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Abstract 

 

Due to its nature and function, the lungs are confronted with the unique challenge 

of rapidly eliminating inhaled pathogens and particulates while limiting inflammatory 

responses.  A disruption in this immune homeostasis may result in respiratory 

inflammatory diseases, such as allergies or asthma.  The alveolar epithelial type II cell and 

its secretory product, surfactant protein A (SP-A), have been linked to roles in adaptive 

immunity in the lung.  The discovery that type II cells constitutively express major 

histocompatibility complex class II (MHC II) suggested that type II cells may function to 

present antigen to T cells.  Studies in vitro demonstrated that SP-A inhibits the maturation 

of bone marrow-derived dendritic cells.  The goal of this work was to determine how 

type II cells and SP-A may be functioning to regulate adaptive immunity in the lungs.  The 

hypothesis tested is that type II cells and SP-A suppress the activity of T cells and 

dendritic cells in the lungs.  As T cells and dendritic cells are critical for the initiation and 

function of the adaptive immune response, the inhibition of T cell and dendritic cell activity 

would limit inflammation in the lungs.  Although isolated murine type II cells expressed 

MHC II, they did not express detectable levels of the costimulatory molecules CD80 and 

CD86 and were poor activators of T cells.  Upregulation of MHC II on type II cells by 

interferon-  stimulation did not enhance the ability of type II cells to activate T cells.  

Instead, the type II cells suppressed T cells from subsequent activation to antigen in an 

antigen-dependent manner, indicative of tolerance.  T cells pre-incubated with type II cells 

and antigen were suppressed from further activation, even after removal of the type II 

cells.  Using a model of pulmonary infection with Mycoplasma pneumoniae, wildtype mice 

were found to have fewer mature dendritic cells in the mediastinal lymph nodes than SP-
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A null mice.  The presence of SP-A in the wild-type mice had a suppressive effect on the 

M. pneumoniae-induced maturation of dendritic cells in the lungs.  Together, the data 

demonstrate that type II cells and SP-A participate in the adaptive immune response by 

suppressing the activity of T cells and dendritic cells in the lungs. 
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Chapter 1:  Introduction 

 

1.1  The suppressive alveolar environment 

 

Most of our vital organs are protected within our bodies from the outside 

environment.  The air in our lungs, on the other hand, is contiguous with the exterior 

atmosphere.  Thus, our lungs are constantly exposed to pathogens and other foreign 

particulates from our surroundings. The lungs, composed of an exceptionally thin layer of 

cells, are aptly designed for gas exchange but are also one of the most vulnerable parts 

of our body.  Although the upper airways of the lungs are specially equipped with cilia 

and mucous to prevent entry of these potentially harmful antigens into the peripheral lung, 

some of these microbes and particles escape these defenses and make their way to the 

distal alveolar gas exchanging units of the lung.  The alveolar compartment is well 

equipped to eliminate these antigens and potential allergens while preventing or reducing 

inflammation, which could obstruct or damage the delicate tissue.  For proper gas 

exchange to occur, we cannot mount an immune response to every foreign antigen our 

lungs encounter.  If we did, our alveolar spaces would be incessantly inflamed and 

flooded with immune cells.  Instead, immune cells are actively suppressed or tolerized to 

the continuous barrage of nonpathogenic particulates and potential allergens 

encountered, while alveolar macrophages rapidly engulf and destroy the antigens.   

The healthy alveolar environment consists primarily of alveolar epithelial type I 

cells, alveolar epithelial type II cells, alveolar macrophages, and surfactant.  Of these, 
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alveolar type II pneumocytes, alveolar macrophages, and surfactant have been shown to 

be capable of defending the lung and interacting with immune cells to modulate an 

inflammatory immune reaction (Fehrenbach 2001; Wright 2005).  Much evidence has 

accumulated demonstrating that these components of the alveolus can regulate or 

suppress inflammation or immune responses.  For example, surfactant components have 

been shown to regulate various immune cells in different ways, ranging from modulation 

of cytokine production by macrophages to suppression of T cell proliferation. 

 

In the healthy lung, alveolar macrophages constitute 95% of the cells found in a 

bronchoalveolar lavage (BAL).  These resident macrophages are avid phagocytes and 

are the predominant immune cell found in the alveolar space of the normal non-inflamed 

lung.  They rapidly internalize, degrade, and eliminate inhaled antigens but are poor 

antigen presenting cells, unlike macrophages from other tissues (Lyons et al. 1986; 

Ettensohn et al. 1989; Chelen et al. 1995).  Although alveolar macrophages originate from 

blood monocytes, they are more immune suppressive than monocytes or macrophages 

from other tissues (Zhang and McMurray 1998).  They are capable of suppressing T cell 

proliferation (Upham et al. 1995; Strickland et al. 1996) and inhibiting the antigen 

presenting capacity of dendritic cells (Holt et al. 1993).  It is also suggested that alveolar 

macrophages may be able to tolerize antigen-specific T cells due to their reduced 

expression of the costimulatory molecules CD80 and CD86 (Chelen et al. 1995; 

Blumenthal et al. 2001).  Alveolar macrophages from different species appear to exert 

their suppressive effects by different mechanisms.  Alveolar macrophages from rodents 

suppress T cell proliferation primarily by production of nitric oxide (NO), which is released 

following cell contact and alveolar macrophage activation (Kawabe et al. 1992; Strickland 
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et al. 1996).  In contrast, alveolar macrophages from guinea pigs and humans mediate 

suppression of T cells largely by cell-to-cell contact mechanisms and partly by other 

immunosuppressive soluble factors (Zhang and McMurray 1998; Bunn et al. 2002).  In 

vitro, it was demonstrated that at low alveolar macrophage to T cell ratios, alveolar 

macrophages can actually stimulate T cell proliferation, whereas at high alveolar 

macrophage to T cell ratios, alveolar macrophages are suppressive (Liu et al. 1984; 

Zhang and McMurray 1998).  Since alveolar macrophages are the predominant immune 

cell in the alveolar space, they would be predicted to be more suppressive towards T 

cells in vivo.  Thus, alveolar macrophages appear to protect the lung by immediately 

engulfing inhaled antigens and suppressing any unnecessary immune activation. 

 

With alveolar macrophages comprising 95% of bronchoalveolar lavage cells, the 

remaining 5% are lymphocytes, the bulk of which are T lymphocytes.  The majority of 

these appear to be memory T cells.  There are also a large number of T lymphocytes in 

the pulmonary interstitium and vascular bed, which may be equivalent in quantity to that 

found in circulating blood [Reviewed in (Pabst and Tschernig 1995)].  T lymphocytes are 

the essence of the adaptive immune system.  The adaptive immune system is the antigen 

specific and long-lasting (memory) components of immunity, which includes antibodies. 

Activation of T cells is what mounts or sets off the adaptive immune response.  Antigen 

presenting cells, such as dendritic cells, present peptide antigen on MHC II to antigen-

specific CD4+ T cells.  When the antigen-specific T cell receptor (TCR) recognizes this 

antigen-MHC complex, it acts as signal one to activate the T lymphocyte.  The antigen 

presenting cell also expresses costimulatory molecules, such as CD80 and CD86, which 

will bind CD28 on T cells, acting as signal two to initiate full activation of the T cell.  Upon 
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activation, the CD4+ T cell will secrete interleukin (IL)-2 and proliferate.  The activated T 

cell will then differentiate into effector cells and/or secrete a variety of different cytokines 

to aid in the proliferation and differentiation of a variety of other immune cells, including B 

lymphocytes.  For full activation though, both signal 1 and 2 are required (Roska and 

Lipsky 1985).  The lack of signal 2 will result in T cell anergy, a reversible form of 

tolerance, in which the T cell will become unresponsive to further stimulation even in the 

presence of costimulation (Jenkins et al. 1987; Schwartz et al. 1989; Jenkins et al. 1990).  

However, this hyporesponsive state can be reversed by exogenous addition of IL-2.   

     The ability of antigen presenting cells to activate T cells can be studied in many 

ways, two of which will be briefly described here.  In order to study activation of 

antigen-specific T cells, antigen specific T cell hybridomas and T cells obtained from TCR 

transgenic mice, such as DO11.10 mice, have been used.  These T cells are specific for 

the model antigen ovalbumin (OVA) (Murphy et al. 1990).  To study antigen presenting 

capacity of particular cells, the antigen presenting cell to be tested would be treated with 

OVA and incubated with the T cells.  Activation of the T cells can then be measured by 

IL-2 secretion or tritiated-thymidine incorporation, indicative of proliferation.  Alternatively, 

the capacity of antigen presenting cells to activate T cells can be measured by its ability 

to stimulate T cell alloreactivity.  In addition to being able to recognize a specific antigen-

MHC II complex, some T cell receptors can also cross-react or recognize foreign MHC II 

molecules (e.g. those of a different haplotype) from a different mouse strain for example.  

Thus, in an alloreactive assay, T cells would be incubated with allogeneic antigen 

presenting cells then IL-2 secretion or proliferation would be measured.   

     Pulmonary lymphocytes isolated from lavage are hyporesponsive when 

compared to blood lymphocytes (Ansfield et al. 1979; Ansfield et al. 1980).  In vitro data 
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from Borron et al. (1996; 1998) have demonstrated that the surfactant proteins SP-A and 

SP-D are capable of suppressing T cell proliferation which may account for part of this 

hyporesponsiveness.  Although the effect of SP-A on T cell activity has not been shown 

in vivo, studies in SP-D null mice have indicated that the lack of SP-D in the lung correlated 

with an increased proliferative activity of the pulmonary lymphocytes and increased 

numbers of airway- and vessel-associated lymphocytes (Fisher et al. 2002).  They also 

showed increased numbers of activated CD4+ and CD8+ T lymphocytes in the lungs of 

SP-D null mice, indicated by the greater proportion of cells positive for the activation 

markers CD25 and CD69.   

 

Dendritic cells are the most potent of the antigen presenting cells and the only 

ones capable of activating naïve T cells.  Immature dendritic cells patrolling peripheral 

tissues are highly endocytic and phagocytic.  They engulf self and non-self antigens, 

process them into peptides, and load them onto MHC II.  However, immature dendritic cells 

are inefficient antigen presenting cells.  It is not until they receive “danger” signals, such 

as the bacterial product lipopolysaccharide (LPS), that they undergo a process of 

maturation that allows them to become powerful antigen presenting cells.  With 

maturation, MHC II and the costimulatory molecules CD80 and CD86 are upregulated on 

the dendritic cells.  They also alter expression of chemokine receptors allowing for their 

migration to neighboring lymph nodes where they present antigen to T cells [Reviewed in 

(Guermonprez et al. 2002)]. 

     Dendritic cells have been found in the lung parenchyma and alveolar space 

(Sertl et al. 1986; Holt et al. 1988).  Although they are few in number in the healthy 

alveolar space, they can be recruited in large numbers during antigen challenge (Havenith 
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et al. 1992).  There, they will be in contact with surfactant and the other alveolar 

components.  Both surfactant protein A and alveolar macrophages have been found to 

suppress dendritic cell maturation and function (Holt et al. 1993; Brinker et al. 2003).  As 

dendritic cell maturation and function are required for effective initiation of an adaptive 

immune response, these data indicate that the alveolar components are capable of limiting 

the involvement of adaptive immunity and the level of the inflammatory response in the 

lung. 

 

1.2  Alveolar epithelial type II cells 

 

The alveolar epithelial type II cell, also termed the type II pneumocyte, is a cuboidal 

cell that constitutes approximately 60% of alveolar epithelial cells but only forms about 5% 

of the total surface area of the peripheral lung.  Two main identifying structural features 

of the type II cell are its apical microvilli and its lamellar inclusion bodies.  The lamellar 

bodies are indicative of one of the primary functions of the type II cell, the synthesis, 

secretion, and recycling of surfactant.  Surfactant is a lipid and protein complex that 

reduces surface tension in the alveoli, prevents them from collapsing, and decreases the 

energy required to inflate the lungs.  The type II cells are capable of producing all 

components of surfactant including all four proteins, SP-A, SP-B, SP-C, and SP-D.  The 

surfactant phospholipids and the proteins SP-B and SP-C are stored in these lamellar 

bodies and then secreted by exocytosis when stimulated by the appropriate signals. 

Newly synthesized SP-A and SP-D are thought to be secreted by a constitutive pathway 

independent of lamellar bodies [Reviewed in (Fehrenbach 2001)].   
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In addition to its functions in surfactant maintenance, type II cells are also capable 

of alveolar fluid balance regulation, proliferation, epithelial repair and differentiation into 

alveolar epithelial type I cells, and modulation of immune cells.  The type II cells’ ability to 

regulate fluid levels has been demonstrated in vitro.  Rat type II cell monolayers in culture 

can form fluid-filled domes and generate a potential difference across the monolayer 

(Mason et al. 1982).  Type II cells have water channels, sodium channels, and ion pumps 

(Schneeberger and McCarthy 1986; Matalon et al. 1991; Folkesson et al. 1994; Yue et al. 

1995; Brochiero et al. 2004).  Addition of the sodium channel inhibitor amiloride was 

shown to eliminate the potential difference across the type II cell monolayers when 

applied to the apical side but not the basal side of type II cells in culture (Mason et al. 

1982).  In contrast, addition of the Na+/K+-ATPase inhibitor ouabain decreased the 

potential difference to a greater extent when applied to the basal side rather than the 

apical side.  These results were consistent with the finding that the expression of the 

Na+/K+-ATPase is predominantly on the basolateral side of type II cells (Schneeberger and 

McCarthy 1986). 

The alveolar epithelial type II cell is considered to act much like a stem cell for the 

alveolar epithelium since it proliferates for self-renewal and can transdifferentiate into 

type I cells.  In response to injury, type II cell can also proliferate to rapidly replace 

damaged cells and repair the injured epithelium (Adamson and Bowden 1974; Evans et al. 

1974).  This role in proliferation and repair helps demonstrate one of the ways in which 

the type II cell is the ‘defender of the alveolus’, a title given to type II cells by Mason and 

Williams (1977). 
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1.2.1  Type II cells in innate immunity 

Further evidence that type II cells are protectors of the alveolus is their role in 

innate immunity in the lung.  Innate immunity is considered the body’s first line of defense 

against pathogens.  It is not specific for any particular microbe and includes anatomic 

barriers, phagocytic cells, and numerous host defense proteins.  Type II cells have been 

shown to secrete a variety of molecules that function in innate immunity.  The 

antimicrobial beta defensins have been found to be constitutively expressed by type II 

cells (Duits et al. 2002).  Rat but not human type II cells have been shown to secrete the 

antimicrobial enzyme lysozyme (Singh et al. 1988; Haller et al. 1992).  Type II cells have 

also been demonstrated to express the antimicrobial peptide cathelicidin (Wah et al. 

2006).  Additionally, multiple components of the classical and alternative complement 

pathway have been found to be produced and secreted by type II cells, including C2, C3, 

C4, C5, and factor B (Strunk et al. 1988).  Finally, type II cells also express the surfactant 

proteins A and D, discussed further in sections 1.3, which have been shown to 

participate in innate immunity in various ways, including modulation of host defense cells.   

Besides the regulation of immune cell activity by SP-A and SP-D, type II cells have 

been demonstrated to secrete a variety of other immune cell modulatory factors, such as 

cytokines and chemokines.  Rat type II cells in culture were shown to produce the 

proinflammatory cytokine interleukin (IL)-6, which was enhanced by stimulation with IL-1  

and tumor necrosis factor (TNF)-  (Crestani et al. 1994).  In the same report, the 

researchers found by immunohistochemistry that in vivo normal human type II cells did not 

express IL-6 but hyperplastic type II cells from fibrotic lungs did.  TNF-  and to a lesser 

extent IL-1  also induced expression of the chemokine IL-8 by isolated human type II cells 

(Pechkovsky et al. 2000).  Moreover, type II cells have been shown to produce 
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granulocyte-macrophage colony stimulating factor (GM-CSF), which was upregulated by 

lipopolysaccharide (LPS), IL-1 , or SP-A (Blau et al. 1994).  The production of 

transforming growth factor-  (TGF- ) by type II cells during different forms of lung injury 

or inflammatory diseases has also been discovered (Williams et al. 1993; Limper et al. 

1994). Additionally, the chemokine monocyte chemotactic protein-1 (MCP-1) has been 

demonstrated to be produced apically by type II cells and upregulated in the presence of 

IL-1 , TNF- , and LPS (Paine et al. 1993; Rosseau et al. 2000).  Type II cells have also 

been shown to secrete many other cytokines and chemokines, including IL-1 , TNF- , 

and RANTES [Reviewed in (Fehrenbach 2001; Mason 2006)]. 

Furthermore, type II cells have been found to express toll-like receptors (TLR), 

which recognize and respond to pathogenic stimuli.  Previous studies have shown that 

type II cells can express TLR2, which binds bacterial and fungal products, and TLR4, 

which is known to recognize bacterial LPS (Armstrong et al. 2004).  Unstimulated human 

type II cells express TLR4 on the cell surface, whereas TLR2 was not detectable.  

However, transcriptional expression of both TLR2 and TLR4 are upregulated after LPS 

stimulation.  Protein expression of TLR4 on the cell surface was also upregulated by LPS.  

In contrast, surface expression of TLR2 was significantly enhanced by TNF-  but not 

LPS.  Both TLR2 and TLR4 expression on the type II cells was shown to be functional 

since stimulation with purified ligands specific for these TLRs could induce the type II 

cells to produce IL-8 (Armstrong et al. 2004).  These studies demonstrate that type II cells 

can participate in innate immunity by sensing pathogens and secreting chemokines to 

recruit inflammatory cells.          
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1.2.2  Type II cells in adaptive immunity 

The constitutive expression of major histocompatibility complex II (MHC II) by type II 

pneumocytes provides considerable support for the role of type II cells in adaptive 

immunity in the lung (Harbeck et al. 1988; Cunningham et al. 1994).  MHC II is 

predominantly found only on professional antigen presenting cells of the immune system, 

such as dendritic cells, B cells, and activated macrophages.  These antigen presenting 

cells take up antigens, process them into peptides in the endocytic pathway, and then 

present these antigenic peptides on MHC II on the cell surface to be recognized by 

antigen-specific T cells.  The finding that type II cells express MHC II led to studies 

attempting to elucidate the role of type II cells in antigen presentation or T cell activation.  

These studies showed conflicting data.  Zissel et al. (2000) demonstrated that isolated 

human alveolar epithelial cells type II cells are capable of stimulating T cells and express 

the costimulatory molecules CD80 and CD86.  They cocultured type II cells with Jurkat 

cells, a human T cell lymphoma line, and showed T cell activation, as measured by IL-2 

secretion by the Jurkat cells.  In contrast, Cunningham et al. (1997) showed that purified 

human type II pneumocytes do not express CD80 or CD86 and that they were not able to 

activate allogeneic CD4+ T lymphocytes.  These conflicting results may be due to 

differences in type II cell purities and/or assay conditions. 

There is also evidence that type II cells possess the necessary components for 

antigen processing and presentation, further indicating that type II cells could function as 

antigen presenting cells.  Human respiratory epithelial cells and the A549 type II-like cell 

line have been shown to express the invariant chain, which is important for MHC II folding 

and trafficking to the endocytic compartments (Oei et al. 2004).  In the same studies, the 

researchers found that respiratory epithelial cells and A549 cells also express various 
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cathepsins, including cathepsins V and S, which are proteases important in antigen 

presentation.  Cathepsin S is a cysteine protease predominantly found on professional 

antigen presenting cells and has been shown to be critical for full processing of the 

invariant chain to produce the class II-associated invariant chain peptide (CLIP) (Riese et 

al. 1996).  In addition to cathepsins, respiratory epithelial cells and the A549 cells have 

been shown to express HLA-DM, which is a molecule required for the replacement of 

CLIP on MHC II with an antigenic peptide (Oei et al. 2004).  CLIP was also found in these 

respiratory epithelial cells by intracellular staining and flow cytometry.  Finally, studies 

with A549 cells demonstrated that type II cells can take up antigen and that trafficking of 

the antigen followed a class II endocytic pathway (Salik et al. 1999).  Together, the data 

support a role for the type II cell in antigen presentation and adaptive immunity. 

 

1.3  Surfactant proteins in host defense 

 

Pulmonary surfactant is composed of phospholipids and proteins.  It reduces the 

surface tension at the air-water interface in the lungs and prevents them from collapsing.  

Multiple layers of lipids and proteins can be found at this interface, forming a surface film.  

There are four surfactant-associated proteins in the lung.  Two of which, SP-B and SP-C, 

are highly hydrophobic and are tightly associated with the lipids that form the surfactant 

surface film in the lungs.  The surfactant proteins SP-A and SP-D, on the other hand, are 

hydrophilic.  Most of the SP-A is associated with the lipid surface film but not as tightly as 

SP-B or SP-C.  Some SP-A can be found free in the aqueous environment within the 

alveoli.  In contrast, very little SP-D is found associated with the lipids.  Most of the SP-D 
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is found outside of the lipid surface film.  In the alveoli, the four surfactant-associated 

proteins are secreted by the type II alveolar epithelial cells, which also secrete the lipids.  

In the upper airways, Clara cells secrete SP-A, SP-B, and SP-D but not SP-C (Kalina et al. 

1992; Voorhout et al. 1992).  SP-B and SP-C are functionally important in the formation of 

the phospholipid surface film and in maintaining its structural integrity.  SP-B and SP-C are 

necessary for proper lung physiology by helping surfactant reduce surface tension.  SP-

A may play a minor role in the structure and function of the surfactant surface film.   

SP-A and SP-D are both involved in modulating the immune response within the 

lung.  Because both proteins can be found free in the alveolar fluids, they are available to 

interact with cells of the immune system.  On the other hand, SP-B and SP-C are tightly 

associated with lipids and thus are usually considered inaccessible to immune cells and 

not involved in the pulmonary immune response.  However, one way in which SP-C may 

function in reducing inflammation has been proposed.  In a study using SP-C contained 

within vesicles of dipalmitoylphosphatidylcholine (DPPC) and DPPC vesicles alone as 

control, they found that the mouse monocyte-macrophage cell line RAW264.7 bound less 

radiolabeled lipopolysaccharide (LPS) in the presence of SP-C than when incubated with 

the control (Augusto et al. 2003).  Additionally, they showed that LPS-induced nitric oxide 

or TNF-  production was significantly reduced when the RAW cells were incubated with 

SP-C.  They also demonstrated that SP-C could inhibit the mitogenic effect of LPS on 

mouse spleen cells.  They had shown that SP-C can bind the lipid A region of LPS and so 

suggested that SP-C could sequester LPS from alveolar cells, preventing or reducing 

inflammation.   

SP-A and SP-D are glycoproteins and are members of the collectin family of 

proteins.  They are called this because they have N-terminal collagen-like domains and C-
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terminal C-type lectin binding domains (also called carbohydrate-recognition domains, 

CRDs) (Figure 1.1).  The binding to carbohydrates is calcium-dependent.  Both SP-A and 

SP-D are located on chromosome 10 in humans (Bruns et al. 1987; Crouch et al. 1993).  In 

mice, SP-A and SP-D are located on chromosome 14 (Akiyama et al. 1999).  SP-A and 

SP-D, like other collectins, are formed as trimers of polypeptides that combine to form 

larger oligomers.  In each trimer, the three long collagen-like domains form a tight helix.  

The region between the CRD and the collagenous tails forms an alpha-helical coiled-coil.  

This results in a trimeric cluster of globular heads or CRDs at the C-terminus.  N-terminal 

to the collagen-like domains are amino acids including cysteines that are involved in 

forming the covalent bonds within each trimer and between trimers to hold the overall 

oligomeric structure together.  The structure of SP-A generally resembles that of a 

bouquet, where the floral heads would be the CRDs and the collagenous tails are the 

stems (Figure 1.1).  This is more formally called a sertiform structure (Holmskov et al. 

2003).  SP-A is similar in appearance to MBL (mannose binding lectin) and C1q 

(component of complement).  It is generally found as an octadecamer (or a group of six 

trimers) in humans.  For SP-D, four trimers bind each other at the N-terminus forming a 

tetramer and resulting in a cruciform structure (Figure 1.1). 
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Figure 1.1:  Structure of the collectins SP-A and SP-D.  Top panel, Collectin trimeric 
subunit oligomerizes to form octadecamer for SP-A or tetramer for SP-D (Bottom panel). 
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1.3.1 Roles of SP-A and SP-D in modulating innate immunity 

SP-A and SP-D act as pattern recognition receptors in the innate immune system.  

Specifically, they recognize a variety of carbohydrate patterns on many different 

pathogens, including bacteria, viruses, and fungi.  Although each CRD has a relatively 

low binding affinity for sugars, the clustering of the CRDs results in a strong overall 

binding interaction.  SP-A and SP-D have varying affinities for different sugars.  SP-A has 

the highest affinity for N-acetylmannosamine and fucose (Haurum et al. 1993; Oberley 

and Snyder 2003), whereas, SP-D has the greatest affinity for maltose (Persson et al. 

1990).  SP-A and SP-D also bind to the lipopolysaccharide (LPS) of gram-negative 

bacteria.  SP-A binds to lipid A of LPS, and SP-D binds to the core oligosaccharides on 

LPS (Kuan et al. 1992; Van Iwaarden et al. 1994).  As pattern recognition receptors, SP-

A and SP-D are involved in the opsonization and agglutination of pathogens and in 

promoting phagocytosis of the bound antigens by macrophages and neutrophils.  For 

example, SP-A opsonizes and stimulates the phagocytosis of H. influenzae, 

Streptococcus pneumoniae, and Group A Streptococcus (Tino and Wright 1996).  The 

investigators incubated FITC-labeled bacteria with alveolar macrophages and SP-A and 

then quenched the fluorescence of the external bacteria with trypan blue.  Using 

epifluorescence microscopy, the investigators showed that in the presence of SP-A, 

phagocytosis of the pathogens is increased.  The researchers also showed that 

phagocytosis of the microbes is increased in the presence of bronchoalveolar lavage 

fluid from rats and that this stimulation can be inhibited with anti-SP-A antibodies.  In a 

different study using flow cytometry, it was found that SP-A and SP-D bind and 

agglutinate Aspergillus fumigatus conidia (Madan et al. 1997).  Phagocytosis and killing of 

A. fumigatus by alveolar macrophages and neutrophils was also increased in the 
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presence of SP-A or SP-D.  Additionally, SP-A and SP-D have been shown to bind 

various other pathogens and allergens and enhance their uptake [Reviewed in (Wright 

2005)].  Moreover, studies have shown that in addition to binding pathogens, SP-A and 

SP-D have direct antimicrobial effects on bacteria and fungi (van Rozendaal et al. 2000; 

McCormack et al. 2003; Wu et al. 2003).  Together, these studies demonstrate a direct 

role for SP-A and SP-D in innate immunity in the lungs. 

Besides acting as an opsonin, SP-A and SP-D also regulate the activities of the 

innate immune cells in other ways.  SP-A and SP-D can act as chemoattractants for 

alveolar macrophages, neutrophils, and monocytes.  One group showed that SP-A and 

SP-D can stimulate the chemotaxis of alveolar macrophages (Tino and Wright 1999).  The 

investigators placed the cells in an upper chamber of a microchemotaxis apparatus and 

placed SP-A or SP-D at physiologic concentrations in the lower chamber.  They found an 

increase in migration of the alveolar macrophages across the membrane and into the 

bottom chamber containing SP-A or SP-D (compared with the presence of no protein or 

control proteins, i.e. C1q).  Another group showed that SP-D could also act as a 

chemoattractant for neutrophils and monocytes (Crouch et al. 1995). 

SP-A and SP-D have also been shown to regulate cytokine production by immune 

cells.  Mice deficient in SP-A or SP-D have been found to produce greater levels of 

proinflammatory cytokines during an infection.  These findings suggested that these 

collectins may be involved in reducing inflammation and cytokine production.  More direct 

studies have shown that SP-A and SP-D can inhibit cytokine production of antigen-

stimulated immune cells.  In vitro, it was demonstrated that incubation of alveolar 

macrophages (or the mouse macrophage cell line RAW-264) with SP-A or SP-D inhibited 
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the LPS-induced production of MIP-2, TNF- , TGF- , and IL-10 (McIntosh et al. 1996; 

Gardai et al. 2003). 

At least two mechanisms for how SP-A and SP-D mediate this suppression have 

been studied.  One is SP-A binding to CD14 or TLR2 (toll-like receptor 2).  Incubation of 

SP-A with CD14 was shown to reduce binding of smooth LPS (which does not bind to 

SP-A) to its receptor, CD14 (Sano et al. 1999).  More recently, both SP-A and SP-D were 

shown to bind CD14 (Sano et al. 2000).  SP-A was also discovered to bind to TLR2, the 

pattern recognition receptor for peptidoglycan (PGN), which does not bind SP-A.  In this 

study, the researchers showed that incubation of SP-A with alveolar macrophages 

inhibited the PGN-induced secretion of TNF-  (Murakami et al. 2002).  They also 

demonstrated that incubation of SP-A with TLR2 inhibited the binding interaction between 

TLR2 and PGN.  Since LPS and PGN bind and signal through CD14 and TLR2 to activate 

macrophages to secrete proinflammatory cytokines, these studies suggest that SP-A 

binding to CD14 and TLR2 reduces inflammation and cytokine production by competing 

with LPS and PGN for binding of these receptors. 

Another mechanism for suppression of cytokine production by SP-A and SP-D 

has also been discovered.  SP-A and SP-D were found to bind signal inhibitory regulatory 

protein  (SIRP ).  Binding of SIRP  resulted in downstream signaling that could inhibit 

LPS-induced cytokine production (Gardai et al. 2003).  The downstream signaling 

effectors usually activated by LPS resulting in the secretion of inflammatory mediators 

were inhibited in the presence of SP-A and SP-D.   The researchers showed that SP-A 

and SP-D could block LPS-induced phosphorylation/activation of P38 MAP kinase, Vav, 

and MKK6.  The investigators suggested that this inhibition may be due to SP-A and SP-D 

induced activation of a phosphatase.  They showed that addition of SP-A and SP-D to 
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macrophages resulted in an increase in phosphorylation of SIRP  (which contains an ITIM 

domain) and activation and association of SHP-1 phosphatase with SIRP .  The 

investigators also demonstrated that SP-A and SP-D bound SIRP  by their globular head 

domains rather than their collagenous tails.  To further support this model of suppression, 

the investigators showed that prior addition of a blocking anti-SIRP  antibody to 

macrophages treated with LPS and SP-A or SP-D reversed inhibition of cytokine 

production. 

In the same paper described above on SIRP , the researchers demonstrated 

how the collagen-like tails of SP-A and SP-D could also stimulate cytokine production by 

macrophages through interaction with CD91/calreticulin (Gardai et al. 2003).  They 

incubated isolated SP-A collagen-like tails or SP-A mutants lacking their globular head 

domains (CRDs) with macrophages.  The investigators found that this greatly enhanced 

cytokine production.  Incubation of the collagenous tails with macrophages also resulted 

in increased phosphorylation of P38 and activation of NF- B.  The collectins’ collagenous 

tails have been known to bind calreticulin, which binds to and signals through CD91.  The 

investigators showed that this cytokine production enhancement was induced through 

CD91/calreticulin by incubating the macrophages with the collagenous tails in the 

presence of anti-calreticulin.  The addition of anti-calreticulin antibody inhibited the ability 

of the SP-A collagen-like tails to stimulate cytokine production (MIP-2, TNF- , TGF- , and 

MCP-1).  With these two opposing mechanisms, these researchers proposed a model to 

encompass them both.  The researchers predict that in the absence of pathogens that 

can be bound and recognized by the CRDs of SP-A and SP-D, these globular head 

domains are free to bind SIRP  and thus inhibit macrophage stimulation and cytokine 

production.   When a microbe is present, on the other hand, multiple collectins can bind to 
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them, leaving exposed groups of collagenous tails that can bind to the CD91/calreticulin 

complex and promote proinflammatory cytokine production.  Other studies have also 

shown that the surfactant proteins can enhance or suppress production of cytokines or 

reactive oxygen or nitrogen species by immune cells.  Overall, these contrasting results 

are believed to depend on a variety of conditions, including the activation state of the 

immune cell or the type of pathogen (Stamme et al. 2000; O'Reilly et al. 2002). 

Because the lung epithelium is so thin, a severe inflammatory response can be 

detrimental to survival.  Massive pulmonary infiltration by immune cells recruited during 

inflammation can occlude the alveolar space hindering gas exchange.  This may be why 

SP-A and SP-D can downregulate inflammatory cytokine production.  Besides 

suppressing cytokine production, SP-A and SP-D have also been proposed to prevent 

inflammation in other ways.  SP-A has been demonstrated to inhibit complement activation 

(Watford et al. 2001).  SP-A was shown to bind C1q and inhibit binding of C1r and C1s to 

C1q.  This inhibition prevented the formation of the C1 complex.  SP-A also inhibited C1q 

and C1 from binding to immune complexes and activating the classical complement 

pathway.  Preventing complement activation by C1q would also help prevent induction of 

inflammation since further complement activation would lead to the production of 

inflammatory mediators, such as C3a. 

 

1.3.2  Regulation of adaptive immunity by SP-A and SP-D 

In addition to effects on the innate immune response, SP-A and SP-D have also 

been shown to interact with and modulate the adaptive immune response in the lung.  SP-

A and SP-D are both able to inhibit proliferation of lymphocytes stimulated with accessory 
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cell-dependent T cell mitogens [i.e. concanavalin A (Con A), phytohemagglutinin (PHA), 

anti-CD3 antibody] in an IL-2–dependent manner (Borron et al. 1996; Borron et al. 1998).  

In these studies, peripheral blood mononuclear cells (PBMCs) were incubated with SP-A 

or SP-D and stimulated with PHA, Con A, or anti-CD3.  SP-A was able to inhibit 

proliferation of and IL-2 production by lymphocytes stimulated with PHA and anti-CD3 

(Borron et al. 1996).  SP-D suppressed lymphocyte proliferation and IL-2 production in the 

presence of all three mitogens (Borron et al. 1998).  Adding exogenous IL-2 reversed the 

inhibition of proliferation by SP-D.  SP-A and SP-D were also discovered to inhibit T cell 

proliferation in an IL-2-independent fashion.  When purified CD3+/CD4+ cells were 

stimulated with phorbol myristate acetate (PMA) and ionomycin (TCR/accessory cell-

independent T cell mitogens) in the presence of SP-A or SP-D, proliferation was inhibited 

but IL-2 production was unaffected (Borron et al. 2002).  Addition of exogenous IL-2 had 

no effect on the inhibition of proliferation.  In the same publication, the researchers also 

demonstrated that SP-A and SP-D suppressed IL-2 secretion by OVA peptide-specific T 

cell hybridomas incubated with splenocytes and OVA peptide.  This finding further 

confirmed previous studies with TCR/accessory cell-dependent mitogens.  Thus, the 

investigators showed that SP-A and SP-D could inhibit lymphocyte proliferation in an IL-2-

dependent and IL-2–independent manner.  Suppression of T cell proliferation in the lungs 

could help reduce inflammation and prevent immune-related damage to the alveolar 

epithelium.   

     SP-A and SP-D can also modulate the specific immune response by their 

interactions with the professional antigen-presenting dendritic cells.  SP-A was found to 

inhibit the maturation of bone marrow-derived dendritic cells (BMDCs) (Brinker et al. 

2003).  In the study, incubation of immature BMDCs with SP-A was shown to suppress 
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expression of MHC class II and CD86, which are markers of maturation.  Other 

characteristics of the BMDCs incubated with SP-A also demonstrated their lack of 

maturation.  The SP-A treated dendritic cells had reduced ability to allostimulate T cells, 

enhanced capacity for endocytosis, and chemotaxis tendencies reflecting an immature 

state.  In another study, SP-D was also found to interact with and bind to immature 

BMDCs (Brinker et al. 2001).  SP-D was found to enhance antigen presentation by 

BMDCs.  Using OVA-specific MHC class II-restricted T cell hybridomas and E. coli 

expressing an OVA-fusion protein, the investigators showed that SP-D could enhance 

presentation of the bacterial antigen by the immature BMDCs.  However, a more recent 

study using CD11c+ cells isolated from the lung, which included dendritic cells, found 

contradictory results.  Although SP-D bound the CD11c+ lung cells and enhanced uptake 

of the E. coli, the researchers found that SP-D decreased presentation of the bacterial 

antigen by the lung cells (Hansen et al. 2007).  These findings suggest that SP-D may 

differentially modulate the activity of BMDCs and lung dendritic cells.  Since dendritic cells 

are the most effective antigen presenting cells, capable of activating naïve T 

lymphocytes, the ability of SP-A and SP-D to regulate dendritic cell activities indicates that 

the surfactant proteins are capable of controlling the mounting of the adaptive immune 

response. 

 

 

 

 



 

 

22 

1.4  Hypothesis 

 

Previous studies have shown that the alveolar epithelial type II cell and surfactant 

protein A are capable of participating in innate immunity; however, their roles in adaptive 

immunity in the lung are still unclear.  Although type II cells have been demonstrated to 

express MHC II constitutively, the functional significance of this expression remains 

elusive.  Surfactant protein A has been shown to inhibit BMDC maturation in vitro but its 

effect on lung dendritic cells in vivo has not been studied.  The hypothesis tested in this 

thesis is that type II cells and SP-A function to suppress adaptive immune responses by 

inhibiting T cell and dendritic cell activity.     
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Chapter 2:  Methods 

 

2.1  Animals 

DO11.10 T cell receptor transgenic mice and BALB/c mice were obtained from 

The Jackson Laboratory.  C57BL/6 mice were obtained from Charles River.  SPC-GFP 

mice (H-2k haplotype) (provided by John K. Heath, University of Birmingham, UK) were 

bred and backcrossed into C57BL/6 and BALB/cJ mice at Duke University for at least 7 

generations.  SPC-GFP mice express the GFP transgene under the control of the 

surfactant protein C promoter.  The transgene construct contains the 3.7kb described 

previously (Glasser et al. 1991) of the human surfactant protein C promoter region 

followed by GFP cDNA sequence and the SV40 small T intron and poly A (0.4 kb) from 

pKC4.  GFP gene was amplified using the following primers:  5’ GGA TGT CGA CTG CAG 

CCA ATA TG 3’ and 5’ CTT GAA TTC CTG CAG GTC GA 3’.  The amplified fragment was 

digested with EcoR1 and Sal1 and cloned into the SPC-GFP construct contained in the 

vector pUC18:AmpR.  The SPC-GFP line was generated by pronuclear micro-injection of 

the SPC-GFP construct linearized with Sac1.   The SP-A null mice were backcrossed for 

at least 8 generations onto a C57BL/6 background.  All animal procedures were 

performed according to local and National Institutes of Health guidelines and were 

approved by the Duke University Institutional Animal Care and Use Committee. 

 

2.2  Type II cell isolation 

Type II cells were isolated from C57BL/6 mice by a procedure (Figure 2.1) 

modified from Corti et al. (1996).  For some experiments, mice were intravenously injected 
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once a day for three days with IFN-  (105 U; 150-175 μl) or saline (150-175 μl) as a 

control.  On day four, type II cells were isolated and used.  Briefly, the thoracic cavity 

was opened and the lungs were perfused with a saline/heparin (200U/ml) solution.  

Perfused lungs were lavaged once with 1-2 ml of Dispase (BD Biosciences), filled with 

fresh Dispase via a tracheal catheter, and allowed to collapse naturally.  Low melt 

agarose (1%, 0.4 ml, 42oC) was instilled, and the lungs were immediately covered with 

crushed ice for 2-3 min.  The lungs were removed and incubated in 2 ml of Dispase at 

room temperature for 45 min.  Then the lungs were teased apart and treated with DNase I 

(Roche).  The digest was successively filtered through a 40 μm strainer and a 15 μm 

nylon mesh.  The cells were panned on mouse IgG (Equitech Bio Inc.) coated Petri dishes 

for 1 hour at 37oC, and nonadherent cells were collected.  Contaminating leukocytes 

were depleted using biotinylated-anti-CD45, -CD11b, and -CD11c antibodies (Pharmingen) 

and streptavidin paramagnetic microbeads (Miltenyi Biotec).  Purities were judged by 

modified Papanicolaou staining (Figure 2.2) and averaged 71 ± 2% (means ± SEM) for 6 

independent isolations.  The Papanicolaou stain enables differentiation of the type II cells 

from other lung cells by staining the lamellar bodies, as described by Kikkawa and 

Yoneda (1974) and modified by Dobbs (1990).  

     To obtain type II cells from SPC-GFP mice, lungs were digested and filtered as 

above.  After the filtration step, the cells were FACS sorted for high GFP, high side-

scatter cells (type II cells).  Purities were determined by flow cytometry reanalysis and 

averaged 89 ± 1% (means ± SEM) for 20 isolations.   

 

2.3  Generation of bone marrow-derived dendritic cells (BMDCs) 

BMDCs were generated as described previously by Inaba et al. (1992) and as 
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Figure 2.1:  Method of type II cell isolation.  Lungs of mice were perfused to remove 
circulating leukocytes in the pulmonary vasculature then intratracheally instilled with 
Dispase followed by low melting agarose.  Lungs were chilled with ice to allow agarose 
to solidify in upper airways so that only lower airways are digested.  Lungs were 
incubated in Dispase for 45min and then teased apart and filtered.  Cells were panned on 
murine IgG (mIgG) for 1 hour and then nonadherent cells were collected.  Type II cells (TII) 
were further purified by negative selection, removing CD45+, CD11b+, and CD11c+ cells.  
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Figure 2.2:  Papanicolaou staining of type II cells.  Type II cell purities were 
determined by modified papanicolaou staining (Dobbs 1990) of cytospin preparations of 
the purified cells.  Cells with cytoplasmic dark granular staining of the lamellar bodies, 
indicative of type II cells, were counted to calculate purities.  Shown is a representative 
image illustrating the purple punctate staining of lamellar bodies in purified type II cells 
(x1000 magnification).    
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modified by Brinker et al. (2001).  Briefly, marrow from the tibia, femur and humerus of 

mice were harvested, cultured in RPMI 1640 supplemented with 5% FCS, antibiotics, and 

50 M 2-mercaptoethanol plus 5% GM-CSF conditioned media for 6 days.  Loosely 

attached cells were harvested and negatively selected with biotinylated-Gr-1 antibodies 

(Pharmingen) and streptavidin paramagnetic microbeads (Miltenyi). 

 

2.4  Specific antigen presentation assay 

CD4+ T cell hybridomas (H-2b haplotype) specific for OVA258-276 peptide generated 

as previously described were used (Brinker et al. 2001).  OVA peptide for all 

experiments was synthesized at the UNC Microprotein Sequencing and Peptide Synthesis 

Facility.  The T cell hybridomas (105) were incubated for 24 hours with 2x105 BMDCs or 

type II cells (C57BL6) and varying amounts of OVA258-276 peptide in 96 well round-bottom 

plates in complete IMDM with 10% FCS, 25 μM -mercaptoethanol, penicillin-streptomycin 

(100 U/ml), and gentamicin (20 g/ml).  In some cases, an additional condition in which 

100 ng/ml of lipopolysaccharide or 10% GM-CSF conditioned media was added to the 

wells with T cells alone or T cells with type II cells or BMDCs.  After 24 hours, murine IL-2 

concentrations from supernatants were measured by ELISA (Endogen). 

For the assays testing type II cell suppression of the T cell hybridomas, the 

hybridomas (7.5x104-1x105) were stimulated with plate-bound anti-CD3 (coated with 2 

μg/ml antibody; Pharmingen) or 2x104-1x105 BMDCs and 50 μg/ml OVA peptide.  Type II 

cells (7.5x104-1x105) were added to the cocultures to suppress the hybridomas.  In some 

conditions, 10-50 μg/ml of anti- v 6 (clone 10D5; Chemicon) or 12.5-100 μg/ml anti-TGF-

 (clone 1D11; R & D Systems) were added to the wells.  
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2.5  CD4+ T cell isolation 

Spleens and lymph nodes were removed and minced, and cells were filtered 

through a 40 μm strainer.  Monocytes were removed by panning on plastic for 12-18 

hours and CD4+ T cells were subsequently positively selected using paramagnetic 

microbeads (Miltenyi). 

 

2.6  Alloreactivity assay 

CD4+ splenocytes (105) were incubated with allogeneic type II cells or BMDCs 

from SPC-GFP mice for 3 days in 96-well round-bottom plates in complete DMEM with 

10% FCS, 25 μM -mercaptoethanol, penicillin-streptomycin (100 U/ml), and gentamicin 

(20 g/ml ).  One μCi of [3H]thymidine (6.7 Ci/mmol; MP Biomedical) was added to each 

well and cells were incubated for another 24 hours.  Incorporated radioactivity was 

measured by means of scintillation as indicator of proliferation.  For some experiments, 

type II cells alone or type II cells with T cells were plated on a matrix of Matrigel and 

collagen (ratio of 70:30 as in (Gobran and Rooney 2004)) in 96-well flat bottom plates for 

3 days before adding radioactivity.  A control condition in which T cells were incubated 

alone on Matrigel and collagen was also included.   

 

2.7  Anergy assays 

DO11.10 CD4+ T cells (5x104) were incubated for 3 days in the presence or 

absence of type II cells (1.5-2x105; SP-C/GFP, BALB/c) and/or OVA323-339 peptide (50 

μg/ml) in 96-well round-bottom plates in complete IMDM.  Cells were washed, BMDCs 

(7.5-10x104) and fresh OVA peptide was added and incubated for another 2 days after 
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which murine IL-2 concentrations from supernatants were measured by ELISA (R&D 

Systems).  For some experiments, supernatants from day 3 cultures were assayed for 

active TGF-  or total TGF-  (by acid activation) by ELISA (R & D systems). 

In assays wherein T cells were repurified on day 3, cocultures were initially 

plated in 24-well plates.  On day 3, T cells from each condition were positively selected 

with anti-CD4 microbeads (Miltenyi) and re-plated at equal numbers (1x104 cells/well) 

with BMDCs (1x104) and OVA (50 μg/ml) in 96-well round-bottom plates.   

For some experiments, cells from cocultures of T cells and type II cells plus OVA 

peptide were harvested after day 3 and stained with APC-anti-CD3  (Pharmingen) then 

fixed and permeabilized for intracellular staining with FITC-conjugated anti-Foxp3 

(eBiosciences).  Controls included staining of cells from T cells cultured alone or with 

OVA peptide only for 3 days.  Flow cytometry was performed at the Human Vaccine 

Institute facility, and data was analyzed with FlowJo software (TreeStar).   

 

2.8  Flow cytometry of type II cells 

Flow cytometry was performed at the Duke University Comprehensive Cancer 

Flow Cytometry and at the Human Vaccine Institute facilities.  Lung digests from SPC-GFP 

mice were stained with biotinylated-MHC II, -CD80, -CD86, -CD54 (ICAM-1), -CD40, or -

ICOSL antibodies (Pharmingen) and streptavidin-conjugated Alexa 647 fluor (Molecular 

Probes).  For analysis of PD-L1 and 2 expression, lung digests were stained with 

Phycoerythrin (PE)-conjugated anti-PD-L1 or -PD-L2 antibodies (Pharmingen).  For 

analysis of v 6 integrin expression, cells were stained with purified mouse anti- v 6 

(Chemicon) and Allophycocyanin (APC)-conjugated goat anti-rat IgG (Jackson Immuno).  
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FACS data were analyzed with FLOWJO software.  To determine Type II cell expression 

of molecules, analyses were done on high GFP gated cells. 

 

2.9  Ovalbumin instillation 

SPC-GFP mice were anesthetized with ketamine (100 mg/kg mouse) and xylazine 

(6 mg/kg) and intratracheally instilled with Alexa 647 fluor-conjugated ovalbumin (0.66 

mg/50 μl/mouse; Molecular Probes) in PBS.  Controls were instilled with PBS alone.  After 

3-24 hours, the mice were euthanized and their lungs lavaged with PBS.  Lungs were 

fixed by tracheal inflation fixation with 4% paraformaldehyde in PBS and prepared for 

confocal microscopy.  Thin slices of left lung were placed into chamber slides, covered in 

PBS, and photographed on a confocal Zeiss Axiovert 100M microscope. 

 

2.10  Intratracheal administration of lipopolysaccharide 

SP-A null and wildtype (C57BL/6) mice were anesthetized with ketamine (100 

mg/kg mouse) and xylazine (6 mg/kg) and then intratracheally instilled with LPS (100 

μg/kg body weight; E. coli O26:B6; Sigma-Aldrich).  At different time points post-LPS 

instillation, mice were euthanized and lungs were harvested for enzymatic digestion. 

 

2.11  M. pneumoniae culture and infection 

Mycoplasma pneumoniae (MP) from ATCC (cat. #: 15531) were grown in SP4 

broth (Remel) at 35oC in the absence of CO2 and passaged (approximately 3 weeks) until 

adherent.  MP concentration was determined by plating on PPLO plates (Remel) after 

incubation for 7 to 14 days.  After passage 3 (P3), some adherence was observed in the 
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culture flasks.  At this point aliquots were frozen in heat-inactivated FBS (Gemini Bio-

Products) mixed at 20% with sterile PBS.  All passage 4 infective MP utilized for these 

studies came from the same passage 3 stock.  From the frozen passage 3 stock, T-225 

flasks were filled with 150 ml of pre-warmed SP-4 broth and 4x107-108 P3 CFU were 

added per flask.  Cultures were incubated for 4-8 days at 35oC with no CO2.  When color 

change/adherence was appropriate (bright orange/good monolayer), the MP was 

harvested.  For each flask, the adherent monolayer was gently rinsed with 5 ml 1x 

PBS/flask.  PBS was removed and freezing media mixture (2.5 ml x # of flasks up to 4 

flasks) was added.  The monolayer was scraped with a long cell scraper into freezing 

media and stocks frozen at –80oC.  Since freezing MP significantly decreases the viability 

of the MP cultures, it was important to determine the viable units of MP after thawing the 

passage 4 culture that was used for infection.  The following day, an aliquot was 

thawed and 10 l were pipetted into 990 l of broth, then serial dilutions were performed 

and plated (diluted at least to 10-7). Plates were read at 7 days and 14 days post-plating 

and the concentration was recorded for “P4 CFU count.”  For infection, adherent 

passage 4 MP were washed prior to infection in PBS and resuspended in sterile saline.  

SP-A null and C57BL/6 wildtype mice were intranasally administered 108 CFU of MP in 50 

μl.  Control mice were untreated.  Three days post-infection, mice were euthanized and 

mediastinal lymph nodes were harvested. 

 

2.12  Lung digest and analysis of pulmonary dendritic cells 

The lungs of mice were perfused with 10 ml of PBS containing 100 U of heparin. 

Lungs were then lavaged 3 times with 1 ml of PBS containing 0.1 mM EDTA (warmed to 

37°C) to collect bronchoalveolar lavage (BAL) cells.  Lungs were removed and minced 

with a razor blade and resuspended in 5 ml of HBSS (containing calcium and magnesium) 
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with 1.0 mg/ml collagenase A and 0.2 mg/ml DNAase I.  The cell suspensions were 

incubated for 1 hour with shaking (200 rpm) at 37°C for enzymatic digestion to occur.  

Lung digests were then filtered through 40 m strainers.  Remaining red blood cells in the 

digests or BAL were lysed with Gey's lysis solution (0.83% NH4Cl, 0.1% KHCO3).  The 

cells were then resuspended in HBSS with 5% FCS, 2 mM EDTA, and 100 U/ml penicillin–

streptomycin and stained for FACS analysis.  Cells were dual-stained with FITC- or PE-

labeled anti-CD11c and either FITC-anti-MHC II, PE-anti-MHC I, FITC-anti-CD80, PE-anti-

CD86, or FITC-anti-CD54 (Pharmingen).  For some experiments, the cell suspensions 

were further enriched for myeloid cells by density gradient centrifugation.  The 

suspended cells were layered on top of a 4.0% solution of iodixanol (OptiprepTM; Axis-

Shield), placed above a 14.5% iodixanol solution, and centrifuged at 600 x g (no brake) 

for 20 min at room temperature.  Low-density cells were isolated from the 4–14.5% 

interface and used for FACS analysis.  Cells were tri-stained with APC-labeled anti-

CD11c, FITC- (or PE-) labeled anti-MHC II, and either PE-anti-MHC I, PE-anti-CD80, PE-anti-

CD86, or FITC-anti-CD54 (Pharmingen).    

 

2.13  Mediastinal lymph node digests and dendritic cell analysis 

Mediastinal lymph nodes collected from each mouse were placed in individual 

wells of a 6-well plate containing 5 ml of PBS with 5% FCS, 1.0 mg/ml collagenase A, and 

0.2 mg/ml DNAase I.  Lymph nodes were minced using a scalpel and then incubated at 

37°C for ~35 min.  Digestion was stopped by adding 1 ml of 120 mM EDTA in PBS and 

incubating another 5 min at room temperature.  Lymph node digests were pushed through 

a 40 μm strainer to obtain single cell suspensions.  Red blood cells were lysed with 

Gey’s solution (0.83% NH4Cl, 0.1% KHCO3).  Cells were then resuspended in HBSS with 

5% FCS, 2 mM EDTA, and 100 U/ml penicillin–streptomycin and stained for FACS analysis. 
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Cells were tri-stained with APC-labeled anti-CD11c, FITC- (or PE-) labeled anti-MHC II, and 

either PE-anti-MHC I, PE-anti-CD80, PE-anti-CD86, or FITC-anti-CD54.    

 

2.14  Statistics 

Data are expressed as mean + SEM.  Statistical significance was tested with an 

unpaired Student’s t test using Prism 4 program (GraphPad) or a two-sample t test using 

Microsoft Excel program. 
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Chapter 3:  Alveolar epithelial type II cells express immune-

related molecules 
 

 

3.1  Introduction 

 

Alveolar epithelial type II cells (type II cells) are in the prime position to defend the 

delicate pulmonary surface from our nonsterile environment as they lie at the interface 

between the outside air and the body’s vital blood supply.  The alveolar type II cell has 

also been deemed by Mason and Williams (1977) as the “defender of the alveolus” for its 

many functions in maintaining alveolar homeostasis, function, and health (Fehrenbach 

2001; Mason 2006).  Much evidence has accumulated demonstrating that type II cells can 

function in innate immunity.  Two important pulmonary innate immune molecules that type II 

cells secrete are the collectins, surfactant protein A (SP-A) and surfactant protein D (SP-

D).  These proteins are well known for their ability to recognize and bind to a vast variety 

of pathogens and particulates, including different bacteria, viruses and fungi.  SP-A and 

SP-D can opsonize and aggregate many of the pathogens and particulates they bind, 

allowing for effective uptake and phagocytosis by immune cells, such as the resident 

alveolar macrophages.  Moreover, these surfactant proteins have been shown to 

enhance killing and phagocytosis of pathogens by immune cells, have direct anti-microbial 

activity, and can regulate the production of cytokines, chemokines and reactive oxygen 

species by inflammatory cells [Reviewed in (Wright 2005)].  In addition to the production 

of the immune regulatory molecules SP-A and SP-D, type II cells can also participate in the 

innate immune response since they have been shown to express the toll-like receptors 

(TLR), TLR-2 and TLR-4 (Armstrong et al. 2004).  Type II cells have also been found to 
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produce a variety of cytokines and chemokines, such as interleukin-1, tumor necrosis 

factor- , interleukin-6, GRO (growth related oncogene), ENA-78 (epithelial neutrophil-

activating peptide 78), interleukin-8, MIP-2 (macrophage inflammatory protein 2), NAP-2 

(neutrophil activating peptide 2), RANTES (regulated upon activation, normal T cell 

expressed and secreted), and MCP-1 (monocyte chemotatic protein 1) (Mason 2006).  

These findings suggest that type II cells may participate in innate immunity by recognizing 

and responding to bacterial pathogens and recruiting inflammatory cells.   

Other studies have also implicated type II cells in a potential role in adaptive 

immunity.  The finding that these cells constitutively express class II major 

histocompatibility complex (MHC II), a molecule normally found only on professional 

antigen presenting cells (APC) initially brought about the idea that they may help protect 

the lung by presenting antigen to T cells, mounting an immune response just as 

professional antigen presenting cells do (Harbeck et al. 1988).  However, proper T cell 

activation by APCs, especially for naïve T cells, requires additional costimulatory signals 

provided by the APC.  For optimal T cell activation, costimulation (signal 2) by ligation of 

CD28 on T cells, in addition to presentation of antigen on MHC II (signal 1), is necessary 

(Appleman and Boussiotis 2003; Schwartz 2003).  The ligands for CD28 on the APC are 

CD80 (B7-1) and CD86 (B7-2).  Previous studies examining costimulatory molecule 

expression using human isolated type II cells produced conflicting results.  Cunningham et 

al. (1997) found no detectable surface expression of CD80 or CD86 on isolated human 

type II cells by flow cytometry.  In contrast, Zissel et al. (2000) found expression of both 

CD80 and CD86 on isolated human type II cells by flow cytometry; although the 

expression pattern was highly variable.   

We hypothesized that murine type II cells constitutively express the molecules 

important for antigen presentation but not the costimulatory molecules necessary for 

naïve T cell activation.  Here we present data demonstrating the lack of CD80 and CD86 
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on the surface of isolated murine type II cells.  We also determined the effects of 

interferon-  stimulation on the expression of MHC II and the costimulatory molecules CD80 

and CD86.  Lastly, we analyzed for the expression of other costimulatory and accessory 

molecules on the surface of isolated type II cells.  By studying the expression of different 

costimulatory and accessory molecules on type II cells, we aim to help elucidate the 

potential role type II cells may play in the adaptive immune responses in the lung. 
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3.2  Results 

 

3.2.1  Murine type II cells constitutively express major 
histocompatibility complex II and CD54 and neither of the 
costimulatory molecules CD80 and CD86 

 

In order to help reveal how type II cells may be functioning in adaptive immunity in 

the lung, we explored whether the type II cells in our model express the necessary 

molecules for antigen presentation and T cell activation.  The expression of MHC II and the 

costimulatory molecules, CD80 and CD86, on murine type II cells was analyzed by flow 

cytometry.  We utilized SPC-GFP transgenic mice, which express green fluorescent 

protein (GFP) driven by the surfactant protein C promoter so that only type II cells 

express GFP.  The flow cytometry analyses were performed on the gated GFP-positive 

type II cells from lung digests of these transgenic mice (Figure 3.1).  In this study, we 

confirmed the previously reported (Harbeck et al. 1988) constitutive surface expression 

of MHC II and showed that neither CD80 nor CD86 were expressed at detectable levels 

(Figure 3.2).  Additionally, we found ICAM-1 (intercellular adhesion molecule 1; CD54) on 

the type II cells, which has been reported to act as an accessory molecule for antigen 

presentation to T cells (Altmann et al. 1989).  We also analyzed for the expression of the 

costimulatory molecule CD40 and found no detectable surface expression on the isolated 

type II cells (data not shown).  The lack of expression of CD80 and CD86 on type II cells 

indicates that type II cells do not express the necessary molecules for naïve T cell 

activation. 
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Figure 3.1:  Gating strategy for type II cells from SPC-GFP lung digests.  A, Lung 
digests from wild-type (left panel) or SPC-GFP mice (right panel) were compared by flow 
cytometry to show GFP positive cells (type II cells) are present only in the SPC-GFP 
transgenic mice.  B, GFP positive type II cells are gated and further analysis of antibody 
staining is performed on these gated cells.  Shown is the lung digest stained with the 
isotype control antibody (labeled with ALEXA647) for anti-MHC II.  
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Figure 3.2:  Type II cells express MHC II and ICAM-1 but not the costimulatory 
molecules, CD80 and CD86, for antigen presentation.  Lung digests from SPC-GFP 
mice were stained for MHC II, CD80, CD86, and ICAM-1 and analyzed by flow cytometry.  
Expression of the molecules (open histograms) is shown for the GFP positive cells (type 
II cells).  Isotype or autofluorescence controls are shown as filled gray histograms.
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3.2.2  Intravenous administration of interferon-  upregulates MHC II 

but not CD80 or CD86 on type II cells 

 

Interferon-  (IFN- ) has been shown to upregulate expression of MHC II on type II 

cells (Harbeck et al. 1988).  IFN-  has additionally been demonstrated to upregulate CD80 

or CD86 expression on various cells, including dendritic cells, monocytes, and fibroblasts 

(Freedman et al. 1991; Larsen et al. 1994; Creery et al. 1996; Pechhold et al. 1997).  To 

determine whether the inflammatory stimulus IFN-  could also up-regulate the expression 

of the costimulatory molecules CD80 and CD86 on type II cells, we treated mice by 

intravenous injection of IFN-  or saline once a day for three days then harvested the 

lungs and analyzed the type II cells by flow cytometry.  Figure 3.3 shows that upon IFN-  

treatment, MHC II expression was increased on the surface of the type II cells, but CD80 

and CD86 expression was still undetectable.  These data demonstrate that type II cells 

may upregulate MHC II but not costimulatory molecules in the lung during an infection or 

inflammation in which the cytokine IFN-  may be present.  We also examined MHC II and 

costimulatory molecule expression on type II cells after bacterial lipopolysaccharide (LPS) 

intratracheal challenge of mice.  Twenty-four hours after challenge, there was minimal 

upregulation of MHC II and no detectable expression of CD80 or CD86, although ICAM-1 

expression was greatly enhanced (data not shown).  Overall, our studies indicate that 

MHC II expression can be upregulated effectively on type II cells using this three-day IFN-

 treatment method, but we were unable to detect any expression of the costimulatory 

molecules CD80 or CD86 with any of the treatments we tested. 
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Figure 3.3:  IFN-  treatment of type II cells increased MHC II expression but not 

the expression of the costimulatory molecules CD80 or CD86.  Type II cells were 
isolated from SPC-GFP mice treated for 3 days with IFN-  (in black) or saline (in gray).  

Isolated cells were analyzed for expression of MHC II, CD80, and CD86 (open 
histograms).  Isotype (for MHC II) or autofluorescence (for CD80 and CD86) controls are 
shown as filled histograms.   
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3.2.3  Isolated type II cells show no detectable surface expression of 
inducible T cell costimulator ligand or the inhibitory molecules, 
programmed death-1 ligands 1 and 2 

 

Inducible T cell costimulator (ICOS) is a member of the CD28 family of receptors 

that is upregulated on T cells after activation and is present on effector and memory T 

cells (Hutloff et al. 1999; Dong et al. 2001; Tafuri et al. 2001).  Signaling through ICOS 

stimulates T cell activation and effector function and upregulates Th1 and Th2 cytokines 

but does not enhance IL-2 production (Greenwald et al. 2005).  Because the ligand for 

ICOS, ICOSL (B7h; B7RP-1; GL50; B7-H2), can be expressed on both professional 

antigen presenting cells and cells from non-lymphoid organs, such as endothelial and 

epithelial cells (Khayyamian et al. 2002; Wahl et al. 2002; Nakazawa et al. 2004), we 

examined type II cells for ICOSL expression.  As shown in Figure 3.4, isolated murine 

type II cells express no detectable levels of ICOSL on their cell surface.  In contrast, 

ICOSL expression was detectable on splenocytes, which were used as a positive 

control (data not shown). 

Another member of the CD28 family of receptors is programmed death-1 (PD-1).  

PD-1 expression is induced upon activation on T cells but also B cells and monocytes 

(Agata et al. 1996).  PD-1 signaling can inhibit T cell activation, proliferation, and cytokine 

production and may function in regulating tolerance (Greenwald et al. 2005).  The ligands 

for PD-1 are PD-L1 (B7-H1) and PD-L2 (B7-DC).  PD-L1 is expressed on a variety of 

lymphoid and nonhematopoietic cells whereas PD-L2 expression is restricted to 

macrophages and dendritic cells (Liang et al. 2003).  Because of the role of PD-L1 in 

regulating peripheral T cell tolerance and its expression in nonlymphoid tissues, we  
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Figure 3.4:  Isolated Type II cells do not express detectable levels of ICOSL, PD-
L1 or PD-L2 on the cell surface.  Lung digests from SPC-GFP mice were stained for 
ICOSL, PD-L1, and PD-L2 and analyzed by flow cytometry.  Expression of the molecules 
(open histogram) is shown for the GFP positive cells (type II cells).  Isotype controls are 
shown as filled gray histograms.  Splenocytes and bone marrow-derived dendritic cells 
were used as positive controls for expression (data not shown). 
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investigated whether type II cells express PD-L1.  We found no detectable surface 

expression of PD-L1 on isolated murine type II cells (Figure 3.4).  We also found no 

expression of PD-L2.  We were, however, able to detect PD-L1 and PD-L2 on 

splenocytes or bone marrow-derived dendritic cells, which were used as positive 

controls for expression (data not shown). 

 

3.2.4  The enzyme Dispase used for type II cell isolation can degrade 
ICOSL and PD-L1 and 2 

 

Since we could not detect ICOSL, PD-L1, and PD-L2 expression by flow 

cytometry, we tested whether the Dispase enzyme used to isolate type II cells degrades 

these molecules.  We treated bone marrow-derived dendritic cells (BMDCs) or 

splenocytes with Dispase for one or two hours then analyzed for surface expression of 

a variety of molecules by flow cytometry.  We found that Dispase treatment of these cells 

resulted in complete loss of surface expression of ICOSL (Figure 3.5).  Expression of PD-

L1 and PD-L2 was decreased upon Dispase treatment by greater than 80%.  However, 

CD80, CD86, CD54, and CD40 expression were only minimally affected.  MHC II 

expression was reduced to a slightly greater extent (approximately 40% reduction in 

mean fluorescence or 32% reduction in % positive).  Thus, type II cells may express 

ICOSL and/or one or both of the PD-1 ligands but we cannot detect it in our system. 

We have also examined type II cell expression of these T cell regulatory molecules 

after overnight culture to determine if type II cells did perhaps express these molecules 

and they were degraded during isolation, would they re-express them upon culturing.  

After 12 hours in culture, we found no detectable expression of ICOSL, PD-L1, or PD-L2 

by flow cytometry (Figure 3.6).  MHC II expression however was still detectable on the 
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cultured type II cells.  Even after 24 hours in culture, ICOSL, PD-L1, and PD-L2 were not 

detectable on the type II cells by flow cytometry (data not shown).  This indicates that 

ICOSL, PD-L1, and PD-L2 would not likely function or participate in any role of type II cells 

in the latter in vitro studies.   
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Figure 3.5:  Effect of Dispase on cell surface protein expression.  Splenocytes 
(for MHC II, CD80, CD86, CD54, CD40, ICOSL, and PD-L1) or BMDCs (for PD-L2) were 
incubated in Hanks’ Balanced Salt Solution (thick green line) or Dispase for 1 (red line) or 
2 hours (thin blue line) and analyzed for cell surface protein expression by flow 
cytometry.  Isotype controls are shown as filled gray histograms.  Dispase treatment 
decreased detectable levels of cell surface ICOSL, PD-L1, and PD-L1 but had only minimal 
effects on detectable levels of CD40, CD54, CD80, CD86, or MHC II. 
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Figure 3.6:  Expression of ICOSL, PD-L1, and PD-L2 are not detectable on type II 
cells after overnight culture.  Type II cells purified from SPC-GFP mice were cultured 
for 12 hours then harvested and analyzed for MHC II, ICOSL, PD-L1, and PD-L2 by flow 
cytometry.  Expression of the molecules (open histograms) is shown for the viable type II 
cells (GFP high).  Isotype controls are shown as filled gray histograms.   
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3.4  Discussion 

 

Because MHC II expression is predominantly found only on professional antigen 

presenting cells that function to present antigen to T cells, the discovery that type II cells 

constitutively express MHC II suggested that type II cells may function in adaptive immune 

responses within the lung (Harbeck et al. 1988).  Currently, the role of the type II cell in 

the immune system is not clearly understood.  In this study, we examined type II cells for 

the expression of a variety of molecules capable of regulating T cells to aid in teasing 

apart the potential role type II cells may play in adaptive immunity in the lung.  We 

confirmed that type II cells constitutively express MHC II in the murine model and 

demonstrated that type II cells do not express detectable levels of the costimulatory 

molecules CD80 or CD86.  We also found the constitutive expression of ICAM-1 but no 

CD40, ICOSL, PD-L1, or PD-L2 on isolated type II cells.  The finding that type II cells do not 

express CD80 or CD86 indicates that type II cells may not be effective activators of T 

cells.  However, the presentation of antigen on MHC II (signal 1) to T cells in the absence 

of costimulatory molecules (signal 2) is the hallmark for anergy induction, a form of 

tolerance (Schwartz 2003).  Thus, type II cells may function in inducing tolerance in T 

cells.   

Although we found that type II cells do not express detectable levels of CD80 or 

CD86, they do express high levels of ICAM-1.  The expression of the accessory 

molecule, ICAM-1, along with MHC II in the absence of CD28 costimulation has been 

shown to be sufficient to induce tolerance in naïve T cells (Ragazzo et al. 2001).  Thus, 

type II cells appear to possess the necessary molecules for inducing tolerance in naïve T 

cells.  Moreover, a recent study provided evidence that not only effector T cells but also 

naïve T cells migrate through non-lymphoid organs, especially the lung, and proposed that 



 

49 

the purpose of the migration may be for peripheral tolerance induction (Cose et al. 2006).  

Seen in this aspect, it is intriguing to speculate that type II cells may participate in the 

induction of peripheral tolerance. 

In addition to determining the basal expression of the CD80 and CD86 

costimulatory molecules on type II cells from the normal mouse, we tested whether these 

molecules could be inducibly expressed on type II cells with the inflammatory cytokine, 

IFN- .  We still found no detectable expression of CD80 or CD86 on type II cells after IFN-  

treatment.  We had also examined expression for these costimulatory molecules after 

LPS treatment and found no induction.  Altogether these data would indicate that type II 

cells may not express these costimulatory molecules even under inflammatory conditions 

within the lung such as during an infection.  However, in a study by Debbabi et al. (2005), 

the investigators found a slight upregulation of CD80 but not CD86 on type II cells isolated 

from Mycobacterium tuberculosis infected mice.  Thus, it may be that certain 

inflammatory stimuli can induce upregulation of costimulatory molecules on type II cells, 

allowing it to participate in the immune response. 

Besides analyzing the expression of the costimulatory molecules CD80 and CD86 

on type II cells, we had also tested for ICOSL, which is a costimulatory molecule that can 

stimulate activated and memory T cells (Sharpe and Freeman 2002).  We were unable to 

detect ICOSL on isolated type II cells by flow cytometry, but we found that the enzyme 

Dispase used for type II cell isolation could degrade ICOSL, suggesting that if ICOSL is 

expressed by mouse type II cells, it may be degraded during the isolation process.  Qian 

et al. (2006), however, showed by immunohistochemistry that type II cells from mice and 

the A549 type II-like cell line both express ICOSL.  It is important to note that, in the study 

of Qian et al. (2006), type II cells were not identified by expression of a specific marker 

(e.g. SP-C) and therefore, the identity of the cells as type II cells cannot be confirmed as 

other cell types, especially since alveolar macrophages and other leukocytes can 
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resemble type II cells at the light microscope level.  Thus, to definitively determine the 

expression of ICOSL on type II cells, another immunohistochemical study must be 

performed demonstrating the expression of ICOSL and the co-localization with a type II-

specific marker. 

In addition to analyzing the expression of costimulatory molecules on type II cells, 

we also tested for the expression of the inhibitory ligands PD-L1 and PD-L2, since the 

PD-1—PD-L inhibitory signaling pathway is implicated in suppressing T cell responses 

and promoting T cell tolerance (Keir et al. 2007).  The expression of PD-L1 and PD-L2 has 

not been reported on type II cells in vivo or on primary type II cells, although it has been 

reported that PD-L1 and very low levels of PD-L2 are expressed on the tumor-derived 

A549 type II-like cell line (Stanciu et al. 2006).  However, many tumors express PD-L1 as 

a mode of circumventing anti-tumor immunity, and therefore this PD-L1 expression may 

not be representative of normal type II cells (Dong et al. 2002; Brown et al. 2003; Konishi 

et al. 2004).  In our studies, we were not able to detect PD-L1 or PD-L2 expression on 

isolated type II cells, however we found that the enzyme Dispase used for type II cell 

isolation could degrade PD-L1 and PD-L2 suggesting that if they were expressed by 

mouse type II cells, they may be degraded during the isolation process.  Real-time PCR to 

investigate transcriptional expression or immunohistochemistry to examine protein 

expression in vivo can be utilized to further study the PD-1 ligands on type II cells.  Our 

preliminary results from real-time PCR indicate that type II cells may express PD-L1 albeit 

at much lower levels than BMDCs and alveolar macrophages. 

In this report, we demonstrate that type II cells express MHC II but do not express 

CD80 or CD86.  It is important to note, though, that there are conflicting studies in the 

literature regarding type II cell expression of CD80 and/or CD86.  For example as 

mentioned earlier, Zissel et al. (2000), found by flow cytometry that CD80 and CD86 were 

expressed on human type II cells from tumor-free lung sections from tumor patients.  
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However, the parameters for defining percent positive for CD80 or CD86 were not 

defined and it appears that non-specific binding was not assessed using isotype 

controls.  In contrast, a study by Cunningham et al. (1997), which also used isolated 

primary human type II cells but included non-specific antibody controls, found no CD80 or 

CD86 expressed on human type II cells by flow cytometry.  Other studies reporting the 

expression of CD80 and/or CD86 on type II cells did not use primary isolates of type II 

cells but rather used the carcinoma-derived A549 cell line (Oei et al. 2004; Vaschetto et 

al. 2007), which is sometimes used as a type II-like cell line but is not truly representative 

of type II cells of the alveolar space (Mason and Williams 1980).  Other reports used 

cultures of respiratory epithelial cells that may contain type II cells but also likely include 

other epithelial cells that may confound their results (Oei et al. 2004).  One advantage of 

using the SPC-GFP mice is that our flow cytometry analyses of surface protein 

expression is not limited by the purity of the type II cell preparations as in studies from 

other groups.  With these transgenic mice, we gate on the GFP positive type II cells for 

the analyses, eliminating any artifact from contaminating cells in the samples.  In brief, it is 

important to consider these issues when comparing our studies with those referenced 

above. 

To validate further our data showing the expression of MHC II and lack of CD80 

and CD86, we confirmed that the enzymatic isolation method used for obtaining primary 

type II cells has no effect on the cell surface expression of CD80 and CD86.  We 

incubated splenocytes or BMDCs with Dispase enzyme for 1 or 2 hours and analyzed 

them for cell surface protein expression of a variety of markers by flow cytometry.  We 

found that although Dispase treatment resulted in the complete loss of cell surface ICOSL 

and a greater than 80% loss of cell surface PD-L1 and 2 (as discussed above), it only 

minimally affected surface expression of CD80 and CD86.  Thus, the lack of CD80 or 
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CD86 on primary type II cells does not appear to be a consequence of the enzymatic 

isolation method.   

 

In summary, we confirmed constitutive MHC II and ICAM-1 expression on murine 

type II cells but could not detect CD80, CD86, ICOSL, PD-L1, or PD-L2.  The inability to 

detect ICOSL, PD-L1, and PD-L2 may be due to Dispase treatment, which was shown to 

reduce expression on splenocytes.  Further studies will have to be done to confirm this.  

MHC II expression can be upregulated with IFN-  treatment, providing a useful method for 

modulating MHC II expression for in vitro studies w ith type II cells.  We have demonstrated 

that type II cells constitutively express MHC II, the molecule important for antigen 

presentation, but not the costimulatory molecules CD80 and CD86, indicating that type II 

cells may not be capable of effective T cell activation.  However, many cell types can be 

induced to express MHC II with inflammatory stimuli to aid in immune responses (Geppert 

and Lipsky 1985; Groenewegen et al. 1985; Warner et al. 1989; Waeckerle-Men et al. 

2007).  Since type II cells, a potential non-professional antigen presenting cell, 

constitutively express MHC II, we hypothesize that this expression is important in the 

normal lung.   
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Chapter 4:  Type II cells as antigen presenting cells are poor 

stimulators of T cell activation 
 

 

4.1 Introduction 

 

The alveolar epithelial type II cell (type II cell), also known as the type II 

pneumocyte, is a cuboidal cell that constitutes approximately 60% of alveolar epithelial 

cells but only 7% of the alveolar surface (Crapo et al. 1982).  The remaining surface area 

is covered by the alveolar epithelial type I cell, which is a large thin squamous cell and the 

cell across which gas exchange occurs.  Much of the alveolus is at most two cells thick, 

composed of the thin, flat type I epithelial cell and the capillary endothelial cell (Vaccaro 

and Brody 1981).  Although it is exposed to the outside air, in order to maintain proper 

function, the lungs cannot have the same thick protection as our skin.  Thus, the lungs’ 

vital function and its delicate tissue result in it being one of the most vulnerable parts of 

the body.  Pathogenic and nonpathogenic antigens constantly bombard this delicate 

interface, making host defense an important role in the lung.  Increasing evidence 

suggests that type II cells, in addition to their many responsibilities in maintaining proper 

alveolar homeostasis, function in host defense, helping to protect the delicate alveoli 

(Fehrenbach 2001).   

Type II cells participate in innate immunity by secreting a variety of molecules, 

such as the surfactant proteins A and D (SP-A and SP-D), which have roles in host 

defense in the lung (Wright 2005).  Type II cells have also been shown to secrete 

complement components and the antimicrobial protein lysozyme (Singh et al. 1988; Strunk 

et al. 1988).  Additionally, Type II cells have been found to produce a variety of cytokines 
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and chemokines enabling it to communicate with and recruit inflammatory cells (Vanderbilt 

et al. 2003; Mason 2006).  In order to respond to pathogenic stimuli, type II cells also 

express the toll-like receptors (TLR)-2 and 4 (Armstrong et al. 2004).  Together, the data 

indicate that type II cells may be a notable if not significant contributor to host defense. 

Not only are type II cells participating in innate immunity but they have also been 

linked to adaptive immunity in the lung.  Type II cells constitutively express class II major 

histocompatibility complex (MHC II), a molecule predominantly expressed on professional 

antigen presenting cells that is functionally important for antigen presentation to CD4+ T 

cells (Harbeck et al. 1988; Cunningham et al. 1994).  The constitutive expression of MHC II 

on the type II cell implicates it in a role in adaptive immunity in the lung as a potential non-

professional antigen presenting cell.  The adaptive immune response is normally engaged 

or initiated through T cell activation to specific antigen.  With optimal activation and 

stimulation, T cells will proliferate, secrete interleukin-2 (IL-2) cytokine, and differentiate to 

perform effector functions.  However, effective T cell activation, especially for naïve T 

cells, requires at least two signals:  T cell receptor binding of the MHC/peptide antigen 

complex (signal 1) and costimulatory signals through ligation of CD28 (signal 2).  The 

costimulatory molecules CD80 (B7-1) and CD86 (B7-2), expressed by professional 

antigen presenting cells, are the ligands for CD28.  Although type II cells express MHC II, 

they do not express the necessary costimulatory molecules for optimal T cell activation 

(Cunningham et al. 1997; Lo et al. 2008).  The lack of proper costimulation would indicate 

that type II cells may not be able to efficiently activate T cells. 

In these studies, we hypothesized that type II are poor activators of T cells.  Here 

we demonstrate that although type II cells can internalize antigen, which is the first step 

of an antigen presenting cell, they do not effectively activate CD4+ T cells.  Using two 

different methods of testing for T cell activation, we found that type II cells were capable 

of stimulating only low levels of proliferation or IL-2 production by the T cells.  We 
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upregulated MHC II expression on type II cells to determine if we could enhance their 

ability to activate T cells.  Even with increased MHC II on the cell surface, type II cells 

were still poor stimulators of T cells.  These data indicate that the primary role for the 

expression of MHC II on type II cells may not be to activate T cells.
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4.2  Results 

 

4.2.1  Type II cells can take up antigen in vivo   

The primary function of the MHC II molecule is antigen presentation.  Because type 

II cells constitutively express MHC II, it has been hypothesized that they have the capacity 

to present antigen (Harbeck et al. 1988).  There is in vitro evidence using type II-like cell 

lines that demonstrate that type II cells can take up antigen (Salik et al. 1999).  To test in 

vivo whether type II cells can take up antigen in our murine model system, we utilized the 

model antigen ovalbumin (OVA) and transgenic SPC-GFP mice, which express GFP under 

the surfactant protein C promoter so that only type II cells express GFP.  We 

intratracheally instilled the transgenic mice with fluorescently labeled OVA, and three 

hours after the instillation, we examined for uptake by confocal microscopy.  

Fluorescently labeled OVA colocalized within the GFP positive type II cells (Figure 4.1).  

Z-stacks were used to confirm that the fluorescent OVA was internalized in the type II 

cells.  This finding demonstrates that type II cells have the capacity to take up antigen in 

our in vivo mouse model.  Furthermore, these results help support the hypothesis that 

type II cells are capable of functioning as an antigen presenting cell. 

 

4.2.2  Type II cells do not effectively activate CD4+ T cells 

One outcome of antigen presentation to T cells is activation of the T cell.  

However, costimulatory molecules are essential for effective activation of T cells.  

Because type II cells do not express detectable levels of CD80 and CD86 (Cunningham et 
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al. 1997; Lo et al. 2008), we hypothesized that they would not be able to induce a robust 

activation of T cells.  To test this hypothesis, type II cells were examined for their ability to 

activate T cells using two different methods, one involving activation to specific antigen 

and the other through alloreactivity.   

The ability of type II cells to activate T cells to specific antigen was tested using 

the model antigen OVA and CD4+ TH-hybridomas, specific for the OVA peptide.  Bone 

marrow-derived dendritic cells (BMDCs) were used as the positive control antigen 

presenting cell as they should effectively activate T cells.  Purified type II cells or BMDCs 

were incubated with OVA peptide and TH-hybridomas.  After 24 hours in culture, IL-2 

concentrations were measured by ELISA as an indicator of T cell activation.  As shown 

in Figure 4.2, negligible levels of IL-2 were secreted from T cells incubated with the Type 

II cells or by T cells incubated with OVA alone in the absence of any antigen presenting 

cells (no APC).  In contrast, in the presence of OVA, BMDCs stimulated secretion of high 

concentrations of IL-2 by the T cells.   

To further confirm the inability of type II cells to effectively stimulate T cell 

activation, we tested whether type II cells could activate allogeneic naïve CD4+ T cells.  

Type II cells or BMDCs from C57BL/6 mice were incubated with allogeneic CD4+ T cells 

from BALB/c mice for three days, after which time [3H]thymidine was added.  After 

approximately 24 hours, cells were harvested and [3H]thymidine incorporation was 

measured as an indicator of T cell activation and proliferation.  Figure 4.3 shows that type 

II cells were poor stimulators of alloreactivity in T cells, whereas BMDCs were potent 

stimulators of allogeneic T cell proliferation, even at low APC to T cell ratios.  Only low 

levels of T cell proliferation were stimulated in the presence of the allogeneic type II cells.  

Together, the data show that type II cells are incapable of stimulating much T cell 

activation.  
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Figure 4.1:  Type II cells take up antigen in vivo.  Transgenic SPC-GFP mice, which 
express GFP in the type II cells (green, center panel), were intratracheally instilled with 
fluorescently labeled OVA (red, top panel) and then, after three hours, their lungs were 
fixed for confocal microscopy.  Bottom panel is merge of top and center panels (x63 
magnification). 
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Figure 4.2:  Type II cells are poor stimulators of T cell activation.  T cell 
hybridomas (105) were incubated for 24 hours with 2x105 type II cells or BMDCs and 
OVA peptide, and then IL-2 concentration were measured by ELISA.  Data shown are 
representative of three independent experiments done in duplicate. 
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Figure 4.3:  Type II cells are poor stimulators of T cell alloreactivity.  T cells (105) 
were incubated with allogeneic type II cells or BMDCs for 3 days, tritiated-thymidine was 
added and incubation continued for another 24 hours.  Cells were harvested and 
incorporated radioactivity was measured as indicator of T cell proliferation.  Results are 
indicative of three similar independent experiments done in triplicate.  Values are mean of 
triplicate + SE. 
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In the above studies, type II cells were cultured on tissue culture plastic.  

However, Type II cells are often cultured on an extracellular matrix since it has been 

found to help maintain type II cell phenotype when studying functions such as surfactant 

secretion (Shannon et al. 1987; Shannon et al. 1990).  Therefore, we tested whether 

culturing type II cells on an extracellular matrix would affect its ability to activate T cells.  

We cultured the type II cells on a matrix (70/30 by volume) of Matrigel and collagen, 

prepared as previously described (Rice et al. 2002), and examined their ability to stimulate 

T cell alloreactivity.  The type II cells cultured on Matrigel were still poor stimulators of T 

cell activation compared to BMDCs (Figure 4.4).  Consistent with the data from Figure 4.3, 

type II cells cultured on the matrix only stimulated low levels of T cell proliferation.  

Although, measured proliferation appears to be greater in the T cells incubated with Type 

II cells on Matrigel compared to T cells cultured with Type II cells on plastic, the 

background proliferation from type II cells cultured on Matrigel is also higher.  Thus, we 

conclude that type II cells are ineffective stimulators of T cell activation, regardless of 

plating on plastic or extracellular matrix. 

 

4.2.3  Increasing MHC II expression on type II cells has no effect on 
its ability to activate T cells 

 

Interferon-  (IFN- ) has been shown to upregulate expression of MHC II on type II 

cells (Schneeberger et al. 1986; Harbeck et al. 1988; Lo et al. 2008).  To determine 

whether the inability of type II cells to effectively activate T cells is due to insufficient MHC 

II expression, the type II cells were tested for their ability to stimulate T cells after their 

MHC II levels were upregulated by intravenous injection of IFN-  over a course of 3 days.  
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Figure 4.4:  Type II cells on Matrigel are still poor stimulators of T cell 
alloreactivity.  T cells (105) were incubated with allogeneic BMDCs or type II cells 
cultured on plastic or a matrix of Matrigel and collagen (70:30 by volume) for three days.  
Then tritiated-thymidine was added and incubation continued for another 24 hours.  Cells 
were harvested and incorporated radioactivity was measured as indicator of T cell 
proliferation.  Results are indicative of two similar experiments done in triplicate.  Values 
are mean of triplicate + SE.   
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Flow cytometry data demonstrating the effectiveness of this method in upregulating MHC 

II on type II cells is presented in Chapter 3, Figure 3.3.  Note that although MHC II 

expression was upregulated, type II cells from IFN-  treated mice still did not express the 

costimulatory molecules CD80 or CD86 (Figure 3.3).  In Figure 4.5, we demonstrate that 

type II cells were still poor stimulators of T cell activation even after IFN-  treatment.  

Regardless of treatment, the type II cells stimulated negligible levels of IL-2 production by 

the T cells compared with the negative control with T cells and OVA alone (no APC).   

Additionally, we confirmed these finding by testing the ability of the IFN-  treated 

type II cells to also stimulate T cell alloreactivity.  Type II cells from IFN-  or saline control-

treated mice were compared in their capacity to activate allogeneic CD4+ T cells.  

Consistent with the previous data, IFN- -induced upregulation of MHC II did not affect the 

ability of type II cells to activate the allogeneic T cells (Figure 4.6).  Together, these data 

demonstrate that the level of MHC II expression does not affect the type II cells’ ability to 

activate T cells. 
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Figure 4.5:  Although IFN-  treatment of type II cells increased MHC II 

expression, type II cells were still poor stimulators of T cell activation.  Type II 
cells were isolated from mice treated for 3 days with IFN-  or saline.  T cell hybridomas 

(105) were incubated with 2x105 IFN-  or saline treated type II cells (TII) or BMDCs for 24 

hours.  Then, IL-2 was measured in the supernatants by ELISA.  Shown is a 
representative experiment of three independent experiments done in duplicate. 
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Figure 4.6:  With increased MHC II expression, type II cells were still ineffective 
stimulators of T cell alloreactivity.  Mice were treated for three days with IFN-  to 

upregulate MHC II on type II cells or saline as a control.  Type II cells were then isolated 
from these mice 24 hours after the last treatment.  T cells (105) were incubated with 
allogeneic IFN-  or saline treated type II cells or BMDCs for three days.  Then, tritiated-

thymidine was added and the cells were incubated for another 24 hours.  Incorporated 
radioactivity was measured as indicator of T cell activation and proliferation.  Results are 
indicative of two independent experiments done in triplicate.  Values are mean of triplicate 
+ SE. 
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4.3  Discussion 

 

The finding that MHC II is constitutively expressed on type II cells led to the 

hypothesis that type II cells could modulate T cell activity by functioning as a non-

professional antigen presenting cell.  One of the primary functions of an antigen 

presenting cell is to activate T cells.  However, optimal stimulation that leads to full T cell 

activation requires both binding of the TCR to the peptide:MHC complex (signal 1) and 

costimulation (signal 2) (Appleman and Boussiotis 2003).  The costimulatory molecules 

most important for initial T cell activation are CD80 and CD86 (Greenwald et al. 2005).  

Although type II cells do not express these costimulatory molecules, we sought out to test 

the potential of type II cells to act as antigen presenting cells and determine whether they 

could function in T cell activation.  We found that type II cells in our murine model system 

can take up antigen in vivo but are not capable of substantially activating T cells.   

Utilizing two different methods of testing for T cell activation, we demonstrated 

that although type II cells express MHC II, they did not effectively activate T cells with 

specific antigen using an OVA model or even by alloreactivity.  BMDCs were capable of 

generating a robust T cell activation using both assays.  With increasing concentrations 

of OVA, BMDCs elicited higher levels of IL-2 secreted by the T cells.  The BMDCs were 

also capable of stimulating alloreactivity even at numbers as low as 3x103.  At very high 

ratios of BMDCs to T cells, incorporated 3H-thymidine levels were reduced compared to 

those measured at lower ratios of BMDCs to T cells, possibly as a consequence of the 

high level of proliferation resulting in medium depletion or acidification.  Comparatively, 

Type II cells were weak stimulators of T cell activation, inducing only low levels of IL-2 

secretion or T cell proliferation above the control levels observed with T cells alone.  This 
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inability to potently activate T cells may be explained by the lack of costimulatory molecule 

expression on Type II cells.   

For the majority of the studies, the Type II cells were plated directly on plastic with 

T cells immediately after isolation.  Since Type II cells are often cultured on an 

extracellular matrix, we also tested whether Type II cells cultured on a matrix (70:30 by 

volume) of Matrigel and collagen as previously described (Gobran and Rooney 2004) 

activated T cells by alloreactivity.  Consistent with the data in Figure 4.3, the Type II cells 

cultured on Matrigel were poor stimulators of T cell activation compared to BMDCs, 

inducing only low levels of T cell proliferation above the controls.  Thus, Type II cells 

whether plated on plastic or extracellular matrix are unable to effectively activate T cells.  

This shows that the inability to activate T cells was not likely due to culturing the type II 

cells on plastic rather than a more physiologic substratum.  

Additionally, we demonstrated that enhancing the expression of MHC II on type II 

cells had no effect on its ability to activate T cells.  We showed this using both activation 

of T cells to specific antigen and by alloreactivity.  These data indicate that this lack of 

effective T cell activation was not due to insufficient MHC II expression, since the type II 

cells from IFN-  treated mice did not stimulate any more IL-2 production or proliferation 

from the T cells than the type II cells isolated from saline-treated mice.  This also 

demonstrates that the inflammatory cytokine, IFN-  does not ‘activate’ type II cells, 

changing them from poor T cell stimulators to potent activators.  Thus, this may suggest 

that inflammatory conditions in the lungs, such as when IFN-  may be present, may not 

stimulate type II cells to become effective activators of T cells.  In addition to IFN- , we 

had tested the ability of granulocyte-macrophage colony-stimulating factor (GM-CSF) to 

affect the capacity of type II cells to activate T cells, since GM-CSF has been shown to 

differentially modulate monocytes and monocyte-derived dendritic cells in their ability to 
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activate T cells (Heystek et al. 2000).  In a preliminary experiment, we found that adding 

GM-CSF conditioned media to the coculture of type II cells with T cell hybridomas and 

antigen had no affect on the ability of the type II cell to activate the T cell (data not 

shown).  The addition of GM-CSF conditioned media also did not substantially alter the 

ability of BMDCs to activate T cells.  GM-CSF may not play a role in modulating antigen 

presentation by type II cells, however further studies with purified or recombinant GM-

CSF and additional controls may be needed to substantiate this finding. 

We had also tested whether lipopolysaccharide (LPS), a component of gram-

negative bacteria, could stimulate or enhance the type II cells ability to activate T cells in 

vitro.  Type II cells have toll-like receptor-4 (TLR-4), the pattern recognition receptor that 

recognizes LPS, and thus would be capable of responding to LPS (Armstrong et al. 

2004).  LPS has been shown to upregulate the expression of MHC II on cells that 

constitutively express it, such as dendritic cells and B cells (Rescigno et al. 1998; 

Barrachina et al. 1999).  It was also shown to enhance MHC II expression and antigen 

presentation of macrophages previously stimulated with IFN-  (Sicher et al. 1995).  

Nevertheless, in our studies we found that the presence of LPS did not enhance the 

ability of type II cells to activate T cells.  Whether the type II cells were from IFN-  or saline 

treated mice, LPS had no significant effect on activation of T cell hybridomas by type II 

cells (data not shown).  However, the LPS did not augment activation of T cells by 

BMDCs in the assay either, therefore additional controls may be needed to further 

validate these findings.  Taken together these data might suggest that inflammation or 

infections in the lung would not be able to induce type II cells to become proficient T cell 

activators.  However, Debbabi et al. (2005) have demonstrated that type II cells from mice 

infected with Mycobacterium tuberculosis showed a slight upregulation of the 

costimulatory molecule CD80.  They also found that type II cells treated with M. 
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tuberculosis sonicate as the antigen source could stimulate effector or memory T cells 

isolated from mice previously infected with M. tuberculosis.  It is important to note though 

that, in the study by Debbabi et al. (2005), the type II cells used in those experiments 

were only about 60% pure.  These data indicate that perhaps certain conditions or 

inflammatory stimuli can enhance type II cells ability to help stimulate T cells.  Additionally, 

the data suggest that type II cells may not be able to activate naïve T cells but may be 

capable of stimulating previously activated or memory T cells during the course of an 

immune response.  The potential that type II cells could help stimulate effector or memory 

T cells is supported by the finding that type II cells may express inducible T cell 

costimulator ligand (ICOSL), which is a costimulatory molecule that can stimulate activated 

and memory T cells (Qian et al. 2006).  It is important to note that, in their study using 

immunohistochemistry, type II cells were not identified by expression of a type II-specific 

marker to distinguish them from other cell types, especially since alveolar macrophages 

can resemble type II cells at the level of the light microscope.  In our studies, we found no 

detectable expression of ICOSL on isolated type II cells by flow cytometry, but we also 

discovered that the enzyme Dispase used for type II cell isolation can degrade ICOSL, 

suggesting that if ICOSL is expressed by murine type II cells, it may be degraded during 

the isolation procedure (Chapter 3, Figure 3.4 and 3.5). 

In this chapter, we showed that murine type II cells take up OVA protein in vivo.  

However, OVA peptide was used in vitro for our antigen presentation assays to 

circumvent the problems with determining antigen processing efficiency in type II cells in 

vitro.  Although we did not demonstrate that type II cells have the capacity to process 

antigen for presentation, others have shown that type II cells have the ability to take up 

and process antigen.  In A549 cells, a type II-like cell line, antigen uptake and trafficking 

was shown to follow a class II endocytic pathway in which antigen colocalized with 

intracellular MHC II (Salik et al. 1999).  Additionally, Debbabi et al. (2005) showed that 
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antigen processing was necessary for the type II cells to stimulate the preactivated T 

cells using an antigen pulse-fix method.  Type II cells (T7 cell line) pulsed with M. 

tuberculosis sonicate before fixing were capable of stimulating the T cells, but those 

fixed before being incubated with antigens could not stimulate the T cells.   

In all our assays, we used primary isolated murine type II cells since there is no 

proper type II-like cell line that adequately resembles the expression or phenotype of 

primary type II cells.  The human A549 cells, the T7 cell line, and the MLE-12 cell line have 

all been shown to express significant levels of the costimulatory molecule CD80 [(Papi et 

al. 2000; Debbabi et al. 2005); data not shown] which is not expressed at detectable 

levels on isolated type II cells (Chapter 3, Figure 3.2 and 3.3).  Since this aberrant 

expression of CD80 may likely affect the type II cells ability to stimulate T cells, we chose 

to use primary isolated type II cells.   

In summary, we found that the type II cell, as a potential non-professional antigen 

presenting cell, can take up antigen in vivo but is a poor stimulator of T cell activation.  

The weak T cell stimulatory capacity of the type II cell is not due to insufficient levels of 

MHC II, since increasing expression did not affect the ability of the type II cell to activate T 

cells.  Thus, the functional importance of MHC II on type II cells may not be to activate T 

cells.  Interestingly, T cell anergy or tolerance can be induced by the presentation of 

antigen on MHC II in the absence of costimulation.  Since type II cells constitutively 

express MHC II but do not appear to express CD80 or CD86, their expression of MHC II 

may be for the purpose of inducing tolerance to the plethora of nonpathogenic antigens 

inhaled in the healthy lung. 
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Chapter 5:  Type II cells suppress T cell activation in vitro 

 

5.1 Introduction 

 

During breathing, the lung is exposed to a constant barrage of pathogens and 

particles that must be rapidly eliminated by the pulmonary immune system without 

generating an over exuberant inflammatory response that could damage the delicate 

alveolar epithelium and impair gas exchange.  Thus, the lungs are adeptly designed for 

optimal function in respiration with a proper balance of host defense.  In the normal lung, 

three major cell types comprise the alveolar architecture:  the alveolar macrophage, a 

mobile immune cell that avidly phagocytoses pathogens and particulates, the thin 

squamous alveolar epithelial type I cells across which gas exchange occurs, and the 

cuboidal alveolar epithelial type II cell (type II).  The type II cell, also known as the type II 

pneumocyte, is characterized by apical microvilli and intracellular storage granules 

referred to as lamellar bodies.  It is most widely known as the source of pulmonary 

surfactant, a lipid and protein complex that reduces surface tension and plays a role in 

lung host defense (Wright 2005).  In addition to its functions in surfactant homeostasis, 

type II cells are also capable of alveolar fluid balance regulation, proliferation or self-

renewal, epithelial repair, and differentiation into alveolar epithelial type I cells, modulation 

of immune cells, and host defense (Fehrenbach 2001).       

     Since the alveolar epithelial type II cell is found at this interface between the 

outside air and the pulmonary vasculature, it is in an optimal position to function in host 

defense. Type II cells secrete antimicrobial proteins, such as lysozyme, and complement 

components (e.g. C2, C3, C4, and C5) (Singh et al. 1988; Strunk et al. 1988).  Additionally, 
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type II cells have been found to produce a variety of cytokines and chemokines 

(Fehrenbach 2001; Vanderbilt et al. 2003; Mason 2006).   The fact that type II cells 

constitutively express the class II major histocompatibility complex (MHC II) (Harbeck et al. 

1988; Cunningham et al. 1994) is consistent with the possibility that type II cells function in 

the adaptive immune response, as the function of MHC II is antigen presentation to T cells.  

Presentation of antigen to T cells, leading to T cell activation, interleukin-2 (IL-2) secretion, 

proliferation, and effector functions, is critical for initiating specific or adaptive immunity.  

However, type II cells have not been found to activate naïve T cells or express the 

necessary costimulatory molecules for T cell activation (Cunningham et al. 1997).  Optimal 

T cell activation requires costimulation (signal 2) by ligation of CD28 on T cells in addition 

to presentation of antigen on MHC II (signal 1) (Appleman and Boussiotis 2003; Schwartz 

2003).  The ligands for CD28 on the antigen presenting cell (APC) are CD80 (B7-1) and 

CD86 (B7-2).  Presentation of antigen on MHC II (signal 1) to T cells in the absence of 

costimulatory molecules (signal 2) is the hallmark for anergy induction, a form of tolerance 

(Schwartz 2003).  Therefore, we hypothesize that type II cells may be able to induce 

tolerance in T cells. 

     In this study, using murine primary type II cells, we demonstrate that type II 

cells can suppress T cells from subsequent activation to specific antigen.  We also 

demonstrate that this type II-induced suppression does not require the continuous 

presence of type II cells, which is indicative of tolerance.  Thus, we propose that type II 

cells tolerize T cells in the lung and this mechanism of tolerance by type II cells may be 

one of the ways in which the lung suppresses a local inflammatory immune response to 

some of the innocuous antigens we inhale. 
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5.2  Results 

 

5.2.1  Type II cells suppress subsequent T cell activation in an 
antigen dependent manner 

 

Since type II cells express MHC II but not the costimulatory molecules CD80 and 

CD86, we hypothesized that type II pneumocytes may tolerize T cells.  This hypothesis 

was tested by co-incubating type II cells and DO11.10 T lymphocytes with or without 

OVA peptide for 3 days.  DO11.10 T cells are T cell receptor transgenic T cells specific 

for OVA presented on MHC II (haplotype I-Ad).  The cells were then washed and bone 

marrow-derived dendritic cells (BMDCs) and fresh OVA peptide were added.  Two days 

later, IL-2 concentrations in the supernatants were measured in order to determine 

whether the pretreated T cells could be activated.  T cells that were pre-incubated with 

OVA peptide and Type II cells and then activated with BMDCs and additional OVA 

secreted lower levels of IL-2 compared to T cells treated under the same conditions with 

the exception of the addition of Type II cells (Figure 5.1).  The high levels of IL-2 secreted 

from the T cells pre-incubated in absence of OVA but in the presence of Type II cells 

demonstrate that the reduced IL-2 secretion seen in the T cells pre-incubated in the 

presence of OVA and Type II cells is not due to non-specific suppression of T cell 

function due to Type II cell co-incubation.  Rather, the data demonstrate that the Type II 

cells are capable of suppressing T cells in an antigen-specific manner.  The level of IL-2 

secretion from the T cells incubated with OVA, Type II cells, and BMDCs above 

background IL-2 secretion from T cells incubated with OVA alone may be due to those T 

cells that were not suppressed sufficiently during the initial priming.  Together, the data 
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Figure 5.1: Type II cells suppress subsequent T cell activation in an antigen-
dependent fashion.  A, Depicted is the timeline and outline of assay procedure used in 
B.  Five x 104 T cells were incubated with 2 x 105 type II cells (TII) and/or varying 
concentrations of OVA (primary activation) for 3 days, then washed.  To reactivate, 7.5 
x 104 BMDCs and 50 μg/ml fresh OVA were added, and the cells were cultured for 

another 2 days.  IL-2 was measured from supernatants by ELISA.  B, Shown is 
representative of three similar experiments done in duplicate. 
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demonstrates that type II cells can suppress T cells from subsequent activation in an 

antigen-dependent fashion, which is indicative of tolerance.  

Additionally, we tested the effect of increasing type II cell number on the ability of 

the T cells to be activated afterwards in order to further demonstrate the dependence of 

this T cell suppression on the presence of type II cells.  In Figure 5.2, we show that type II 

cells dose-dependently suppress subsequent T cell activation in an antigen-specific 

manner.  Increasing numbers of type II cells in the OVA-prestimulated T cell cocultures 

resulted in greater suppression.  There is also some detectable antigen-independent 

suppression by the type II cells in the group pre-incubated without OVA, although this 

may be attributable to medium acidification and depletion of medium nutrients caused by 

the rapid T cell proliferation that occurred in the presence of the higher numbers of type II 

cells and BMDCs.  An additional control for well crowding can be added using an 

irradiated cell type with no T cell regulatory activity. 

 

5.2.2  The type II-induced T cell suppression persists even after the 
removal of the type II cells from culture      

 

Upon induction of tolerance, a T cell is “intrinsically functionally inactivated,” 

meaning that the T cell suppressed-state does not need a constant external suppressive 

signal (Schwartz 2003).  Thus, to test whether the observed T cell unresponsiveness 

requires the continuous presence of type II cells, the T cells were removed from the type 

II cell coculture on day 3 and repurified before stimulation with BMDCs and OVA.  As 

shown in Figure 5.3, T cells initially stimulated with type II cells and OVA are significantly 

less responsive upon subsequent activation than T cells initially incubated alone with 

OVA or the T cells that were not preincubated with OVA in the presence or absence of
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Figure 5.2:  Type II cells dose-dependently suppress T cells from subsequent 
activation in an antigen-specific manner.  Experimental timeline and procedure 
outline is the same as in Figure 5.1A.  Five x 104 T cells were incubated with increasing 
numbers of type II cells with or without 50 μg/ml OVA peptide for 3 days.  Cells were 

then washed and BMDCs and fresh OVA were added to the cultures.  Cells were 
incubated another 2 days, then IL-2 was measured as readout for T cell activation.  
Results are indicative of three independent experiments done in triplicate.  Values are 
mean of triplicate + SE. 
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Figure 5.3:  Type II cell-induced suppression persists in subsequent T cell 
activation even in the absence of further type II cell stimulus.  Three x 105 T cells 
were cocultured in the presence or absence of 6 x 105 type II cells (TII) with or without 
50 μg/ml OVA peptide for 3 days.  Then, T cells were repurified, plated at equal numbers 

(104), and stimulated with 104 BMDCs and OVA.  After 2 days, supernatants were 
collected and IL-2 was measured by ELISA.  Results are expressed as a mean + SE of 
three independent experiments done in triplicate.  *, p < 0.05; **, p < 0.01 vs T cells 
preincubated with type II cells and OVA. 
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type II cells.  The levels of IL-2 secreted by T cells initially cultured without OVA were not 

significantly different whether they were pre-incubated in the presence or absence of 

type II cells, indicating that the type II cells were not non-specifically suppressing the T 

cells.  Significant suppression by type II cells was only found in the T cells pre-incubated 

with both type II cells and antigen, indicating antigen-specificity.  The highest levels of IL-2 

secretion were seen in the condition with the restimulated T cells that were initially primed 

alone with OVA.  This may be due to the activation of these T cells during the initial OVA 

incubation by the few contaminating antigen presenting cells in the purified T cell 

preparation, because the purified T cells were generally only approximately 95-98% pure.  

Collectively, these findings demonstrate that the antigen-specific type II cell-induced T cell 

suppression is not dependent on constant type II cell contact or presence and that the 

suppression of T cells is not through an indirect effect of the type II cells on the BMDCs’ 

capacity to stimulate T cells. 

 

5.2.3  Exploring potential mechanisms of T cell suppression by type II 
cells 

 

           In vitro, the type II-induced suppression of T cells caused no detectable 
change in soluble transforming growth factor-  levels compared to the 
control. 

 

The pleiotropic cytokine transforming growth factor-  (TGF- ) regulates a variety 

of biological functions from cell proliferation to production of extracellular matrix.  TGF-  

has also been shown to regulate immune responses, including T cell activity (Gorelik and 

Flavell 2002).  Since TGF-  has been found to inhibit T cell proliferation and IL-2 

production (Brabletz et al. 1993), we tested whether it played a role in the type II-induced 
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T cell suppression.  DO11.10 CD4+ T cells were cocultured with varying numbers of type 

II cells in the presence or absence of OVA peptide for three days.  Preliminary studies 

found no detectable difference in total TGF-  concentrations by ELISA in the 

supernatants from T cell incubated with OVA in the presence or absence of type II cells 

(data not shown).  However, the background levels of TGF-  in the supernatants are so 

high that it may be difficult to see small differences in the TGF-  concentrations.  This 

high background concentration of TGF-  in the supernatant is most likely due to the fact 

that the cells had been cultured in media containing 10% fetal calf serum, which can have 

high levels of TGF-  (Danielpour et al. 1989).  The total TGF-  measured includes both 

TGF-  in the inactive (latent TGF- ) and active form.  Since TGF-  has to be in the active 

form to perform its function, the levels of active TGF-  were analyzed.  We found no 

detectable levels of active TGF-  in any of the supernatants tested (detection limit of ~47 

pg/ml; data not shown).  Thus, these data would indicate that TGF-  in the supernatant 

does not contribute to the type II cell-induced T cell suppression; however, our 

experimental conditions do not allow us to definitively discriminate whether or not TGF-  

plays a role in the suppression.  Further studies will have to be performed.  

 

            Type II cells in the presence of antigen preferentially increase Foxp3+ T 
cells. 

 

Another mode of T cell suppression is through the activity of T regulatory cells.  T 

regulatory cells can potently suppress T cell proliferation and IL-2 production (Thornton 

and Shevach 1998).   Thus, we sought to determine whether T regulatory cells could 

play a role in the type II-induced T cell suppression.  The expression of the forkhead  
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Figure 5.4:  Antigen presentation by type II cells preferentially increases 
Foxp3+ T cells.  DO11.10 CD4+ T cells were incubated with or without OVA in the 
presence or absence of type II cells (TII).  After 3 days, the cells from culture were 
stained for CD3  (marker for T cells) then fixed and permeabilized to stain intracellularly 

for Foxp3.  Cells were analyzed by flow cytometry.  Analysis of Foxp3 expression 
shown was performed on gated CD3-positive T cells.  Percentage of T cells that are 
Foxp3+ is indicated on each dot plot.  Data shown are representative of 2 similar 
experiments.    
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transcription factor Foxp3 can be used to identify T regulatory cells (Fontenot et al. 

2005).  Hence, we used antibodies to this marker to examine for Foxp3 expression in T 

cells cocultured with type II cells in the presence or absence of antigen (OVA).  In these 

preliminary studies, we found that there was a greater percentage of T cells expressing 

Foxp3 in cultures with type II cells plus antigen than in cultures of T cells incubated alone 

with antigen (Figure 5.4).  Cultures of T cells without antigen had few if any Foxp3-

positive T cells whether they were incubated in the presence or absence of type II cells.  

This may indicate that type II cells with antigen can preferentially increase T regulatory 

cells in T cell cultures.  It would be interesting to speculate that this increase in T 

regulatory cells may be partly responsible for the type II-induced T cell suppression.  

Whether this increase in Foxp3-positive cells is due to de novo induction of T regulatory 

cells or expansion of a small pre-existing T regulatory cell population is unclear. 

 

            Type II cells can suppress T cell hybridomas by a mechanism 
independent of TGF-  or v 6 integrin. 

 

In order to determine the mechanism of type II cell suppression of T cells, the 

ability of type II cells to suppress activation of a T cell hybridoma was analyzed.  

Previously we had shown that type II cells did not effectively activate these OVA-

specific CD4+ T cell hybridomas.  Since T cell hybridomas are often less dependent on 

costimulation through CD28 signaling for activation and IL-2 secretion (Reinhold et al. 

1997), we tested whether the poor TH hybridoma activation by type II cells (shown in 

Chapter 4, Figure 4.2 and 4.5) could be due to simultaneous suppression by the type II 

cells.  First, we examined whether the T cell hybridomas express CD28 and whether 

anti-CD28 antibodies could enhance T cell activation by the type II cells.  We found 

surface expression of CD28 on the T cell hybridomas (Figure 5.5A).  However, 
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Figure 5.5:  Although the T cell hybridomas expressed CD28, anti-CD28 
antibody did not enhance their activation by type II cells.  A, T cell hybridomas 
were stained with anti-CD28 (blue) or the isotype control antibody (red) then analyzed by 
flow cytometry.  The percentage of CD28-positive cells are indicated on the histogram.  
B, T cell hybridomas (105) were incubated for 24 hours with 105 type II cells in the 
presence of 50 μg/ml OVA peptide and vary concentrations of anti-CD28.  IL-2 

concentrations were then measured by ELISA.  Values are mean of triplicate + SE of a 
single experiment.   
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Figure 5.6:  Type II cells suppress T cell hybridoma activation by BMDCs or 
anti-CD3.  A, T cell hybridomas (7.5 x 104) were incubated with plate-bound anti-CD3 (as 
activation stimulus) in the presence or absence of 7.5 x 104 type II cells (TII).  After 24 
hours, the supernatants were harvested and IL-2 was measured by ELISA.  Data shown 
are representative of two independent experiments done in triplicate.  B, T cell 
hybridomas (105) were incubated for 24 hours with or without 50 μg/ml OVA peptide and 

105 BMDCs (DC) and/or 105 type II cells.  IL-2 was then measured by ELISA.  Results are 
representative of at least 3 similar experiments.  A and B, Values are mean of triplicate + 
SE.   
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increasing concentrations of anti-CD28 did not enhance activation of the hybridomas by 

the type II cells (Figure 5.5B).  We then tested whether type II cells were suppressive to 

the T cell hybridomas even in the presence of adequate stimulation.  We found that 

activation of T cell hybridomas by BMDCs as well as plate-bound anti-CD3 antibody was 

suppressed by type II cells (Figure 5.6).   

Epithelial cells from the lung have been shown to express the integrin v 6, 

which is capable of binding to and activating latent TGF-  on the cell surface (Munger et 

al. 1999).  We tested whether v 6 integrin or surface-bound TGF-  were perhaps 

involved in this type II-induced suppression of the T cell hybridomas.  We found by flow 

cytometry analysis that isolated murine type II cells do express the integrin v 6 on their 

cell surface (Figure 5.7).  We then took advantage of antibodies previously shown to 

block activity of v 6 or TGF-  (Munger et al. 1999; Takabayshi et al. 2006).  We found 

that neither antibody to v 6 or TGF-  could prevent the type II-induced inhibition of T cell 

hybridoma IL-2 production (Figure 5.8).  We were able to show, however, that the TGF-  

blocking antibody could reduce the suppression of T cell activation by exogenously 

added TGF-  (used as a control; data not shown).  Overall, these data demonstrate that 

type II cells may be capable of suppressing T cell hybridomas by a mechanism 

independent of TGF-  and v 6 integrin. 
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Figure 5.7:  Isolated murine type II cells express the integrin v 6.  Lung digests 

from transgenic SPC-GFP mice, which express GFP in the type II cells, were stained for 
v 6 integrin (blue) and analyzed by flow cytometry.  Expression of the integrin is 

shown for the GFP positive cells (type II cells).  Isotype control is shown as red 
histogram.  Shown is a representative of 2 samples. 
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Figure 5.8:  Type II cells suppress T cell hybridomas, independently of TGF-  

and v 6.  T cell hybridomas (7.5 x 104) were stimulated with anti-CD3 (A) or 2 x 104 

BMDCs and 50 μg/ml OVA peptide (B) in the presence or absence of 7.5 x 104 type II 

cells (TII) and/or blocking antibodies to TGF-  or v 6 integrin (concentrations indicated in 

μg/ml).  After 24 hours, IL-2 was measured in the supernatants by ELISA.  Isotype 

controls for anti-TGF-  and anti- v 6 are mIgG1 and mIgG2a, respectively.  Results are 

expressed as a mean of triplicate + SE.  Data shown are representative of two similar 
experiments.  
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5.3  Discussion 

 

The discovery that type II cells constitutively express MHC II, a molecule that 

serves to present antigen to T cells, suggested that type II cells may function in adaptive 

immune responses (Harbeck et al. 1988; Cunningham et al. 1994).  Evidence suggests 

that type II cells participate in innate immunity.  However, the type II cells’ role in adaptive 

immunity is not clearly understood.  In this study, we show that type II cells isolated from 

the naïve lung can tolerize T cells to an antigen that serves as a model of the innocuous 

antigens to which the lungs are constantly exposed.  We demonstrated that type II cells 

suppress T cells from future activation in an antigen-specific fashion.   

Because stimulation of naïve T cells requires antigen in the context of MHC II in the 

presence of costimulatory molecules, we hypothesized that type II cells, which do not 

express detectable levels of CD80 or CD86 (Chapter 3, Figure 3.2 and 3.3), tolerize T 

cells.  Our data show that type II cells isolated from the normal lung suppress subsequent 

T cell activation in an antigen-dependent manner, which is indicative of tolerance.  T cells 

incubated with type II cells in the absence of antigen were not suppressed whereas T 

cells provided with both type II cells and antigen were suppressed from future activation, 

indicating the requirement of antigen for the type II-induced T cell suppression.  In 

addition, type II cells dose-dependently suppressed T cells from subsequent activation in 

an antigen-dependent fashion.  Increasing numbers of type II cells led to a greater 

inhibition of future T cell activation.  We also found that the suppression of T cells by type 

II cells did not require the continuous presence of type II cells, because upon the removal 

of the type II cells, the T cells were still hyporesponsive to subsequent activation with 

BMDCs.  This intrinsically suppressed state is a hallmark of tolerance (Schwartz 2003).  

The T cells that were initially incubated with type II cells and OVA secreted significantly 
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less IL-2 compared with the T cells incubated alone with OVA or the T cells that were not 

preincubated with OVA in the presence or absence of type II cells.  In summary, a 

tolerized T cell will be unresponsive to subsequent antigen stimulation and does not 

require further suppression to maintain its inhibited state.  We demonstrated that type II 

cells can suppress T cells from subsequent activation in an antigen-specific manner and 

that this type II-induced T cell suppression persists even in the absence of type II cells.  

Thus, our data show that type II cells can tolerize T cells. 

In our tolerance assays, we used naïve CD4+ T cells from unchallenged DO11.10 

mice.  In general, it is considered to be more difficult to induce anergy in naïve T cells than 

in previously activated T cells (Sagerstrom et al. 1993; Liu et al. 2003).  However, the 

expression of the accessory molecule, intercellular adhesion molecule-1 (ICAM-1), along 

with MHC II in the absence of CD28 costimulation has been shown to be sufficient to 

induce tolerance in naïve T cells (Ragazzo et al. 2001).  In Chapter 3 Figure 3.2, we 

showed that type II cells constitutively express high levels of ICAM-1 on their cell surface 

but no CD80 or CD86.  Thus, type II cells have the necessary molecules for inducing 

tolerance in naïve T cells.  Furthermore, a study by Cose et al. (2006) has provided 

evidence that not only activated or effector T cells but also naïve T cells can migrate 

through nonlymphoid organs, especially the lung.  The authors suggested that the 

migration of naïve T cells through nonlymphoid tissues may be for the purpose of inducing 

peripheral tolerance.  This report provides evidence that type II cells could interact with 

naïve T cells.  Thus, it is interesting to consider the possibility that type II cells may have 

the potential to induce peripheral tolerance in the lung. 

Although we had previously shown that type II cells do not effectively activate T 

cells and may instead be tolerizing T cells to antigen, others have shown that type II cells 

are capable of stimulating some effector or memory T cells (Debbabi et al. 2005).  These 

findings are consistent with the possibility that, although type II cells cannot effectively 



 

89 

activate naïve T cells, type II cells may still be capable of activating some T cells in the 

effector phase of an immune response or in a secondary (memory) immune response 

because previously activated T cells are less dependent on costimulation through CD28.  

However, it is important to note that in their study the primary type II cells used to 

stimulate the previously activated primary T cells were only approximately 60% pure and 

the type II cell line (T7) used in many of their experiments aberrantly expressed significant 

levels of CD80.  Another study supporting the finding that type II cells may stimulate 

previously activated T cells found that type II cells from mice may express inducible T cell 

costimulator ligand (ICOSL), which is a costimulatory molecule that can stimulate activated 

and memory T cells (Qian et al. 2006).  Since ICOSL does not activate naïve T cells due to 

the lack of its receptor (ICOS) expression on naïve T cells, type II cells may play dual 

roles in the immune response.  In the healthy lung, type II cells may tolerize naïve or 

resting T cells to the plethora of non-pathogenic particulates and potential allergens, but in 

the infected or inflamed lung, type II cells may be capable of aiding in the activation of T 

cells in the effector phase of the immune response. 

We further examined the role of type II cells in potentially tolerizing T cells by 

exploring different mechanisms of T cell suppression to determine if they contributed to 

the type II-induced T cell inhibition.  Since the cytokine TGF-  has known suppressive 

effects on T cell activity and IL-2 production, we measured TGF-  in supernatants from 

cocultures of T cells and type II cells stimulated with antigen.  We found that the presence 

of type II cells had no effect on the concentrations of total TGF-  in the supernatants.  

We also found no active TGF-  at a detection limit of approximately 47 pg/ml.  These 

results indicate that TGF-  secreted into the supernatant may not be playing a role in the 

type II cell-induced T cell suppression.  However, it may be that there are low levels of 

active TGF-  in the supernatants below our detection limit that may be functional in 
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suppressing T cells.  More sensitive ELISAs or bioassays for the detection of active TGF-

 can be used for further analysis.  Additionally, the epithelial integrin v 6, which is 

expressed in the lung, has been shown to bind and activate latent TGF-  (Munger et al. 

1999).  We demonstrated that isolated murine type II cells express v 6 integrin.  Thus, 

v 6 integrin on the surface of type II cells may be capable of activating TGF- , resulting 

in a pool of active TGF-  close to the type II cell surface that may also be interacting with 

T cells.  Local generation of active TGF-  may be capable of inhibiting the T cells but may 

not be detectable in whole supernatant with the sensitivity of a simple ELISA.  Further 

experiments, blocking either v 6 integrin or TGF- , should be done to determine if they 

play a role in the type II-induced suppression of T cells.        

Although we have not tested whether v 6 integrin contributes to the type II-

induced suppression of primary isolated T cells, we have examined its potential 

involvement in the type II-induced suppression of a T cell hybridoma.  We found that 

blocking v 6 integrin or TGF-  had no effect on the inhibition of the hybridomas by the 

type II cells.  These results indicate that this type II-induced suppression of T cell 

hybridomas is independent of v 6 or TGF- .  Although we initially performed these 

studies with hybridomas to suggest a potential mechanism of type II-induced T cell 

suppression, these results do not rule out a role for v 6 or TGF-  in the suppression of 

primary T cells by type II cells.  T cell hybridomas are not a physiologic T cell because 

they continuously proliferate even in the absence of activation and are often less 

dependent on costimulation for activation.  Thus, these findings with T cell hybridomas 

regarding v 6 and TGF-  may not be relevant for the type II-induced suppression of 

primary T cells.  Furthermore the mechanism of suppression may be different for T cell 

hybridomas than primary T cells since addition of anti-CD28 did not enhance activation of 

the hybridomas by the type II whereas primary human T cells have been shown to be 
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activated by type II cells when provided with anti-CD28 for costimulation (Cunningham et 

al. 1997).  Additionally, the type II cells were able to suppress IL-2 production by the T cell 

hybridomas even when provided with sufficient costimulation by BMDCs.  Suppression of 

naive T cells by type II cells in the presence of BMDCs or adequate costimulation has not 

been found.  Thus, it may still be important to determine the potential role of v 6 or TGF-

 in the type II-induced suppression of primary T cells from subsequent activation.     

 

We further investigated potential mechanisms of type II-induced T cell suppression 

by testing whether type II cells may be generating or stimulating the expansion of 

regulatory T cells.  T regulatory cells, which are generally CD4+CD25+, have been shown 

to suppress both T cell proliferation and IL-2 production (Sojka et al. 2008).  Using the 

expression of Foxp3 as a marker for T regulatory cells, we found a greater percentage 

of Foxp3-positive T cells in cocultures of T cells stimulated with antigen and type II cells 

than in cultures with T cells incubated alone with antigen.  These data indicate that type II 

cells with antigen may be capable of preferentially increasing Foxp3-positive cells.  

Whether these Foxp3-expressing T cells do have suppressive activity will have to be 

determined.  Additional studies will also have to be performed to ascertain whether this 

increase in Foxp3-positive T cells is due to de novo generation or expansion of a small 

pre-existing population of Foxp3-positive cells.  Recently, it has been shown that 

regulatory T cells can be de novo generated in vitro by stimulation of naïve CD4+CD25- T 

cells through the T cell receptor (TCR) in the presence of TGF-  (Chen et al. 2003; 

Shevach et al. 2008).  The CD4+CD25- T cells converted to CD4+CD25+ cells expressing 

Foxp3 and possessing suppressive function.  If type II cells do have the capacity to 

activate TGF- , they could perhaps also have the ability to help generate T regulatory 

cells upon stimulation with antigen in vitro.  Additionally, it is thought that T regulatory cells 
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that are produced in the periphery in vivo, known as adaptive regulatory T cells, are 

generated from T cells stimulated in the absence of sufficient costimulation (Jonuleit et al. 

2000; Akbar et al. 2003; Chen et al. 2004).  Thus, it is intriguing to speculate that type II 

cells may participate in the generation of adaptive regulatory T cells in the lung as a 

mechanism of tolerizing T cells to the vast numbers of environmental antigens or potential 

allergens inhaled. 

Signaling through the inhibitory molecule programmed death-1 (PD-1) in T cells has 

been shown to lead to T cell suppression (Keir et al. 2007).  The ligands for PD-1 are PD-

L1 and PD-L2.  We have previously examined type II cells for the expression of PD-L1 

and PD-L2 as a potential means of T cell suppression.  We found no detectable 

expression of PD-L1 or PD-L2 on isolated type II cells, however we found that the 

enzyme Dispase used for type II cell isolation can degrade PD-L1 and PD-L2 indicating 

that if they were expressed by murine type II cells, they may be degraded during the 

isolation procedure.  Because analysis of type II cell function in vitro requires that the 

cells be isolated by enzymatic digestion, we cannot exclude the possibility that type II 

cells in situ express PD-L1 or PD-L2.  Further studies will have to be conducted to 

demonstrate whether these molecules are expressed on type II cells in vivo.  

Nevertheless, our data do support the conclusion that the type II cell tolerizing mechanism 

we have observed in vitro is independent of PD-L1 or PD-L2.   

Positioned in the alveolus at the barrier between the outside gases and the body’s 

vital blood supply, type II alveolar epithelial cells are at the optimal position for defending 

the lungs and body from the continuous barrage of pathogenic and nonpathogenic 

inhaled antigens.  During a pulmonary infection, type II cells may be able to help defend 

the lungs from pathogenic antigens by stimulating T cells in the effector phase of the 

immune response.  The lungs are also exposed to various environmental antigens, which 

can induce inflammation and cause or exacerbate allergies or asthma.  We propose that 
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in the healthy lung, type II cells protect the lungs from this unnecessary inflammation by 

tolerizing T cells to the numerous potentially innocuous antigens to which the lungs are 

daily exposed.  Thus, studying this mechanism of suppression may aid in the 

understanding of pulmonary inflammatory diseases, such as allergies or asthma, which 

may occur when there is a break in tolerance.
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Chapter 6:  Surfactant protein-A modulates dendritic cells of the 

lung 
 

 

6.1 Introduction 

 

The lungs are constantly exposed to pathogens and particulates but are aptly 

designed to rapidly eliminate these foreign antigens and prevent unnecessary 

inflammation.  The alveolus, which is at most two cell layers thick, is the main site of gas 

exchange.  It is imperative to keep the alveolus free of pathogens and clear of 

inflammation that can damage the delicate epithelium and obstruct gas exchange.  The 

surfactant proteins A and D, secreted by the alveolar epithelial type II cells, have been 

shown to function in the clearance of pathogens and particulates and in the regulation of 

pulmonary immune responses in the lung.   

Surfactant proteins A and D (SP-A and D) are members of the collectin family of 

proteins.  Collectins have an amino-terminal collagen-like domain and a carboxy-terminal 

C-type (calcium-dependent) carbohydrate-recognizing domain (CRD) (Holmskov et al. 

2003).  SP-A is arranged as an octodecamer resembling a “bouquet,” and SP-D is a 

dodecamer, resembling a cruciform.  The most notable function of these pulmonary 

collectins is their ability to act as pattern recognition molecules (PRMs) that can identify 

and bind to pathogen-associated molecular patterns on microbes.  SP-A and SP-D can 

bind and opsonize a variety of microbes and particulates.  They enhance uptake and 

killing of various pathogens by phagocytes.  SP-A and SP-D also have direct antimicrobial 

effects on some bacteria and fungi.  In addition to aiding in clearance of pathogens and 
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particulates, SP-A and SP-D regulate the production of cytokines and reactive oxygen 

species by inflammatory cells [Reviewed in (Wright 2005)].   

These pulmonary collectins have also been shown to play a role in adaptive 

immunity in the lung by modulating the activity of dendritic cells and T cells.  Both SP-A 

and SP-D have been demonstrated to inhibit T cell proliferation and activity (Borron et al. 

1996; Borron et al. 1998).  However, SP-A and SP-D have been found to modulate 

dendritic cell function in different ways.  SP-D enhanced uptake and presentation of 

antigen by bone marrow-derived dendritic cells (BMDCs) but suppressed antigen 

presentation by isolated primary lung dendritic cells (Brinker et al. 2001; Hansen et al. 

2007).  SP-A, on the other hand, was shown to regulate dendritic cell maturation.  

Dendritic cells in peripheral organs such as the lung are immature and are capable of 

avidly taking up foreign particulates but require maturation to become effective antigen 

presenting cells that can migrate to lymph nodes and activate T cells (Rescigno et al. 

1997).  Maturation of dendritic cells can be induced by ‘danger signals’ such as 

lipopolysaccharide (LPS), a component of gram-negative bacteria.  Upon maturation, 

dendritic cells upregulate a variety of molecules including MHC II and costimulatory 

molecules.  Using BMDCs, previous studies from our lab have shown that SP-A inhibited 

LPS-induced maturation of dendritic cells.  SP-A inhibited the maturation-induced 

expression of MHC II and the costimulatory molecule CD86 on BMDCs and suppressed the 

ability of the BMDCs to activate T cells in vitro (Brinker et al. 2003).  

Dendritic cells are an essential link between innate and adaptive immunity as they 

are the most potent professional antigen presenting cell capable of activating naïve T 

cells.  Pulmonary dendritic cells are critical in regulating adaptive immunity in the lung as 

they are vital in controlling whether tolerance or immunity is developed to inhaled antigens 

(Langlois and Legge 2007; Novak and Bieber 2008).  Dendritic cells play a major role in 

recognizing and interpreting ‘danger signals’ or the lack thereof to determine the direction 
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of an immune response.  Thus, studying the regulation of pulmonary dendritic cell function 

and maturation will be important for understanding immunity in the lungs.    

Since SP-A had been shown to inhibit the maturation of dendritic cells in vitro, we 

hypothesized that we would obtain similar results in vivo and find more mature dendritic 

cells in the absence of SP-A in the SP-A null mouse.  However, in this study, we 

demonstrate that dendritic cells from the SP-A null lung appear to be less mature after 

LPS treatment than those from the lungs of wild-type mice.  We predicted that this 

phenotype might be due to the migration of the more mature dendritic cells to the lymph 

nodes.  To test this hypothesis, we examined the dendritic cells from the mediastinal 

lymph nodes that drain the lungs.  We found, using a Mycoplasma pneumoniae infection 

model, that there are more mature dendritic cells in the mediastinal lymph nodes of the SP-

A null mouse than in the wild-type mice.  These data provide evidence that SP-A present 

in the lungs of wild-type mice can inhibit pulmonary dendritic cell maturation by a direct or 

indirect mechanism.  The suppression of dendritic cell maturation would result in a 

reduction of antigen presentation to T cells in the lymph nodes and limit the extent of an 

inflammatory immune response.  In contrast, in the absence of SP-A there may be a more 

exaggerated inflammatory response to infection.    
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6.2  Results 

 

6.2.1  Dendritic cells from the SP-A null lung appear to be less 
activated than those from the wild-type lung after LPS treatment 

 

In vitro data from our lab showed that SP-A inhibits bone marrow-derived 

dendritic cell (BMDC) maturation, as determined by the inhibition of MHC II and CD86 

upregulation upon lipopolysaccharide (LPS) stimulation (Brinker et al. 2003).  To determine 

if SP-A carries out this function in vivo, we intratracheally instilled LPS into the lungs of 

wild-type (C57BL/6) and SP-A null mice, then digested and prepared the lungs for flow 

cytometry analysis.  Since previous studies had shown that dendritic cell recruitment to 

the lung can peak at 24 hours after challenge with some bacteria, we examined the lung 

dendritic cells 24 hours after LPS instillation (McWilliam et al. 1996).  At this time point, the 

cells positive for the surface marker CD11c, which includes lung dendritic cells and 

alveolar macrophages (van Rijt et al. 2004; Vermaelen and Pauwels 2004), expressed 

lower levels of the maturation markers MHC II, MHC I, and CD86 in the SP-A deficient mice 

compared to those from wild-type mice (data not shown).  Since we had expected that 

the lack of SP-A would result in more mature dendritic cells and a greater expression of 

the maturation markers, this finding did not appear to support the in vitro data.  However, 

one possible explanation for these findings is that, at this 24 hour time point, the more 

mature dendritic cells may have already migrated to the lymph nodes.  We had also 

examined the maturation markers on lung CD11c+ cells after a shorter time point of 

approximately 19 hours after LPS instillation and found trends towards higher expression 

of the maturation markers, MHC II, MHC I, CD80, CD86 and CD54, but the differences were 

small and not always consistent (data not shown).  This finding was thought to be due to 
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a low signal to noise ratio since only small numbers of dendritic cells are obtained from 

the lung digests.  Thus, we conducted additional studies in which the lung digests were 

enriched for myeloid cells, including dendritic cells, using an OptiprepTM density gradient 

enrichment procedure.  Lung digests were also collected after a shorter time period of 3 

hours after LPS exposure.  We used the differential MHC II expression levels as a gating 

strategy to identify the lung dendritic cell and alveolar macrophage populations (as 

depicted in Figure 6.1).  The dendritic cells are the CD11c+ MHC IIhigh cells gated in the 

upper right quadrant.  The alveolar macrophages are the other CD11c+ population of cells 

gated in the bottom right quadrant.  Figure 6.2 shows the fold difference in mean 

fluorescence of the maturation markers tested between the SP-A null and wild-type for 

each treatment.  The alveolar macrophages had higher expression of MHC II in the SP-A 

null mice compared to wild-type in the LPS-treated lung (p < 0.005).  They also showed 

trends of higher CD86 expression in both the untreated and LPS-treated SP-A knockout 

lungs compared to wild-type lungs.  Alveolar macrophages also had trends towards a 

slightly higher expression of CD80 in both treatments but especially the untreated.  In 

contrast, there was a lower expression of CD54 (ICAM-1) on the alveolar macrophages 

of the LPS-treated SP-A null mice (p < 0.05).  The dendritic cells appeared to have a 

slightly lower expression of MHC II in the untreated and treated lungs of the SP-A null 

mice (Figure 6.2).  MHC I expression was also lower on lung dendritic cells of the 

untreated SP-A null mice (p < 0.05).  In conclusion, these data show that the alveolar 

macrophages have a more activated phenotype in the SP-A deficient mice.  The dendritic 

cells, however, seem to be less mature in the SP-A null mice.  Since mature dendritic cells 

traffic to the lymph nodes and alveolar macrophages do not, we speculate that the more 

mature dendritic cells have already left the lungs.     
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Figure 6.1:  Gating strategy for maturation marker analysis.  Lung digests were 
tri-stained with antibodies to CD11c, MHC II, and another maturation marker (i.e. MHC I, 
CD80, CD86, or CD54) and analyzed by flow cytometry.  Based on CD11c and MHC II 
expression levels, alveolar macrophages (AMs) and dendritic cells (DCs) were gated and 
the mean fluorescence of the maturation markers was assessed for each.  The gating 
strategy used is demonstrated above. 
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Figure 6.2:  Comparison of maturation or activation marker expression by 
alveolar macrophages and lung dendritic cells from untreated and LPS treated 
SP-A null and wild-type mice.  Mean fluorescence of indicated maturation markers in 
SP-A knockout mice (KO) were compared to those from wild-type mice (WT).  Data are 
expressed as fold difference in expression of SP-A null over wild-type of the 
corresponding treatment condition. Values are expressed as mean + SE of 3 independent 
experiments.  *, p < 0.05; **, p < 0.005 vs fold difference of 1 (no difference) based on 
two-sample t-test assuming unequal variances. 
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6.2.2  Mediastinal lymph nodes from the SP-A null mouse contain 
more mature dendritic cells than wild-type three days post-
Mycoplasma pneumoniae intranasal infection 

 

Since we hypothesized that the more mature dendritic cells may have already 

migrated to the lymph nodes, we examined dendritic cells from the mediastinal lymph 

nodes, which drain the lungs, from the SP-A null and wild-type mice.  This study was 

done in collaboration with a post-doctoral fellow in the lab, Dr. Julie G. Ledford, using a 

Mycoplasma pneumoniae infection model rather than the LPS challenge model.  M. 

pneumoniae is a clinically relevant pulmonary pathogen of humans, therefore providing a 

physiologically pertinent model of respiratory inflammation and disease.  Incubation of M. 

pneumoniae with BMDCs in vitro has been shown to mature the dendritic cells, leading to 

upregulation of MHC II and CD86.  This M. pneumonia induced-maturation of BMDCs has 

also been demonstrated to be inhibited by the addition of SP-A (unpublished data by Dr. 

Julie G. Ledford).  Thus, this model mimics what has been observed with the LPS-

induced maturation of dendritic cells.   

In this study, SP-A null and wild-type mice were intra-nasally infected with M. 

pneumoniae.  Three days post-infection the mediastinal lymph nodes were harvested 

from SP-A null and wild-type mice and digested with collagenase and DNAse to release 

the dendritic cells.  The digest was then pushed through a 40 μm filter to obtain single cell 

suspensions.  The cells were stained and analyzed by flow cytometry.  In the lymph 

nodes, there are at least two populations of CD11c+ dendritic cells that can be 

differentiated by their MHC II expression level.  The more mature population expressing 

higher levels of MHC II and CD86 are predicted to be the dendritic cells that have migrated 

from the lungs (Vermaelen et al. 2001; Wilson et al. 2003).  The remaining CD11c+ cells 

are the resident dendritic cells.  The CD11c+ MHC IIhigh cells (migrated dendritic cells) were 
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gated as shown in Figure 6.3.  Four separate experiments with uninfected or M. 

pneumoniae infected SP-A null or wild-type mice were performed with 3-5 mice per 

group per experiment.  The summary of the results is shown in Figure 6.4 and Figure 6.5.  

The SP-A null mice had a greater percentage of CD11c+MHC IIhigh cells in the mediastinal 

lymph nodes than the wild-type mice (Figure 6.4).  There was an even greater fold-

difference in number of CD11c+MHC IIhigh cells in the SP-A null lymph nodes than in the 

wild-type lymph nodes.  Expression of MHC II and the costimulatory molecules CD80 and 

CD86 were higher in the CD11c+MHC IIhigh cells of the infected SP-A null mice (Figure 6.5).  

MHC I showed trends towards greater expression in the MHC IIhigh dendritic cells of the 

infected SP-A null mice compared to infected wild-type mice but it was not statistically 

significant.  In contrast, CD54 expression was significantly lower in the SP-A null mice.  

Overall, during infection with M. pneumoniae more mature dendritic cells migrated to the 

mediastinal lymph nodes in the SP-A null mice than in wild-type mice.   

 



 

103 

 

 

 

Figure 6.3: Gating strategy for maturation marker analysis of dendritic cells 
migrated to the mediastinal lymph nodes.  Lymph node digests were tri-stained 
with antibodies to CD11c, MHC II, and another maturation marker (i.e. MHC I, CD80, CD86, 
or CD54) and analyzed by flow cytometry.  Based on CD11c and MHC II expression 
levels, MHC IIhighCD11c+ dendritic cells (upper pink gate) were gated and the mean 
fluorescence of the maturation markers of these cells were assessed.  The gating 
strategy used is demonstrated above. 
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Figure 6.4:  SP-A null mice have more CD11c+MHCIIhigh cells in the mediastinal 
lymph nodes than wild-type after M. pneumonia infection.  CD11c+MHCIIhi 
mediastinal lymph node cells of untreated (Uninfected) and M. pneumoniae (Mp) infected 
(108 CFU/mouse) SP-A null (KO) and wild-type (WT) mice were compared by flow 
cytometry 3 days post-infection.  A, Fold difference in % of MHC IIhiCD11c+ cells of KO 
over WT of the corresponding treatment was calculated by comparing % of cells gated 
as in Figure 6.3.  B, The numbers of MHC IIhiCD11c+ cells was calculated as % of MHC 
IIhiCD11c+ cells x total number of cells counted in the lymph node digest, then the numbers 
were compared between KO and WT for each treatment to obtain fold difference in 
numbers of MHC IIhiCD11c+ cells in KO over WT.  C, The mean numbers of MHC IIhiCD11c+ 
cells per mouse in each group are shown for one representative experiment.  A and B, 
Results are mean + SE from 4 independent experiments, n = 3-5/group/experiment; *, p < 
0.05 based on two-sample t-test assuming equal variances.  C, Results are mean + SE 
for one independent experiment, n = 4/group; *, p < 0.05 based on two-sample t-test 
assuming unequal variances. 
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Figure 6.5:  The SP-A null mice have more mature CD11c+MHC IIhigh dendritic 
cells in the mediastinal lymph nodes than wild-type mice 3 days post-infection 
with M. pneumoniae.  Mean fluorescence of indicated maturation markers on 
CD11c+MHC IIhigh cells from the mediastinal lymph nodes in SP-A null mice (KO) were 
compared to those from wild-type mice (WT).  Infected mice were intranasally 
administered 108 CFU of M. pneumoniae.  Uninfected mice were left untreated.  Data are 
expressed as fold difference in expression of SP-A null over wild-type of the 
corresponding treatment condition.  Results are mean + SE from 4 independent 
experiments, n = 3-5/group/experiment.  *, p < 0.05 based on two-sample t-test assuming 
equal variances. 
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6.3  Discussion 

 

Evidence has been accumulating that surfactant protein A (SP-A) not only 

functions in innate immunity but also plays a role in modulating adaptive immune 

responses in the lung.  Previous studies demonstrated that SP-A regulates the function of 

T cells, which are important in the development and guidance of an adaptive immune 

response.  SP-A has been shown to inhibit T cell activity directly and indirectly by altering 

the ability of dendritic cells to stimulate T cells (Borron et al. 1996; Borron et al. 1998; 

Brinker et al. 2003).  For instance, SP-A in vitro inhibited the maturation of bone marrow-

derived dendritic cells (BMDCs) and suppressed the ability of the BMDCs to activate T 

cells.  However, it is not known whether SP-A regulates lung dendritic cells in the same 

manner.  In vitro generated BMDCs can be functionally quite different from tissue-resident 

dendritic cells.  Thus, in this study, we aimed to demonstrate the effects of SP-A on 

pulmonary dendritic cells in situ.  We have provided evidence that SP-A also functions in 

vivo to modulate dendritic cell activity.         

The SP-A knockout mouse enabled us to investigate the role of SP-A in regulating 

pulmonary dendritic cells.  In the SP-A null mice, we examined the consequences of the 

lack of SP-A on dendritic cell function after pulmonary challenge with an inflammatory 

stimulus.  In our initial studies, we used endotoxin (LPS) as the inflammatory and 

maturation stimulus for the dendritic cells in the lungs.  We examined the dendritic cells 

from the lungs of SP-A null and wild-type mice at various time points after LPS 

intratracheal challenge.  At 24 hours, lung CD11c+ cells, which include both dendritic cells 

and alveolar macrophages, were slightly less mature (based on MHC II expression, p < 

0.02) in the SP-A deficient mice compared to those from wild-type mice.  However, at the 

shorter time points of 19 and 3 hours the trends appeared to reverse.  For the 3 hour time 



 

107 

point, the lung digests were enriched for myeloid cells, including dendritic cells, to 

increase the sensitivity of the flow cytometry analysis.  The dendritic cells were 

differentiated from the alveolar macrophages of the CD11c+ population based on MHC II 

expression level.  In the SP-A null mice, the alveolar macrophages were more activated, 

whereas the dendritic cells were slightly less mature.  The results obtained with the 

alveolar macrophages were consistent with previous studies showing that SP-A can 

have anti-inflammatory or suppressive effects on endotoxin-activated alveolar 

macrophages and that the absence of SP-A can lead to an exaggerated inflammatory 

phenotype in the lung after LPS challenge (McIntosh et al. 1996; Pasula et al. 1999; 

Borron et al. 2000; Stamme et al. 2000).  However, the data showing that lung dendritic 

cells were not more mature in the LPS-challenged SP-A null lungs was surprising to us.  

This unexpected result may be due to the inflammation and influx of diverse leukocytes to 

the lung, including recruited immature dendritic cells.  Therefore, this compounding effect 

makes examining the LPS-induced maturation of dendritic cells in the pulmonary tissue 

difficult to interpret.  Since mature dendritic cells migrate to lymph nodes, we examined 

dendritic cells that had migrated to the mediastinal lymph nodes as the endpoint measure 

of dendritic cell maturation.     

The studies investigating dendritic cells from the mediastinal lymph nodes were 

performed on mice challenged with M. pneumoniae rather than LPS.  M. pneumoniae is a 

clinically important respiratory pathogen and thus provides a physiologically relevent 

model of pulmonary inflammation.  Preliminary results from our lab demonstrated in vitro 

that M. pneumoniae stimulates BMDC maturation that can be inhibited by SP-A.  This 

finding indicated that M. pneumoniae could also be used to study the in vivo role of SP-A 

on dendritic cell maturation.  Certain differences between the two inflammatory stimuli do 

exist and should be taken into consideration.  For example, LPS signals dendritic cell 

maturation through toll-like receptor (TLR) 4 (Takeuchi et al. 1999; Ardeshna et al. 2000), 
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whereas mycoplasma induces dendritic cell maturation through TLR2 and TLR6 

(Nishiguchi et al. 2001; Weigt et al. 2003).  In addition, SP-A interacts differently with 

these two stimuli.  SP-A does not bind well to smooth LPS (used for the initial lung 

dendritic cell studies) (Van Iwaarden et al. 1994; Pikaar et al. 1995), whereas SP-A does 

bind strongly to M. pneumoniae (Piboonpocanun et al. 2005).  After pulmonary challenge 

with M. pneumoniae, we found more mature dendritic cells in the mediastinal lymph 

nodes of the SP-A null mice compared to wild-type mice.  Repeating these experiments 

with LPS as the inflammatory stimulus will help discriminate whether the increase in 

mature dendritic cells in the SP-A null lymph nodes is a general effect resulting from the 

lack of SP-A or an outcome specific to the pathogen used.  

In this study, the finding that there are more mature dendritic cells in the 

mediastinal lymph nodes of SP-A null mice after infection with M. pneumoniae indicates 

that SP-A present in the wild-type mice may be capable of regulating the maturation state 

of dendritic cells from the lung.  These results are consistent with the in vitro data 

demonstrating that SP-A can inhibit the maturation of BMDCs.  However, since the in vivo 

studies are done in a complex multi-cellular organism in which various cells can be 

affected by the presence or absence of SP-A in the lung, it cannot be determined 

whether this difference in dendritic cell maturation and numbers in the mediastinal lymph 

nodes is due to a direct or indirect effect of SP-A on the dendritic cells from the lung.  

Since lung dendritic cells are different from in vitro generated BMDCs (Hansen et al. 

2007), to assess whether SP-A directly affects lung dendritic cell maturation, we will 

isolate lung dendritic cells from SP-A null and wild-type mice and test the effects of SP-A 

on their maturation in vitro. 

We plan to study the T cell and B cell responses in the mediastinal lymph nodes to 

further understand the physiologic consequence of this increase in mature dendritic cells 

in the SP-A null mice.  We hypothesize that a greater influx of more mature dendritic cells 
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to the lymph nodes would lead to a greater degree of T cell activation and a stronger 

adaptive immune response.  Thus, we expect that in the SP-A null mice there will be more 

activated T cells and B cells in the lymph nodes of the infected SP-A null mice.  

In contrast to the higher MHC II, CD80, and CD86 expression levels observed on 

dendritic cells in the lymph nodes of infected SP-A null mice, we found that the 

expression of CD54 on these dendritic cells was lower in the uninfected and infected SP-

A null mice.  This finding may indicate that SP-A has differential effects on the expression 

of molecules by pulmonary dendritic cells.  However, this result contradicts the in vitro 

data showing that SP-A may inhibit CD54 expression by BMDCs (Brinker et al. 2003).  We 

speculate that this lower expression of CD54 in the absence of SP-A may be particular to 

pulmonary dendritic cells.  The potential physiologic consequence of this reduced CD54 

expression is unclear.  CD54, also known as intercellular adhesion molecule-1 (ICAM-1), 

is an adhesion molecule that is important for leukocyte migration and binds LFA-1 

(lymphocyte function-associated antigen-1) on leukocytes, including T cells.  CD54 is also 

important in stimulating T cell activation and is a component of the immunological synapse 

that forms between an antigen presenting cell and a T cell during activation (Grakoui et al. 

1999).  CD54 has also been recently shown to play a role in the generation of central 

memory T cells (Parameswaran et al. 2005).  Thus, this reduction in CD54 on lung 

dendritic cells found in the absence of SP-A may affect any of these functions.    

In summary, we found that SP-A may be capable of regulating the maturation of 

pulmonary dendritic cells in vivo.  By examining lung dendritic cells that had migrated to 

the mediastinal lymph nodes after M. pneumoniae infection, we demonstrated that the 

lack of SP-A in the lungs led to more mature dendritic cells.  This finding indicates that SP-

A may be capable of regulating adaptive immunity in the lungs by modulating the 

maturation or function of pulmonary dendritic cells.  SP-A may be increasing the threshold 

at which an inflammatory immune response will be initiated to inhaled antigens.  This can 
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be important in the lungs since most inhaled particulates or environmental antigens will 

carry some level of endotoxin.  By regulating dendritic cell maturation, SP-A may be 

preventing unnecessary inflammation or allergies that would be caused by the many 

particulates and potential allergens that are inhaled on a daily basis.



 

111 

Chapter 7:  Conclusions and Significance 

 

7.1  Summary 

 

The goal of the studies discussed in this thesis was to examine the role of the 

alveolar epithelial type II cell and its secretory product, surfactant protein A, in regulating 

adaptive immunity in the lung.  Both SP-A and type II cells have previously been shown to 

regulate pulmonary innate immune responses.  Increasing evidence has accumulated 

demonstrating that type II cells and SP-A also function in adaptive immunity.  In this work, I 

have provided further data showing that both type II cells and SP-A are capable of 

regulating adaptive immune responses in the lungs by modulating T cell and dendritic cell 

function.  I show that type II cells are capable of suppressing T cell responses in vitro 

and demonstrate that SP-A can modulate dendritic cell activity in vivo. 

In Chapter 3, I examined the expression of immune-related molecules on the 

surface of type II cells to better understand the potential function of type II cells in 

pulmonary immune responses.  I found that murine type II cells constitutively express MHC 

II and that this expression can be upregulated with the cytokine, IFN- .  These results are 

consistent with those observed for human and rat type II cells (Harbeck et al. 1988; 

Cunningham et al. 1994).  I also demonstrated the expression of ICAM-1 (CD54) on type II 

cells but found no detectable expression of the costimulatory molecules CD80 and CD86.  

These findings indicated that type II cells express the molecule required for presentation 

of antigen to T cells (MHC II) but not the costimulatory molecules necessary for effective 

T cell activation (CD80 and CD86). 
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Using two different methods to examine T cell activation, I demonstrated that type 

II cells are weak stimulators of T cell activation (Chapter 4).  Although I was able to show 

that type II cells could take up antigen in vivo, I found that they were poor antigen 

presenting cells in terms of their ability to activate T cells.  Furthermore, the type II cells 

were still ineffective stimulators of T cell activation even after upregulation of MHC II 

expression by IFN-  treatment.  These results suggest that the primary role of this 

constitutive MHC II expression on type II cells may not be to induce T cell activation. 

The presentation of antigen to T cells in the absence of sufficient costimulation 

results in T cell tolerance.  In Chapter 5, I demonstrate that type II cells can inhibit T cells 

from subsequent activation with BMDCs, in an antigen dependent manner.  Only when T 

cells were pre-stimulated with type II cells in the presence of antigen were they 

suppressed to subsequent activation.  In the absence of antigen, the type II cells did not 

inhibit naïve T cells from later activation.  Increasing numbers of type II cells with antigen 

resulted in greater suppression of subsequent T cell activation.  In addition, this 

suppressed state was maintained even when the type II-suppressed T cells were 

reisolated and subsequently restimulated with BMDCs and antigen.  Overall, these data 

indicate that type II cells may be capable of tolerizing T cells to antigen. 

In Chapter 6, I demonstrate that SP-A may also function to suppress adaptive 

immune responses.  I found that the lack of SP-A in the lungs led to a greater level of 

dendritic cell maturation, as indicated by a greater number and degree of maturation of 

dendritic cells that migrated to the mediastinal lymph nodes after infection with M. 

pneumoniae.  This suggests that the presence of SP-A in the lungs of wild-type mice 

may be responsible for suppressing dendritic cell maturation in response to inflammatory 

or pathogenic stimuli.  Since dendritic cell maturation is required for effective T cell 

activation and the initiation of adaptive immunity (Rescigno et al. 1997), I propose that SP-

A functions to suppress the mounting of an adaptive immune response, thus attenuating 
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the magnitude of the potentially obstructive and damaging inflammatory response in the 

lung.   Together, these data demonstrate that type II cells can regulate adaptive immunity 

in multiple ways, either directly by suppressing T cell activity or indirectly through the 

effects of SP-A on dendritic cells in the lungs.          
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7.2 Significance 

 

The alveolar epithelial type II cells are in the optimal position to defend the lung and 

body from environmental insults as they lie at the interface between the outside air and 

the body’s vital blood supply.  Due to the lung’s function in gas exchange, the distance 

between the air and the capillary blood can be a minimum of two cell layers thick.  Unlike 

the skin, there is not a thick physical barrier to protect the lungs from pathogens.  Rather, 

the lungs appear to be specially designed for rapid clearance of pathogens whilst 

minimizing inflammation that may obstruct gas exchange or damage the delicate 

epithelium.  In the upper airways, mucous and ciliated cells sweep up pathogens and 

particulates.  In the alveoli, the surfactant proteins A and D, secreted by type II cells, 

opsonize various microbes and potential allergens and enhance their uptake by the avid 

pulmonary phagocytes, the alveolar macrophages.  Concurrently, the surfactant proteins 

and type II cells regulate and limit inflammatory responses in the lungs.       

Much evidence exists that demonstrate the need for strict control or suppression 

of immune responses and T cell-mediated activity in the lungs.  The scurfy mouse, which 

has a null mutation in the forkhead transcription factor Foxp3, spontaneously develops 

inflammation and autoimmune responses in the lungs, liver, and skin (Godfrey et al. 1991; 

Brunkow et al. 2001; Chen et al. 2005).  The loss of functional Foxp3 in these mice 

results in a deficiency in CD4+CD25+ regulatory T cells.  These mice develop a 

lymphoproliferative syndrome with multi-organ inflammation and autoimmune responses.  

Although many organs can be affected, the lungs, liver, and skin were the ones most 

consistently and severely disrupted (Chen et al. 2005).  Immune Dysregulation, 

Polyendocrinopathy, Enteropathy, X-linked syndrome (IPEX) is the human autoimmune 

disease caused by Foxp3 mutation (Wildin et al. 2001).  Respiratory distress and 
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pulmonary inflammation have also been associated with IPEX (Wildin et al. 2002).  

Together, this suggests that regulatory T cell function and suppression of inflammation is 

especially important in the lungs, along with the skin and liver.  In addition, evidence 

suggests that adaptive regulatory T cells, which are generated in the periphery (outside 

the thymus), are induced from T cells stimulated in the absence of sufficient costimulation 

(Jonuleit et al. 2000; Akbar et al. 2003; Chen et al. 2004).  Therefore, we speculate that 

type II cells could aid in the generation of peripheral regulatory T cells in the lungs. 

The transforming growth factor-  (TGF- ) knockout mouse is another model 

demonstrating the necessity for proper control and suppression of immune responses in 

the lungs. TGF-  is a pleiotropic cytokine that regulates many different cellular processes, 

including inflammation and immune responses (Fitzpatrick and Bielefeldt-Ohmann 1999).  

In the TGF-  null mouse, massive inflammation develops in many organs, especially in the 

heart and lungs (Shull et al. 1992; Kulkarni et al. 1993).  The lungs of the TGF-  null mice 

developed vasculitis, inflammatory cell infiltrates, and interstitial pneumonia, suggesting 

that TGF-  is required to suppress inflammatory responses in the lungs (Kulkarni et al. 

1993).  The epithelial integrin v 6 has been shown to bind to and activate latent 

(inactive) TGF-  (Munger et al. 1999).  Mice lacking the integrin 6 subunit ( 6-/-) develop 

persistent inflammation in the lungs and skin (partially resembling the phenotype of the 

TGF-  null mice) (Huang et al. 1996; Munger et al. 1999).  By about three weeks of age, 

the lungs of the 6-/- mice become infiltrated with T cells and B cells and have increased 

airway hyperactivity, a hallmark characteristic of asthma (Huang et al. 1996).  This 

suggests that disruptions of immune homeostasis may cause pulmonary inflammatory 

diseases, indicating that proper regulation of immune responses is necessary to prevent 

disease in the lung.  In our study, we demonstrated that isolated murine type II cells 

express v 6 integrin by flow cytometry (Figure 5.7).  Thus, type II cells with v 6 may 
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be capable of activating TGF-  in the lungs and participating in the inhibition of 

lymphocytes and inflammation.    

As the lungs are open to environmental insults from inhaled non-pathogenic 

particulates, there is a need for constant careful regulation of immune responses.  In the 

6-/- and TGF-  null mice models, the insult or stimulus causing the inflammatory 

phenotype in the lungs was predicted to have been the inhaled particulates and potential 

allergens or an increased sensitivity to autoantigens (Kulkarni et al. 1993; Huang et al. 

1996).  Our data suggest that type II cells may function in the lung to tolerize T cells to the 

plethora of innocuous antigens inhaled.  We also showed that murine type II cells 

constitutively express both MHC II and ICAM-1 but no CD80 and CD86, which had 

previously been described as being sufficient to induce tolerance in naïve T cells 

(Ragazzo et al. 2001).  Recent evidence has shown that naïve T cells can migrate 

through peripheral organs, especially the lungs (Cose et al. 2006).  Taken together, this 

suggests that type II cells can come in contact with naïve T cells and thus have the 

potential to participate in the induction of peripheral tolerance by tolerizing the T cells to 

inhaled environmental allergens or even autoantigens.    

Others have also shown that type II cells could stimulate previously activated T 

cells, such as effector or memory T cells, by presenting Mycobacterium tuberculosis 

antigens on MHC II (Debbabi et al. 2005).  This indicates that type II cells may also be able 

to present microbial antigens on MHC II and help stimulate previously activated T cells 

during an infection.  However, many cell types, such as endothelial cells and fibroblasts, 

can be induced to express MHC II under inflammatory conditions to aid in immune 

responses.  Since type II cells express MHC II constitutively rather than only during an 

infection, we hypothesized that the expression of MHC II on type II cells is important in the 

normal lung.  Thus, we propose a model in which type II cells in the healthy lung function 
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to tolerize T cells and suppress unnecessary inflammation to inhaled particulates and 

allergens inhaled, whereas in the infected lung, type II cells can aid in T cell activation 

and, by the secretion of cytokines and chemokines, can recruit other inflammatory cells to 

aid in the clearance of pathogens (Figure 7.1).   

As described above, the lungs appear to require strict regulation of immune 

responses for proper function.  Given that there is now an extensive literature 

demonstrating that SP-A can regulate innate and adaptive immunity in the lung (reviewed 

in (Wright 2005)), we suggest that type II cells and SP-A together help maintain proper 

pulmonary immune homeostasis.  Therefore, studying their mechanisms of immune 

regulation and suppression may assist in the understanding of pulmonary inflammatory 

diseases, such as allergies or asthma, that result from a disruption in immune 

homeostasis or tolerance.   
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Figure 7.1:  Model demonstrating the role of type II cells in pulmonary host 
defense.  Type II cells respond to pathogenic stimuli via toll-like receptors (TLR) and 
secrete cytokines and chemokines to recruit inflammatory cells to clear the infection.  
Type II cells also aid in the stimulation of previously activated T cells to facilitate host 
defense.  In the healthy lung, type II cells suppress unnecessary inflammation and tolerize 
T cells to the plethora of innocuous inhaled particulates.  The type II cells help maintain 
clear airways for proper gas exchange in the normal lung. 
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7.3  Future Directions 

 

The finding that type II cells can tolerize T cells is a novel discovery signifying a 

previously unknown role for type II cells in regulating adaptive immunity in the lungs.  This 

discovery also leads to many more questions regarding mechanism of suppression, 

functional significance in vivo, and whether there are other modes of regulation yet to be 

revealed.  Additionally, although we demonstrated the potential for a role of SP-A in 

regulating dendritic cell function in vivo, more experiments still need to be performed to 

fully define this role.     

 

Conditional Deletion of MHC II on Type II cells 

In our study, we demonstrated in vitro that type II cells can suppress T cells from 

subsequent activation in an antigen-dependent manner, indicative of tolerance.  This 

indicates that type II cells may be capable of tolerizing interacting T cells in the lung to 

antigens that it encounters, such as potential allergens.  However, as the dendritic cell is 

the most potent antigen presenting cell and the only one known to be capable of 

activating naïve T cells, it is assumed that the dendritic cell is also the main antigen 

presenting cell that induces tolerance in the periphery (de Heer et al. 2004; Novak and 

Bieber 2008).  Pulmonary dendritic cells in respiratory tissues have been shown to 

extend their ‘dendrites’ into the airspaces, possibly to sample environmental antigens (Holt 

and Schon-Hegrad 1987).  Thus, it is important to explore the in vivo contribution that type 

II cells have in tolerance or immune regulation in the lung.  Since type II cells are essential 

for a variety of functions including the maintenance of proper alveolar function, we 

cannot simply knockout or eliminate type II cells.  We propose to conditionally knockout the 
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expression of MHC II on type II cells, so that they no longer have the capacity to present 

antigen to T cells.  Through a collaboration with Dr. Koni at the Medical College of Georgia, 

we have obtained mice with the conditional null allele of the MHC II (IAb) -chain gene 

(Hashimoto et al. 2002).  These mice are homozygous for the loxP-flanked IAb -chain 

allele (ia neo), which can be deleted with the expression of Cre recombinase.  To 

knockout MHC II cell surface expression in C57BL/6 mice, only the deletion of IAb is 

required since these mice have a defective IEb MHC II allele.  We are also collaborating 

with Dr. Hogan at Duke University to obtain SpC-Cre mice, which express Cre 

recombinase driven by the surfactant protein C promoter so that only the type II cells will 

be expressing Cre in the adult mouse.  By breeding these mice with the mice with the 

MHC II conditional null allele, we should be able to delete MHC II on type II cells only and 

not on hematopoietic cells.  It would be interesting to find whether the mice lacking MHC II 

on the type II cells (ia neo/neo/ SpC-Cre+) will spontaneously develop a pulmonary 

inflammatory phenotype much like the Foxp3 null or TGF-  knockout mice.  We also plan 

to examine regulatory T cells in the ia neo/neo/SpC-Cre+ mice to determine whether there 

will be a defect in regulatory T cell generation or maintenance in the lungs.  We will also 

test whether the ia neo/neo/SpC-Cre+ mice will be more sensitive to allergen challenge, 

using the non-pathogenic model antigen ovalbumin (OVA).  Mice will be intratracheally 

administered with endotoxin-low OVA then 20 days later challenged for 3 consecutive 

days with aerosolized OVA to determine if they developed an immune response (de Heer 

et al. 2004).  Twenty-four hours after the last aerosol, bronchoalveolar lavages (BAL) 

will be performed to examine for influx of inflammatory cells and production of cytokines.  

Lungs will also be prepared for histology to examine for typical features of allergic 

asthma, such as mucous production and eosinophil infiltration into the tissues.  SpC-Cre 

mice homozygous for the MHC II conditional null allele (ia neo/neo/SpC-Cre+) will be 
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compared to Cre-negative littermates (ia neo/neo/SpC-Cre–) or to SpC-Cre mice without the 

null allele (ia +/+/SpC-Cre+).  SpC-Cre mice heterozygous for the conditional null allele 

(ia neo/+/SpC-Cre+) can also be examined to determine if there is any detectable dose 

effect of MHC II expression on type II cells.  We predict that the mice lacking MHC II on the 

type II cells will be more prone to developing the allergic asthma phenotype.  In addition, 

we plan to examine whether these mice will be more susceptible to infections.  Survival 

of mice will be monitored after mice are intranasally administrated a model respiratory 

pathogen.  Histology and brochoalveolar lavages will also be performed after infection to 

determine the extent of inflammatory cell infiltration and cytokine production.      

Alternatively, wild-type bone marrow can be adoptively transferred into syngenic, 

irradiated MHC II null mice.  The same experiments described above for the MHC II 

conditionally null mice can be performed on these MHC II null mice after adoptive transfer.  

The control condition would be wild-type bone marrow adoptively transferred into 

irradiated wild-type mice.  Any differences observed between the two adoptive transfer 

conditions would suggest that some nonhematopoietic MHC II-expressing cell in the lung 

is responsible for the change in phenotype.  Thus, any findings would implicate that type 

II cells are responsible for the differences observed but would not be definitive, since 

there may be some unknown nonhematopoietic cell type in the lung that also expresses 

MHC II.    

 

Mechanisms of T cell Suppression by Type II cells 

The epithelial integrin v 6 has been demonstrated to play a role in the lungs as 

an in vivo activator of TGF-  (Munger et al. 1999).  TGF-  is predominantly found bound 

to its amino-terminal fragment, the latency-associated peptide (LAP), which inhibits its 
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function, making it inactive.  Integrin v 6 has been shown to bind to LAP and enable 

TGF-  to be activated (Munger et al. 1999).  We demonstrated that isolated murine type II 

cells expressed v 6 integrin.  Therefore, we propose to test whether v 6 plays any 

role in the T cell tolerance induced in vitro by type II cells.  Although the methods we used 

did not allow us to detect changes in the levels of total TGF-  and active TGF-  in the 

supernatants of T cells cocultured with type II cells and antigen, we propose that integrin 

v 6 on type II cells may be able to activate sufficient levels of TGF-  close to the cell 

surface in contact with T cells to suppress the T cells.  In order to test this hypothesis, 

we plan to perform the tolerance assay in the same manner as in Chapter 5 with the 

addition of anti- v 6 blocking antibody during the pre-incubation of T cells with type II 

cells and antigen.  Briefly, we will incubate OVA-specific T cells with or without type II 

cells in the presence or absence of OVA antigen for three days.  Anti- v 6 or isotype 

control antibody will be added to the conditions where T cells are pre-cultured with type II 

cells and antigen to see if suppression can be inhibited by blocking v 6.  After three 

days, the T cells will be reisolated and plated with equal numbers of BMDCs and fresh 

OVA to test if the T cells can be activated.  Two days later, the supernatants will be 

measured for IL-2 cytokine by ELISA as an indicator of T cell activation.  If v 6 plays a 

role in suppression, anti- v 6 will reduce the level of suppression leading to increased 

IL-2 production compared to the control treatments.  Alternatively, type II cells can be 

isolated from the integrin 6 subunit knockout mouse that lacks functional v 6.  The 

tolerance assay will be performed as above with the exception that the T cells will be 

incubated with type II cells from wild-type or the 6 subunit knockout mouse.   

Inhibition of T cell activity by Foxp3-expressing regulatory T cells is another 

mechanism of T cell suppression.  We demonstrated that culturing T cells with type II cells 

and antigen resulted in a greater percentage of Foxp3-positive T cells than when 
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culturing T cells with antigen alone.  Thus, type II cells may be preferentially increasing 

Foxp3-positive regulatory T cell numbers as a mechanism of T cell suppression.  To 

investigate further this potential mechanism of suppression, we can use OT-II Foxp3gfp 

mice that allow for the identification of Foxp3-positive T regulatory cells by GFP 

expression and have TCR transgenic CD4+ T cells specific for OVA (Fontenot et al. 

2005).  We will then incubate CD4+ T cells from these OT-II Foxp3gfp mice with type II cells 

and OVA antigen for 3 days, then repurify the CD4+ T cells.  We will deplete the GFP-

positive regulatory T cells (by sorting) from the type II-suppressed T cells and restimulate 

the T cells with BMDCs and antigen.  We will compare the activation of these T cells to 

type II-suppressed T cells not depleted of regulatory cells to determine if the Foxp3-

positive regulatory T cells play a role in this type II-induced T cell suppression.  Loss of 

suppression after depletion of regulatory T cells would indicate that type II cells inhibited T 

cells through the activity of regulatory T cells.  Using these OT-II Foxp3gfp mice, we can 

also test whether the type II-induced increase in Foxp3-positive T cells is due to de novo 

generation or expansion of a small pre-existing population of Foxp3-positive cells.  We 

will sort for GFP-negative CD4+ T cells, which include no regulatory T cells, and incubate 

them with type II cells and OVA antigen.  Control conditions will include the T cells 

incubated with OVA alone or T cells cultured without OVA in the presence or absence of 

type II cells.  After 3 days, we will collect the cells and analyze by flow cytometry.  If any 

CD4+ T cells that now express GFP are found, this would indicate that there was de novo 

generation of regulatory T cells in the culture.  If no GFP-positive T cells are found, this 

result would suggest that the type II-induced increase in Foxp3-positive cells (Figure 5.4) 

was due to an expansion of a pre-existing population of T regulatory cells rather than de 

novo generation. 

Additional mechanisms of suppression may exist in vivo.  Since programmed 

death-1 ligands 1 and 2 (PD-L1 and PD-L2) had been implicated in suppressing T cell 
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activity and promoting T cell tolerance, we had investigated their expression on type II 

cells.  Although no expression of either molecule was detected on isolated murine type II 

cells, we found that the enzyme Dispase used to digest the lungs could degrade PD-L1 

and PD-L2.  PD-L1 mRNA expression had been previously found in whole lung tissue 

(Freeman et al. 2000).  Thus, we plan to investigate whether type II cells may express 

PD-L1 in the lung in situ.  We will prepare frozen lung sections from SPC-GFP mice, stain 

with fluorescent antibodies to PD-L1 and GFP to detect type II cells, and examine for 

colocalization of fluorescent staining.  Additionally, we have started examining PD-L1 and 

PD-L2 mRNA expression by type II cells.  Type II cells from SPC-GFP mice were double 

sorted to obtain approximately 99% pure type II cells and mRNA expression was 

analyzed by RT-PCR.  Preliminary results indicate that type II cells may not express PD-L2 

but may express low levels of PD-L1.  These results will need to be confirmed using RNA 

preparations from purified type II cells of additional mice.   

 

Characterization of the Type II cell as an Antigen Presenting Cell 

The role of type II cells as a non-professional antigen presenting cell of the lung 

has not been fully described.  We plan to assess what antigen uptake receptors are 

expressed by type II cells to help determine the types of antigen that can be taken up and 

processed by type II cells.  Type II cells will be examined by flow cytometry and analyzed 

for a variety of receptors, such as the complement receptors and the C-type lectin 

receptors.  We will also demonstrate the ability of type II cells to present exogenous 

antigens on MHC II by intratracheally instilling hen egg lysozyme (HEL) into SPC-GFP mice.  

Lung digests from these mice will be analyzed by flow cytometry using antibodies 

specific for HEL peptide-MHC II complexes (Zhong et al. 1997).  Finally, we plan to test 

whether OVA protein intratracheally instilled in mice can be processed and presented by 
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type II cells to tolerize T cells in vitro.  Type II cells will be isolated from OVA-instilled mice 

and tested for their ability to tolerize T cells to OVA, using the tolerance assays 

described in Chapter 5.  For example, the type II cells from OVA-instilled mice or saline-

instilled (control) mice will be pre-incubated with T cells for 3 days, then T cells will be 

reisolated and restimulated with BMDCs and OVA peptide.  After 2 days, the 

supernatants will be harvested, and IL-2 will be analyzed by ELISA to measure T cell 

activation.  We expect that the T cells pre-incubated with the type II cells from OVA-

instilled mice will be suppressed from activation by the BMDCs compared to the control.  

This predicted result would indicate that the type II cells from the OVA-instilled mice were 

capable of taking up, processing, and presenting OVA to tolerize the T cells.   

 

Dendritic Cell Maturation in SP-A Nulls 

We demonstrated that there were more mature dendritic cells in the draining lymph 

nodes of the SP-A null lung compared to the wild-type lung three days after M. 

pneumoniae infection.  However, SP-A has previously been shown to bind and inhibit the 

growth of M. pneumoniae (Piboonpocanun et al. 2005).  Thus, in order to support the 

hypothesis that our observed phenotype is due to SP-A directly regulating dendritic cell 

maturation and not an indirect effect of SP-A on M. pneumoniae clearance, we need to 

repeat the experiments with maturation stimuli that SP-A does not bind, such as smooth 

LPS (used in the earlier experiments of Chapter 6) or a mutant strain of M. pneumoniae 

(that we recently obtained through a collaboration).  Using this mutant M. pneumoniae 

strain to infect the SP-A null and wild-type mice, we can test whether there will still be 

more mature dendritic cells in the mediastinal lymph nodes of the SP-A null mice after 

infection.  If there are, this will suggest that the effect of SP-A on dendritic cell maturation 

is not an indirect effect of its binding and neutralization of the pathogen.      
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BMDCs can be quite different from lung dendritic cells and a recent study 

demonstrated that the effects of SP-D on isolated lung dendritic cells were indeed 

different from its effects on BMDCs (Hansen et al. 2007), so it will be interesting to test 

the effects of SP-A on in vitro maturation of isolated lung dendritic cells.  In the in vivo 

experiments SP-A could potentially be affecting any of the other cells in the lung that may 

in turn modulate dendritic cell maturation.  Thus, testing dendritic cells isolated from the 

lungs in vitro will eliminate these other compounding factors.  Regulation of lung dendritic 

cell maturation by SP-A in vitro can be tested using the same methods as in Brinker et al. 

(2003), examining expression of maturation markers, chemotaxis, and T cell stimulatory 

capacity.       

Lastly, we predict that the increase in mature dendritic cells in the SP-A null 

mediastinal lymph nodes after infection would result in an enhanced adaptive immune 

response.  Therefore, we plan to test whether the SP-A null mice will have more 

activated T and B cells in the mediastinal lymph nodes than wild-type animals after 

infection with M. pneumoniae.  A time course study will be performed to determine the 

peak of the adaptive immune response to M. pneumoniae infection.  Activated T cells and 

B cells from isolated mediastinal lymph nodes will be examined by flow cytometry and 

staining for the activation marker CD69 and the T cell receptor CD3 or the B cell marker 

B220.  Serum will also be collected and analyzed for M. pneumoniae-specific antibody 

production by ELISA using plate-bound M. pneumonaie sonicate and biotinylated anti-

murine IgG followed by streptavidin-conjugated peroxidase for detection (Higgins et al. 

2006).  We predict that compared to infected wild-types, the infected SP-A null mice will 

have more T and B cells in the lymph nodes that are CD69-positive, indicating that they 

are activated.  We also expect that the infected SP-A null mice will have a greater level of 

M. pneumoniae-specific antibodies in their serum.  
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7.4  Conclusion 

 

In summary, our studies illustrate some of the host defense specializations 

present in the lungs.  We demonstrated that the alveolar epithelial type II cell and its 

secretory product, surfactant protein A, function in regulating adaptive immune 

responses in the lung as one of their many roles in maintaining efficient alveolar operation 

and homeostasis. Type II cells and SP-A were shown to regulate or suppress the immune 

cells responsible for the initiation of adaptive immune responses in the lungs.  The lung 

necessitates stringent modulation and suppression of immune responses due to its role in 

gas exchange and its exposure to environmental antigens.  Disruption of the mechanisms 

regulating immunity in the lungs may result in disease. Therefore, studying how type II 

cells and SP-A modulate and participate in host defense in the lungs may lead to a better 

understanding of the cause or predisposition to pulmonary inflammatory diseases, such 

as allergies or asthma, and aid in the potential development of therapeutics for these 

respiratory ailments.  
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