between polarization and chemotaxis could be
observed, which did, howaever, not reach the level of statistical significance.

Superoxide production:

FMLP, PMA and STZ were used at a concentration that elicited a maximal
superoxide production. In response to FMLP, monocytes of healthy controls
showed a maximal rate of superoxide production of 366 + 122 pmol/min (Mean
+ SD}. A similar value of 306 £ 192 pmol/min was obtained in patients with
chronic lowser airway infection {n=10). With PMA as stimulus, monocytes of
healthy controls and patients produced 230+54 pmol/min superoxide and
196 £ 54 pmol/min respectively {n=10})., Upon addition of STZ, monocyte
superoxide production amounted te 178 £30 pmol/min in healthy controls
compared to 164 £ 38 pmol/min in patients {n=10}. Superoxide production of
monocytes was not significantly different between patients and controls with
sither stimulus.

Low molecular weight factors in the serum of patients:
LMWTFs of patients inhibited the polarization of healthy donor monocytes for
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Figure 5. Percentage inhibition of unabsorbed (nil}
and after absorption with anti-p15E& MAbs LMWFs
of the serum of patients and controls on the
polarization of healthy donor monocytes. Data
represent mean = SO, *: p< 0.0b

33,8112,2% {mean + SD, n=18)}, which was significantly higher compared
to the inhibition by LMWFs of healthy controls 16,6% = 12,2% (n=12, figure
5). These factors that inhibit the polarization of monocytes present in the serum
of our patients could be partially absorbed by monoclonal antibodies against the
retroviral immunosuppressive factor p1BE (figure 5). We could however not
establish a correlation between the presence of LMWFs in the serum of
individual patients and the performance of their manocytes in the polarization

assay.

DISCUSSION

We investigated monocyte function in patients with severe, unexplained,
chronic recurrent infections of the lower airways. The patients were primarily
selected on the basis of clinical symptoms: chronic production of purulent
sputum, infection proved by sputum culture, and quick relapse after or
insufficient response to treatment with antibiotics. The regular appearance of
such patients and the inability for a definitive eradication of these infections
compaose a significant clinical problem.
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We were able to show that 14 of these 36 patients {39%) showed a monocyte
polarization below the range of the heaithy controls. Monocyte chemotaxis was
also lower in the patient group compared to the healthy controls. Although the
disturbances of the patients’ monocytes in chemotaxis and polarization tended
to correlate, clear discrepancies between polarization and chemotaxis could also
be observed, indicating the separate nature of the two phenomena. Superoxide
production was not different in monocytes from patients and controls.

Except for the presence of chronic recurrent airway infections, the lowered
monocyte polarization could not be attributed to any clinical characteristic or to
treatment with corticosteroids, which is in agreement with previous studies 8,
Defects in monocyte polarization, however, seemed to play only a minor role in
chronic recurrent infections of the lower airways in older patients {> 65 yrs.}.

Defects in the motility of monocytes are a well recognized phenomenon in
patients with carcinomas, uremia, burns and certain viral infections such as
AIDS19:20.21 Ap impaired monocyte responsiveness to chemotactic stimuli has
also been described in patients suffering from recurrent cutaneous bacterial
infections and atopic dermatitis??. We previously described monocyte
polarization defects in patients with severe chronic infections of the upper
airways1 1. In these latter patients also an impaired delayed type hypersensitivity
reaction and a decreased MIF production were found in addition to the defective
responses of the monocytes. Interestingly, a similar combination of immune
defects (lowered chemotaxis and impaired delayed type hypersensitivity
reactions) is a well recognized feature of patients with the hyperimmunoglobulin
E syndrome?Z3. It must be noted that one of our patients in fact met the criteria
for this syndrome.

in the sera of 18 patients investigated, iow molecular weight inhibitory factors
were detected, which were able to suppress the polarization of healthy donor
monocytes. These monocyte inhibitory factors could be partially neutralized
with monoclonal antibodies against the retroviral immunosuppressive factor
p15E. it is a short step to the idea that these factors directly contribute to the
impairment of the cellular motility of the patients’” monocytes. However,
monocyte polarization defects did not correlate with the presence of low
molecular weight immunosuppressive factors in serum. Hence, complex
relationships must exist, and the impaired monocyte polarization of our patiants
cannot be entirely attributed to the presence of these factors,

Importantly, p15E-iike factors have also been described in the sera of patients
with chronic infections of the upper airways”, and in serum and malignant
effusions of cancer patients“. Besides an antigenic relation with retroviral
p1BE, LMWFs of cancer patients couid also be absorbed by antibodies against
IFNa?%. A sequential and functional homology has been reported between a
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bioactive fragment of IFNg and an immunosuppressive region of p15E, which
both act as suppressors of monocyte polarization2®, The molecular structure of
the LMWHFs in the here described patients with chronic recurrent infections of
the lower airways thus remains to be elucidated. Tumor celis have been shown
to contain antigens related to p15E and IFNg2%28:2% and these cells are
thought to be the source of the p15E/IFNa-like serum factors in cancer patients.,
in patients with chronic airway infections these factors might be produced by
airway epithelial cells, since immunoreactivity against p15E has been described
in the nasal epithelium of patients with chronic purulent rhinosinusitis and in the
bronchial epithelium of patients with chronic purulent bronchitis2°,

Besides their effect on monocyte polarization, the retroviral p15E protein and
synthetic peptides derived from p1bE are also able to suppress other immune
functions3®, Several studies indicate that these peptides interfere with the
transduction of intracellular signals (possibly by inhibiting protein kinase C}31.32,
but an inhibitory effect at the level of the FMLP receptor has also been
suggested >3, Recently, it has been found that signal transduction pathways in
neutrophils for chemotaxis and superoxide production® are different. This
might be relevant for our finding of a normal rate of superoxide production and
an impaired chemotactic activity of the patients’ monocytes. An inhibition at
the level of the FMLP receptor can, however, not be excluded, since in the
study of Yasui and coEIeagues34 and in our study the FMLP concentrations used
were b and 100 times respectively higher in the superoxide assay compared to
the concentrations used in the chemotaxis and polarization assays.

The here presented data together with those reported previously® point to
several disturbances in phagoecyte locomotory function, which may contribute
to the enhanced susceptibility for bacterial invasion and lead to chronic
relapsing infections of the lower airways. The restoration of these defects might
abrogate the increased susceptibility for infections. in the here described patient
group, a fowered monocyte polarization could be partially restored in vitro by
the addition of thymic peptides, whereas, as we described previously,
granulocyte function can be improved by G-CSF®. In patients with chronic
infections of the upper airways, treatment with thymic peptides indeed
improved both clinical symptoms and immunological parameters‘s. Possibly,
similar treatment modalities are beneficial for patients with chronic infections
of the lower airways as well,
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General Discussion

OBJECTIVES

This thesis describes populations of cells from human bronchoalveoiar lavage
(BAL} and lung tissue with a morphology and marker pattern similar to that
of dendritic cells (DC} described by others. Two major issues will be discus-
sed: 1. What is the nature of these cells, how do they interrelate and how do
they relate to the lineages of DC and mononuclear phagocytes? 2, What is
the role of these pulmonary accessory cells in airway disease?

This thesis further reports on an impaired membrane motility {polarization
and chemotaxis} of monocytes and granulocytes in response to chemotactic
stimuli in patients with chronic recurrent bacterial infections of the lower
airways resistant to antibiotic therapy. Two important gquestions are: 1. How
do these disturbances in leucocyte membrane motility relate to the enhanced
susceptibility for infections? 2. What is the cause of these impaired respon-
ses? With regard to clinical practice, the most interesting observation is that
these defects could be partially restored in vitro (and in prelimipary experi-
ments also in vivo) by thymic peptides (monocytes) or by G-CSF {granufocy-
tes).

THE NATURE OF THE "PULMONARY ACCESSORY CELLS"

In this thesis, an isolation method for highly purified DC from human BAL
using a FACS is described. In previous experiments we did not succeed to
obtain such a highly purified population of DC from either minced and
digested human lung tissue or BAL by conventional techniques (density
gradients, adherence, panning and / or magnetic beads}, We and others
{Department of Cell Biology, Vrije Universiteit, Amsterdam) were unable to
deplete AM efficiently from human BAL using these conventional techniques,
and these procedures vyielded a population containing 10-15% APh,, MHC
class It cells?. tUsing FACS-sorting of BAL cells on autofluorescence,
sideward scatter and forward scatter, we were able to obtain a population
containing 85-90% of APh’, MHC class II* low autofluorescent {LAF) cells
{chapter 3), We demonstrated that these LAF cells exhibit a potent T call-
stimulatory function and a marker pattern compatible with that of DC.
Previously, the purification of DC on the basis of autofluorescence using a
FACS was described by Nicod? for lung tissue and later by Havenith for the
rat BAL2, The method is probably based on the presence of phagocytosed
material and secondary lysosomes in AM that increases both autofluorescen-
ce and sideward scatter of the cells?. Therefore, one may hypothesize that
LAF cells have either a low phagocytic capability, such as DC, or that these
cells have not yet phagocytosed,
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The population of LAF cells isolated from BAL showed the same marker
pattern as the dendritic-shaped cells in lung tissue, which were predominant-
ly observed in the bronchial wall {chapters 2 and 3). These data suggest that
the LAF cells are predominantly derived from the bronchial wall. Vice versa,
it is likely that the dendritic-shaped cells in the bronchial wall have the same
T cell stimulatory capabilities as the LAF cells. Since CD1a* DC in lung
tissue were almost exclusively observed in and just beneath the bronchial
epithelium and not in the alveolar compartment, the CD1at LAF cells must
certainly be derived from the bronchial wall. Because it is unlikely that cells
in the deeper layers of the bronchial wall appear in the BAL, the LAF cells
thus probably represent the population of bronchial intraepithelial dendritic-
shaped cells with a (small) admixture of similar cells from the alveolar com-

partment.

Dendritic-shaped cells in lung tissue and LAF cells in BAL display a heteroge-
neity in the expression of various markers, most notably of CD1a and My4
(CD14). This heterogeneity in CD1a and CD14 expression was not simply
associated with differences in morphology, enzyme histochemistry or the
expression of other immunologic markers: double labeling experiments
showed that both CD1a” and CD1at LAF cells expressed HLA-DR, CD68,
RFD1 and L2b, and that a part of both subpopulations stained for CD14 as
well (data not shown). The CD1a* cells were, however, the most potent
accessory cells in the LAF cell population., CD1a LAF cells, on the contrary,
were potent producers of IL-1 and IL-6, whereas the CD1a" cells did not or
hardly produce IL-1 and [L-8 upon stimulation with LPS,

From these data it was concluded that the CD1a%t cells {both in BAL and in
the bronchial epithelium) should be regarded as classic DC, whereas the
CD1a™ LAF celis exhibited features of both DC and monocytes. On the nature
of the CD1a  cells several hypotheses should be considered. Firstly, these
cells might be precursors of CD1a™ DC. The CD1a cells would then gradual-
ly upreguiate their accessory capability and acquire CD1a expression upon
migration into the bronchial epithelium. In the bronchial epithelium, these
cells would then be able to pick up inhaled antigens, and subsequently
migrate to the lymph node to present antigens to T cells, The fact that most
LAF cells show a rounded morphology upon isolation may be either a feature
of immaturity or a result of the isolation procedure. Epidermal LC also exhibit
a rounded morphology after isolation {R. Troost, personal communication).
The CD1a  LAF cells might, however, also represent precursors of classic
macrophages or interstitial macrophages.

Considering this last option, the smaller cells in the BAL (LAF cells are also
smaller than AM) have been reported to resemble interstitial macrophages,
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and have been hypothesized to have arrived only recently in the lung®.
Pulmonary interstitial macrophages have been described to display reduced
phagocytic functions, but a good antigen-presenting capability®. Like LAF
celis isolated from BAL and the dendritic-shaped cells in the bronchial wall,
interstitial macrophages have also been reported to be either negative or
weakly positive for nonspecific esterase and to express high levels of MHC
class Il molecules’. Therefore, the cells described by us would fit well into
this description. However, since the CD1a’ celis (from BAL and in the
bronchial wall) exhibit the same immunophenotype (except for CD1a) as
Cb1a™ DC, we feel that the term macrophage is not appropriate for these
ceils, but that they should be regarded as refated to DC. In support of this
notion, other investigators tend to assume that strongly MHC class Il
positive, irregular-shaped celis in the bronchial wall are DCEe,

Beside the possibility that CD1a” LAF cells are precursors of mature macrop-
hages, it can be questioned whether cells that belong to the DC family, such
as CD1a’ LAF cells, are able to differentiate into macrophages. This questi-
on is intriguing, because the relationship of DC with cells of the monocyte-
macrophage lineage is still unclear. It has, however, been hypothesized
before that blood-derived DC are able to become macrophagesw.

Here, preliminary evidence (based on two experiments) is presented on the
acquisition of macrophage characteristics of FACS-sorted CD1a* and CD1a
LAF cells during culture, Both subsets of LAF cells were cultured in RPMI
containing 10% FCS and 2 gg/ml LPS, LPS was used since it promotes the
differentiation of monocyte-like cells into macrophages and induces phagocy-
tic functions' 12, After FACS-sorting, CD1a™ cells were absent in the
negative fraction, whereas the positive fraction contained more than 95%
CD1a™ cells. Cells were cultured for 3 days in experiment 1, and for 6 days
in experiment 2. Cytospin preparations made at the end of the culture
periods were stained for CD1a and monocyte-macrophage markers.

As is shown in table 1, CD1a cells expressed all macrophage markers tested
after culture, and remalned negative for CD1a. Of the CD1a™ LAF cells, a
part lost their CD1a expression, while all cells gained RFD9, and a part
upregulated CD14 expression. In contrast to their CD1a™ counterparts,
RFD7 expression was not induced on the CD1a*t LAF cells. After 6 days
culture (experiment 2}, most cells of the CD1a™ fraction also showed a
diffuse and intense APh activity, particularly in those that had become
negative for CD1a. In cells that had remained positive for CD1a, various
patterns of APh activity could be observed. Some cells exhibiting a massive
APh activity still showed a small rim of CD1a reactivity.
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CD1a™* CD1la’

frash 3 days 6 days fresh 3 days 6 days
CD1a + + 80% + + 20% + —_ — —
cD14 -/t 10% + + 70% + + —/+ + + + +
cbes + ++ ++ + ++ ++
RFD7 - - —_ — ++ + +
RFDS — + + + - + + ++
APh —/+ —/+ 90% + + — ND ++

Table 1. The immunophenotype of freshly isolated and cultured CD1at and CD1a” LAF cells.
Data on fresh LAF cells are derived from chapter 3 and from the double stainings mentioned
above. Data on cultured LAF cells represent experiment 1 {3 days culture) and experiment 2 {6
days culture}, Data show the staining intensity: -, negative; +, weakly positive; +, positive;
+ +, strongly positive. Staining intensity applies to all cells unless indicated else by a percenta-
ge positive cells. For details see text.

These observations, although preliminary, support the concept that CD1a™,
APHSPOU L AF cells {that meet all criteria for DC) are able to gain APh activity
and RFD9 expression, and to downregulate CD1a expression. However,
CD1a LAF cells were much more apt to express macrophage markers
compared to CD1a®™ LAF cells, and readily expressed all macrophage
markers tested.

Hence, it may be suggested that these CD1a” LAF cells are the precursors of
pulmonary macrophages, and thus represent a pool of immature cells. An
important question remains whether these cells are also capable to differenti-
ate into CD1a™ cells with the same acgcessory capability as the freshly
isolated CD1a* cells. The fact that CD1at cells are not present in normal
blood and the concept that DC are bone-marrow derived cells imply that
these cells must have CD1a~ precursors. As reviewed in the introduction,
PBM are able to obtain CD1a expression during culture with low amounts of
serum or after incubation with GM-CSF13:14, Studies in human skin strongly
suggested that CD1a”/CD68* cells in the dermis (named DC or macrophage)
are precursors of CD1a™t LC'% '8, Since CD1a* DC have only been observed
in the epithelium of skin and airways, local epithelial factors probably play a
role in the differentiation of these cells from CD1a precursors. The close
resemblance in both morphology and marker pattern together with the close
physical association of CD1a% and CD1a dendritic-shaped cells in the
bronchial wall in histologic sections {chapter 2) supports the hypothesis that
the CD1a®™ DC are derived from CD1%a  precursors with a similar marker
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CD1at LAF cell

PBM

CD1a~ LAF cell

macrophage

Figure 1. Proposed differentiation pathway for DC and macrophages in the lung. Upon migration
into the lung, peripheral blood monocytes (PBM) differentiate into CD1a” LAF cells. During this
transition these cells downregulate their CD14 expression, upregulate HLA-DR expression and
gain other markers such as RFD1 and L25 {1}, In the bronchial mucosa, under influence of the
focal conditions {e.g. factors released by bronchial epithelial cells}, the CD1a” LAF cells
preferentially differentiate into CDta® DC (2}, In the alveclar compartment, however, most LAF
cells differentiate into macrophages (M@} under the influence of alvaolar epithelial factors such
as surfactant {3). Although CD1a’ DC are thought to migrate into the regional lymph nodes
under normal conditions, these cells still have the ability to acquire macrophage characteristics

(4).

pattern.

On the basis of the discussjon above, we want to propose a concept on the
nature of the airway accessory cells described in this thesis and the relati-
onship of dendritic cells with the monocyte-macrophage lineage in general
{figure 1). The CD1a™ cells in the bronchial wall and in the BAL are classic
DC. The function of this DC is t0 pick up inhaled antigens and to present
their antigenic fragments to T cells. Antigen presentation may take place in
the bronchial wall to local T cells or after migration and further maturation of
the DC in the draining lymph node. Since DC are bone marrow-derived cells,
and since CD1a™ DC do not appear in the blood under normal conditions,
these cells probably arise from CD1a™ precursors. A population of mainky
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dendritic-shaped cells in the bronchial wall and a population LAF celis in the
BAL can be identified with a similar marker pattern as the CD1a™® DC, but
negative for CD1a. We suggest that the CD1a” LAF cells in the BAL repre-
sent at least in part similar cells in the bronchial epithellum. These cells
compare to monocytes in cytokine production and exhibit a lower accessory
capability than the CD1a™ DC. These cells have the potential to differentiate
into mature macrophages. We hypothesize that, depending on the local
conditions, these CD1a™~ cells differentiate into either CD1a* DC or into
mature {alveolar} macrophages.

The ability of CD1a™ LAF cells {true DC} to gain some macrophage characte-
ristics strasses the close relationship between DC and cells of the monocyte-
macrophage series, and supports the concept that DC are special members

of this lineage.

DENDRITIC CELLS IN AIRWAY DISEASE

in the general introduction (chapter 1), the role of DC in airway disease was
reviewed. Here, only additional data derived from our own experiments will

be discussed.

Effects of cigarette smoking on DC numbers and function.

With respect to smoking habits, smokers’ BAL vyielded significantly higher
numbers of LAF cells (chapter 3), and higher numbers of cells with the
characteristics of DC (chapter 2) were observed in smokers’ BAL. These data
are in agreement with the higher numbers of cells displaying CD1a or Birbeck
granules in the BAL of smokers described by Casolaro and colteagues”, and
the increased numbers of DC/LC in lung tissue of smokers reported by Soler
and coileagues‘s. As was discussed previously, the numbers of DC detected
in lung tissue specimens studied by us {chapter 2) are probably also influen-
ced by cigarette smoking, since all tissue samples were derived from ex-
smokers or current smokers, Much lower numbers of DC have now been
observed in bronchial biopsies of a control group of healthy nonsmokers in &
study on asthma performed at our department {see below}. Hence, it can be
concluded that the numbers of DC are elevated in the BAL, in the bronchial
mucosa, and possibly also in the alveolar compartment of the lung in smo-
kers. The increase in the numbers of DC contrast with our data showing a
decreased T cell-stimulatory capability of BAL cells of smokers compared to
nonsmokers, probably due to a lowered T-cell stimulatory function of LAF
cells [(chapter 3}. Previously, a lowered stimulatory capability of smokers’
BAL cells was also ohserved by Laughter”’. Thus, in contrast with the rise in
the numbers of DC in BAL, the accessory cell function of BAL cells is
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Figure 2. CDiat cells and L2567 cells in the bronchial mucosa expressed as the number of
positive cells per millimeter basement membrane. HLA-DR expression in the bronchial mucosa
scored semiguantitatively on a 0-3 scale (O = negative, 1 = weak, 2 = strong, 3 = very strong
HLA-DR expression}. Individual data are depicted of allergic asthmatics using bronchodilaters
only {0}, of allergic asthmatics using bronchodilators in combination with inhaled corticosteroids
{e}, and of healthy controls {0), Horizontal bars represent the median value. Data from G.M.

Médiler et al.

daecreased in smokers.
DENDRITIC CELLS IN ASTHMA AND COPD

In the general introduction (chapter 1), data were presented from the
literature considering the possible role of dendritic cells in allergy and
asthma. Most data were derived from atopic dermatitis and allergic rhinitis.
Only one study has shown increased numbers of RFD1" cells {possibly DC)
in the bronchial wali in asthma, which were downregulated during inhaled
glucocorticoid therapyzo. To gain a better insight in the kinetics of DC in
allergic asthma, a study has been performed at our department {collaboration
with G.M. Mdller and S.E. Overbeek) on the numbers of DC in the bronchial
mucosa in asthma. Three groups were compared: healthy controls, aliergic
asthmaties treated with bronchodilators alone and allergic asthmatics treated
with bronchodilators in combination with inhaled corticosteroids?!. At the
time of bronchial biopsy, the patients - 16 nonsmoking atopic asthmatics -
had been treated double blind for 2.b years. This group was a randomly
selected subgroup of the Dutch CNSLD study”. Treatment in the bronchodi-
lator group (n=11) consisted of terbutaline in combination with either
ipratropium bromide or placebo, whereas patients from the corticosteroid
group {n=>5) were treated with terbutaline in combination with beclometha-
sone dipropionate. Corticosteroid treatment coincided with a decrease in
asthma symptoms and an improvement in lung function and bronchial
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hyperreactivity. Immunohistochemistry showed a significantly higher HLA-DR
expression and significantly elevated numbers of CD1a™ and L256™ dendritic-
shaped cells in the bronchial mucosa in-asthmatics treated with bronchodila-
tors alone compared to the healthy controls (figure 2). Moreover, compared
to the bronchodilator group, HLA-DR expression and the numbers of CD1a™*
cells were significantly lower in the corticosteroid group (figure 2}.

These data clearly demonstrate that the numbers of DC in the bronchial wall
are elevated in patients with allergic asthma, and that inhaled corticosteroid
therapy reverses DC numbers to levels that compare to healthy nonsmoking

controls.

The increased numbers of DC in atopic asthma and the decrease during
glucocorticoid therapy correspond with the kinetics of other inflammatory
cells in the asthmatic infiltrate, such as eosinophils and activated T cells23,
We like to hypothesize that the raised nhumbers of DC in asthma lead to an
enhancement of antigen presentation and T cell activation. The latter is
thought to play an important role in the pathogenesis of asthmaZ*. However,
elevated numbers of DC are not specific for asthma. As was discussed
above and in the introduction, cigarette smoking also increases DC numbers
in the lung, and in response to bacterial stimuli, a rapid influx of DC has been
observed in the bronchial wall of the rat?®2%, Moreover, as was learned from
smokers, elevated numbers of DC are not necessarily associated with an
increase in T cell stimulatory function. On the other hand, the downregulati-
on of DC numbers during glucocorticoid therapy is probably associated with
a decreased accessory function in vivo, since we showed that glucocorti-
coids are able to suppress T cell stimulatory function of airway DC in vitro
(chapter 4). Hence, it is likely that the impairment of DC function by gluco-
corticoids contributes to the downregulation of the asthmatic inflalmmmation
during glucocorticoid therapy,

Except for the activation of T cells, antigen-presenting cells, such as DC,
may in addition direct the differentiation of T cells towards a Th1 or Th2
phenotype, which may have direct consequences for the development of
allergy. Indeed, data from the literature indicate that DC may skew T cell
differentiation towards a Th2 phenotype under certain conditions {reviewed
in chapter 1), Therefore, it would be of high interest to investigate the
stimulatory capability and the capability to skew T cell differentiation
towards Th1 or Th2 of BAL cefls and DC from the BAL in atopic asthma.

From a recently started study on COPD patients {G.T. Verhoeven}, BAL cells
were sorted into LAF celis and AM of 7 included patients. These patients
were all smokers with bronchial hyperreactivity and a FEV1 <70% predicted
that improved less than 15% after bronchodilator inhalation. Compared to
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healthy smokers, AM of COPD patients produced lower T cell responses at
high stimulator-responder ratios (p<0.01 at a ratio of 1:1 and p<0.05 at
1:2}. Total BAL cells and LAF cells of COPD patients induced somewhat
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Figure 3. 3H-thymidina incorporation as a measure of allogenic T cell proliferation induced by

BAL cells {circles), AM (squares) and LAF cells {triangles} of patients with COPD (all smokers,
filled symbols} and healthy smokers (open symbols} in different stimulator to responder ratios.

Data represent the mean = SD.,

lower T cell responses. Howaver, these differences did not reach the level of
statistical significance {figure 3). In contrast to BALs of allergic asthmatics,
the BAL of these COPD pstients contained only low numbers of T cells,
comparable to numbers in healthy smokers (G.T. Verhosven, personal
communication}. Although these are only preliminary data, these observati-
ons suggest that enhanced DC function or T cell activation is not a feature of
COPD. It is not yet clear how to explain the fowered stimulatory capability of

AM from COPD patients.

SIGNIFICANCE OF A DEFECTIVE POLARIZATION OF LEUCOCYTES FOR
CHRONIC RECURRENT AIRWAY INFECTIONS

Although it might be more appropriate to investigate the function of local
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pulmonary leucocytes {such as AM and LAF cells} than of peripheral blood
leucocytes in patients with chronic recurrent purulent infections of the lower
airways, local leucocytes are more difficult to obtain since BAL is an invasive
technique, Because a reduced polarization of blood monocytes in response to
FMLP had been observed in our laboratory before in patients with chronic
upper airway infection {chronic purulent rhinosinusitis}, we decided to start
investigations on the chemotactic responsiveness ¢of monocytes and granulo-
cytes from the peripheral blood of patients with chronic recurrent infections

of the lower airways.

We detected a decreased polarization of monocytes and granulocytes in
response to FMLP in patients with chronic recurrent infections of the lower
airways {chapters 6 & 7). Granulocyte polarization in response to casein was
also impaired. Polarization is the change of shape from round to elongated or
triangutar with marked cytoplasmic extensions. Polarization is mediated by a
rapid polymerization and depolymerization of actin microfilaments, and could
be compietely biocked by cytochalasin B which inhibits microfilament
function (unpublished data). Besides microfilaments, microtubules and
intermediate filaments may also be involved in cell shape control, although
their role in rapid cell deformation seems less prominent than that of actin
filaments. Preliminary results suggest that in granulocytes of patients with
chronic airway infections and a lowered response in the polarization assay,
the depolymerization of actin microfilaments is impaired {dr.A.J. Verhoeven,
CLB, Amsterdam, and dr. H. Hooijkaas, personal communication),

It is, however, yet unclear which molecular events cause a defective polari-
zation {(and actin depolymerization). The role of calcium in microfitament
arganization and leucocyte shape changes has been studied extensively?’,
Calcium may regulate many cytoskeleton-associated proteins present in
nonmuscle cells, including myosinza, actinogelinzg, filamin/actin-binding
protein?, fragmin3!, a-actinin®2, villin33, or fodrin3?,

The exact role of calciumn in cell shape changes is, however, not compietely
clear, since {a) cell extracts behave quite differently from intact cells due to
the importance of diffusible actin regulatory constituents, and (b} in intact
cells, calcium changes are inseparable from other metabolic processes likely
to affect cytoskeleton organization, such as pH, cyclic nucleotides, or
phosphatidyl-inositol phosphates35.

Polarized cells show a similar change in shape as seen in the early phase of
chemotaxis. Therefore polarization has also been suggested to be closely
related to chemotaxis. Strong correlations in {eucocyte performance in
assays for polarization and chemotaxis have been reported36. In our hands a
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positive correlation existed indeed between outcomes of the polarization
assay and outcomes in the chemotiaxis assay performed on the same
leucocyte suspensions in patients with a variety of illnesses (see chapters 6
& 7). It was, however, also evident that clear exceptions existed and that
polarization cannot be regarded as synonymous with chemotaxis: we did
observe patients with a deeply impaired polarization that were normal in the
chemotaxis assay and vice versa,

Besides chemotaxis, an intact microfilament function, possibly reflected by a
normal polarization, is also required for phagocytosis and exocytosis, Alt-
hough gross defects of these functions are rare®’, lowered responses in the
polarization assay might be associated with a less effective phagocytosis,
especially of poorly opsonized particles.

As was discussed previously in this thesis, DC are closely related to monocy-
tes. The strong motility of the cytoplasmic membrane is thought to be
essential for DC function (contacting T celis}, and this motility is probably
also mediated by micrefilaments. In patients with head and neck cancer and
in patients with Graves’ disease a decreased polarization of monocytes was
associated with a decreased cluster capability of blood-derived DC38, In
future studies on local bronchial leucocytes of patients with chronic purulent
infections of the lower airways, it might therefore be of interest to evaluate
not only the chemotactic abilities of BAL cells, but also the potency of LAF
cells to establish intercellular contacts with T cells.

Do polarization and chemotaxis defects contribute to an increased susceptibi-
lity for infections?

If the responsiveness in the polarization assay of monocytes and granulocy-
tes indeed reflect their abilities to migrate to and act in an inflammatory site
in vivo, then how to explain the production of purulent sputum with leucocy-
tic debris when leucocyte polarization and migration are disturbed? Although
polarization was only lowered (not absent) at the optimal concentration of
FMLP, the decrease might reflect a failure of the cells to respond to low
levels of chemotaxins and other stimuli present in vivo at the beginning of an
infection. The decreased polarization in vitro might then just represent a
slower and lazier leucocyte response resulting in an inappropriate delayed
infiltration at a stage in which already large numbers of microorganisms are
present in the bronchial tree. This will contribute to a raised susceptibility for
infection. Moreover, probably more "lazy leucocytes” are required to elimina-
te relatively small numbers of microorganisms, The increased sputum
purulence at later stages of the infection might then just reflect a steady
state between aggressors {microorganisms) and defenders {leucocytes), but
at a higher level of homoiostasis of leucocyte infiltration {more are needed).
This will contribute to the purulence of the disorder,
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It must be noted, however, that monocyte polarization and chemotaxis are
also decreased in patients with bronchial and laryngeal carcinoma, as well as
in patients with endocrine autoimmune diseases {Graves disease, type 1
diabetes)®®. Since these patients usually do not present with chronic or
recurrent infections, a lowered monocyte polarization and chemotaxis alone
cannot explain the susceptibility for airway infections, Therefore, either local
factors or concomitant immune defects must add to the impaired function of
the monoccytes and/or granulocytes to cause the enhanced susceptibility for

infections.

The possibility should also be considered that a defective polarization and
chemotaxis are not causes of and hardly add to the susceptibility for infecti-
ons. In such a view, a decreased performance of granulocytes and monocy-
tes s secondary to the chronic bacterial infection itself. Bacterial or inflam-
matory products might alter the sensitivity of the cells to chemotaxins and
other stimuli. Alternatively, a redistribution of the granulocyte/monocyte pool
via recruitment of chemoresponsive cells into the inflammatory focus might
leave a less responsive and "lazy” population in the blood. The detection in
the serum of patients of low molecular weight factors (with an antigenic
homology to p15E) that hamper monocyte polarization, argues against the
concept of redistribution. The detection of immunoreactivity for p15E in the
epithelium of chronically infected airways39, suggests a local production of
immunosuppressive factors.

The partial restoration of polarization in vitro by sither thymic peptides
{monocytes) or G-CSF {granulocytes) together with the preliminary data on
the beneficial clinical effects of these substances, however, argue against
the concept that a defective polarization is merely a conseqguence of the
infection itself and does not add to the susceptibility for infection.

The background of the lowered responses of the leucocytes to FMLP and
casein in the polarization and chemotaxis assays remains hypothetical. Apart
from the effect of jocally produced immunosuppressive factors, the defective
leucocyte function might have a genetic basis, which is, like common
variable immunodeficiency, expressed later in life. It is also possible that the
expression of a genetic predisposition for a defective leucocytic membrane
motility is triggered by a {severe} local bacterial infection (see above),
Alternatively, the impaired polarization might be caused by a viral infection:
either by a direct infection of the leucocytes themselves or by an infection of
other cells {e.g. epithelial cells) via the production of immunosuppressive
factors, Many viruses have been shown to suppress immune functions, and
an unknown or unrecognized virus might suppress the motility of monocytes
andfor granulocytes and induce such susceptibilities for bacterial infections
as observed in our patients. For example, a depressed monocyte chemotaxis,
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together with other impairments in monocyte function and other immunoiogi-
cal defects, has been observed in AIDS*?, in influenza virus infection,
neutrophil chemotaxis is impaired, which has been associated with an increa-
sed susceptibility for secondary bacterial infections?!.

Apart from genetic factors or infectious agents, dysregulations in the
immune system itself {for instance in autoimmune disease} might also
influence leucocyte function. Van de Merwe and Hooijkaas have associated
the presence of autoimmune phenomena (in particular resembling Sjégren’s
syndrome} with chronic recurrent infections and a hampered leucocyte
motility*2,

It is clear that further research is needed to establish the relationship be-
tween a poor performance of granulocytes and monocyies in the poiarization
assay and the consequences of these defects for the in vivo function of the
celis and the susceptibility for infections. From a clinical point of view the
most interesting observation is the beneficial response to thymic peptides
and G-CSF. The possible role of these factors in the treatment of patients
with chronic recurrent bacterial airway infections merits further attention.
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SUMMARY

In the introduction {chapter 1) the basics of host defense are explained with
emphasis on granulocytes, monocytes, macrophages and dendritic cells (DC).
Deficiencies in host defense may lead to an increased susceptibility for
infections. Inappropriate immune responses, on the other hand, may also result
in disease, for example allergic asthma. For the initiation of immune responses,
the presentation of antigens to T cells is an essential step. DC are the most
potent antigen-presenting cells (APC), and in contrast to other APC, DC are able
to stimulate naive, unprimed T cells, Therefore, DC are thought to play a crucial
role in host defense in, a.o., the lung in health and disease. In this thesis we
investigated 1.) the distribution, immunophenotype and function of dendritic
cells in the normat human lung, and 2.) the function of granulocytes and
monocytes in patients with chrenic recurrent infections of the lower airways.

Using monoclonal antibodies against dendritic cells, monocytes and
macrophages, and enzyme histochemistry, we investigated the distribution and
immunophenotype of these leucocytes in human lung tissue (chapter 2}. Two
major populations could be discriminated: acid phosphatase {APh} negative
dendritic-shaped cells and large rounded APh* celis.

Dendritic-shaped cells were predominantly observed in the bronchial wall
especially in and just underneath the bronchial epithelium. These cells stained
for HLA-DR, RFD1, L25 and CD68, but were negative for APh, RFD7 and RFD9.
A portion of the dendritic-shaped cells reacted with CD1%la {mainly in the
epithelium} and/or My4 (CD14). The population APh-positive large rounded cells
reacted with HLA-DR, CD&8, RFD7 and RFD9. These classic macrophages were
predominantly situated in the alveoli and the airway lumen.

We conclude that the dendritic-shaped cells are probably homologous to the
potent immunostimulatory DC in the lymphoid organs and to epidermal
Langerhans cells. Their immunophenotype, however, also indicates a
relationship with monocytes and macrophages.

In chapter 3 we showed via FACS-sorting on the basis of autofluorescence that
two completely different cell populations can be obtained from the human
bronchoalveolar lavage (BAL). The high autofluorescent cells were 100% typical
alveolar macrophages {AM), with the same marker pattern as the AM described
in chapter 2. AM appeared poor T cell stimulators, and even suppressed PHA-
induced T cell proliferation. The low autofluorescent (LAF} cells displayed a
monocyte-like appearance (80% rounded), but 560% developed cytoplasmic
protrusions during overnight culture (dendritic morphology). The
immunophenotypic properties of the LAF cells were similar to the dendritic-
shaped cells described in chapter 2. In contrast to AM, the LAF cells were
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potent stimulators of naive T cells, and also formed clusters with T cells
{hallmarks of DC}.

Qur data further showed that smokers’ BAL contained more LAF csells than
nonsmokers’ BAL, but that BAL cells from smokers induced lower T cell
responses compared to nonsmokers.

In conclusion, two immunophenotypically and functionally completely different
cell populations could be obtained from human BAL: 1.} high autoflucrescent
AM with immunosuppressive properties, and 2.) LAF cells, which were potent
accessory cells, that contained DC and their precursors,

Chapter 4 considers the in vitro effects of glucocorticoids on the function and
immunophenotype of LAF cell populations. After incubation with therapeutic
concentrations of dexamethasone, LAF cells showed an impaired accessory
capability in the allogenic mixed lymphocyte reaction {MLR}. This lowered T cell-
stimulating capability was associated with a decrease in the expression of B7-1,
and - not statistically significant - a decrease in CD11b expression,
Glucocorticoids did not affect the expression of several other adhesion
molecules, HLA-DR, or other markers on DC. Since B7-1 is an impartant
costimulatory molecule, we suggest that its lowered expression may in part
account for the impaired accessory function of DC. During glucocorticoid
therapy such a decrease in DC function may contribuie to the suppression of
T cell activation and downregulation of inflammatory responses.

In chapter 5 we describe the potential of LAF cells to produce IL-1, iL-6 and
TNF-a. Both cellular cytokine proteins and biologically active cytokines in the
supernatants could be detected in LPS-stimulated LAF cell populations. In
contrast to peripheral blood monocytes, LAF cells did not require these
cytokines for the induction of T cell proliferation, since neutralizing antibodies
against these ¢ytokines did not inhibit LAF celi-induced MLR.

Since we previously observed a heterogensity in marker expression in the LAF
cells, most notably for CD1a and CD14, we also looked for differences in
cytokine production in LPS-stimulated CD1a*/ and CD14 %/ LAF cells subsets.
Double immunolabeling revealed that in contrast to CD1a™ LAF cells, CD1a™
LAF cells did not {or hardly) react with anti-lL-1, anti-IL-6 or anti-TNF-a. Such
differences were not observed in the CD14%/ subsets. These differences
between the CD1a™/ subsets were confirmed by assaying cytokine production
in the supernatants of FACS-sorted CD1a* and CD1a” LAF cells. interestingly,
the CD1a* LAF cells were more potent T cell stimulators than their CD1a

counterparts.
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We conclude that two different subsets of LAF cells occur in the BAL, CP1a™t
LAF celis should be regarded as true DC., CD1la  LAF cells, displaying
immunophenotypic and morphologic features of both DC and monocytes,
showed a lower T cell-stimulatory capacity, but a high potency to produce
cytokines. We hypothesize that the CD1a” LAF cells represent the precursors
of either CD1a* DC or of mature macrophages.

The investigations on granulocyte and monocyte function in patients with
chreonic recurrent bacterial infections of the lower airways are described in
chapters 6 and 7, respectively. Granulocytes and monocytes from the blood
of these patients showed a decreased polarization {change in shape} in response
to FMLP compared to the same cells of healthy controls. The performance of
patients’ monocytes and granulocyies in the polarization assay, however, did
not correlate, The superoxide production of granulocytes and monocytes of the
patients was normal. The granulocyte polarization was below the range of the
healthy contrels in 10 of the 18 patients evaluated (chapter 6). Addition of
granulocyte colony-stimulating factor (G-CSF) in vitro impraved the performance
of the patients’ granulocytes in the polarization assay,

In monocytes (chapter 7}, the polarization was below the range of the healthy
controls in 14 of 36 patients. in patienis with a lowered monocyte polarization,
this polarization could be partially restored by the addition of thymic peptides
in vitro {thymopentin {TPb] and thymostimulin [TP-1]). In addition to
polarization, monocyte chemotaxis was also lowered in patients with chronic
recurrent airway infections. In the serum of some patients low molecular weight
factors could be detected that were able to suppress the polarization of healthy
donor monocytes. These factors showed an antigenic relationship with the
immunosuppressive retroviral protein p15E,

We hypothesize that the hyporesponsiveness of granulocytes and monocytes
to chemotactic stimuli contributes to the susceptibility for the airway infections
in these patients. Besides the in vitro effects of G-CSF (on granulocytes} and
thymic peptides {on monocytes}, the in vivo administration of these substances
to patients with chronic recurrent airway infections and lowered responses in
the polarization assay, also improved the clinical symptoms.

The general discussion [chapter 8} focusses on 1.) the nature and the
refationships of the LAF cells from BAL and the dendritic-shaped cells in the
bronchial wall, 2.} the significance of these cslls in pulmonary disease, and 3.}
the meaning of a decreased polarization of granulocytes and monocytes for host

resistance.

With regard to the nature of the LAF cells, we conclude that the CD1a™ cells
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from BAL and from the bronchial epithelium {probably the same cells) are classic
DC, homologous to epidermal Langerhans cells. The CD1a” LAF cells and the
other MHC class |l-positive dendritic-shaped cells in the bronchial wall show
features of both DC and monocytes. In vitro, the CD%a’ LAF cells readily
differentiated inte macrophages. In our opinion, these cells are also the
precursors of CD1a™ airway DC. Because of the close resemblance of CD1at
and CD1a” LAF cells, and because CD1a™ LAF cells were also able to acquire
macrophage characteristics, we conclude that DC, monocytes and macrophages
helong te the same hematopoietic lineage.

With regard to DC in smokers and lung disease! a.) In smokers, we and other
investigators showed that the numbers of DC were increased in BAL and lung.
In contrast, the stimulatory capability of BAL cells was decreased in smokers
compared to nonsmokers. b.} In bronchial biopsies of allergic asthmatics, DC
numbers were elevated compared to heaithy nonsmokers. Patients that received
inhaled corticosteroid therapy, however, showed DC numbers that compare to
control levels. We hypothesize that DC play an important role in T cell activation
in asthma and that a downregulation of both numbers and function of DC by
glucocorticoids contributes to the clinical effects of glucocorticoid therapy in
asthma.

The third part of the discussion considers the significance of the decreased
leucocyte polarization for host defense, The polarization of leucocytes depends
on the polymerization of actin filaments. Polarization is thought to be closely
related to chemotaxis, but defects in polarization might also point to
impairments in other cellular processes that require actin polymerization, such
as phagocytosis, exocytosis or membrane motility, for the establishment of
intercellular contacts. We suggest that an impaired polarization contributes to
an increased susceptibility for infections, but local factors or additional
disturbances of immune function may, factor herein as well. The partial
restoration of the polarization in response to G-CS8F {(for granulocytes) and
thymic peptides (for monocytes), together with the in vivo clinical effects of
these substances support this hypothesis, The cause of the impaired
performance of jeucocytes is still unclear, but might include genetic, viral,
bacterial and/or autoimmune factors.

140



SAMENVATTING

in dit proefschrift wordt een aantal onderzoeken bheschreven naar de
afweermechanismen in de long, waarbij speciaal gekeken is naar het voorkomen
en de functie van dendritische cellen (DC) in de long en naar de rol van
stoornissen in het afweersysteermn bij patiénten met chronische of recidiverende
bacteriéle infecties van de lagere luchtwegen.

DC ziin gespecialiseerde ceflen van het afweersysteem die eiwitbevatiende
structuren ocpnemen (antigenen), bewerken en peptides daarvan presenteren aan
T lymfocyten. Voor het presenteren van deze peptides gebruiken de DC MHC
kiasse 1l moleculen (HLA-DR). Als de T lymfocyten het peptide ais
lichaamsvreemd herkennen, worden ze geactiveerd door de DC. Dit proces is
essentiéel voor het al dan niet op gang brengen van een immuunrespens. In het
verloop van deze immuunrespons kunnen verschillende soorten antistoffen
worden geproduceerd en kunnen andere T lymfocyten en macrofagen aangezet
worden tot het neutraliseren van partikels die deze eiwitstructuur bevatten,
Hoewel DC dus erg betangrijk zijn voor het beginnen van een immuunrespons,
fs er vrij weinig bekend over het voorkomen en de functionele eigenschappen
van deze cellen in de long. Een beter inzicht hierin is belangrijk voor een beter
begrip van allerlei ziekteprocessen in de long, zoals astma en chronische
luchtweginfecties,

In hoofdstuk 2 is het voorkomen van DC en macrofagen in de long bestudeerd
m.b.v, immunohistochemie. In en vlak onder het bronchusepitheel bleken
relatief veel cellen voor te komen met een dendritische morfologie
{onregelmatige vorm en lange uitlopers). Deze celien kleurden aan met
verschillende monoclonaie antistoffen tegen eiwitten die vooral voorkomen op
dendritische cellen: HLA-DR, RFD1, L25 en {(deels} CD1a. Deze celien kleurden
echter ook aan met de macrofagen marker CDG8. Een deel van deze cellen was
positief voor de monocyten marker CD14. Deze cellen waren echter negatief
voor andere monocyi-macrofaag markers (RFD7, RFD9, zure fosfatase en niet-
specifieke esterase). in het alveolaire compartiment werden relatief weinig
cellen met dergelijke kenmerken gevonden. Typische macrofagen, grote ronde
cellen positief voor alle macrofaag markers, werden vooral gevonden in de
alveoli en in het lumen van de bronchi, en zelden in of onder het
bronchusepitheel, We concluderen dat de cellen met dendritische morfologie een
immunofenotype hebben dat vergelijkbaar is met dat van DC, maar dat deze
cellen ook enkele monocyt/macrofaag kenmerken vertonen, Waarschijnlijk
hebben deze cellen uit de long dezelfde potentie tot het stimuleren van T-cellen
als DC in de lymfoide organen en het bloed.

Hoofdstuk 3 beschrijft een techniek om m.b.v. een "fluorescence activated cell
sorter” {FACS) cellen uit de broncho-alveolaire lavage (BAL} te scheiden op
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autofiuorescentie. De sterk autofiuorescerende cellen blijken typische alveolair
macrofagen (AM} te zijn: grote, ronde, zure fosfatase-positieve cellen met
hetzelfde immunologisch markerpatroon als de macrofagen uit hoofdstuk 2. De
laag autofluorescente {LAF) cellen hebben hetzelfde immunofenotype als de DC
in de bronchuswand. Hoewel de meeste cellen rond zijn, vertoont de helft van
de cellen na 16 uur kweken lange cytoplasmatische uitlopers. Behalve het
merkerpatroon zijn ook de functionele karakteristiecken van deze twee
celpopulaties totaal verschillend: de AM zijn zeer slechte T-cel stimulatoren en
kunnen zelfs de T-cel proliferatie remmen, terwijl de LAF cellen uitstekend T-
cellen kunnen stimuleren. Ook kunnen de LAF-cellen najeve, rustende T-cellen
stimuleren en deze cellen vormen ook clusters met T-cellen gedurende een
kweek (beide belangrijke kenmerken van DC), Verder vonden we dat de BAL
van rokers zowel absoluut als relatief meer LAF-cellen bevat dan de BAL van
niet-rokers. In tegenstelling hiermee waren BAL-cellen van rokers slechtere
stimulatoren van T-cellen. We concluderen hieruit dat twee totaal verschillende
celpopulaties uit de BAL geisoleerd kunnen worden m.b.v. een FACS: 1.) de
sterk autofluorescente AM bezitten immunosuppressieve eigenschappen, en 2.)
de zwak autofluorescente (LAF) cellen zijn uitermate potente T-ce!l stimulatoren
en bevatten DC en precursors van DC.

Glucocorticoiden zijn veel gebruikte medicijnen, o.a. bij astma. Omdat nog niet
precies bekend is hoe deze medicijnen werken, werd de inviced van
glucocorticoiden op DC-populaties uit de BAL (LAF-cellen} onderzocht
{hoofdstuk 4}. LAF-cellen die met glucocorticoiden geincubeerd waren, hadden
een veel lagere capaciteit tot het stimuleren van T-cellen. Deze verminderde
stimulatoire functie was geassociéerd met een verlaagde expressie van B7-1
{CDBO) en {niet significant) met ean verlaagde expressie van CD11b, Aangezien
B7-1 een belangrijk molecuul is voor de stimutatie van T-cellen, denken we dat
de verlaging van de B7-1 expressie o0.i.v. glucocorticoiden zou kunnen bijdragen
tot het onderdrukken van de stimulatojre’ functie van DC uit de BAL. Het
supprimerende effect van glucocorticoiden op DC in de luchtwegen zou een rol
kunnen spelen bij het verminderen van de ontsteking van de longen bij astma
gedurende glucocorticoid therapie.

In hoofdstuk 5 beschrijven we het vermogen van LAF-cellen om de cytokinen
IL-1, IL-6 en TNF-g te produceren. In LPS-gestimuleerde LAF-celpopulaties
konden zowel intracelulaire als gesecerneerde cytokinen aangetoond worden.
In tegenstelling tot monocyten uit het perifere bloed hadden LAF-cellen deze
cytokinen niet nodig om T-cellen te stimuleren.

Omdat we in eerdere studies al hadden gezien dat de LAF-cellen heterocgeen

waren met betrekking tot de expressie van verschillende eiwitten op de cel-
membraan, m.n. CD1a en CD14, onderzochten we of subpopulaties van LAF-

142



Samenvatting

cellen, die positief of negatief waren voor deze eiwitten, een vergelijkbare
potentie hadden om deze cytokinen te produceren. De cb1a*’ subpopulaties
verschilden hierin niet duidelijk. Echter, in tegenstelling tot de CD1a” LAF-cellen,
produceerden de CD1a* LAF-cellen vrijwel geen IL-1, IL-6 of TNF-a. Bovendien
waren de CD1a™ cellen veel beter in het stimuleren van T-cellen dan de CD1a
subpopulatie. We concluderen hieruit dat 1.) de CD1a™ LAF-cellen gezien hun
fenotype en functie moeten worden beschouwd als echte DC, en dat 2.} de
CD1a" LAF-celien eigenschappen van zowel DC als van monocyten verionen.

In hoofdstuk 6 en 7 wordt het onderzoek naar de functie van granulocyten en
monocyten bij patiénten met chronisch recidiverende bacteriéle infecties van de
lagere luchtwegen beschreven. Deze infecties konden niet afdoende behandeld
worden met gangbare therapieén, waaronder antibiotica. Vergeleken met ceflen
van gezonde controlepersonen veranderden granulocyten en monocyten
gefsoleerd uit het bloed van de patiénten minder van vorm (polarisatie) na
stimuiatie. De stoornissen in de polarisatie van granulocyten en monocyten
correleerden echter niet met elkaar. De produktie van zuurstofradicalen door
monocyten en granuiocyten van de patiénten was normaal.

Bij patiénten met een gestoorde polarisatie van granulocyten (10 van de 18
patiénten} verbeterde de polarisatie door toevoeging van "granulocyte colony-
stimuiating factor” {G-CSF) aan de cellen. Voor monocyten die niet goed
polariseerden {14 van de 36 patiénten} was een vergelijkbaar effect waar te
nemen als thymuspeptiden (thymostimuline {TP-1] en thymopentine [TP5]} aan
de cellen toegevoegd werden. Niet alleen de polarisatie maar ook de chemotaxie
{migratie door een filter) van monocyten was verlaagd bij patiénten met
chronisch recidive van de luchtweg infecties. Bij een deel van de patiénten
werden laagmoleculaire factoren in het serum gevonden die een remmend effect
hadden op de polarisatie van monocyten,

Onze hypothese is dat de stoornissen in de functie van granulocyten en
monocyten hijdragen aan de verhoogde gevoeligheid voor infecties bij de
patiénten. Het herstellen van deze stoornissen in het lichaam door toediening
van ofwel G-CSF of thymuspeptiden zou dan een gunstig effect op de klinische
toestand van deze patiénten kunnen hebben.

De algemene discussie (hoofdstuk 8) gaat vooral in op 1.) de refatie tussen en
de aard van LAF-cellen in de BAL en de dendristachtige in het bronchusepitheel,
2.) de mogelijke rol van deze cellen bij longziekten en 3.) de betekenis van de
gestoorde polarisatie van granulocyten en monocyten van patiénten met
chronisch recidiverende luchtweginfecties,

De CD1a™ LAF-celien in de BAL en de CD1a™ DC in het bronchusepitheel zijn
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klassieke DC, homoloog aan Langerhans cellen uit de huid. De CD1a” LAF-cellen
ende CD1a dendrietachtige cetlen in de bronchuswand vertonen eigenschappen
van zowel DC als van monocyten. Als deze cellen een aantal dagen gekweekt
werden, differentierden ze tot macrofagen. Wij denken echter dat deze CD1a’
cellen [{onder de juiste omstandigheden) ook tot Ch1at DC kunnen
differentiéren. Vanwege de sterke gelijkenis tussen de CD1a* en CD1a LAF-
cellen, en omdat we zagen dat CD1a%t cellen ook bepaalde macrofaag
kenmerken konden aannemen, concluderen we dat DC, monocyten en
macrofagen tot de zelfde hematopoietische cellijn behoren,

Met betrekking tot DC en longziekten vonden wij een verhoogd aantal
dendritische csllen in bronchusbiopten van patiénten met allergisch astma die
geen inhalatie corticosteroiden gebruikten. Bij patiénten die we! inhalatie
corticosteroiden gebruikten werden aantallen dendritische cellen gevonden die
vergelijkbaar waren met die van gezonde controles. Wij denken dat dendritische
cellen een belangrijke rol spelen bij de activatie van T-cellen in astma, en dat
zowel het verminderen van het aantal dendritische cellen als het remmen van
de functie van dendritische cellen door corticosteroiden bijdraagt aan het
klinische effect van deze medicijnen.

Het laatste onderwerp in de algemene discussie is de oorzaak van de verlaagde
potarisatie van leucocyien bij patiénten met chronisch recidiverende
luchtweginfecties en de magelijke relatie met de verhoogde gevoeligheid voor
infecties bij deze patiénten, Polarisatie {(vormverandering} is afhankelijk van de
polymerisatie van actinefilamenten. Hoewel gedacht is dat pclarisatie een eersis
stap is voor de migratie {chemotaxis} van leucocyten, zou een stoornis in de
polarisatie ook kunnen wijzen op stoornissen in andere processen waarvoor
actinepolymerisatie nodig is. Hierbij kan gedacht worden aan fagocytose,
exocytose of het leggen van contacten met andere celien. Wij denken in ieder
geval dat een stoorhis in de polarisatie van leucocyten bijdraagt aan de
verhoogde gevoeligheid voor infecties bij de patiénten. De verbetering van de
polarisatie onder inviced van G-CSF (voor granulocyten} en thymuspeptiden
(voor monocyten) samen met de klinische effecten van toediening van deze
stoffen, steunen onze hypothese, Naast de verlaagde polarisatie zouden echter
ook locale factoren of andere stoornissen in het immuunsysteem een rof kunnen
spelen bij de verhoogde gevoeligheid voor infecties bij de patiénten met
chronisch recidiverende luchiweginfecties. De ocorzaak voor de gestoorde
functie van de leucocyten is nog onduidelijk. Genatische, virale enfof bacteriéle
factoren kunnen hierin een rol spelen.
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ABBREVIATIONS

Acid Phosphatase

Alvealar macrophage
Antigen-presenting cell
Bronchoalveolar lavage
Bronchus-associated lymphoid tissue
Cluster of differentiation

Counts per minute

Chronic obstructive pulmonary disease
Dendritic celi

Fluorescence activated cell sorter
Glucocorticoid

Granulocyte colony-stimulating factor
Granulocyte-macrophage CSF
High autofluorescent {fraction)
Interceliular adhesion molecule
Interferon

Interleukin

Langerhans cell

Low autofluorescent (fraction)
Low molecular weight factors
Major histoccompatibility complex
Mixed lymphocyte reaction
Monoclonal antibody
N-formyl-methionyi-phenylalanine
Nonspecific esterase

Peripheral blood monocyte
Phorbol-myristate-acetate
Phosphate-buffered saline
Phytohemagglutinin
Serum-treated Zymosan

Tumor necrosis factor

APh
AM
APC
BAL
BALT
CcD
CPM
COPD
DC
FACS
GC
G-CSF
GM-CSF
HAF
ICAM
IFN

IL

LC
LAF
LMWF
MHC
MLR
MAb
FMLP
NSE
FBM
PMA
PBS
PHA
STZ
TNF
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