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ABSTRACT 
This thesis focuses on inflammatory responses in the airways of sarcoidosis patients. 
Sarcoidosis is a T helper 1-mediated inflammatory disease with unknown aetiology. 
HLA-DRB1*0301pos sarcoidosis patients often present with an acute form of disease, 
i.e. Löfgren’s syndrome, usually with a very good prognosis. These patients also have 
expansions of CD4+ T cells expressing the T cell receptor AV2S3 gene segment in their 
lungs. The overall aim of these studies was to investigate the inflammatory and im-
mune regulatory responses in sarcoidosis and in specific subgroups of patients, com-
pared to healthy controls. 
 
The cytokine profile in bronchoalveolar lavage fluid (BALF) of patients revealed that 
the levels of mRNA and protein expression of pro-inflammatory and Th1 associated 
cytokines were in general increased in sarcoidosis patients compared to healthy indi-
viduals. In particular, HLA-DRB1*0301neg patients expressed significantly increased 
levels of pro-inflammatory and Th1 associated cytokines in their lungs as compared to 
HLA-DRB1*0301pos patients and controls. A tendency to a higher expression of TGF-
β1 was seen in DRB1*0301pos patients. 
The study of BALF CD4+ T cells in patients revealed decreased mRNA levels of the T 
regulatory cell-specific transcription factor, FOXP3, and of regulatory associated genes 
IL-10 and CCR2. Furthermore, at the protein level reduced frequencies of FOXP3-
expressing BALF and blood CD4+ T cells were observed in patients. The mean fluores-
cence intensity of FOXP3 expression in BALF FOXP3+ CD4+ cells of patients was also 
reduced. AV2S3+ CD4+ T cells expressed significantly reduced levels of FOXP3 and 
CCR2 compared to the other BALF CD4+ T cells. We did not find any differences in 
the expression of CCR2, FOXP3, IL-10 and TGF-β1 between patient subgroups. 
Sarcoidosis patients expressed decreased levels of T-cell immunoglobulin and mucin 
domain (TIM)-3 mRNA in their BALF CD4+ T cells, as compared to healthy subjects, 
while IL-2 expression was increased in patients. TIM molecules have been suggested to 
be important regulators of immune functions. In addition, our data revealed an in-
creased mRNA level of IFN-γ in non-Löfgren’s patients as compared to Löfgren’s pa-
tients, while the mRNA level of TIM-1 was decreased.  
Analyzing alveolar macrophages, we detected a significantly lower expression of TLR2 
in patients, in particular patients with Löfgren’s syndrome. We also observed that the 
gene expression of fibrosis-associated CCL18 was higher in patients compared to con-
trols. There was a tendency to higher IL-23 levels in cultured BALF cells of patients, 
but upon LPS-stimulation it was markedly more upregulated in healthy controls. 
 
In conclusion, the reduced immune regulatory response in the lungs of sarcoidosis pa-
tients may result in an uncontrolled inflammation particularly in non-Löfgren’s pa-
tients, contributing to the pathogenesis of this disease. AV2S3+ T cells in the lungs of 
Löfgren’s patients seem to have an effector function and may contribute to the eradica-
tion of a postulated sarcoidosis antigen. 
 
Key words: sarcoidosis, Löfgren’s syndrome, cytokine, regulatory T cell, TIM mole-
cule, TLR 
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1 INTRODUCTION 
Inflammation is a defensive mechanism by the organism in order to remove invading 
pathogens as well as to make the first move of the healing process for the tissue. An 
acute inflammation presents a short-lived process with complete resolution, while a 
chronic inflammation is defined as a long-lasting phenomenon associated with tissue 
damage. The current thesis focuses on the difference in inflammatory response in the 
airways of clinically and genetically distinct subgroups of patients with pulmonary sar-
coidosis.  
 
1.1 THE IMMUNE SYSTEM  

 
The immune system works throughout the body. It is, however, made of many cell 
types depending on each other that protect the body from bacterial, parasitic, fungal, 
viral infections and from growth of tumour cells. The job is done by two different parts 
of the immune system, innate and adaptive immunity. These two parts are not isolated 
and they are constantly interacting with each other. The less specific part, innate immu-
nity provides the first line of defence against the pathogen. The specific part, adaptive 
immunity, takes over when antigen-specific lymphocytes have had time to proliferate 
(1). 
 
 
1.1.1 Innate immunity 

Innate immunity is activated very quickly after infection. Anatomic and physical barri-
ers like skin and body temperature play an important role by inhibiting the entry and 
growth of microorganisms. Body secretions, such as stomach acid, bile salts, tears and 
urine, also contain proteins and peptides that inhibit or destroy invading microorgan-
isms (2). When these nonspecific barriers are broken, the cells of the immune system 
begin with a series of responses, resulting in an inflammatory response. The character-
istics of inflammation are elevated temperature, redness, swelling and pain, because of 
vasodilatation and increased permeability. Cells of the innate immune system are 
phagocytic cells (neutrophils, monocytes and macrophages), natural killer (NK) cells 
and cells that release inflammatory mediators (basophils, eosinophils and mast cells). In 
addition, dendritic cells (DCs) are also a part of innate immunity; they are specialized 
to take up antigen and present it for recognition by T lymphocytes.  
The way that the innate immune system recognizes “foreign” is depending on recogni-
tion of common structures of microorganisms and in that respect the role of pattern rec-
ognition receptors (PRRs) is now well studied (1). The discrimination between “self” 
and “nonself” by PRRs through detection of pathogen molecules is a key mechanism of 
the immune system response.  
 

1.1.1.1 Pattern recognition receptors 

Toll-like receptors (TLRs) are a family of pattern recognition receptors (PRRs) and 
were first identified in the fruit fly, Drosophila, as type I transmembrane proteins. By 
now, about 15 mammalian TLRs have been described (3, 4). For example, TLR4 rec-
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ognizes lipopolysaccharide (LPS), a common constituent of the cell wall of gram-
negative bacteria and TLR2 recognises e.g. peptidoglycan, a common constituent of 
gram-positive cell walls, both of which are critical for the innate immune response 
against bacterial invasion. Other receptors like TLR3, TLR7 and TLR8 recognize nu-
cleic acids produced during viral infection (5, 6). TLR9 recognizes unmethylated CPG-
containing bacterial DNA (6). Unlike TLR2, 4, 5 and 6, which are expressed on the cell 
surface, TLR3, 7, 8 and 9 reside in endosomal compartments (7).  
 
Nucleotide-binding oligomerization domain receptors (NODs) are other pattern recog-
nition receptors that are expressed by antigen presenting cells. NODs are a family of 
intracellular receptors and recognize breakdown products of bacteria (3). Ligand  rec-
ognition by TLRs and NODs activates DCs and other antigen presenting cells to secrete 
proinflammatory cytokines and, through stimulation of DCs,  influence the differentia-
tion of CD4+ T cells and in that way the adaptive immune system (3, 8).  The adaptive 
immunity gives a well-organized immune response through the use of specificity and 
long-term protective immunity. 
 
1.1.2 Adaptive immunity 

When the pathogen breaks through the innate immune defence barriers, the adaptive 
immune system will take over. Adaptive immunity or antigen specific defence mecha-
nisms are developed after several days.  It has two key features; specificity and mem-
ory. The specificity describes that the adaptive immune system can differentiate be-
tween antigens and is capable of recognizing different structures on foreign antigen. 
When a naive lymphocyte has been activated, it goes through clonal expansion and dif-
ferentiation into an effector cell. Once antigen is removed, most of the antigen specific 
cells undergo apoptosis. However, some persist even after elimination of antigen and 
guarantees a more rapid and effective response on the next encounter with the antigen. 
This characteristic is called memory (1). The cells which are responsible for these skills 
are B and T lymphocytes.  
 
 
1.1.3 Antigen presentation 

In adaptive immunity, antigens are recognized by two different sets of receptor mole-
cules, either by BCRs and antibodies or by TCRs. Unlike antibodies and BCRs that 
recognize and bind to the intact antigen, TCRs recognize only antigenic peptides bound 
to the major histocompatibility complex (MHC) molecules. MHC is a set of glycopro-
tein molecules that present the processed antigens for T lymphocyte recognition. In 
humans, MHC is called human leukocyte antigen (HLA) and is located on chromosome 
6, containing more than 200 genes. There are three main class I genes encoding for the 
α chains of HLA-A, -B and –C. The HLA class II region includes three pairs of genes 
for α and β chains of HLA-DR, -DP and –DQ.  
 
The MHC class I molecule is a heterodimer, consisting of two polypeptide chains; the 
α-chain and β2-microglobulin. These two chains are bound to each other noncovalently, 
but only the α- chain spans the membrane and forms with two of three domains the 
peptide-binding cleft. MHC class I molecules are expressed on all nucleated cells and 
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present small newly synthesized peptides, usually 8-10 amino acids long, from the en-
doplasmic reticulum (ER) or cytosol. The MHC-peptide binding happens in the ER and 
then the complex leaves ER and through the Golgi apparatus is transported to the cell 
surface. At the cell surface the complex of MHC-class I and peptide is presented to 
CD8+ cytotoxic T cells. 
  
The MHC class II molecule consists of an α chain and a β chain that are noncovalently 
bound to each other; both span the membrane and form the peptide-binding cleft. MHC 
class II molecules are expressed by antigen presenting cells (APCs) i.e. DCs, macro-
phages and B cells and thymic stromal cells and present peptides usually longer than 13 
amino acids. These cells express constitutively MHC class II molecules but MHC class 
II molecules can also be induced on many cell types by cytokines, especially interferon 
(IFN)-γ. MHC class II molecules are not able to bind peptides in the ER. The binding 
of invariant chain to the groove of newly synthesized MHC class II molecule blocks the 
binding of peptides before this molecule arrives to the acidified endocytotic vesicles. In 
endosomes, the invariant chain is released and allows the antigenic peptides to bind. 
The MHC class II molecule then travels to the cell surface and presents the peptide in 
the form of a MHC II: peptide complex to CD4+ T helper cells (1). 
MHC molecules are highly polymorphic in humans and the sites of major polymor-
phism are located in the peptide-binding cleft, which determines antigen recognition by 
T cells. The interaction of T cells with MHC molecules and the antigenic peptides is the 
beginning of a series of immune responses. 
 
 

 
1.2 CELLS OF THE IMMUNE SYSTEM 

 
1.2.1 Dendritic cells 

Dendritic cells (DC) are central cells of the immune system, connecting the innate and 
adaptive immunity. The immature DCs carry receptors including Toll-like receptors 
(TLRs), which recognize common structures of many pathogens (9). They reside in the 
periphery where they are immature cells and take up antigens. Upon activation, they 
mature and travel to neighbouring lymphnodes, where they present the antigen to T 
cells. Activated DCs secrete cytokines that influence both innate and adaptive immune 
responses.  
 
 
1.2.2 Mononuclear phagocytes (monocytes/macrophages) 

Monocytes and macrophages are the basic cell types of the mononuclear phagocytes. 
Macrophages are the mature form of monocytes, which circulate in the blood and dif-
ferentiate into macrophages upon migration from the blood to the tissues. Macro-
phages are distributed generally in the body tissues including macrophages in connec-
tive tissue (histiocytes), liver (Kupffer's cells) and lung (alveolar macrophages); 
therefore they can provide an immediate defence against foreign antigens before leu-
kocyte immigration (1). Macrophages play an important role in inflammatory proc-
esses e.g. through the expression of chemokines which induces chemotaxis of distinct 
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cell types. In response to cytokines and microbial products, macrophages differ in re-
ceptor expression and effector function, as many refer to polarized macrophages, M1 
and M2 cells. Classically activated M1 macrophages are induced by IFNγ, TNF-α 
and microbial stimuli (e.g., LPS). In contrast, IL-4 and IL-13 induce an alternative 
M2 form of macrophage activation (10).  

 
1.2.3 Lymphocytes 
1.2.3.1 Natural killer (NK) cells 

NK cells make up a major population of lymphocytes and are designed to kill certain 
abnormal cells like tumour cells and virus-infected cells without antigen presentation or 
MHC restriction (11). In humans, NK cells are identified by the absence of CD3 and 
surface expression of CD56 and CD16. NK cells differ from other lymphocytes, by 
lacking antigen specific receptors, but can kill their target by different mechanisms 
(12). They can use the perforin/granzyme-containing granule exocytosis pathway or the 
death receptor ligand pathway. Mature NK cells produce effector molecules like IFN-γ, 
which acts against tumors. NK cells also mediate antibody-dependent cell-mediated 
cytotoxicity (ADCC) by expressing Fc receptors for IgG. When the antibody binds to 
the antigen, the Fc portion of the antibody binds to Fcγ receptors on NK cells, leading 
to NK cell activation and destruction of target cells. Normally, NK cells are prevented 
from killing host cells through expression of inhibitory receptors, which are specific for 
MHC class I alleles. The expression of MHC class I on cells may be reduced upon viral 
infection or tumour transformation. Then, NK cells can recognize and kill cells that 
lack or express low levels of MHC class I (13). 
 
  
1.2.3.2 B cells 

The humoral immune response protects the extracellular spaces of our body, where an-
tibodies produced by B cells cause the destruction of extracellular microorganisms and 
inhibit the spreading of intracellular infections. The surface antibody that serves as the 
B-cell antigen receptor (BCR) has two roles in B-cell activation. First, when BCR binds 
antigen, it transmits signals directly to the cell. Then the BCR delivers the antigen to 
intracellular sites, processes and presents it to the T cells as peptide bound to MHC 
class II molecules. The first expressed BCR is a membrane bound form of IgM anti-
body, but after activation, B cells go through immunoglobulin (Ig) class switching to a 
more effector specialized one, such as IgG (important neutralizing antibody), IgA (im-
portant for mucosal defence) or IgE (important in allergic response). B cells also differ-
entiate into plasma cells, which will continue to secrete lots of Igs. The antibodies can 
destroy microorganisms through neutralization, opsonisation or activation of the com-
plement system.  
 

1.2.3.3 T cells 

T cells like B cells originate in bone marrow, but their development is completed in the 
thymus. The first event in the thymus that T cells go through is the T cell receptor gene 
rearrangement. Each receptor is a heterodimer, which is consisting of two different 
polypeptide chains, α and β. Both TCR chains are made of one variable (V) and one 
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constant (C) region. The variable region forms the site for antigen recognition, which is 
created through rearrangement of V and J (joining) gene segments in TCRα, and V, J 
and D (diversity) segments in TCRβ. T cells are programmed to rearrange first the 
TCRβ and then the rearrangement process proceeds with TCRα. At this stage, T cells 
express both CD4 and CD8 molecules and are therefore called “double positive”.  
Upon expression of mature TCRs, the double positive T cells go through two selective 
steps. The first step is the positive selection of T cells that have a moderate affinity to 
MHC molecules. In the next step, i.e. the negative selection, those T cell clones that 
have high affinity for self antigens are deleted through apoptosis. Of all double positive 
T cells, only 2% survive the positive and negative selections. Each T cell carries around 
3000 identical antigen receptor molecules on its surface (14). T cells with γδ TCRs are 
a minor population of peripheral T cells, which do not need antigen processing by 
APCs and presentation by MHC molecules to become activated.  
There are two major types of α:β T cells; CD4+ T helper (Th) cells CD8+ cytotoxic T 
cells (1). 
  
 

1.2.3.3.1 CD4+ T helper cells  

Our body can be protected from infectious disease if the correct set of immune re-
sponses is induced. CD4+ T cells play an important role in eliminating microbes by 
producing cytokines, which can regulate the immune response of other cells, like anti-
body production by B cells and phagocytosis by macrophages (15, 16).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure1. Generation and trafficking of effector CD4+ T cells. DC; dendritic cell 
(Adopted from McLachlan et al. with minor modifications (17)). 

 
 
Those CD4+ T cells that have passed selection in the thymus and travelled to the secon-
dary lymphoid organs are called naïve T cells, which is before they meet the peptide-
MHC II ligand. These cells enter the lymph node; interact with DCs, and search for the 
relevant antigen-MHC II ligand.  DCs can either pick up an antigen in the lymph node 
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or have picked up the antigen at the site of antigen exposure.  Those CD4+ T cells that 
encounter the antigen go through clonal expansion and leave the lymph node into the 
circulation, and travel to the original site of antigen exposure. In inflamed tissue, anti-
gen specific T cells encounter the antigen in the context of MHCII molecules e.g. on 
macrophages, resulting in the persistence of T cells in the inflamed tissue (Fig. 1) (17).  
 
The activated CD4+ T cells differentiate into two distinct populations defind by the cy-
tokines they produce, Th1 or Th2 types (18). Th1 cells have an important role in the 
cellular immunity, mainly against intracellular pathogens, whereas Th2 cells induce 
humoral immunity, against extracellular pathogens such as parasites. IL-12 production 
by DCs promotes T cells to differentiate into the Th1 type. Th1 cells produce IFN-γ and 
thereby activate macrophages. In the absence of IL-12, naive T cells produce IL-4, 
promoting Th2 differentiation. Th2 cells produce IL-4, IL-5 and IL-13, activating mast 
cells and eosinophils and inducing B cells to produce IgE antibodies (1).  Th2 cells 
have important roles in inducing immune response in allergic reactions. 
 
 

1.2.3.3.1.1 TH-17 CELLS 
Recently, another CD4+ T cell subpopulation was described, which is Th17 cells (19).  
These cells produce IL-17, a cytokine that induces the production of chemokines and 
antimicrobial peptides by tissue cells, leading to the recruitment of neutrophils and in-
flammation (20). In addition to defence mechanisms against certain extracellular bacte-
ria, Th17 cells have been linked to the pathogenesis of several inflammatory and auto-
immune diseases (19), such as systemic lupus erythematosus and collagen induced ar-
thritis (21, 22). IL-23 is shown to be a requirement for IL-17 mediated effector function 
(23) but not for differentiation of Th17 cells (24). Studies in mice indicated that the dif-
ferentiation of Th17 cells requires TGF-β and IL-6 (24-26), while in humans, Th17 po-
larization was induced by IL-1β and IL-6, but not TGF-β (27) 
 

1.2.3.3.1.2 REGULATORY T CELLS 
The majority of self-reactive T cells are destroyed in the thymus to prevent autoim-
mune reactions in the periphery. However, some of them may leave the thymus, but 
there are some mechanisms to regulate these cells in the periphery. Regulatory T cells 
mediate peripheral tolerance and control the adaptive immune responses that may cause 
damage to self tissues (28).  
 
Natural regulatory T cells (nTreg) develop during the normal process of maturation in 
the thymus and express TCRs which are specific for self antigens (29, 30). These cells 
represent 5-10% of CD4+ T cells in healthy individuals (31), proliferate poorly to anti-
genic stimulation and do not express the key cytokines, such as IL-2 and interferon 
gamma (IFN-γ) in response to antigen. nTregs are identified through the surface ex-
pression of CD4, high level of interleukin (IL)-2 receptor (CD25), glucocorticoid-
induced tumor necrosis factor receptor (GITR) (32) and cytotoxic T lymphocyte anti-
gen-4 (CTLA-4) (33). A recent investigation has shown that co-expression of CD25 
and CD27 could identify nTregs (34), while others suggested that the expression of 
CD103 (35) or the low expression of CD127 (IL-7R) on CD4+CD25+ cells may allow 
identification of nTreg cells (36, 37). However, the identification of transcription factor 
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forkhead boxp3 (FOXP3) as a Treg specific factor finally provided a useful marker for 
the study of Treg in mice and humans (38-40). FOXP3 is exclusively found in 
CD4+CD25+ cells and correlates with the suppressive activity of these cells. In humans, 
a mutation in FOXP3 results in the disease IPEX (immunodysregulation, polyendocri-
nopathy, enteropathy, X-linked) which is a rare and severe autoimmune disorder (41, 
42).  
Four basic mechanisms of Treg cell function have been suggested; suppression by the 
inhibitory cytokines IL-10, IL-35 and TGF-β (43-46), suppression by cytolysis through 
secretion of granzymes (47), suppression through the high expression of CD25 which 
allows Tregs to use IL-2 so that the dividing effector T cells  starve (48, 49), and sup-
pression through inducing DCs to produce immuno-regulatory molecules like in-
doleamine 2,3-dioxygenase (IDO) (Fig. 2) (50, 51). 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 2. Basic mechanisms used by Treg cells. a) Through expression of inhibitory cytokines IL-10, IL-35 and TGF-β. b) Through 
cytolysis, including granzymes and perforin-dependent killing mechanisms. c) Through metabolic disruption by expression of 
CD25. d) And modulation of dendritic cells maturation and function. Adopted fromVignali et al. (52). 

 
 
Other T cells with regulatory functions are those called inducible regulatory T cells 
which are induced in response to infectious challenge in the periphery, and they may or 
may not express FOXP3 (53). These cells include T helper 3 (Th3) cells, which origi-
nate from conventional CD4+ T cells, and regulatory T cells type 1 (Tr1 cells), derived 
from CD4+ precursor cells (54-56). Th3 cells are induced by oral antigen and mediate 
their suppressive effect by secretion of transforming growth factor (TGF)-β. Tr1 cells 
can be produced by chronic activation of CD4+ cells in the presence of IL-10; they pro-
duce large amounts of IL-10 to prevent development of autoimmune diseases (Fig. 3).                          
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1.2.3.3.2 CD8+cytotoxic T cells 

CD8+ cytotoxic T lymphocytes (CTLs) provide defence against virus infection and in-
tracellular pathogens. They kill target cells that present peptide fragments of cytosolic 
pathogens, bound to MHC class I molecules at their surface. After clonal expansion of 
activated CTLs, they lyse the target cells by releasing cytotoxic molecules, forming 
pores in the cell membrane and thereby inducing cell death. Granzymes, perforin and 
cathepsins are the most commonly found proteins in CTL granules. CTLs also express 
Fas ligand which can bind Fas on target cells and induce apoptosis. CTLs can also 
through the expression of cytokines such as IFN-γ, tumor necrosis factor (TNF)-α and 
TNF-β contribute to host defence against viral infection (1).  
 
 

1.2.3.4 Cytokines 

Cytokines are a group of signalling proteins that are used in cellular communication. 
The cytokine family consists mainly of short-lived, water-soluble proteins and glyco-
proteins with a low-molecular weight between 8 and 30 kDa. Cytokines count as im-
portant mediators in both innate and adaptive immune responses. The secretion of 
cytokines by immune cells activates and recruits more immune cells and increase the 
immune response to the pathogen (57). The binding of each cytokine to its receptor 
leads to intracellular signalling and alteration in cell functions, including the upregu-
lation and/or downregulation of several genes and their transcription factors. This 
may result in the production of other cytokines and surface receptors for other mole-
cules. Cytokines may have different effects on target cells, or some of them may 
show similar functions. Over a hundred cytokines have been discovered, which may 
act locally or systemically.  

 
 

1.2.3.5 Th1/Th2 paradigm 

Since the 1980s, the Th1/Th2 dichotomy has been considered the basis of T cell im-
mune responses (18). Initially it was thought that immune responses to infecting organ-
isms could be grouped as either a Th1 or a Th2 response. Then it became clear that in 
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many cases a balance of these two types of T-cell responses was actually required to 
eliminate infection, as seen in the murine experimental Leishmaniasis model (58).  
 
CD4+ T-cells have been divided into two subsets (Th1 and Th2) according to the cyto-
kines they produce. Th1 cytokines include IL-2, IFNγ and lymphotoxin-α (LT-α), in-
ducing cell-mediated immune responses, which are needed to resolve bacterial, viral 
and protozoal infections. Th1 cells are associated with inflammation and tissue injury 
(18). Th2 cytokines include IL-4, IL-5, IL-6, IL-10 and IL-13, induce humoral immu-
nity and antibody responses (18). The Th1 pathway activates macrophages, NK cells, 
cytotoxic T cells and a prolonged inflammatory response, while the Th2 pathway with 
production of IL-4 and IL-6 supports B cell growth (59-61). 
  
The factors that play a role in naїve (Th0) CD4+ cell differentiation include the nature 
of the antigen and the dose of the antigen. But the most important factor is the cytokine 
milieu in which antigen presentation occurs. The early presence of IL-12 and IFN-
γ favour Th1 differentiation whereas IL-4 induce Th2 development (18, 60, 61). 
 
1.2.3.6 Pro- and anti- inflammatory cytokines 

Pro-inflammatory cytokines such as TNF-α, IL-1and IL-6 promote inflammation and 
tissue destruction, while others termed anti-inflammatory cytokines suppress the activ-
ity of pro-inflammatory cytokines (62). TNF-α is produced mostly by monocytes and 
macrophages in response to for example lipopolysacharide (LPS, bacterial endotoxin) 
and other cytokines (IL-1, IL-2, IFN-γ) (63). The expression of TNF-α could be tran-
scriptionally down-regulated by the anti-inflammatory cytokine IL-10 or corticosteroids 
(64). TNF-α can activate vascular endothelium and stimulate the inflammatory cascade  
through induction of other pro-inflammatory cytokines, such as IL-1 and inflammatory 
mediators such as prostaglandins (57). 
IL-1 is a pro-inflammatory cytokine produced by monocytes and macrophages and in-
duced by bacterial products and other inflammatory stimuli such as complement factors 
and TNF-α. IL-1 activates vascular endothelium, lymphocytes and macrophages. The 
IL-1 cytokine family has three members; IL-1α, IL-1β and the specific receptor an-
tagonist IL-1Ra. The other pro-inflammatory cytokine is IL-6, which is produced by 
different cell types and also promotes B cell growth (57). Recent data indicate that IL-
1β an IL-6 could have a role in Th17 cell differentiation in humans (27).  
Anti-inflammatory cytokines IL-10 and TGF-β are both secreted by T cells, having an 
important role in suppressing pro-inflammatory cytokines. IL-10 is also produced by 
monocytes/macrophages and down-regulates the expression of MHC class II and co-
stimulatory molecules on macrophages. It is reported that TGF-β may execute its in-
hibitory effect through the induction of IL-1Ra, the natural antagonist of IL-1 (65). 
 
 
1.2.4 T cell immunoglobulin and mucin domain (TIM) family 

Molecules of the T cell immunoglobulin-mucin (TIM) family are thought to be in-
volved in the regulation of immune responses (66-69). These molecules are transmem-
brane cell surface glycoproteins with common structural patterns, including a signal 
peptide, an IgV domain and a mucin like domain in their extracellular region, as well as 
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transmembrane and intracellular cytoplasmic domains (Fig. 4). The TIM gene family 
includes eight genes on mouse chromosome 11B1.1 and three genes on human chro-
mosome 5q33.2. The three human genes TIM-1, TIM-3 and TIM-4 are similar to 
mouse corresponding genes (68). Unlike TIM-1, 2 and 3, TIM-4 lacks the signalling 
intracellular tyrosine phosphorylation motif.  
 

 
Figure 4. The TIM family (adopted from Meyers et al. (69)). 

 
 TIM-3 and TIM-1 are differentially expressed by Th1 and Th2 cells, respectively (66, 
69). TIM-1 was originally identified on human kidney and liver cells (70) and also de-
scribed as the hepatitis A virus receptor (71). There is evidence that TIM-1 is expressed 
at low levels on naïve CD4+ T cells, CD19+ B cells and CD11c+ DCs. Upon activation, 
the expression of TIM-1 is increased on T cells, but its expression is decreased on Th1 
cells during the process of differentiation, while Th2 cells continue to express TIM-1 
(72). Genetic polymorphisms in human TIM-1 have been associated with atopy, astma 
and rheumatoid arthritis (RA) (73, 74). TIM-4, which is not expressed by T cells but by 
antigen presenting cells, serves as the natural ligand for TIM-1 (75). Data shows that 
TIM-1 functions as co-stimulatory molecule for T cell activation and proliferation of 
CD4+ T cells (72). 
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Kuchroo’s laboratory was first to identify TIM-3 expression on differentiated Th1 cells 
(76). Subsequent functional studies indicated that blockage of the TIM-3 pathway ac-
celerated Th1- mediated autoimmunity and prevented induction of immunological tol-
erance (76-78). Galectin-9 (gal-9) was identified as the natural ligand for TIM-3, and it 
is upregulated through IFN-γ induction (79). Its interaction with TIM-3 on Th1 cells 
causes calcium influx, cell aggregation and cell death (80). In addition, accumulating 
data indicate that the TIM-3-gal-9 pathway serves to dampen Th1 responses by elimi-
nating effector Th1 cells. Andersson et al. suggested that in diseases such as multiple 
sclerosis (MS), the inability to up-regulate TIM-3 on Th1 cells (81), might allow Th1 
cells to escape galectin-9 induced cell death (Fig. 5) (82).  
A reduced expression of TIM-3 was suggested to contribute to inflammation in chronic 
disease states as it was reported that highly pathogenic Th17 T cells, express lower lev-
els of TIM-3 compared to Th1 cells (83). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                     

 

Figure 5. TIM-3 mediated regulation of Th1 immunity, in healthy and 
     in disease states, such as MS. Adopted from Anderson  et al.(82) with minor modifications. 

 
In addition to its expression in T cells, further investigations have shown that TIM-3 is 
constitutively expressed on mouse and human dendritic cells (DCs), and that it can syn-
ergize with Toll-like receptors (84). TIM-3 also has been found on cytotoxic CD8+T 
cells, Th17 cells, Tregs, monocytes and mast cells (76, 84-87). Thus, TIM-3 can both 
promote inflammation and terminate Th1 responses by its differential expression on 
cells of the innate and adaptive immune system. The importance of the TIM family in 
regulation of immune function is under intensive investigation. 
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1.3 THE LUNGS 

 
Main functions for the respiratory system are; air transfer, air filtration and gas ex-
change in the alveoli where oxygen is transferred to the blood and carbon dioxide is 
removed from the blood. Through the nose, pharynx and larynx the airways reach to 
the trachea. At the end of trachea, it divides into two stem bronchus that head into the 
respective lung. Each bronchus is then divided into bronchi, bronchioles and at the end 
into alveoli.   

 

 
                                                                  Figure 6. The human lungs 

 
1.3.1 The lung immunity 

The inspiration can supply the body with the oxygen, but at the same time with parti-
cles and microorganisms. Anatomical barriers, such as the cough reflex and mucus pro-
tect the lungs. Mucus is secreted from epithelial cells and glands and acts as a barrier 
for bacteria (88). Secretory immunoglobulin A (IgA)  is also released by epithelial cells 
and it neutralises toxins and viruses and blocks the entry of bacteria across the epithe-
lium (89). Upon bacterial stimuli, epithelial cells, through releasing chemokines like 
IL-8, recruit inflammatory cells to the airways (90). Epithelial cells can also up-regulate 
adhesion molecules, allowing the adhesion of neutrophils and mononuclear cells to the 
inflamed area. (91). In addition, DCs which are lying within the membrane in a resting 
state, matur upon inflammatory stimuli and migrate to the hilar lymph nodes, where 
they interact with naïve T cells and activate them (92). 
 
 
1.3.2 Interstitial Lung Diseases 

Interstitial lung diseases (ILDs), a heterogeneous group of parenchymal lung disorders 
(93), can be grouped into those with known and unknown causes. ILDs are differenti-
ated by infiltration of cellular or noncellular material into the lung parenchyma (94). 
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The major effect of ILDs is disturbed gas exchange. Inhaled organic and inorganic sub-
stances, drugs and radiation are some of the known causes of ILDs. Idiopathic pulmo-
nary fibrosis (IPF) and sarcoidosis count as ILDs where the causes are still unknown. 
Thus, when no cause can be identified for the ILD, a lung biopsy is often taken. The 
histological finding  is then correlated with the clinical data and chest radiography (95).  
 
 
1.3.3 Bronchoalveolar Lavage (BAL) 

The development of flexible bronchoscopy and the usage of bronchoalveolar lavage 
(BAL) have improved the diagnostic accuracy of diffuse lung diseases. It is safe, mini-
mally invasive, and associated with almost no morbidity. The use of bronchoscopy and 
BAL has made it possible to study cells from the site of inflammation. BAL is consid-
ered helpful in strengthening the diagnosis in patients with sarcoidosis especially in the 
absence of a positive biopsy (96). The results of BAL cell differentials show a mix of 
cellular patterns, some times dominated by lymphocytes, neutrophils or eosinophils, 
which can contribute to diagnosis (97). The BAL fluid also includes soluble compo-
nents such as immunoglobulins, proteases and antiproteases, angiotensin-converting 
enzyme, antioxidants, oxidants, lipid mediators and cytokines (98).  
  
 
1.3.4 Cells of BAL 
1.3.4.1 Alveolar macrophages (AMs) 

Alveolar macrophages (AMs) through their phagocytic function provide an early de-
fence against pathogens or particles in the lower airways (99). These phagocytic cells 
can either neutralize pathogens and/ or recruit neutrophils and other mononuclear cells 
to the airways. AMs interact with pathogens through PRRs such as TLRs. The activity 
of TLRs cause activation of several signalling pathways, leading to release of e.g. IL-12 
and Th1 differentiation (6, 100). AMs initiate lung inflammation via secreting pro-
inflammatory cytokines like IL-1β, Il-6 and TNF-α, resulting in inflammatory cascades 
in the alveolar spaces, expression of adhesion molecules on endothelial cells and the 
release of chemokines. The secretion of cytokines such as IL-8 by macrophages con-
tribute to the alveolitis in the lungs (101). In addition, these cells  also have antibacte-
rial activities and  through production of lysozymes or defensins can attack microbial 
agents (102). 
  
 

1.3.4.2 Lymphocytes 

About 10% of BAL cells in healthy individuals are lymphocytes including CD4+ and 
CD8+ T cells, with a CD4 to CD8 T cell ratio of 1.5-2.0, which is similar to that in 
blood.  Around 10-15% of alveolar lymphocytes are NK cells and 5% are B cells. 
There are some differences in the phenotype and function of lymphocytes in the alveo-
lar spaces, compared to those in the peripheral blood. For example, most T cells have 
an increased expression of activation markers and a memory phenotype in the alveoli 
(103). 
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1.3.4.3 Neutrophils 

In healthy non-smoking individuals, neutrophils represent less than 2% of the cells in 
the BAL fluid. Upon bacterial infection, when AMs are unable to control infectious 
agents, neutrophils are recruited to the lungs, which are especially important in the 
acute onset of infection (104). AMs produce mediators like leukotriene B4, and 
chemokines like IL-8, to recruit neutrophils.  Once the neutrophils are activated, they 
eliminate bacterial agents by several different mechanisms, which involves phagocyto-
sis, release of oxygen radicals as well as production of anti-bacterial peptides, such as 
defensins (1).  
 
 
1.4 SARCOIDOSIS 

 
Caesar Boeck, the Norwegian dermatologist, described in the late 19th century a case 
with cutaneous lesions as “multiple benign sarcoid of the skin”, which consisted of ac-
cumulated epithelioid and giant cells. He used the term sarcoid because he thought the 
lesions were similar to sarcoma. He also described sarcoidosis as “a bacillary infectious 
disease”. Subsequently, similar changes were described in the lungs and other organs. 
In the 1940s the Norwegian Ansgar Kveim discovered the skin test, known as Kveim-
Siltzbach test, after further development by Louis Siltzbach.  This test was based on 
intradermal injection of tissue obtained from spleen or lymph nodes affected by sarcoi-
dosis. A granulomatous reaction was elicited. The Swedish pulmonary physician, Sven 
Löfgren (1910-1978) in early 50ths described an acute form of sarcoidosis with a com-
bination of fever, bilateral hilar lymphadenopathy (BHL), erythema nodosum (EN) in-
women and sometimes ankle arthritis (mostly in men). This form of the disease is 
known as Löfgren’s syndrome.   
Sarcoidosis is now considered to be a multiorgan inflammatory disease, primarily af-
fecting the lungs, but other organs including the skin, lymph nodes, eyes, heart, bone 
and central nervous system may also be involved (105). 
 
 
1.4.1 Epidemiology 

Sarcoidosis affects people throughout the world, though the incidence differs between 
populations. The disease occurs at all ages, although it usually develops in young 
adults, with the incidence peaking at 20 to 39 years (106), but is rare in childhood. One 
of the highest incidences  has been observed in Scandinavia, with a range from 5 to 40 
cases per 100,000 people (107). In Sweden, the estimated yearly incidence of sarcoido-
sis was reported to be 19 cases per 100,000 people (108). The reported incidence of sar-
coidosis varies in different parts of the world, possibly because of differences in envi-
ronmental and genetic factors (109). Sarcoidois is more common in African Americans 
than Caucasian Americans and there is also a high frequency of disease in Japan (109). 
Sarcoidosis can affect both males and females. Seasonal clustering has also been de-
scribed with a peak incidence of acute sarcoidosis in early spring (110, 111). 
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1.4.2 Aetiology 
Although there is some evidence to suggest that sarcoidosis might be caused by bacte-
rial infections such as Mycobacterium or Propionibacterium (112, 113), the aetiology is 
still unknown. A number of non-infectious agents, such as pine tree pollen (114) and 
aluminum (115) have also been suggested as possible causes of sarcoidosis, but enough 
evidence is missing (105). Differences in incidence between ethnic groups and familial 
clustering suggest that genetic factor influence the susceptibility for sarcoidosis (106, 
116). Among candidate genes in sarcoidosis are HLA molecules and cytokines (109). 
In addition, occupational studies have also indicated a positive association of metal-
working, fire fighting, and the handling of building supplies, with the incidence of sar-
coidosis (117).  
 
 
1.4.3 Clinical features 

The majority of sarcoidosis patients have a good prognosis and more than half of the 
patients have a spontaneous recovery. The other patients could develop a prolonged 
disease course and in some cases chronic progressive disease (108, 118), with symp-
toms such as  dry cough, low grade fever, fatigue, shortness of breath, weight loss and 
more pronounced chest radiographic changes. The morbidity rate is between 1-5%, 
caused by severe pulmonary complications, myocardial or central nervous system in-
volvement (105). Chronic disease course occurs more often at age onset over 40 years 
(119), black race (120) and extra pulmonary disease (121). On the other hand, the acute 
course of the disease Löfgren’s syndrome, has a good prognosis especially in patients 
that are HLA-DRB1*0301 positive (122). 
  
 
1.4.4 Diagnosis 

The diagnosis of sarcoidosis is based on clinical, radiologic,  histological and lung 
function findings (105). The histological finding of non-caseating epithelioid cell 
granulomas and exclusion of known infectious causes supports the diagnosis. A diag-
nosis of sarcoidosis in patients with Löfgren’s syndrome may be made without biopsy. 
In the absence of biopsy, a ratio between CD4+ and CD8+ T cells in BALF higher than 
3.5-4.0 and an increased serum angiotensin-converting enzyme (sACE) levels strongly 
support the diagnosis of sarcoidosis (123). 
The extent of pulmonary involvement is reflected through radiographic changes. There 
are four radiologic stages of intrathoratic changes, which are shown in table 1.  
 
              Table1. Chest radiographic staging 

Stage                            Finding 
0                                   Normal chest radiograph 
I                                    Bilateral hilar lymphadenopathy (BHL) 
II                                   BHL plus parenchymal infiltrations 
III                                 Parenchymal infiltrations (without BHL) 
IV                                 Pulmonary fibrosis 
              
Recently, the integrin CD103 has been suggested to be of value in the diagnostic 
evaluation of sarcoidosis (124), but if this marker in combination with the CD4/CD8 
ratio can provide a specific tool for discriminating sarcoidosis is still under investiga-
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tion. More recently, our group showed that increased levels of nerve growth factor 
(NGF) in BALF of sarcoidosis patients could also contribute to the diagnosis of disease 
(125). 
Pulmonary function tests are important to measure initial lung injury and a sensitive 
tool that provide a baseline for future follow-up of lung function. In case of sarcoidosis, 
pulmonary function tests often show disturbed gas exchange and reduced lung volumes 
(126). 
 
 
1.4.5 Treatment 

Since many patients with sarcoidosis recover spontaneously, treatment should usually 
be avoided. Sometimes non-steroidal anti-inflammatory drugs may be administered e.g. 
for ankle arthritis and fever. Patients with involvement of the eye, heart and central 
nervous system are however often treated already at an early stage. The treatment is 
based on suppression of the inflammatory reaction and usually long-term oral corticos-
teroids is prescribed (109). Asymptomatic patients with pulmonary involvement and 
mild disease are usually not treated, while patients with severe pulmonary dysfunction 
will be offered a trial with corticosteroids, eventually in combination with other immu-
nosuppressants, e.g. methotrexate. Treatment with corticosteroids for a longer period 
may be associated with serious side-effects. Another less harmful treatment option is 
inhaled corticosteroids (127).  The use of TNF-α inhibitors (128) is still under evalua-
tion.  
 
 
1.4.6 The granuloma formation  

One characteristic feature of sarcoidosis is the formation of noncaseating granulomas. 
The granuloma formation starts with an accumulation of activated CD4+ T cells and 
macrophages. Macrophages fuse to each other to form multinucleated giant cells and 

epithelioid cells. The release of IL-12 by macrophages and DCs direct naïve T cells to 
differentiate into Th1 phenotype.  

 

 

 

 

 

 

 

 

 

 

Figure 7. Hypothetical model of granuloma formation in sarcoidosis. Adopted from Grunewaldet al. (129), 

with minor modification. 
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The activated T cells accumulate in the lungs of patients and through production of IL-
2, IFN-γ and TNF-α contribute to granuloma formation (Fig. 7).  
The immune reactions subsequently result in the creation of the noncaseating epi-
thelioid cell granuloma. Granuloma formation is a defence mechanism by immune 
cells to protect against infectious and other harmful antigens that cannot be com-
pletely eliminated (105, 130).  
 
1.4.6.1 T cells in sarcoidosis 

CD4+ T lymphocytes are believed to play a central role in directing the immune re-
sponse in sarcoidosis (131). The accumulation of activated CD4+ T cells in the alveo-
lar space of the lungs creates a T-cell alveolitis, resulting in an increase in CD4/CD8 
ratio (123). These T cells may either be derived from the periphery and redistributed 
to the lungs, or have proliferated in the lungs. The oligoclonal expansions of T cells 
expressing specific T cell receptor (TCR) gene segments in the lung, support the idea 
that sarcoidosis is an antigen driven process (132-136). The finding by Moller et al, 
showing a restricted usage for the TCR Vβ8 gene segment of T cells obtained from 
BAL and blood in sarcoidosis (137), was confirmed by other studies showing a re-
stricted usage of TCR-Vα or Vβ segments of BAL CD4+ T cells in sarcoidosis (133-
136). A study on Scandinavian patients demonstrated that HLA-DRB1*0301-positive 
patients have remarkable expansions of CD4+ T cells using the TCR AV2S3 gene seg-
ment in their lungs  (135). The number of lung T cells expressing AV2S3 TCR corre-
lates with disease activity (138) and with a better prognosis (139). 

BALF T cells from sarcoidosis patients express activation markers to a high degree, 
such as CD69, CD25 (IL-2R) and HLA-DR, which indicate recent or continuous acti-
vation (140-142). 

Increased levels of IL-12 and IL-18 expression by alveolar macrophages seem to act 
synergistically to direct Th1 responses in sarcoidosis (143, 144) and TNF-α has been 
associated with a chronic form of disease (145). 

Chemokines of importance for the typical T cell accumulation in the lungs of sarcoido-
sis patients include monocyte inflammatory protein (MIP) 1α and 3β, monocyte 
chemoattractant protein 1 (MCP-1) and RANTES.  These chemokines have the capac-
ity to attract and immobilize T cells at the site of inflammation, and are expressed at 
high levels in patients with sarcoidosis (146, 147). As a result, T cells expressing the 
corresponding chemokine receptors, e.g. CXCR3, CCR5 and CCR7, migrate and ac-
cumulate in the lungs (148). 

 
1.4.6.2 NKT cells in sarcoidosis 

Natural killer T (NKT) cells are considered to have immunoregulatory effects. These 
cells are a subset of CD3+ T cells, express markers common to NK cells, namely CD56 
and CD16, and express T cell receptors (149). They recognize glycopeptides presented 
by CD1d molecules (150) and are capable of producing large amounts of both Th1 
(IFN-γ) and Th2 (IL-4) cytokines. NKT cells have been found at reduced levels in 
blood and BAL of sarcoidosis patients (151, 152). Interestingly, the level of NKT cells 
in the blood of Löfgren’s patients who have a good prognosis, was found to be at nor-
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mal levels (152). There are conflicting data regarding NKT cells in granulomas of pa-
tients (151, 152). 
 
 
1.4.6.3 Regulatory T cells in sarcoidosis 

A couple of studies on regulatory T cells in sarcoidosis suggested increased numbers of 
CD4+ CD25bright Treg cells in blood and BALF of sarcoidosis patients (153, 154). How-
ever, these Treg cells were found to have an anti-proliferative activity, while they were 
unable to completely down-regulate the production of inflammatory cytokines TNF-α 
and IFN-γ (153), therefore allowing granuloma formation.  
 
 
1.4.6.4 Apoptosis in sarcoidosis 

Apoptosis is an essential mechanism for normal development and tissue homeostasis in 
multicellular organisms. There are conflicting data concerning apoptotic events in sar-
coidosis. Some data indicate high expression of pro-apoptotic molecules on BAL 
macrophages and T lymphocytes (155, 156). On the other hand, BALF cells and the 
immune cells involved in the granuloma formation in sarcoidosis have shown a non-
apoptotic phenotype and seemed to be resistant to apoptosis (157, 158). Survival of 
immune cells involved in the granuloma formation goes well with a decreased apop-
totic ability that could contribute to the increased amount of cells in the lungs. 
 
 
1.4.7 Genetic basis of Löfgren’s syndrome  

Löfgren’s syndrome, often with a favourable clinical outcome, presents acute with fe-
ver, erythema nodosum (EN), bilateral hilar lymphadenopathy (BHL) and/or ankle ar-
thritis, and has been associated with distinct HLA-II genes (159, 160). The association 
of good prognosis of sarcoidosis and HLA-DR3 alleles is reported in several studies 
(159-161). British and Dutch studies have shown that DQB1*0201 (which is in close 
linkage disequilibrium with HLA-DR3) is also associated with milder disease e.g.  
Löfgren’s syndrome and strongly protective against severe sarcoidosis (162). In con-
trast, HLA-DRB1*14, HLA-DRB1*1501 and HLA-DQB1*0602 were associated with 
more severe disease (159, 163).  
There is a strong association between HLA-DRB1*0301 and expansions of CD4+ T 
cells expressing TCR AV2S3 gene segment in BALF of Scandinavian sarcoidosis pa-
tients (136, 164). These patients usually have Lögren’s syndrome.  HLA-DRB3*0101-
positive patients is another group of sarcoidosis patients with lung accumulated 
AV2S3+ T cells (165). Interestingly, the similarities between HLA-DRB3*0101 and 
HLA-DRB1*0301 suggest that these HLA-alleles can present identical antigen pep-
tides (165, 166). Sarcoidosis has also been associated with other genes than HLA-II, 
including TNF and lymphotoxin (LT). A German study indicated a higher frequency of 
HLA-DR3 and the TNF-A2 allele in German patients with Löfgren’s syndrome (167).  
Together, the good prognosis of Löfgren’s patients and the association with the expan-
sion of AV2S3+ T cells in the lungs of patients with HLA-DR3 alleles could be based 
on the peptide-binding properties of the HLA molecules of these patients.  
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2 AIMS OF THIS THESIS 
The aim of this thesis project was to study the pulmonary inflammation in relation to 
disease phenotypes in sarcoidosis, with focus on the inflammatory response in the air-
ways of patients with Löfgren’s syndrome and those patients with more severe disease. 
 
The specific aims were: 
 

I. To investigate the pattern of pro- and anti-inflammatory cytokine ex-
pression in bronchoalveolar lavage cells and fluid from sarcoidosis 
patients and healthy individuals. Furthermore, to investigate possible 
differences in cytokine expression in the lungs of patient subgroups. 

 
 
II. To study whether the airway inflammation was associated with altera-

tions of regulatory T cells in the lungs of patients. 
 
 
III. To further investigate other aspects of immune functions, and their 

role in the disease course in patient subgroups, e.g. TLR expression, 
macrophage polarization and T-cell expression of TIM molecules. 
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3 METHODS 
 
3.1 SUBJECTS AND CELLS  

All the experimental work was performed on human immune cells. The patients, who 
participated in the studies, were diagnosed with active pulmonary sarcoidosis. Disease 
activity was assessed on the basis of symptoms, chest radiography and pulmonary func-
tion tests, using the criteria by the World Association of Sarcoidosis and Other Granu-
lomatous disorders (WASOG) (105). The total BALF cells were obtained by bron-
choalveolar lavage (BAL) (paper I-IV), and BALF CD4+ T cells (paper II and III) as 
well as BALF macrophages (paper IV) were sorted by means of flow cytometry.  
In case of Löfgren’s patients, BAL samples were usually obtained within 3 months af-
ter disease onset. All patients were non-smokers and none of them was treated with cor-
ticosteroids at the time of the BAL. Healthy individuals included in these studies were 
all non-smokers, had normal chest radiographs and no signs of any disease. All subjects 
had given their informed consent and the local ethics committee approved the studies. 
 
 
3.2 BRONCHOALVEOLAR LAVAGE (BAL) 

Fibreoptic bronchoscopy was performed under local anaesthesia on patients and 
healthy subjects. A flexible fiberoptic bronchoscope was passed transorally and wedged 
into the middle-lobe bronchus and sterile phosphate-buffered saline (PBS) solution at 
37˚C was instilled in five aliquots of 50 ml. After each instillation the BALF was gently 
aspirated and collected in a siliconized plastic bottle that was kept on ice (168). 
The BAL fluid was strained through a Dacron net (Millipore, Cork, Ireland) and centri-
fuged at 400 g for 10 min at 4˚C, to separate BAL cells from the supernatant. The su-
pernatant was stored in a -70˚C freezer until use. The cell pellet was resuspended in 
RPMI-1640 medium and the viability was determined by trypan blue exclusion.  Cell 
differential counts were determined by May-Grünwald- Giemsa staining of cytopin 
slides.  
 
 
3.3 SEPARATION OF CELLS 

 To sort CD4+ and CD4+ AV2S3+ T cells (papers II and III), BALF cells were stained 
with anti- CD4-Phycoerythrin (PE) (DAKO) and anti-AV2S3 TCR-Flourescein 
isothiocyanate (FITC) (Pierce Biotechnology, Rockford, USA). The stained cells were 
sorted by FACSVantage (BD Biosciences, Montain View, CA, USA). BALF cells were 
gated on lymphocytes, identified by forward- and side-scatter characteristics, and sorted 
into different populations; CD4+ T cells from patients and controls, and CD4+ AV2S3+ 

and CD4+ AV2S3- T cells from patients with lung accumulated T cells expressing the 
AV2S3 TCR gene segment.  
In paper IV, using FACSVantage, alveolar macrophages were sorted by their forward- 
and side-scatter characteristics.  
The purity of the sorted populations, which was determined by FACS, was 98% on av-
erage. 
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3.4 RNA EXTRACTION AND CDNA SYNTHESIS 

Total RNA was extracted from the cells through the guanidium thiocyanate phenol-
chloroform technique (169), using RNA Bee (Nordic Biosite, Stockholm, Sweden), ac-
cording to the manufacture’s protocol.  
RNA was transcribed to cDNA, using random hexamers primers (Pharmacia Biotech, 
Uppsala, Sweden), SuperscriptTMII RNase H- Reverse transcriptase (Invitrogen, Lid-
ingö, Sweden), dNTP mix, RNAsin (Pharmacia Biotech) and with buffers supplied by 
the manufacturer, according to the protocol. The procedure was performed in papers I-
IV. 
 
 
3.5 REAL-TIME QUANTITATIVE PCR 

Cytokine and other gene expression were quantified by real-time PCR using ABI Prism 
7700 Sequence Detection System (Applied Biosystems, Foster City, CA, USA). 
Equal amounts of total RNA were used from all samples to synthesize cDNA and equal 
volumes of cDNA were used in all assays. β-actin was used as a house-keeping gene to 
normalize the values of other genes. In paper I, MgCl2 concentration was optimized 
for each primer to obtain maximum efficiency. To avoid the amplification of contami-
nating genomic DNA, primers and probes were designed to span either related exon 
junctions or multiple exon junctions separated with long introns.  
The assay-on-demand products and universal master mix were purchased commercially 
(Applied Biosystems) (papers II-IV). The PCR condition was described in paper I. 
All samples were run in duplicates and the mean values calculated. 
The relative quantitative expression of different genes in various cell populations were 
determined using the arithmetic formula 2-∆∆CT according to Perkin Elmer instruction 
manual (170), where the amount of target gene was normalized to β-actin (∆CT) and 
the relative increase of a gene in BALF cells was calculated in relation to the mean 
value of gene expression in a healthy control group (∆∆CT). 
 
 
3.6 CYTOMETRIC BEAD ARRAY (CBA) 

The BDTM CBA human inflammation and Th1/Th2 cytokine kits were used for detec-
tion of secreted cytokines in BAL supernatant, according to manufacturer’s instruction 
and was applied in paper I. BAL supernatant was concentrated 650x using Amicon 
Ultra-15 Filters (Millipore Corporation, Bedford, MA, USA), the day before cytokine 
testing was to be performed. Standards and samples were processed by FACScan (Bec-
tonDickenson, Montain View, CA, USA) and data analyzed by the CBA software pro-
gram (BD). The concentration of cytokines was calculated using standard curves. The 
detection range of BDTM CBA kit is from 20 to 5000 pg/ml, but according to BD, the 
values below 20 pg/ml could be acceptable, if further diluting of the standards (down to 
5 pg/ml) was performed.  
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3.7 HUMAN LEUKOCYTE ANTIGEN TYPING 

HLA class II (HLA-DR) typing was carried out on DNA through use of PCR and am-
plification with sequence specific primers (171). This procedure was done by the labo-
ratory personnel of Olerup SSP AB. 
 
 
3.8 CELL PHENOTYPING BY FLOW CYTOMETRY  

BALF CD4/CD8 T-lymphocyte ratio and TCR AV2S3 expression in BALF cells 
were determined by flow cytometric analysis (FACScan and FACSCanto II) using 
monoclonal antibodies (Mabs) against CD3+, CD4+ and CD8+ (Dako Cytomation Nor-
den AB, Solna, Sweden) and anti-human TCR AV2S3-specific Mab clone F1 (Serotec, 
Oxford, UK; in papers I and II, and Pierce Biotechnology, Rockford, USA;in paper III).  
 
 
3.9 INTRACELLULAR STAINING OF FOXP3 

FoxP3 protein expression was analyzed in blood and BALF CD4+ T cells as well as in 
BALF CD4+AV2S3+ and CD4+AV2S3- T cells, using flow cytometry. 
Anti-FoxP3-PE (clone PCH101-PE) and isotype control (rat IgG2a-PE) and staining kit 
were purchased from eBioscience (Biosciences, San Diego, CA, USA). Expression of 
cell-surface markers: CD3, CD4 and AV2S3 TCR and intra-cellular FOXP3 were de-
termined by flow cytometry after gating on CD4+ lymphocytes. The data were analysed 
using FACS Diva software (BD Biosciences). 
 
 
3.10 STAINING OF TIM MOLECULES 

The analysis of TIM-1 and TIM-3 cell surface expression in blood and BALF CD4+ 
cells was performed on BD FACSCanto II flow cytometer with FACSDiva software 
(BD Biosience). 1x106 BALF cells or 100 μl heparinized blood were surface stained 
with monoclonal antibodies against human TIM-1 (R&D system, Minneapolis, MN, 
USA; followed by APC-conjugated goat anti-mouse antibody), CD3-pacific blue (BD 
Biosciences), CD4- APC H7 (BD Biosciences), AV2S3-FITC (Pierce Biotechnology) 
and TIM-3-PE (R&D system). Mouse IgG1-FITC (BD Biosciences), mouse IgG2b 
(Nordic Biosite AB, Stockholm, Sweden) and rat IgG2a (BD Biosciences) were used as 
isotype controls. The red blood cells were lysed after the end of incubations. Expres-
sion of cell surface markers was determined by flow cytometry after gating on 
CD3+CD4+ lymphocytes. This procedure was used in paper III. 
 
 
3.11 IN VITRO STIMULATION OF TOTAL BALF CELLS 

Total BALF cells (1x106/ml) were stimulated for 24 hours with LPS (1.6 μg/ml) or 
with medium alone (RPMI-1640 medium, supplemented with 1% penicillin streptomy-
cin, 1% L-glutamine and 2% heat-inactivated human AB serum) for four and 24 hours 
in humidified air with 5% CO2 at 37°C. After incubation, the cells were harvested, 
RNA Bee added, and cells were stored at -70°C until use. The supernatant of cell cul-
tures were collected for future analysis. 
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3.12 STATISTICAL METHODS 

The significance levels were calculated according to non-parametric tests, using the 
Kruskal–Wallis test followed by Dunn’s post-test for comparisons between groups or 
Mann–Whitney U-test for comparison between two groups. The non-parametric Wil-
coxon matched pairs statistical test was used for calculation of statistical significances 
of differences in TIM-3 expression between BAL and blood in patients and controls. 
The correlations between different parameters were determined with Spearman’s rank 
correlation test. Values of P < 0.05 were regarded as significant. No correction was 
done for multiple comparisons. 
 
 
 
 
 



 

24 

4 RESULTS AND DISCUSSION 
 
4.1 INTRODUCTION 

Although the cause of sarcoidosis is still unknown, the granulomatous inflammation in 
sarcoidosis is suggested to involve an exaggerated immune response against an unde-
fined antigen (112, 113), which persists at different sites of disease involvement. In 
human disease models, when the invading antigen is removed, the inflammatory re-
sponse is generally resolved, while the persistence of the antigen may lead to a pro-
longed inflammatory response (146). Sarcoidosis patients with an acute form of dis-
ease, Löfgren’s syndrome, especially those patients that are HLA-DRB1*0301-positive 
have a very good prognosis, with a short disease course (122), while the other group of 
patients has an insidious onset of disease and is associated with a longer disease course 
(159, 172). Thus, there are two patient groups with quite distinct forms of disease, and 
in which inflammatory and immune regulatory responses are investigated here.  
 
4.2 BALF AND LUNG PARAMETERS (PAPERS I-IV) 

BAL cell analyses in these studies showed higher BAL cell concentrations (papers I-
IV) and higher frequencies of lymphocytes in BALF from each patient subgroup  com-
pared to controls (papers I, III, IV). In paper II, the increased frequency of lympho-
cytes was detected only in non-Löfgren’s patients. The comparisons of BAL cell con-
centration and frequency of BALF lymphocytes and macrophages between patient sub-
groups (papers II) showed significant differences. A higher BAL cell concentration 
and higher frequency of BALF lymphocytes in the lungs of patients without Löfgren’s 
syndrome may reflect a more pronounced inflammatory activity in their lungs. 
 
Pulmonary function tests reflected a more marked pulmonary disease in non- Löfgren’s 
patients (papers II-IV (in paper I; HLA-DRB1*0301 neg patient group)), as defined by 
vital capacity (VC), forced expiratory volume in 1 second (FEV1) and diffusing capac-
ity of the lung for carbon monoxide (DLco). 
 
 
4.3 CYTOKINE PATTERN IN TOTAL BAL CELLS AND FLUID (PAPER I) 

Reduced Th1 response in the lungs of HLA-DRB1*0301 patients with pulmonary sar-
coidosis (Eur Respir J 2006; 27: 451-459) 
 
The cytokine pattern at the site of inflammation has been suggested to be of importance 
for the outcome of the inflammatory response in sarcoidosis (131, 146, 173). This issue 
is of interest with regard to our patient subgroups. In this study, the patients were strati-
fied according to their HLA-type. We studied cytokine gene expression in the follow-
ing two patient subgroups: A) HLA-DRB1*0301pos patients (n=12) with an acute onset 
of the disease, in all but 4 cases having Löfgren’s syndrome, and all with lung accumu-
lations of CD4+ T cells expressing the TCR AV2S3 gene segment and B) HLA-
DRB1*0301neg patients (n=13), all except one (who had Löfgren’s syndrome) with an 
insidious disease onset. None of these patients had an AV2S3 lung T-cell expansion. 
We had the same subgroup characteristics when we studied the levels of released cyto-
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kines in BALF; HLA-DRB1*0301pos patients (n=14, 12 having Löfgren’s syndrome) 
and HLA-DRB1*0301neg patients (n=20, one having Löfgren’s syndrome). Eleven 
healthy adults were included as controls. 
 
 
4.3.1 Th1- mediated immune response in patients 

The concept of sarcoidosis as a Th1-mediated disease (174-176) was confirmed here. 
We detected a higher mRNA level of IFN-γ as well as higher levels of released cyto-
kines IL-2 and IL-12p70 in patients versus controls. In addition, pro-inflammatory cy-
tokines TNF-α, IL-1β and IL-6 in BALF were also increased in patients, while the IL-4 
level was too low for detection, in line with previous studies reporting a preferred Th1 
cytokine expression in the lungs of patients (132, 143, 177). We found no difference in 
RNA transcript levels of TNF-α and IL-12p40, when comparing patients and controls. 
These results contrasted with some previous studies (143, 178) but was in line with 
others (144, 174, 179, 180). There may be various explanations for such discrepancies. 
One could be the choice of patient groups, treatment history of patients, or the method-
ology. However, the increased secreted levels of TNF-α and IL-12p70 in BALF of pa-
tients was noted, which could be explained by the fact that other pulmonary cells, like 
pulmonary epithelial cells (181-183) may contribute to the secretion of for example 
TNF-α in BALF. In addition, mature macrophages may develop a post-transcriptional 
mechanism to potentiate TNF-α protein secretion, while transcription of the message is 
much slower (184, 185). 
 
Finally, our results also demonstrate an increased mRNA level of the anti-inflammatory 
mediator, IL-10, in freshly isolated BAL cells of patients, which strongly correlated 
with the secreted level in the BALF. Since IL-10 is a potent  downregulator of IL-12 
and TNF-α (186, 187) increased levels of this cytokine may have a suppressive effect 
on the transcription of cytokines like IL-12 and TNF-α.  
 
 
4.3.2 Immune response in patient subgroups 
4.3.2.1 HLA-DRB1*0301pos  versus HLA-DRB1*0301neg patients 

The HLA-DRB1*0301/ HLA-DQB1*0201 allele has been strongly associated with 
good prognosis. The HLA-DRB1*0301 allele is found in Scandinavian patients with 
sarcoidosis, who have remarkable expansions of AV2S3+ T cells in their lungs (188). In 
this study, we found that the mRNA levels of IFN-γ and TNF-α were significantly in-
creased in DRB1*0301neg patients as compared to DRB1*0301pos patients (Fig. 8a-b). 
Our data also indicate significantly elevated protein levels of TNF-α, IL-2 and IL-
12p70 in DRB1*0301neg patients but not DRB1*0301pos patients, compared to controls.  
 
With regard to anti-inflammatory cytokines, Zissel et al. showed that elevated protein 
levels of TGF-β1 in cell cultures of sarcoidosis patients associated with good prognosis 
(189), which can suggest TGF-β as a regulatory cytokine in the lungs of sarcoidosis 
patients. In this study, we found a tendency towards higher TGF-β1 transcript levels in 
freshly isolated BALF cells from HLA-DRB1*0301pos patients versus DRB1*0301neg 
patients (Fig. 8c). In summary, down-regulation of the Th1 immune response and a 
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tendency to higher levels of TGF-β1were associated with HLA-DRB1*0301pos pa-
tients, which may explain the spontaneous disease resolution and good prognosis in 
these patients. This issue needs further investigation. 
 
   a)       b)      c) 

 
Figure 8.The relative mRNA expression of IFN-γ, TNF-α and TGF-β1 in total BALF cells of HLA-DRB1*0301pos versus 

DRB1*0301neg sarcoidosis patients. Horizontal bars indicate median values. * p< 0.05. (Figures are reproduced from paper I) 
 

 
4.3.2.2 Löfgren’s versus non-Löfgren’s patients 

 
To be able to compare the expression of cytokines 
in the same subgroups as in the other studies in this 
thesis, we redefined the patient subgroups from 
study I into patients with Löfgren’s syndrome and 
those without. Nine out of 25 patients were defined 
as Löfgren’s syndrome when we analysed cytokine 
gene expression and 13 out of 34 when the protein 
level of cytokines were analysed. By investigating 
the statistical differences in cytokine mRNA ex-
pression, we found the same significant differences 
between groups as when they were defind as 
DRB1*0301pos or DRB1*0301neg, i.e. higher IFN-γ 
and TNF-α mRNA levels in non-Löfgren’s patients and a tendency to higher TGF-β1 
mRNA levels in Löfgren’s patients, except that non-Löfgren’s patients expressed sig-
nificantly higher mRNA level of IL-10 as compared to controls (Fig. 9).  
 
New significant differences were also detected when we analysed the protein levels of 
cytokines in BALF. Significantly elevated protein levels of TNF-α, IL-2 and IL-6 were 
found in BALF of non-Löfgren’s patients versus Löfgren’s patients (Fig. 10), which 
further supports our demonstration that patients with a less favourable prognosis have a 
more pronounced Th1 response in their lungs. 
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Figure 9. The relative IL-10 mRNA level in total BALF cells.
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         a)        b)                                       c)           
 
 
 
 
 
 

 
 

Figure 10. Cytokine secretion in BALF of patients with Löfgren’s syndrome (n=13) and those without (n=21). 
Horizontal bars indicate median values. * p< 0.05 

 
 
4.4 REGULATORY T CELLS IN SARCOIDOSIS (PAPER II) 

Analysis of regulatory T cell associated forkhead box P3 expression in the lungs of pa-
tients with sarcoidosis (Clin Exp Immunol 2008; 152:127-137) 
 

Regulatory T cells play an important role in controlling immune responses and provide 
protection from autoimmune diseases (190). On the other hand, high numbers of Tregs 
make it possible for cancer cells to evade the host immune response (191). Previous 
studies of Tregs in pulmonary sarcoidosis have demonstrated that the number of Tregs, 
then defined as CD4+CD25+ T cells, present in the lungs of patients are higher com-
pareed to control subjects (153, 154). Since in humans CD25+ cells contain both regula-
tory and activated effector T cells (192, 193), we chose to analyse the forkhead tran-
scription factor FOXP3 expression in BALF cells, since expression of FOXP3 rather 
than CD25 is suggested to be specific for the regulatory phenotype of T cells (38).  
 
FACS-sorted BALF CD4+ T cells from sarcoidosis patients (n=24, 11 with Löfgren’s 
syndrome) and healthy controls (n=7) were used to measure the mRNA expression of 
chemokine receptor 2 (CCR2), FOXP3, IL-10 and TGF-β1. In addition, to analyse 
FOXP3 protein expression we performed FACS analysis on BALF T cells of 14 pa-
tients (7 with Löfgren’s syndrome) and nine controls. 
 
 
4.4.1 Reduced FOXP3 expression in sarcoidosis patients  

In this study, we demonstrated a down-regulation of FOXP3 at both mRNA and protein 
levels in BALF CD4+ T cells in sarcoidosis patients. The significant reduction in 
FOXP3 mRNA expression (Fig. 11a) was accompanied by the reduction in mRNA lev-
els of CCR2 and IL-10 in isolated BALF CD4+ T cells from patients. Previous studies 
have shown that CCR2 is expressed on Treg cells (194, 195) and directly associated 
CCR2 with the amounts of FOXP3 mRNA in atherosclerosis lesions (196). Recently, 
however, it has also been suggested that CCR2 may be used as a marker for Th17 cells 
(197). Our results confirm that CCR2 can be a suitable candidate molecule to be ana-
lysed in relation to Tregs. The decreased FOXP3 mRNA expression in BALF cells of 
patients was confirmed by further investigating the expression of this molecule by flow 

Löfgren's Non-Löfgren's
0

200

400

600 *

TNF-α

pg
/m

L

Löfgren's Non-Löfgren's
0

900

1800

2700

3600

4500

5400
*

IL-6

pg
/m

L

Löfgren's Non-Löfgren's
0

20

40

60

80

100

120 *

IL-2

pg
/m

L



 

28 

cytometry, which showed a reduced number of FOXP3+ CD4+ T cells present in the 
lungs of sarcoidosis patients, compared to healthy subjects (Fig. 11b).  
In addition, there was also a reduced FOXP3 intensity in CD4+ FOXP3+ BALF T cells 
of patients, which may reflect a lower suppressive activity in Treg cells from patients. 
This would confirm the results from Miyara et al., showing a limited functional capac-
ity of CD4+CD25bright cells from sarcoidosis patients to suppress TNF-α and IFN-γ se-
cretion (153). Moreover, the fraction of blood CD4+ T cells expressing FOXP3 was 
also decreased in patients (Fig. 11b).  
 
It was also of interest to compare the frequency of FOXP3-expressing T cells in paired 
BALF and blood cells. Our data indicate that in healthy controls, the frequency of 
FOXP3+ T cells (Fig. 11b) and even their intensity of FOXP3 expression were much 
higher in the lungs compared to blood.  These results were in line with data from Hartl 
et al.  showing higher Treg activity in the lungs compared to blood of healthy individu-
als (198). One could speculate that such Treg activity could be of importance for the 
maintenance of immune homeostasis in the lungs. In patients, we found only a slightly 
increased number of FOXP3-expressing T cells in the lungs (Fig. 11b), while no differ-
ence in the intensity of FOXP3 between BALF and blood T cells was observed.  
 
 
             a)                                                       b) 
 
 
 
 
 
 
 
 
 

Figure 11.  The expression of FOXP3 in CD4+ T cells. (a) Relative mRNA expression of FOXP3 in BALF cells was decreased in 
patients (n=24) versus controls (n=7) and (b) flow cytometric analys of FOXP3 protein expression in paired BALF and blood cells 

showed a down regulation of FOXP3 in both compartments in patients (n=7) versus controls (n=9). Horizontal bars indicate median 
values and the lines indicate T cell sub populations from the same individual. (Figures are reproduced from paper II) 

 

 
When comparing the levels of FOXP3 and other genes between patient subgroups, we 
did not detect any significant differences. However, the decreased levels of CCR2 and 
IL-10 were most pronounced in non-Löfgren’s patients. In addition, a tendency to in-
creased expression of TGF-β1 in BALF CD4+ T cells of Löfgren’s patients versus non-
Löfgren’s patients was observed. 
 
The outcome of this study may reflect that the suppressive function of regulatory T 
cells is lacking in the lungs of sarcoidosis patients, resulting in an augmented Th1 im-
mune response.  
 

Sarcoidosis Controls
0.0

0.5

1.0

1.5

2.0

2.5
*

FOXP3

Re
la

tiv
e 

ge
ne

 e
xp

re
ss

io
n

0

5

10

15

20

*

***

BAL Blood BAL Blood

Sarcoidosis Controls

**
***

FO
XP

3+ /C
D

4+
(%

)



 

  29 

4.4.2 The AV2S3+ T cells in the lungs of patients 

One possible explanation for the association of CD4+ TCR AV2S3+ T cells with resolv-
ing disease in Scandinavian patients is that these cells may have the ability to produce 
high levels of TGF-β or IL-10 and be of a regulatory phenotype. To investigate this, we 
sorted CD4+ T cells expressing TCR AV2S3 from BALF cells obtained from patients 
with such T cell expansions in their lungs (n=12). Contrary to the above hypothesis, 
there were lower mRNA levels of FOXP3 (Fig. 12a), CCR2 and IL-10 (although not 
statistically significant) in AV2S3+ T cells compared with AV2S3- T cells, which was 
confirmed by flow cytometric analysis of FOXP3 (Fig. 12b). This is consistent with the 
results from a previous study, which demonstrated a reduced expression of regulatory T 
cell associated molecules, CD25 and CD27, and increased expression of the effector T 
cell associated molecule CD28 on the surface of AV2S3+ T cells (142). In addition, no 
difference was detected in mRNA expression for TGF-β1. It is therefore likely that 
these AV2S3+ lung T cells act as effector T cells rather than Treg cells and could be 
important in eradicating an offending antigen.  
 
           a)                                                                  b) 
 
 
 
 
 
 
 
 
 

 
 
Figure 12. The expression of FOXP3 in BALF AV2S3+/- CD4+ T cells. (a) The mRNA level of FOXP3 was decreased in AV2S3+ 

CD4+ T cells versus AV2S3- CD4+ T cells. The lines indicate T cell subpopulations from the same individual. (b) One representive 
dot plot out of three, showing the decreased frequency of FOXP3-expressing cells in AV2S3+ T cells. (Figures are reproduced from 
paper II) 
 
 

 
4.5 TIM MOLECULES IN SARCOIDOSIS (PAPER III) 

Altered expression of T cell Immunoglobulin-Mucin (TIM) molecules in bronchoalveo-
lar lavage CD4+ T cells in sarcoidosis. (Submitted) 
 
TIM-3 has been described as a Th1-specific molecule, contributing to the regulation 
and control of immune responses and the pathogenesis of Th1-driven diseases (76-78). 
Until now, there is still no data concerning the expression of TIM-1 and TIM-3 in pa-
tients with sarcoidosis. Using FACS-sorted CD4+ T cells from BALF of patients (n=28; 
13 with Löfgren’s syndrome) and healthy controls (n=8), we measured the mRNA ex-
pression of TIM-1, TIM-3 and Th1/Th2 cytokines by means of real-time PCR. TIM-1 
and TIM-3 were also analysed at the protein level in matched BAL and blood samples 
in a few individuals.  
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4.5.1 Decreased TIM-3 expression in sarcoidosis patients 

In sarcoidosis patients, we found a significant reduction in TIM-3 mRNA expression 
(Fig. 13a). We also analysed the protein expression of TIM-3 on BALF and blood cells 
of 4 patients and 4 controls. The results showed a strong tendency to lower frequencies 
of TIM-3-expressing CD4+ T cells in patients versus controls. TIM-3 has been sug-
gested to be downregulated in autoimmune and inflammatory diseases and therefore 
allowing exaggerated immune responses in such disease conditions (81, 199). Another 
observation in this study was an increased mRNA level of IL-2 in patients (Fig. 13b), 
indicating a proliferative and Th1-associated response in patients, in line with previous 
studies (175, 176). The decreased level of TIM-3 was associated with an increased 
CD4/ CD8 ratio in BALF of patients, indicating that a reduced TIM-3 level on BALF 
CD4+ T cells may result in a more intensive T cell alveolitis. Recent data suggest that 
the interaction of TIM-3 with its ligand, galectin-9, may inhibit Th1 immune responses 
and therefore be crucial for the induction of peripheral tolerance (77, 78, 80). However, 
when we analysed the levels of gal-9 we found that the mRNA level of gal-9 in BALF 
T cells of patients was similar to that in healthy subjects, leaving TIM-3 as a possible 
factor involved in the uncontrolled Th1 response in the lungs of patients. Further analy-
ses on TIM-1, IFN-γ and IL-13 expression showed no difference between patients and 
controls, while the Th2 cytokines IL-4 and IL-5 were detected only in BALF T cells of 
two patients and one control. 
 
 
                   a)                                                       b) 
 
 
 
 
 
 
 
 

Figure 13. The relative mRNA expression of (a) TIM-3 and (b) IL-2 in BALF CD4+ T cells of patients and healthy controls. The 
horizontal bars indicate median values. * p< 0.05, ** p< 0.01. (Figures are reproduced from paper III) 

 
 
4.5.2 BALF CD4+ T cells of Non-Löfgren’s patients express reduced 

TIM-1 mRNA levels 

Since in paper I we observed that patients with prolonged disease had an increased Th1 
immune response, it was of interest to investigate the expression of TIMs in patient 
subgroups to explore their possible involvement in the regulation of disease. We did not 
find any differences in the transcript levels of TIM-3 and IL-2 between patient sub-
groups, but the mRNA levels of TIM-1 and IFN-γ were significantly different in Löf-
gren’s and non-Löfgren’s patients. The levels of TIM-1 were decreased in non-
Löfgren’s patients versus Löfgren’s patients, while a higher level of IFN-γ in CD4+ 
lung T cells of non-Löfgren’s patients was observed (Fig. 14a,b). The data regarding 
IFN-γ confirms the results from paper I, which indicated that IFN-γ is a cytokine affect-

Sarcoidosis Controls
0.0

1.5

3.0

4.5

5.5
7.0 **

IL-2

R
el

at
iv

e 
ge

ne
 e

xp
re

ss
io

n

Sarcoidosis Controls
0.0

0.5

1.0

1.5

2.0

2.5 *

TIM-3

R
el

at
iv

e 
ge

ne
 e

xp
re

ss
io

n



 

  31 

ing the progression of disease. A previous study from another group revealed that a 
higher expression of TIM-1 could be associated with clinical remission and low expres-
sion of IFN-γ in MS  (200). Their findings are in line with our present data, suggesting 
a regulatory role for TIM-1 in modulating the inflammation.  
  
 
              a)                                                                   b) 
 
             

 
 
 
 
 
 
 
 

Figure 14. The relative TIM-1 and IFN-γ mRNA expression in BALF CD4+ T cells of patient subgroups. Non-Löfgren’s patients 
showed (a) a reduced TIM-1 mRNA level and (b) an increased IFN-γ mRNA level versus patients with Löfgren’s syndrome. (Fig-

ures are reproduced from paper III) 
 

Our findings in paper II suggested an effector function for lung accumulated AV2S3+ T 
cells. In study III, we analysed these cells for the expression of TIM molecules and 
Th1/Th2 cytokines. Using real-time PCR, we did not find any significant differences in 
expression of the above mentioned genes between AV2S3+/- T cells. Further investiga-
tions of effector molecule expression by AV2S3+ T cells are needed to elucidate their 
functional role. 
 
 
 
4.6 TLR EXPRESSION AND ALVEOLAR MACROPHAGE POLARIZATION 

IN SARCOIDOSIS (PAPER IV) 

Altered expression of TLR2 and IL-23 in bronchoalveolar lavage cells in sarcoidosis. 
Submitted 
 
The finding of  bacterial antigens in sarcoidosis tissues (112, 113) suggest a role for 
pattern recognition receptors such as TLRs in the pathogenesis. Therefore, the specific 
objective of this study was to study whether the TLR expression pattern of AM from 
sarcoidosis patients was different compared to healthy controls. In addition, we studied 
the degree of macrophage polarization, M1 versus M2 types, in the lungs of patients to 
find out any possible relation to the course of sarcoidosis. Activated M1 macrophages 
are induced by IFN-γ and TNF-α and are characterized by a high capacity to present 
antigens and to produce toxic intermediates such as nitric oxide, while M2 macro-
phages are induced by IL-4 and IL-13 and are associated with fibrosis development 
(10). 
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AMs were sorted by flow cytometry from patients (n=22; 11 with Löfgren’s syndrome) 
and healthy controls (n=11). In addition, total BALF cells from patients (n=11, two 
with Löfgren’s syndrome) and controls (n=5) were cultured for 4 or 24h in medium or 
stimulated with LPS for 24 hours. The mRNA expression of selected TLRs and genes 
associated with macrophage polarization were analysed in AM and in vitro stimulated 
BALF cells. 
 
 
4.6.1 Decreased TLR2 mRNA levels in AMs of Löfgren’s patients 

We detected a decreased mRNA level of TLR2 in AMs from patients compared to con-
trols, and this down-regulation was mainly due to the low levels of TLR2 in Löfgren’s 
patients (Fig. 15a, b). TLRs are believed to play an important role in the early detection 
of microbial infections (201). Studies on TLR2-deficient mice indicated that these mice 
were more susceptible to both Gram-positive and Gram-negative bacteria (202, 203), 
suggesting that  TLR2 expression may influence the possibility of being infected.  
 
The decreased TLR2 expression of AM in Löfgren’s patients goes well with a reduced 
IFN-γ mRNA level in BALF CD4+ T cells of these patients (paper III), since a down-
regulated TLR2 may lead to a reduced ability for AM and T cells to interact, which 
might result in reduced IFN-γ levels. Although the reduced level of TLR2 in the lungs 
could be caused by genetic factors, which contributed to the disease development, envi-
ronmental factors like tobacco smoking may also change TLR2 expression (204, 205). 
Despite most findings on TLR2 suggesting an important role for TLR2 in driving Th1 
responses (206, 207), there is also data indicating that TLR2-mediated signals preferen-
tially induce a Th2 profile in APCs through expression of IL-10 (208-210). These dif-
ferences may be explained by the use of different ligands in these studies, since the 
choice of the ligand is of importance for the outcome of TLR2-mediated immune re-
sponses.  
The results regarding TLR2 expression in the lungs of patients contrast with findings in 
blood, since our group’s previous data indicated a higher expression of TLR2 on blood 
monocytes of sarcoidosis patients (211). The reason for differences between these two 
compartments remains to be investigated. 
We did not detect any significant differences in transcript levels of either TLR4 or 
TLR9 between patients and controls.  
 
We also investigated the mRNA levels of M1- and M2-associated molecules in AM. In 
general, patients did not differ from controls with regard to M1/M2 polarization. Unlike 
other studies on AM in sarcoidosis which showed increased expression of M1 markers 
CXCL10 (212), CXCL11 (213) and CXCL16 (214) in sarcoidosis patients, we could 
only detect a tendency to an increased CXCL10 expression in Löfgren’s patients com-
pared to controls. In our study, freshly isolated AMs were used, while in the previous 
studies either AM or total BALF cells were cultured before the analysis of gene expres-
sion. These discrepancies may suggest a need of in vitro stimulation of AM before ana-
lysing these genes.  
Further analyses of M2 markers showed a significant up-regulation of CCL18 in pa-
tients compared to controls (Fig. 15c), which could indicate an increased risk of devel-
oping fibrosis in patients. This is because CCL18 has the ability to increase the collagen 
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production of lung fibroblasts (215). The up-regulated CCL18 correlated positively 
with the frequency of BAL lymphocytes. We could not find any correlations between 
the level of CCL18 and X-ray stage, or lung function parameters.  
 
       
a)       b)              c)                                                                   

 
 

Figure 15. The relative gene expression of TLR2 and CCL18 in sorted AMs of patients and controls. (a) The mRNA level of TLR2 
was decreased in patients, (b) Löfgren’s patients showed significantly lower level of TLR2, compared to controls. (c) Sarcoidosis 
patients expressed significantly increased levels of CCL18 in alveolar macrophages. Horizontal bars indicate median values. * p< 

0.05, ** p< 0.01. (Figures are reproduced from paper IV) 

 
The expression of several genes was undetectable in freshly isolated AMs. Therefore, 
in the next stage, we analysed the expression of selected genes in BALF cells, cultured 
for 4 and 24h in medium or 24h with LPS. Our results indicated that BALF cells from 
healthy subjects had the highest capacity to be stimulated with LPS after 24h in culture, 
as analysed by expression of various inflammatory-related genes. This might depend on 
the fact that BALF cells from patients were already activated in vivo and that the kinet-
ics could differ from that in controls, or alternatively that there might be a defect in 
BALF cells of patients to respond to microbial agents. 
However, after 4 and 24h culture in medium alone, we found strong tendencies to an 
up-regulated IL-23p19 mRNA expression in patients, suggesting that BALF cells of 
patients are already activated in vivo. Upon LPS stimulation, healthy subjects showed 
much stronger up-regulation of IL-23p19 gene expression compared to culture in me-
dium alone than patients, which might indicate a defect in BALF cells of patients to 
respond properly to a postulated sarcoidosis pathogen. IL-23 regulates the maintenance 
of Th17 cells and has been linked to several autoimmune diseases (85, 216). Its role in 
sarcoidosis is unclear and needs further investigation.  
 
 
4.7 PRELIMINARY DATA ON TGF-BETA1  

To find out if the lung cells from sarcoidosis patients have the ability to up-regulate the 
release of TGF-β1, we cultured total BALF cells of sarcoidosis patients and healthy 
subjects in complete medium (106 cells /0.3ml) alone, or with PHA stimulation for 24 
hours. Using ELISA, we measured the released TGF-β1 in cell supernatant in patient 
subgroups; HLA-DRB1*0301pos patients (n=11) with an acute onset of disease and 
HLA-DRB1*0301neg patients (n=15) with an insidious disease onset as well as in 
healthy adults (n=16) (Fig. 16).     
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           Figure 16. The released TGF-β1 in cell supernatant. 

 

 
Our data showed significantly elevated protein levels of TGF-β1 in cell cultures (me-
dium alone and with PHA stimulation) of both patient subgroups as compared to con-
trols. In particular, DRB1*0301pos patients showed markedly higher levels of TGF-β1 
in medium without PHA stimulation. These are preliminary data and further investiga-
tions are needed. 
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4.8 INTERPRETATION OF PAPERS I-IV 

In this project, we found several distinct immune response patterns in specific patient 
sub-groups, i.e. in DRB1*0301pos versus DRB1*0301neg patients or alternatively in 
Löfgren’s patients versus non-Löfgren’s patients. In general, an increased Th1 immune 
response, localized to the lungs, was found in patients associated with a more severe 
disease course. 
 
4.8.1 Patients versus controls 

In paper I, we demonstrated that pro-inflammatory and Th1-associated cytokines were 
up-regulated at both mRNA and protein levels in the lungs of patients. Also, an in-
creased expression of IL-10 was observed in the lungs of patients, which may indicate a 
regulatory action by BALF cells to inhibit the exaggerated Th1 response in the lungs. 
The increased IL-2 expression in the lungs of patients was noted in papers I and III. In 
contrast, the observed increased level of IFN-γ in total BALF cells in the lungs of sar-
coidosis patients in paper I was not confirmed by our analysis in paper III. In the lat-
ter paper, we could not show any significant increase of the IFN-γ mRNA level in 
BALF CD4+ T cells of patients as compared to healthy controls. The discrepancy in 
results between paper I and III may indicate that other BALF cells besides CD4+ T 
cells contribute to the increased levels of IFN-γ in total BALF cells of patients. For ex-
ample, BALF NK-cells have previously been shown to produce increased levels of 
IFN-γ in sarcoidosis (217).  
In papers II and III, we investigated aspects of immune regulatory mechanisms in 
BALF T cells through the analysis of the regulatory T cell associated transcription fac-
tor FOXP3 and the recently identified TIM molecules.  
We demonstrated a reduction of FOXP3, the specific marker of Tregs, and of TIM-3 in 
BALF CD4+ T of sarcoidosis patients, which could indicate a defect of BALF T cells in 
regulating Th1 responses in the lungs of these patients.  
In paper II and III, the observed reduction of FOXP3, CCR2 and TIM-3 in sarcoido-
sis was further supported by the findings of a negative association of the mRNA levels 
of these genes with the frequency of BALF lymphocytes in the case of FOXP3 and 
CCR2, and with the CD4/CD8 ratio of BALF lymphocytes in the case of TIM-3.  
These data suggest that a reduced regulatory activity in the lungs may result in a more 
intensive accumulation of CD4+ T cells and a more pronounced alveolitis in patients. 
In paper IV, we found that upon LPS-stimulation there was a markedly lower ability to 
up-regulate IL-23, of importance for Th17 responses, in patients. This may however in 
part be explained by the patients´ cells being activated in vivo, since there were strong 
tendencies to higher IL-23 mRNA levels  in total BAL cells from patients after culture 
in medium alone. 
 
4.8.2 Patient subgroups 

In paper I, when analysing the cytokine mRNA expression in total BALF cells as well 
as the released cytokines in BALF of patient subgroups, DRB1*0301neg patients were 
found to express increased levels of Th1 cytokines in their lungs, while a tendency to a 
higher TGF-β1 mRNA level was seen in DRB1*0301pos patients.  
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In paper III, further analysis of the mRNA level of IFN-γ in BALF CD4+ T cells of 
patient subgroups showed an increased IFN-γ level in non-Löfgren’s patients versus 
both Löfgren’s patients and controls.  
In paper II, we found no significant differences between patient subgroups in the ex-
pression of regulatory T cell associated genes. However, we observed that non-
Löfgren’s patients had more pronounced decreased mRNA levels of CCR2 and IL-10, 
while Löfgren’s patients showed a tendency to a higher ability to express TGF-β1 
mRNA in BALF CD4+ T cells.  
The observed tendencies to higher TGF-β1 mRNA levels in Löfgren’s patients in pa-
per I and II, may explain the clinical characteristic of this group, namely spontaneous 
disease resolution. 
Interestingly, paper III showed a decreased mRNA level of TIM-1 in non-Löfgren’s 
patients versus patients with Löfgren’s syndrome. Previous studies on TIM-1 have in-
dicated that higher mRNA expression of TIM-1 associated with clinical remission and 
lower levels of IFN-γ (200). Here, we found that Löfgren’s patient expressed TIM-1 at 
the same levels as healthy controls. The levels of TIM-1 correlated with the levels of 
IFN-γ in BALF CD4+ T cells of Löfgren’s patients and controls, but not of non-
Löfgren’s patients, suggesting a regulatory role for TIM-1 in the inflammatory re-
sponse.  
In paper IV, a decreased mRNA level of TLR2 was demonstrated in AM of Löfgren’s 
patients. The positive correlation between TLR2 mRNA levels in AM and IFN-γ 
mRNA expression in CD4+ T cells of the same patients (paper III), suggest that the 
level of TLR2 could influence the capacity of AM to interact effectively with BALF T 
cells, thereby inducing IFN-γ production. 
 
4.8.3 BALF TCR AV2S3+ CD4+ T cells 

Expansions of TCR AV2S3+ T cells in BALF are strongly associated with 
DRB1*0301positive patients and with a better prognosis (139), which may suggest a pro-
tective role for these cells.  However, we found that these T cells expressed signifi-
cantly lower levels of FOXP3 and CCR2 in addition to a strong tendency of reduced 
IL-10 levels as compared to AV2S3neg CD4+ BALF T cells. The expression of TGF-β1 
did not differ between T cell subsets. Further investigation of AV2S3+ T cells showed 
no difference in the expression of TIM molecules or of IL-2, IL-13 and IFN-γ versus 
AV2S3neg T cells. Together, the data in paper II and III suggest that this particular T 
cell subset has more of an effector function than other BALF CD4+ T cells and may 
contribute to eradicating a postulated sarcoidosis antigen. This is in line with previous 
findings of higher expression of activation markers on AV2S3+ T cells (142). However, 
further investigations are needed to clarify the exact function of AV2S3+ T cells in sar-
coidosis. 
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4.9 CONCLUDING REMARKS 

Altogether, these studies indicate an increased Th1 response in the lungs of patients 
with sarcoidosis compared to healthy subjects. The decreased levels of FOXP3 and 
TIM-3 in the lung CD4+ T cells of sarcoidosis patients likely reflect a defect in the T 
cell ability to control inflammation and granuloma formation. In addition, the study re-
vealed that an increased production of pro-inflammatory and Th1 associated cytokines, 
i.e. IL-2, IL-6, IL-12p70, TNF-α and IFN-γ by BALF cells is associated with non-
Löfgren’s patients. The higher mRNA level of IL-10 in BALF cells of non-Löfgren’s 
patients could suggest an ability of alveolar cells that counteracts the elevated levels of 
IFN-γ in BALF. The ability to produce higher levels of TGF-β1 by BALF cells is asso-
ciated with a favourable prognosis, i.e. Löfgren’s syndrome. The reduced level of TIM-
1 in non-Löfgren’s patients goes well with the exaggerated Th1 response in the lungs of 
these patients, suggesting a regulatory role for this molecule in inflammation.  
Reduced levels of regulatory associated genes FOXP3 and CCR2 in BALF AV2S3+ 
CD4+ T cells suggests an effector function rather than a regulatory role for this T cell 
subset, which is thus implicated in the eradication of a sarcoidosis antigen. Further-
more, the decreased level of TLR2 in AM of Löfgren’s patients might be of relevance 
for macrophage interaction with a postulated sarcoidosis pathogen, and thereby subse-
quent reduced macrophage activation and stimulation of T cells. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 17. Hypothetical model of inflammatory reaction in sarcoidosis, comparing the immune response in the lungs of patients with 
Löfgren’s syndrome and those without. Illustration inspired by D.R. Moller (218). 
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5 CONCLUSION 
 
This thesis has focused on inflammatory responses including regulatory functions in 
BAL fluid and cells of sarcoidosis patients. In particular, we compared immune re-
sponses in the lungs of patients with and without Löfgren’s syndrome and the critical 
factors that could contribute to their respective disease course. Based on our findings 
we conclude that: 
 

• A predominant Th1 cytokine profile in BALF cells of sarcoidosis patients was 
observed. We demonstrated higher levels of pro-inflammatory and Th1 associ-
ated cytokines in the lungs of HLA-DRB1*0301neg patients versus HLA-
DRB1*0301pos patients.  

 
• A decreased level of expression of regulatory associated genes in BALF CD4+ 

T cells of patients was detected. Also a decreased FOXP3 intensity in the 
CD4+FOXP3+ BALF T cells of patients was observed at the protein level. No 
difference between patient subgroups was found. 

 
• A reduced level of regulatory associated genes in BALF TCR AV2S3+ CD4+ T 

cells versus BALF AV2S3neg CD4+ T cells suggested an effector function rather 
than a regulatory one for these T cells. 

 
• A higher ability to produce TGF-β1 in BALF cells was observed in patients 

with Löfgren’s syndrome. 
 

• A reduced level of TIM-3 in BALF CD4+ T cells of sarcoidosis patients was 
noted. A down-regulated TIM-1 expression was associated with a higher ex-
pression of IFN-γ in the lung CD4+ T cells of non-Löfgren’s patients, and thus a 
dysregulation of TIM-1 may be of importance for the exaggerated Th1 response 
in these patients. 

 
• A lower level of TLR2 in AM of patients with Löfgren’s syndrome was ob-

served, which associated with the reduced levels of IFN-γ in CD4+ T cells of 
these patients. This may suggest a reduced capacity to be stimulated by a sar-
coidosis pathogen. 

 
• A lower ability of BALF cells to release IL-23 upon stimulation with LPS was 

detected in sarcoidosis patients. This may result in a reduced capacity to mount 
a Th17 response. 

 



 

  39 

6 ACKNOWLEDGEMENTS 
 
I would like to express my sincerest gratitude to all my colleagues, friends and relatives 
who have helped and encouraged me during the work on this thesis. In particular I 
would like to thank: 
 
My main supervisor professor Johan Grunewald, for being very supportive and shar-
ing his extensive knowledge. His understanding, encouraging and personal guidance 
has provided a good basis for the present thesis. 
 
My co-supervisor professor Anders Eklund, for giving me the opportunity to be a 
PhD-student at the division of Respiratory Medicine, for sharing his great knowledge of 
pulmonary diseases and for his endless encouragements. 
 
Jan Wahlström, my co-supervisor, for sharing his great knowledge of immunology, 
for his constructive criticisms of the manuscripts and for his positive attitude. 
 
Associate professor Hodjattallah Rabbani, for sharing his knowledge of molecular 
biology and for his excellent help in my first paper. 
 
All my co-authors, for their contribution to this thesis. 
 
Kianoosh Katchar, for being a good friend, for introducing me into the lab and being 
my first teacher at my start time. 
 
Fariba Sabounchi, for her friendship and for the nice conversations that we had. 
 
Gunnel de Forest and Magitha Dahl, for all BAL and blood samples and for always 
being so helpful and very nice persons. 
 
Mari Wikén and Charlotta Dagnell, for their kindness and friendship. Thanks for all 
help in FACS and statistics.  
 
All former and present members of the lung research group for creating a nice working 
invironment: Charlotta Müller-Suur, Benita Dahlberg and Benita Engvall (also for 
all their assistance in the lab), Carolin Olgart Höglund, Mikael Mikko, Ernesto 
Silva, Lukas Didon, Bettina Levänen, Åsa Wheelock, Abo Al Hayja Montasir, 
Abraham Roos, Ann-sofi Sandberg, , Helen Blomqvist, Ronny Malkey, Longping, 
Magnus Sköld, Marianne Kovamees,  Magnus Nord, Jia, Cecilia Kemi, Ulrika 
Zagai, Karin Fredriksson, Malin Müller, Tove Berg, Jenny Barton, Pär Gyllfors, 
Magnus Löfdahl, Maryam Fathi……… 
 
Eva-Marie Karlsson, for taking care of everything.  
 
Berit Olsson, for her kind and continuous help in teaching me different lab techniques 
during my MSc degree education and for her friendship during all these years.  



 

40 

 
Annika Van Vollenhoven and Birgitta Wester, for their help in sorting alveolar T 
cells and macrophages. 
 
Blackwell Publishing and European Respiratory Society jounals, for permission to 
reproduce the previously published papers. 
 
The Clinical Virology Laboratory of Karolinska University Hospital at Huddinge, for 
their continuous support during these years. 
 
My friend Lilli at molecular biology section of the Clinical Virology Lab, for her 
friendship and encouragement and support.  
  
All my friends outside the lab, for being my friends and for sharing experiences and 
good times, thank you all! 
 
My sister and brothers-in-law and your relatives, for your concern and support. 
 
My brothers and sisters, Amir, Nahid, Hamid, Kiana and Mitra and your relatives 
especially my sister-in-law Shirin, for your support and for all help throughout the 
years. 
 
My father and my mother, for all your love, generous never ending support, encour-
agement and believing in me, and above all, your blessing and prayers. 
 
Meisam and Hossein, my two precious sons, for your understanding and for your end-
less love and support. 
 
And finally, my husband Mahmood, for your endless support and understanding, and 
for your care, love and encouragement throughout the years.  
  
 
The study was supported by grants from the Swedish Heart Lung Foundation, the 
Swedish Research Council, the King Oscar II Jubilee Foundation, the Mats Kleberg 
Foundation, the Torsten and Ragnar Söderberg Foundation, the American Thoracic So-
ciety/ Foundation for Sarcoidosis Research, the Stockholm County Council and Karo-
linska Institutet. 
 
 
 
 



 

  41 

7 REFERENCES 
 

 
1. Janeway AC, Travers P, Walport M, Shlomchik M. Immunobiology: The im-

mune system in health and disease; 2001. 

2. Ganz T, Lehrer RI. Antimicrobial peptides of leukocytes. Curr Opin Hematol. 
1997 Jan;4(1):53-8. 

3. Akira S, Uematsu S, Takeuchi O. Pathogen recognition and innate immunity. 
Cell. 2006 Feb 24;124(4):783-801. 

4. Sabroe I, Parker L, Dower S, Whyte M. The role of TLR activation in in-
flammation. J Pathol 2008 Jan;214(2):125-35. 

5. Heil F, Hemmi H, Hochrein H, Ampenberger F, Kirschning C, Akira S, et al. 
Species-specific recognition of single-stranded RNA via toll-like receptor 7 
and 8. Science. 2004 Mar 5;303(5663):1526-9. 

6. Takeda K, Akira S. Toll-like receptors in innate immunity. Int Immunol. 2005 
Jan;17(1):1-14. 

7. Akira S, Takeda K. Toll-like receptor signalling. Nat Rev Immunol. 2004 
Jul;4(7):499-511. 

8. Lorenz E. TLR2 and TLR4 expression during bacterial infections. Curr Pharm 
Des 2006;12(32):4185-93. 

9. Quah B, O'Neill H. Maturation of function in dendritic cells for tolerance and 
immunity. J Cell Mol Med 2005 Jul-Sep;9(3):643-54. 

10. Gordon S. Alternative activation of macrophages. Nat Rev Immunol. 2003 
Jan;3(1):23-35. 

11. Trinchieri G. Biology of natural killer cells. Adv Immunol. 1989;47:187-376. 

12. Smyth MJ, Hayakawa Y, Takeda K, Yagita H. New aspects of natural-killer-
cell surveillance and therapy of cancer. Nat Rev Cancer. 2002 Nov;2(11):850-
61. 

13. Lanier LL. Turning on natural killer cells. J Exp Med. 2000 Apr 
17;191(8):1259-62. 

14. Davis MM, Bjorkman PJ. T-cell antigen receptor genes and T-cell recognition. 
Nature. 1988 Aug 4;334(6181):395-402. 

15. Seder RA, Ahmed R. Similarities and differences in CD4+ and CD8+ effector 
and memory T cell generation. Nat Immunol. 2003 Sep;4(9):835-42. 

16. Swain SL, Agrewala JN, Brown DM, Roman E. Regulation of memory CD4 
T cells: generation, localization and persistence. Adv Exp Med Biol. 
2002;512:113-20. 

17. McLachlan JB, Jenkins MK. Migration and accumulation of effector CD4+ T 
cells in nonlymphoid tissues. Proc Am Thorac Soc. 2007 Aug 15;4(5):439-42. 



 

42 

18. Mosmann TR, Coffman RL. TH1 and TH2 cells: different patterns of lym-
phokine secretion lead to different functional properties. Annu Rev Immunol. 
1989;7:145-73. 

19. Langrish CL, Chen Y, Blumenschein WM, Mattson J, Basham B, Sedgwick 
JD, et al. IL-23 drives a pathogenic T cell population that induces autoimmune 
inflammation. J Exp Med. 2005 Jan 17;201(2):233-40. 

20. Weaver CT, Hatton RD, Mangan PR, Harrington LE. IL-17 family cytokines 
and the expanding diversity of effector T cell lineages. Annu Rev Immunol. 
2007;25:821-52. 

21. Garrett-Sinha LA, John S, Gaffen SL. IL-17 and the Th17 lineage in systemic 
lupus erythematosus. Curr Opin Rheumatol. 2008 Sep;20(5):519-25. 

22. Yoshiga Y, Goto D, Segawa S, Ohnishi Y, Matsumoto I, Ito S, et al. Invariant 
NKT cells produce IL-17 through IL-23-dependent and -independent path-
ways with potential modulation of Th17 response in collagen-induced arthri-
tis. Int J Mol Med. 2008 Sep;22(3):369-74. 

23. Veldhoen M, Hocking RJ, Flavell RA, Stockinger B. Signals mediated by 
transforming growth factor-beta initiate autoimmune encephalomyelitis, but 
chronic inflammation is needed to sustain disease. Nat Immunol. 2006 
Nov;7(11):1151-6. 

24. Veldhoen M, Hocking RJ, Atkins CJ, Locksley RM, Stockinger B. TGFbeta 
in the context of an inflammatory cytokine milieu supports de novo differen-
tiation of IL-17-producing T cells. Immunity. 2006 Feb;24(2):179-89. 

25. Bettelli E, Carrier Y, Gao W, Korn T, Strom TB, Oukka M, et al. Reciprocal 
developmental pathways for the generation of pathogenic effector TH17 and 
regulatory T cells. Nature. 2006 May 11;441(7090):235-8. 

26. Mangan PR, Harrington LE, O'Quinn DB, Helms WS, Bullard DC, Elson CO, 
et al. Transforming growth factor-beta induces development of the T(H)17 
lineage. Nature. 2006 May 11;441(7090):231-4. 

27. Acosta-Rodriguez EV, Napolitani G, Lanzavecchia A, Sallusto F. Interleukins 
1beta and 6 but not transforming growth factor-beta are essential for the dif-
ferentiation of interleukin 17-producing human T helper cells. Nat Immunol. 
2007 Sep;8(9):942-9. 

28. Beissert S, Schwarz A, Schwarz T. Regulatory T cells. J Invest Dermatol. 
2006 Jan;126(1):15-24. 

29. Fontenot JD, Dooley JL, Farr AG, Rudensky AY. Developmental regulation 
of Foxp3 expression during ontogeny. J Exp Med. 2005 Oct 3;202(7):901-6. 

30. Hsieh CS, Liang Y, Tyznik AJ, Self SG, Liggitt D, Rudensky AY. Recogni-
tion of the peripheral self by naturally arising CD25+ CD4+ T cell receptors. 
Immunity. 2004 Aug;21(2):267-77. 

31. Schwartz RH. Natural regulatory T cells and self-tolerance. Nat Immunol. 
2005 Apr;6(4):327-30. 

32. Shimizu J, Yamazaki S, Takahashi T, Ishida Y, Sakaguchi S. Stimulation of 
CD25(+)CD4(+) regulatory T cells through GITR breaks immunological self-
tolerance. Nat Immunol 2002 Feb;3(2):135-42. 



 

  43 

33. Takahashi T, Tagami T, Yamazaki S, Uede T, Shimizu J, Sakaguchi N, et al. 
Immunologic self-tolerance maintained by CD25(+)CD4(+) regulatory T cells 
constitutively expressing cytotoxic T lymphocyte-associated antigen 4. J Exp 
Med. 2000 Jul 17;192(2):303-10. 

34. Ruprecht CR, Gattorno M, Ferlito F, Gregorio A, Martini A, Lanzavecchia A, 
et al. Coexpression of CD25 and CD27 identifies FoxP3+ regulatory T cells in 
inflamed synovia. J Exp Med. 2005 Jun 6;201(11):1793-803. 

35. Allakhverdi Z, Fitzpatrick D, Boisvert A, Baba N, Bouguermouh S, Sarfati M, 
et al. Expression of CD103 identifies human regulatory T-cell subsets. J Al-
lergy Clin Immunol. 2006 Dec;118(6):1342-9. 

36. Liu W, Putnam AL, Xu-Yu Z, Szot GL, Lee MR, Zhu S, et al. CD127 expres-
sion inversely correlates with FoxP3 and suppressive function of human CD4+ 
T reg cells. J Exp Med. 2006 Jul 10;203(7):1701-11. 

37. Seddiki N, Santner-Nanan B, Martinson J, Zaunders J, Sasson S, Landay A, et 
al. Expression of interleukin (IL)-2 and IL-7 receptors discriminates between 
human regulatory and activated T cells. J Exp Med. 2006 Jul 10;203(7):1693-
700. 

38. Fontenot JD, Rasmussen JP, Williams LM, Dooley JL, Farr AG, Rudensky 
AY. Regulatory T cell lineage specification by the forkhead transcription fac-
tor foxp3. Immunity. 2005 Mar;22(3):329-41. 

39. Fontenot JD, Gavin MA, Rudensky AY. Foxp3 programs the development 
and function of CD4+CD25+ regulatory T cells. Nat Immunol 2003 
Apr;4(4):330-6. 

40. Khattri R, Cox T, Yasayko SA, Ramsdell F. An essential role for Scurfin in 
CD4+CD25+ T regulatory cells. Nat Immunol. 2003 Apr;4(4):337-42. 

41. Sakaguchi S, Ono M, Setoguchi R, Yagi H, Hori S, Fehervari Z, et al. Foxp3+ 
CD25+ CD4+ natural regulatory T cells in dominant self-tolerance and auto-
immune disease. Immunol Rev. 2006 Aug;212:8-27. 

42. Torgerson TR, Ochs HD. Immune dysregulation, polyendocrinopathy, en-
teropathy, X-linked: forkhead box protein 3 mutations and lack of regulatory 
T cells. J Allergy Clin Immunol. 2007 Oct;120(4):744-50; quiz 51-2. 

43. Annacker O, Asseman C, Read S, Powrie F. Interleukin-10 in the regulation of 
T cell-induced colitis. J Autoimmun. 2003 Jun;20(4):277-9. 

44. Hawrylowicz CM, O'Garra A. Potential role of interleukin-10-secreting regu-
latory T cells in allergy and asthma. Nat Rev Immunol. 2005 Apr;5(4):271-83. 

45. Joetham A, Takeda K, Taube C, Miyahara N, Matsubara S, Koya T, et al. 
Naturally occurring lung CD4(+)CD25(+) T cell regulation of airway allergic 
responses depends on IL-10 induction of TGF-beta. J Immunol. 2007 Feb 
1;178(3):1433-42. 

46. Collison LW, Workman CJ, Kuo TT, Boyd K, Wang Y, Vignali KM, et al. 
The inhibitory cytokine IL-35 contributes to regulatory T-cell function. Na-
ture. 2007 Nov 22;450(7169):566-9. 

47. Grossman WJ, Verbsky JW, Tollefsen BL, Kemper C, Atkinson JP, Ley TJ. 
Differential expression of granzymes A and B in human cytotoxic lymphocyte 
subsets and T regulatory cells. Blood. 2004 Nov 1;104(9):2840-8. 



 

44 

48. de la Rosa M, Rutz S, Dorninger H, Scheffold A. Interleukin-2 is essential for 
CD4+CD25+ regulatory T cell function. Eur J Immunol. 2004 
Sep;34(9):2480-8. 

49. Thornton AM, Shevach EM. CD4+CD25+ immunoregulatory T cells suppress 
polyclonal T cell activation in vitro by inhibiting interleukin 2 production. J 
Exp Med. 1998 Jul 20;188(2):287-96. 

50. Fallarino F, Grohmann U, Hwang KW, Orabona C, Vacca C, Bianchi R, et al. 
Modulation of tryptophan catabolism by regulatory T cells. Nat Immunol. 
2003 Dec;4(12):1206-12. 

51. Mellor AL, Munn DH. IDO expression by dendritic cells: tolerance and tryp-
tophan catabolism. Nat Rev Immunol. 2004 Oct;4(10):762-74. 

52. Vignali DA, Collison LW, Workman CJ. How regulatory T cells work. Nat 
Rev Immunol. 2008 Jul;8(7):523-32. 

53. Hsieh CS, Zheng Y, Liang Y, Fontenot JD, Rudensky AY. An intersection 
between the self-reactive regulatory and nonregulatory T cell receptor reper-
toires. Nat Immunol. 2006 Apr;7(4):401-10. 

54. Bluestone JA, Abbas AK. Natural versus adaptive regulatory T cells. Nat Rev 
Immunol. 2003 Mar;3(3):253-7. 

55. Mills KH, McGuirk P. Antigen-specific regulatory T cells--their induction and 
role in infection. Semin Immunol. 2004 Apr;16(2):107-17. 

56. O'Garra A, Vieira PL, Vieira P, Goldfeld AE. IL-10-producing and naturally 
occurring CD4+ Tregs: limiting collateral damage. J Clin Invest. 2004 
Nov;114(10):1372-8. 

57. Dinarello CA. Proinflammatory cytokines. Chest. 2000 Aug;118(2):503-8. 

58. Infante-Duarte C, Kamradt T. Th1/Th2 balance in infection. Springer Semin 
Immunopathol. 1999;21(3):317-38. 

59. Jankovic D, Sher A, Yap G. Th1/Th2 effector choice in parasitic infection: 
decision making by committee. Curr Opin Immunol. 2001 Aug;13(4):403-9. 

60. Allen JE, Maizels RM. Th1-Th2: reliable paradigm or dangerous dogma? 
Immunol Today. 1997 Aug;18(8):387-92. 

61. Mosmann TR, Sad S. The expanding universe of T-cell subsets: Th1, Th2 and 
more. Immunol Today. 1996 Mar;17(3):138-46. 

62. Hill N, Sarvetnick N. Cytokines: promoters and dampeners of autoimmunity. 
Curr Opin Immunol. 2002 Dec;14(6):791-7. 

63. Tracey KJ, Cerami A. Tumor necrosis factor: a pleiotropic cytokine and thera-
peutic target. Annu Rev Med. 1994;45:491-503. 

64. Beutler B, Krochin N, Milsark IW, Luedke C, Cerami A. Control of cachectin 
(tumor necrosis factor) synthesis: mechanisms of endotoxin resistance. Sci-
ence. 1986 May 23;232(4753):977-80. 

65. Turner M, Chantry D, Katsikis P, Berger A, Brennan FM, Feldmann M. In-
duction of the interleukin 1 receptor antagonist protein by transforming growth 
factor-beta. Eur J Immunol. 1991 Jul;21(7):1635-9. 



 

  45 

66. Kuchroo VK, Umetsu DT, DeKruyff RH, Freeman GJ. The TIM gene family: 
emerging roles in immunity and disease. Nat Rev Immunol. 2003 
Jun;3(6):454-62. 

67. McIntire JJ, Umetsu DT, DeKruyff RH. TIM-1, a novel allergy and asthma 
susceptibility gene. Springer Semin Immunopathol  2004 Feb;25(3-4):335-48. 

68. McIntire JJ, Umetsu SE, Akbari O, Potter M, Kuchroo VK, Barsh GS, et al. 
Identification of Tapr (an airway hyperreactivity regulatory locus) and the 
linked Tim gene family. Nat Immunol. 2001 Dec;2(12):1109-16. 

69. Meyers JH, Sabatos CA, Chakravarti S, Kuchroo VK. The TIM gene family 
regulates autoimmune and allergic diseases. Trends Mol Med. 2005 
Aug;11(8):362-9. 

70. Ichimura T, Bonventre JV, Bailly V, Wei H, Hession CA, Cate RL, et al. Kid-
ney injury molecule-1 (KIM-1), a putative epithelial cell adhesion molecule 
containing a novel immunoglobulin domain, is up-regulated in renal cells after 
injury. J Biol Chem. 1998 Feb 13;273(7):4135-42. 

71. Feigelstock D, Thompson P, Mattoo P, Zhang Y, Kaplan GG. The human ho-
molog of HAVcr-1 codes for a hepatitis A virus cellular receptor. J Virol. 
1998 Aug;72(8):6621-8. 

72. Umetsu SE, Lee WL, McIntire JJ, Downey L, Sanjanwala B, Akbari O, et al. 
TIM-1 induces T cell activation and inhibits the development of peripheral 
tolerance. Nat Immunol. 2005 May;6(5):447-54. 

73. Chae SC, Song JH, Heo JC, Lee YC, Kim JW, Chung HT. Molecular varia-
tions in the promoter and coding regions of human Tim-1 gene and their asso-
ciation in Koreans with asthma. Hum Immunol. 2003 Dec;64(12):1177-82. 

74. Chae SC, Song JH, Shim SC, Yoon KS, Chung HT. The exon 4 variations of 
Tim-1 gene are associated with rheumatoid arthritis in a Korean population. 
Biochem Biophys Res Commun. 2004 Mar 19;315(4):971-5. 

75. Meyers JH, Chakravarti S, Schlesinger D, Illes Z, Waldner H, Umetsu SE, et 
al. TIM-4 is the ligand for TIM-1, and the TIM-1-TIM-4 interaction regulates 
T cell proliferation. Nat Immunol. 2005 May;6(5):455-64. 

76. Monney L, Sabatos CA, Gaglia JL, Ryu A, Waldner H, Chernova T, et al. 
Th1-specific cell surface protein Tim-3 regulates macrophage activation and 
severity of an autoimmune disease. Nature. 2002 Jan 31;415(6871):536-41. 

77. Sabatos CA, Chakravarti S, Cha E, Schubart A, Sanchez-Fueyo A, Zheng XX, 
et al. Interaction of Tim-3 and Tim-3 ligand regulates T helper type 1 re-
sponses and induction of peripheral tolerance. Nat Immunol. 2003 
Nov;4(11):1102-10. 

78. Sanchez-Fueyo A, Tian J, Picarella D, Domenig C, Zheng XX, Sabatos CA, et 
al. Tim-3 inhibits T helper type 1-mediated auto- and alloimmune responses 
and promotes immunological tolerance. Nat Immunol. 2003 Nov;4(11):1093-
101. 

79. Chawla-Sarkar M, Lindner DJ, Liu YF, Williams BR, Sen GC, Silverman RH, 
et al. Apoptosis and interferons: role of interferon-stimulated genes as media-
tors of apoptosis. Apoptosis. 2003 Jun;8(3):237-49. 



 

46 

80. Zhu C, Anderson AC, Schubart A, Xiong H, Imitola J, Khoury SJ, et al. The 
Tim-3 ligand galectin-9 negatively regulates T helper type 1 immunity. Nat 
Immunol. 2005 Dec;6(12):1245-52. 

81. Koguchi K, Anderson DE, Yang L, O'Connor KC, Kuchroo VK, Hafler DA. 
Dysregulated T cell expression of TIM3 in multiple sclerosis. J Exp Med. 
2006 Jun 12;203(6):1413-8. 

82. Anderson AC, Anderson DE. TIM-3 in autoimmunity. Curr Opin Immunol. 
2006 Dec;18(6):665-9. 

83. Chen Y, Langrish CL, McKenzie B, Joyce-Shaikh B, Stumhofer JS, 
McClanahan T, et al. Anti-IL-23 therapy inhibits multiple inflammatory path-
ways and ameliorates autoimmune encephalomyelitis. J Clin Invest. 2006 
May;116(5):1317-26. 

84. Anderson AC, Anderson DE, Bregoli L, Hastings WD, Kassam N, Lei C, et 
al. Promotion of tissue inflammation by the immune receptor Tim-3 expressed 
on innate immune cells. Science. 2007 Nov 16;318(5853):1141-3. 

85. Cua DJ, Sherlock J, Chen Y, Murphy CA, Joyce B, Seymour B, et al. Inter-
leukin-23 rather than interleukin-12 is the critical cytokine for autoimmune in-
flammation of the brain. Nature. 2003 Feb 13;421(6924):744-8. 

86. Nakae S, Iikura M, Suto H, Akiba H, Umetsu DT, Dekruyff RH, et al. TIM-1 
and TIM-3 enhancement of Th2 cytokine production by mast cells. Blood. 
2007 Oct 1;110(7):2565-8. 

87. Wang F, He W, Zhou H, Yuan J, Wu K, Xu L, et al. The Tim-3 ligand 
galectin-9 negatively regulates CD8+ alloreactive T cell and prolongs survival 
of skin graft. Cell Immunol. 2007 Nov-Dec;250(1-2):68-74. 

88. Girod S, Zahm JM, Plotkowski C, Beck G, Puchelle E. Role of the physio-
chemical properties of mucus in the protection of the respiratory epithelium. 
Eur Respir J. 1992 Apr;5(4):477-87. 

89. Underdown BJ, Schiff JM. Immunoglobulin A: strategic defense initiative at 
the mucosal surface. Annu Rev Immunol. 1986;4:389-417. 

90. Bedard M, McClure CD, Schiller NL, Francoeur C, Cantin A, Denis M. Re-
lease of interleukin-8, interleukin-6, and colony-stimulating factors by upper 
airway epithelial cells: implications for cystic fibrosis. Am J Respir Cell Mol 
Biol. 1993 Oct;9(4):455-62. 

91. Rossi GA, Sacco O, Balbi B, Oddera S, Mattioni T, Corte G, et al. Human 
ciliated bronchial epithelial cells: expression of the HLA-DR antigens and of 
the HLA-DR alpha gene, modulation of the HLA-DR antigens by gamma-
interferon and antigen-presenting function in the mixed leukocyte reaction. 
Am J Respir Cell Mol Biol. 1990 Nov;3(5):431-9. 

92. Vermaelen KY, Carro-Muino I, Lambrecht BN, Pauwels RA. Specific migra-
tory dendritic cells rapidly transport antigen from the airways to the thoracic 
lymph nodes. J Exp Med. 2001 Jan 1;193(1):51-60. 

93. Reynolds HY. Diagnostic and management strategies for diffuse interstitial 
lung disease. Chest. 1998 Jan;113(1):192-202. 

94. Leslie KO. Pathology of interstitial lung disease. Clin Chest Med. 2004 
Dec;25(4):657-703, vi. 



 

  47 

95. Ryu JH, Daniels CE, Hartman TE, Yi ES. Diagnosis of interstitial lung dis-
eases. Mayo Clin Proc. 2007 Aug;82(8):976-86. 

96. Hunninghake GW, Costabel U, Ando M, Baughman R, Cordier JF, du Bois R, 
et al. ATS/ERS/WASOG statement on sarcoidosis. American Thoracic Soci-
ety/European Respiratory Society/World Association of Sarcoidosis and other 
Granulomatous Disorders. Sarcoidosis Vasc Diffuse Lung Dis. 1999 
Sep;16(2):149-73. 

97. Costabel U, Guzman J. Bronchoalveolar lavage in interstitial lung disease. 
Curr Opin Pulm Med. 2001 Sep;7(5):255-61. 

98. Haslam PL, Baughman RP. Report of ERS Task Force: guidelines for meas-
urement of acellular components and standardization of BAL. Eur Respir J. 
1999 Aug;14(2):245-8. 

99. Nicod LP. Pulmonary defence mechanisms. Respiration. 1999;66(1):2-11. 

100. Iwasaki A, Medzhitov R. Toll-like receptor control of the adaptive immune 
responses. Nat Immunol. 2004 Oct;5(10):987-95. 

101. Sibille Y, Reynolds HY. Macrophages and polymorphonuclear neutrophils in 
lung defense and injury. Am Rev Respir Dis. 1990 Feb;141(2):471-501. 

102. Kisich KO, Heifets L, Higgins M, Diamond G. Antimycobacterial agent based 
on mRNA encoding human beta-defensin 2 enables primary macrophages to 
restrict growth of Mycobacterium tuberculosis. Infect Immun. 2001 
Apr;69(4):2692-9. 

103. Lambrecht BN. Dendritic cells and the regulation of the allergic immune re-
sponse. Allergy. 2005 Mar;60(3):271-82. 

104. Mizgerd JP. Molecular mechanisms of neutrophil recruitment elicited by bac-
teria in the lungs. Semin Immunol. 2002 Apr;14(2):123-32. 

105. Statement on sarcoidosis. Am J Respir Crit Care Med 1999 Aug;160(2):736-
55. 

106. Rybicki BA, Major M, Popovich J, Jr., Maliarik MJ, Iannuzzi MC. Racial dif-
ferences in sarcoidosis incidence: a 5-year study in a health maintenance or-
ganization. Am J Epidemiol. 1997 Feb 1;145(3):234-41. 

107. Pietinalho A, Hiraga Y, Hosoda Y, Lofroos AB, Yamaguchi M, Selroos O. 
The frequency of sarcoidosis in Finland and Hokkaido, Japan. A comparative 
epidemiological study. Sarcoidosis. 1995 Mar;12(1):61-7. 

108. Hillerdal G, Nou E, Osterman K, Schmekel B. Sarcoidosis: epidemiology and 
prognosis. A 15-year European study. Am Rev Respir Dis. 1984 
Jul;130(1):29-32. 

109. Newman LS, Rose CS, Maier LA. Sarcoidosis. N Engl J Med. 1997 Apr 
24;336(17):1224-34. 

110. Hiraga Y, Hosoda Y, Zenda I. A local outbreak of sarcoidosis in Northern Ja-
pan. Z Erkr Atmungsorgane. 1977 Jul;149(1):38-43. 

111. Edmondstone WM. Sarcoidosis in nurses: is there an association? Thorax. 
1988 Apr;43(4):342-3. 



 

48 

112. Abe C, Iwai K, Mikami R, Hosoda Y. Frequent isolation of Propionibacterium 
acnes from sarcoidosis lymph nodes. Zentralbl Bakteriol Mikrobiol Hyg [A]. 
1984 Apr;256(4):541-7. 

113. Saboor SA, Johnson NM, McFadden J. Detection of mycobacterial DNA in 
sarcoidosis and tuberculosis with polymerase chain reaction. Lancet. 1992 Apr 
25;339(8800):1012-5. 

114. Cummings MM. An evaluation of the possible relationship of pine pollen to 
sarcoidosis (a critical summary). Acta Med Scand Suppl. 1964;425:48-50. 

115. De Vuyst P, Dumortier P, Schandene L, Estenne M, Verhest A, Yernault JC. 
Sarcoidlike lung granulomatosis induced by aluminum dusts. Am Rev Respir 
Dis. 1987 Feb;135(2):493-7. 

116. Brennan NJ, Crean P, Long JP, Fitzgerald MX. High prevalence of familial 
sarcoidosis in an Irish population. Thorax. 1984 Jan;39(1):14-8. 

117. Iannuzzi MC, Rybicki BA, Teirstein AS. Sarcoidosis. N Engl J Med. 2007 
Nov 22;357(21):2153-65. 

118. Reich JM, Johnson RE. Course and prognosis of sarcoidosis in a nonreferral 
setting. Analysis of 86 patients observed for 10 years. Am J Med. 1985 
Jan;78(1):61-7. 

119. Romer FK. Presentation of sarcoidosis and outcome of pulmonary changes. 
Dan Med Bull. 1982 Jan;29(1):27-32. 

120. Siltzbach LE, James DG, Neville E, Turiaf J, Battesti JP, Sharma OP, et al. 
Course and prognosis of sarcoidosis around the world. Am J Med. 1974 
Dec;57(6):847-52. 

121. Lynch JP, 3rd, Sharma OP, Baughman RP. Extrapulmonary sarcoidosis. 
Semin Respir Infect. 1998 Sep;13(3):229-54. 

122. Grunewald J, Eklund A. Sex-specific manifestations of Lofgren's syndrome. 
Am J Respir Crit Care Med. 2007 Jan 1;175(1):40-4. 

123. Costabel U. CD4/CD8 ratios in bronchoalveolar lavage fluid: of value for di-
agnosing sarcoidosis? Eur Respir J. 1997 Dec;10(12):2699-700. 

124. Heron M, Slieker WA, Zanen P, van Lochem EG, Hooijkaas H, van den 
Bosch JM, et al. Evaluation of CD103 as a cellular marker for the diagnosis of 
pulmonary sarcoidosis. Clin Immunol. 2008 Mar;126(3):338-44. 

125. Dagnell C, Grunewald J, Idali F, Wiken M, Kemi C, Skold CM, et al. In-
creased levels of nerve growth factor in the airways of patients with sarcoido-
sis. J Intern Med. 2008 Sep 6. 

126. Baughman RP, Teirstein AS, Judson MA, Rossman MD, Yeager H, Jr., Bres-
nitz EA, et al. Clinical characteristics of patients in a case control study of sar-
coidosis. Am J Respir Crit Care Med. 2001 Nov 15;164(10 Pt 1):1885-9. 

127. Spiteri MA, Newman SP, Clarke SW, Poulter LW. Inhaled corticosteroids can 
modulate the immunopathogenesis of pulmonary sarcoidosis. Eur Respir J. 
1989 Mar;2(3):218-24. 

128. Baughman RP, Lower EE. Infliximab for refractory sarcoidosis. Sarcoidosis 
Vasc Diffuse Lung Dis. 2001 Mar;18(1):70-4. 



 

  49 

129. Grunewald J, Eklund A. Role of CD4+ T cells in sarcoidosis. Proc Am Thorac 
Soc. 2007 Aug 15;4(5):461-4. 

130. Agostini C, Semenzato G, James DG. Immunological, clinical and molecular 
aspects of sarcoidosis. Mol Aspects Med. 1997 Apr;18(2):91-165. 

131. Muller-Quernheim J. Sarcoidosis: immunopathogenetic concepts and their 
clinical application. Eur Respir J. 1998 Sep;12(3):716-38. 

132. Moller DR. Involvement of T cells and alterations in T cell receptors in sar-
coidosis. Semin Respir Infect. 1998 Sep;13(3):174-83. 

133. Bellocq A, Lecossier D, Pierre-Audigier C, Tazi A, Valeyre D, Hance AJ. T 
cell receptor repertoire of T lymphocytes recovered from the lung and blood 
of patients with sarcoidosis. Am J Respir Crit Care Med. 1994 Mar;149(3 Pt 
1):646-54. 

134. Forman JD, Klein JT, Silver RF, Liu MC, Greenlee BM, Moller DR. Selective 
activation and accumulation of oligoclonal V beta-specific T cells in active 
pulmonary sarcoidosis. J Clin Invest. 1994 Oct;94(4):1533-42. 

135. Grunewald J, Janson CH, Eklund A, Ohrn M, Olerup O, Persson U, et al. Re-
stricted V alpha 2.3 gene usage by CD4+ T lymphocytes in bronchoalveolar 
lavage fluid from sarcoidosis patients correlates with HLA-DR3. Eur J Immu-
nol. 1992 Jan;22(1):129-35. 

136. Grunewald J, Olerup O, Persson U, Ohrn MB, Wigzell H, Eklund A. T-cell 
receptor variable region gene usage by CD4+ and CD8+ T cells in bronchoal-
veolar lavage fluid and peripheral blood of sarcoidosis patients. Proc Natl 
Acad Sci U S A. 1994 May 24(11):4965-9. 

137. Moller DR, Konishi K, Kirby M, Balbi B, Crystal RG. Bias toward use of a 
specific T cell receptor beta-chain variable region in a subgroup of individuals 
with sarcoidosis. J Clin Invest. 1988 Oct;82(4):1183-91. 

138. Planck A, Eklund A, Grunewald J. Markers of activity in clinically recovered 
human leukocyte antigen-DR17-positive sarcoidosis patients. Eur Respir J. 
2003 Jan;21(1):52-7. 

139. Grunewald J, Berlin M, Olerup O, Eklund A. Lung T-helper cells expressing 
T-cell receptor AV2S3 associate with clinical features of pulmonary sarcoido-
sis. Am J Respir Crit Care Med 2000;161:814-8. 

140. Konishi K, Moller DR, Saltini C, Kirby M, Crystal RG. Spontaneous expres-
sion of the interleukin 2 receptor gene and presence of functional interleukin 2 
receptors on T lymphocytes in the blood of individuals with active pulmonary 
sarcoidosis. J Clin Invest. 1988 Sep;82(3):775-81. 

141. Saltini C, Hemler ME, Crystal RG. T lymphocytes compartmentalized on the 
epithelial surface of the lower respiratory tract express the very late activation 
antigen complex VLA-1. Clin Immunol Immunopathol. 1988 Feb;46(2):221-
33. 

142. Katchar K, Wahlstrom J, Eklund A, Grunewald J. Highly activated T-cell re-
ceptor AV2S3(+) CD4(+) lung T-cell expansions in pulmonary sarcoidosis. 
Am J Respir Crit Care Med 2001 Jun;163(7):1540-5. 

143. Moller DR, Forman JD, Liu MC, Noble PW, Greenlee BM, Vyas P, et al. En-
hanced expression of IL-12 associated with Th1 cytokine profiles in active 
pulmonary sarcoidosis. J Immunol. 1996;156(12):4952-60. 



 

50 

144. Shigehara K, Shijubo N, Ohmichi M, Takahashi R, Kon S, Okamura H, et al. 
IL-12 and IL-18 are increased and stimulate IFN-gamma production in sarcoid 
lungs. J Immunol. 2001;166(1):642-9. 

145. Ziegenhagen MW, Benner UK, Zissel G, Zabel P, Schlaak M, Muller-
Quernheim J. Sarcoidosis: TNF-alpha release from alveolar macrophages and 
serum level of sIL-2R are prognostic markers. Am J Respir Crit Care Med. 
1997 Nov;156(5):1586-92. 

146. Agostini C, Basso U, Semenzato G. Cells and molecules involved in the de-
velopment of sarcoid granuloma. J Clin Immunol 1998 May;18(3):184-92. 

 
147. Agostini C, Facco M, Chilosi M, Semenzato G. Alveolar macrophage-T cell 

interactions during Th1-type sarcoid inflammation. Microsc Res Tech. 2001 
May 15;53(4):278-87. 

148. Katchar K, Eklund A, Grunewald J. Expression of Th1 markers by lung ac-
cumulated T cells in pulmonary sarcoidosis. J Intern Med. 2003 
Dec;254(6):564-71. 

149. Godfrey DI, Hammond KJ, Poulton LD, Smyth MJ, Baxter AG. NKT cells: 
facts, functions and fallacies. Immunol Today. 2000 Nov;21(11):573-83. 

150. Brutkiewicz RR. CD1d ligands: the good, the bad, and the ugly. J Immunol. 
2006 Jul 15;177(2):769-75. 

151. Kobayashi S, Kaneko Y, Seino K, Yamada Y, Motohashi S, Koike J, et al. 
Impaired IFN-gamma production of Valpha24 NKT cells in non-remitting 
sarcoidosis. Int Immunol. 2004 Feb;16(2):215-22. 

152. Ho LP, Urban BC, Thickett DR, Davies RJ, McMichael AJ. Deficiency of a 
subset of T-cells with immunoregulatory properties in sarcoidosis. Lancet. 
2005 Mar 19-25;365(9464):1062-72. 

153. Miyara M, Amoura Z, Parizot C, Badoual C, Dorgham K, Trad S, et al. The 
immune paradox of sarcoidosis and regulatory T cells. J Exp Med. 2006 Feb 
20;203(2):359-70. 

154. Planck A, Katchar K, Eklund A, Gripenback S, Grunewald J. T-lymphocyte 
activity in HLA-DR17 positive patients with active and clinically recovered 
sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis 2003 Jun;20(2):110-7. 

155. Dai H, Guzman J, Costabel U. Increased expression of apoptosis signalling 
receptors by alveolar macrophages in sarcoidosis. Eur Respir J. 1999 
Jun;13(6):1451-4. 

156. Wahlstrom J, Berlin M, Skold CM, Wigzell H, Eklund A, Grunewald J. Phe-
notypic analysis of lymphocytes and monocytes/macrophages in peripheral 
blood and bronchoalveolar lavage fluid from patients with pulmonary sarcoi-
dosis. Thorax. 1999 Apr;54(4):339-46. 

157. Stridh H, Planck A, Gigliotti D, Eklund A, Grunewald J. Apoptosis resistant 
bronchoalveolar lavage (BAL) fluid lymphocytes in sarcoidosis. Thorax. 2002 
Oct;57(10):897-901. 

158. Xaus J, Besalduch N, Comalada M, Marcoval J, Pujol R, Mana J, et al. High 
expression of p21 Waf1 in sarcoid granulomas: a putative role for long-lasting 
inflammation. J Leukoc Biol. 2003 Aug;74(2):295-301. 



 

  51 

159. Berlin M, Fogdell-Hahn A, Olerup O, Eklund A, Grunewald J. HLA-DR pre-
dicts the prognosis in Scandinavian patients with pulmonary sarcoidosis. Am J 
Respir Crit Care Med. 1997;156:1601-5. 

160. Ishihara M, Ohno S, Ishida T, Ando H, Naruse T, Nose Y, et al. Molecular 
genetic studies of HLA class II alleles in sarcoidosis. Tissue Antigens. 1994 
Apr;43(4):238-41. 

161. Gardner J, Kennedy HG, Hamblin A, Jones E. HLA associations in sarcoido-
sis: a study of two ethnic groups. Thorax. 1984 Jan;39(1):19-22. 

162. Sato H, Grutters JC, Pantelidis P, Mizzon AN, Ahmad T, Van Houte AJ, et al. 
HLA-DQB1*0201: a marker for good prognosis in British and Dutch patients 
with sarcoidosis. Am J Respir Cell Mol Biol. 2002 Oct;27(4):406-12. 

163. Naruse TK, Matsuzawa Y, Ota M, Katsuyama Y, Matsumori A, Hara M, et al. 
HLA-DQB1*0601 is primarily associated with the susceptibility to cardiac 
sarcoidosis. Tissue Antigens. 2000 Jul;56(1):52-7. 

164. Grunewald J, Wahlstrom J, Berlin M, Wigzell H, Eklund A, Olerup O. Lung 
restricted T cell receptor AV2S3+ CD4+ T cell expansions in sarcoidosis pa-
tients with a shared HLA-DRbeta chain conformation. Thorax. 2002 
Apr;57(4):348-52. 

165. Grunewald J, Wahlstrom J, Berlin M, Wigzell H, Eklund A, Olerup O. Lung 
restricted T cell receptor AV2S3+ CD4+ T cell expansions in sarcoidosis pa-
tients with a shared HLA-DRbeta chain conformation. Thorax. 2002 
Apr;57(4):348-52. 

166. Nagvekar N, Corlett L, Jacobson LW, Matsuo H, Chalkley R, Driscoll PC, et 
al. Scanning a DRB3*0101 (DR52a)-restricted epitope cross-presented by 
DR3: overlapping natural and artificial determinants in the human acetylcho-
line receptor. J Immunol. 1999 Apr 1;162(7):4079-87. 

167. Swider C, Schnittger L, Bogunia-Kubik K, Gerdes J, Flad H, Lange A, et al. 
TNF-alpha and HLA-DR genotyping as potential prognostic markers in pul-
monary sarcoidosis. Eur Cytokine Netw. 1999 Jun;10(2):143-6. 

168. Eklund A, Blaschke E. Relationship between changed alveolar-capillary per-
meability and angiotensin converting enzyme activity in serum in sarcoidosis. 
Thorax. 1986;41:629-34. 

169. Chomczynski P, Sacchi N. Single-step method of RNA isolation by acid gua-
nidinium thiocyanate-phenol-chloroform extraction. Anal Biochem. 1987 
Apr;162(1):156-9. 

170. Perkin-Elmer Instruction manual. User Bulletin no. 2. Foster city ,CA, USA, 
Perkin-Elmer Applied Biosystem Inc. 1997:1-36. 

 
171. Olerup O, Zetterquist H. HLA-DR typing by PCR amplification with se-

quence-specific primers (PCR-SSP) in 2 hours: an alternative to serological 
DR typing in clinical practice including donor-recipient matching in cadaveric 
transplantation. Tissue Antigens 1992 May;39(5):225-35. 

172. Grunewald J, Eklund A, Olerup O. Human leukocyte antigen class I alleles 
and the disease course in sarcoidosis patients. Am J Respir Crit Care Med. 
2004 Mar 15;169(6):696-702. 

173. Muller-Quernheim J. Sarcoidosis: clinical manifestations, staging and therapy 
(Part II). Respir Med. 1998 Feb;92(2):140-9. 



 

52 

174. Lenz AG, Hinze-Heyn H, Schneider A, Behr J, Haussinger K, Heindi S, et al. 
Influence of inflammatory mechanisms on the redox balance in interstitial 
lung diseases. Respir Med. 2004 98(8):737-45. 

175. Minshall EM, Tsicopoulos A, Yasruel Z, Wallaert B, Akoum H, Vorng H, et 
al. Cytokine mRNA gene expression in active and nonactive pulmonary sar-
coidosis. Eur Respir J. 1997 Sep;10(9):2034-9. 

176. Pinkston P, Bitterman P, Crystal RG. Spontaneous release of interleukin-2 by 
lung T lymphocytes in active pulmonary sarcoidosis. N Engl J Med 
1983;308(14):793-800. 

177. Wahlstrom J, Katchar K, Wigzell H, Olerup O, Eklund A, Grunewald J. 
Analysis of intracellular cytokines in CD4+ and CD8+ lung and blood T cells 
in sarcoidosis. Am J Respir Crit Care Med 2001;163(1):115-21. 

178. Hauber HP, Gholami D, Meyer A, Pforte A. Increased interleukin-13 expres-
sion in patients with sarcoidosis. Thorax. 2003 Jun;58(6):519-24. 

179. Kaneshima H, Nagai S, Shimoji T, Tsutsumi T, Mikuniya T, Satake N, et al. 
TNF alpha mRNA, but not IL-1 beta, is differentially expressed in lung 
macrophages of patients with active pulmonary sarcoidosis. Sarcoidosis. 1994 
Mar;11(1):19-25. 

180. Myatt N, Coghill G, Morrison K, Jones D, Cree IA. Detection of tumour ne-
crosis factor alpha in sarcoidosis and tuberculosis granulomas using in situ 
hybridisation. J Clin Pathol. 1994 May;47(5):423-6. 

181. Carter JD, Ghio AJ, Samet JM, Devlin RB. Cytokine production by human 
airway epithelial cells after exposure to an air pollution particle is metal-
dependent. Toxicol Appl Pharmacol. 1997 Oct;146(2):180-8. 

182. Nash JR, McLaughlin PJ, Hoyle C, Roberts D. Immunolocalization of tumour 
necrosis factor alpha in lung tissue from patients dying with adult respiratory 
distress syndrome. Histopathology. 1991 Nov;19(5):395-402. 

183. Neff SB, Z'Graggen B R, Neff TA, Jamnicki-Abegg M, Suter D, Schimmer 
RC, et al. Inflammatory response of tracheobronchial epithelial cells to en-
dotoxin. Am J Physiol Lung Cell Mol Physiol. 2006 Jan;290(1):L86-96. 

184. Gessani S, Testa U, Varano B, Di Marzio P, Borghi P, Conti L, et al. En-
hanced production of LPS-induced cytokines during differentiation of human 
monocytes to macrophages. Role of LPS receptors. J Immunol. 1993 Oct 
1;151(7):3758-66. 

185. MacKenzie S, Fernandez-Troy N, Espel E. Post-transcriptional regulation of 
TNF-alpha during in vitro differentiation of human monocytes/macrophages 
in primary culture. J Leukoc Biol. 2002 Jun;71(6):1026-32. 

186. Chensue S, Ruth J, Warmington K, Lincoln P, Kunkel S. In vivo regulation of 
macrophage IL-12 production during type 1 and type 2 cytokine-mediated 
granuloma formation. J Immunol 1995;155(7):3546-51. 

187. Raychaudhuri B, Fisher CJ, Farver CF, Malur A, Drazba J, Kavuru MS, et al. 
Interleukin 10 (IL-10)-mediated inhibition of inflammatory cytokine produc-
tion by human alveolar macrophages. Cytokine. 2000;12(9):1348-55. 

188. Grunewald J, Hultman T, Bucht A, Eklund A, Wigzell H. Restricted usage of 
T cell receptor V alpha/J alpha gene segments with different nucleotide but 



 

  53 

identical amino acid sequences in HLA-DR3+ sarcoidosis patients. Mol Med 
1995;1(3):287-96. 

189. Zissel G, Homolka J, Schlaak J, Schlaak M, Muller-Quernheim J. Anti-
inflammatory cytokine release by alveolar macrophages in pulmonary sarcoi-
dosis. Am J Respir Crit Care Med. 1996 Sep;154(3 Pt 1):713-9. 

190. Sakaguchi S, Sakaguchi N, Asano M, Itoh M, Toda M. Immunologic self-
tolerance maintained by activated T cells expressing IL-2 receptor alpha-
chains (CD25). Breakdown of a single mechanism of self-tolerance causes 
various autoimmune diseases. J Immunol. 1995 Aug 1;155(3):1151-64. 

191. Bohling SD, Allison KH. Immunosuppressive regulatory T cells are associ-
ated with aggressive breast cancer phenotypes: a potential therapeutic target. 
Mod Pathol. 2008 Sep 26. 

192. Banham AH, Powrie FM, Suri-Payer E. FOXP3+ regulatory T cells: Current 
controversies and future perspectives. Eur J Immunol. 2006 Nov;36(11):2832-
6. 

193. Shevach E. CD4+ CD25+ suppressor T cells: more questions than answers. 
Nat Rev Immunol. 2002; Jun;2(6):389-400. 

194. Bruhl H, Cihak J, Schneider MA, Plachy J, Rupp T, Wenzel I, et al. Dual role 
of CCR2 during initiation and progression of collagen-induced arthritis: evi-
dence for regulatory activity of CCR2+ T cells. J Immunol 2004 Jan 
15;172(2):890-8. 

195. Sebastiani S, Allavena P, Albanesi C, Nasorri F, Bianchi G, Traidl C, et al. 
Chemokine receptor expression and function in CD4+ T lymphocytes with 
regulatory activity. J Immunol. 2001 Jan 15;166(2):996-1002. 

196. Veillard NR, Steffens S, Pelli G, Lu B, Kwak BR, Gerard C, et al. Differential 
influence of chemokine receptors CCR2 and CXCR3 in development of 
atherosclerosis in vivo. Circulation. 2005 Aug 9;112(6):870-8. 

197. Sato W, Aranami T, Yamamura T. Cutting edge: Human Th17 cells are identi-
fied as bearing CCR2+CCR5- phenotype. J Immunol. 2007 Jun 
15;178(12):7525-9. 

198. Hartl D, Koller B, Mehlhorn A, Reinhardt D, Nicolai T, Schendel D, et al. 
Quantitative and functional impairment of pulmonary CD4+CD25hi regula-
tory T cells in pediatric asthma. Basic and clinical immunology. 2007 May 
119(5):1258-66. 

 
199. Yang L, Anderson DE, Kuchroo J, Hafler DA. Lack of TIM-3 immunoregula-

tion in multiple sclerosis. J Immunol. 2008 Apr 1;180(7):4409-14. 

200. Khademi M, Illes Z, Gielen AW, Marta M, Takazawa N, Baecher-Allan C, et 
al. T Cell Ig- and mucin-domain-containing molecule-3 (TIM-3) and TIM-1 
molecules are differentially expressed on human Th1 and Th2 cells and in 
cerebrospinal fluid-derived mononuclear cells in multiple sclerosis. J Immu-
nol. 2004 Jun 1;172(11):7169-76. 

201. Medzhitov R. Toll-like receptors and innate immunity. Nat Rev Immunol. 
2001 Nov;1(2):135-45. 

202. Takeuchi O, Hoshino K, Akira S. Cutting edge: TLR2-deficient and MyD88-
deficient mice are highly susceptible to Staphylococcus aureus infection. J 
Immunol. 2000 Nov 15;165(10):5392-6. 



 

54 

203. Wooten RM, Ma Y, Yoder RA, Brown JP, Weis JH, Zachary JF, et al. Toll-
like receptor 2 is required for innate, but not acquired, host defense to Borrelia 
burgdorferi. J Immunol. 2002 Jan 1;168(1):348-55. 

204. Arko-Mensah J, Julian E, Singh M, Fernandez C. TLR2 but not TLR4 signal-
ling is critically involved in the inhibition of IFN-gamma-induced killing of 
mycobacteria by murine macrophages. Scand J Immunol. 2007 
Feb;65(2):148-57. 

205. Droemann D, Goldmann T, Tiedje T, Zabel P, Dalhoff K, Schaaf B. Toll-like 
receptor 2 expression is decreased on alveolar macrophages in cigarette smok-
ers and COPD patients. Respir Res. 2005;6:68. 

206. Schnare M, Barton GM, Holt AC, Takeda K, Akira S, Medzhitov R. Toll-like 
receptors control activation of adaptive immune responses. Nat Immunol. 
2001 Oct;2(10):947-50. 

207. Prabha C, Rajashree P, Sulochana DD. TLR2 and TLR4 expression on the 
immune cells of tuberculous pleural fluid. Immunol Lett. 2008 Apr 
15;117(1):26-34. 

208. Hirschfeld M, Weis JJ, Toshchakov V, Salkowski CA, Cody MJ, Ward DC, et 
al. Signaling by toll-like receptor 2 and 4 agonists results in differential gene 
expression in murine macrophages. Infect Immun. 2001 Mar;69(3):1477-82. 

209. Pulendran B, Kumar P, Cutler CW, Mohamadzadeh M, Van Dyke T, 
Banchereau J. Lipopolysaccharides from distinct pathogens induce different 
classes of immune responses in vivo. J Immunol. 2001 Nov 1;167(9):5067-76. 

210. Re F, Strominger JL. Toll-like receptor 2 (TLR2) and TLR4 differentially ac-
tivate human dendritic cells. J Biol Chem. 2001 Oct 5;276(40):37692-9. 

211. Wiken M, Grunewald J, Eklund A, Wahlstrom J. Higher Monocyte Expres-
sion of TLR2 and TLR4, and Enhanced Pro-inflammatory Synergy of TLR2 
with NOD2 Stimulation in Sarcoidosis. J Clin Immunol. 2008 Sep 5. 

212. Agostini C, Cassatella M, Zambello R, Trentin L, Gasperini S, Perin A, et al. 
Involvement of the IP-10 chemokine in sarcoid granulomatous reactions. J 
Immunol. 1998 Dec 1;161(11):6413-20. 

213. Nishioka Y, Manabe K, Kishi J, Wang W, Inayama M, Azuma M, et al. 
CXCL9 and 11 in patients with pulmonary sarcoidosis: a role of alveolar 
macrophages. Clin Exp Immunol. 2007 Aug;149(2):317-26. 

214. Agostini C, Cabrelle A, Calabrese F, Bortoli M, Scquizzato E, Carraro S, et al. 
Role for CXCR6 and its ligand CXCL16 in the pathogenesis of T-cell alveoli-
tis in sarcoidosis. Am J Respir Crit Care Med. 2005 Nov 15;172(10):1290-8. 

215. Prasse A, Pechkovsky DV, Toews GB, Jungraithmayr W, Kollert F, Gold-
mann T, et al. A vicious circle of alveolar macrophages and fibroblasts per-
petuates pulmonary fibrosis via CCL18. Am J Respir Crit Care Med. 2006 
Apr 1;173(7):781-92. 

216. Kikly K, Liu L, Na S, Sedgwick JD. The IL-23/Th(17) axis: therapeutic tar-
gets for autoimmune inflammation. Curr Opin Immunol. 2006 Dec;18(6):670-
5. 

217. Katchar K, Soderstrom K, Wahlstrom J, Eklund A, Grunewald J. Characteri-
sation of natural killer cells and CD56+ T-cells in sarcoidosis patients. Eur 
Respir J. 2005 Jul;26(1):77-85. 



 

  55 

218. Moller DR, Chen ES. Genetic basis of remitting sarcoidosis: triumph of the 
trimolecular complex? Am J Respir Cell Mol Biol. 2002 Oct;27(4):391-5. 

 
 


