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Introduction
Summary
Macrophages (Mph) are major effector cells of the innate immune system. 
Mph are broadly divided into two types: pro-inflammatory Mph1 and anti-
inflammatory Mph2. A distinctive feature described between human Mph1 and 
Mph2 is the high reactive oxygen species (ROS) production by Mph1, whereas 
Mph2 are being described as a non-ROS producing cell. ROS generated by 
Mph are usually associated with oxidative stress. However, ROS produced in 
the immunological synapse or produced in lower amounts can inhibit T cell 
activation. In addition, ROS serve as second messenger in various signaling 
pathways by changing specific proteins. These redox changes are in many cases 
associated with altered activity and effects on signaling pathways or cellular 
processes. ROS are thus being produced as a result of normal cell physiology or 
due to ageing or stress, but can also be produced in the context of immunological 
defense by a specific enzymatic system. A naturally occurring polymorphism 
in the NADPH oxidase complex member Ncf1 was found to regulate the
severity of arthritis in rats. This polymorphism caused reduced ROS production 
and promoted the activation of arthritogenic T cells. The main producers of 
phagocytic NADPH oxidase (NOX2)-derived ROS are neutrophils and Mph. It 
was shown using transgenic mice expressing a functional NOX2 restricted to 
Mph that Mph could inhibit T cell responses in a ROS-dependent fashion. Thus 
NOX2-derived ROS are involved in immune modulation and cellular signaling 
as well. The scope of this thesis was to obtain more insight in the role of ROS 
being produced by the human M-CSF-differentiated anti-inflammatory Mph2 
in immune modulation.

Macrophage differentiation
In the bone marrow, hematopoietic progenitor cells give rise to neutrophils 
and cells from the mononuclear phagocyte system, including circulating blood 
monocytes (Mn), tissue macrophages (Mph) and dendritic cells (Figure 1) 
(1,2). Mn are released into the circulation upon maturation where they remain 
for a few days before migrating into all the tissue compartments in the body. 
There the Mn will differentiate into resident Mph and by adapting to their local 
environment, Mph such as Kupffer cells (liver), alveolar Mph (lung), and microglia 
(central nervous system) develop. These Mph types are morphologically and 
phenotypically very different, underscribing the plasticity of Mph. Mph are 
major effector cells of the innate immunity; they engulf and kill pathogens, but 
are also involved in tissue repair and resolution of inflammation. Under the 
influence of colony stimulating factors (CSF), including macrophage (M)-CSF 
and granulocyte-macrophage (GM)-SCF, Mn are differentiated from progenitor 
cells. This became evident when observing osteopetrotic mice having a genetic 
defect that makes them M-CSF deficient (3). These mice have severe reductions 
in circulating Mn, and almost complete absence of various myeloid cells 
including osteoclasts and resident peritoneal Mph. The majority of the tissue 
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Mph depend upon signaling through the CSF-1R for their migration, survival 
and (re)population (4).
Since M-CSF is constitutively present in blood, it is thought that an anti-inflam- 
matory Mph phenotype is maintained under homeostatic conditions (5). 
However, under the influence of environmental factors, including signals like 
cytokines, chemokines, and TLR ligands, resident Mph can undergo pheno- 
typic and functional differentiation, thereby resulting in different Mph 
populations (6-8). This was shown in an elegant study by Arnold et al. using in vivo
tracing methods where inflammatory Mph switched to an anti-inflammatory 
Mph phenotype in response to a changed microenvironment (9). 

Macrophage plasticity during inflammation
In response to various inflammatory and immune stimuli, tissue-resident Mph 
undergo local activation. In addition, Mn are recruited causing an accumulation 
of tissue Mph with a pro-inflammatory phenotype (Mph1) contributing to 
inflammation. Mph1 phagocytose debris, invading micro-organisms and 
opsonized particles, thereby triggering a pro-inflammatory response with 
production of pro-inflammatory mediators, including Interleukin (IL)-1β, 
IL-6, IL-12, and tumor necrosis factor-α (TNF)-α (10). During the phagocytosis 
of apoptotic cells, Mph dampen their pro-inflammatory activities, acquiring 
characteristics of anti-inflammatory Mph2; Mph that can initiate tissue healing 
and repair by producing the anti-inflammatory mediators TGF-β, IL-10, and 
prostaglandin E2 (11,12). 
In a model of glomerulonephritis in the kidney, ablation of Mn and Mph 
diminished the amount of tissue injury (13,14). In addition, Kupffer cell depletion 
in a model of liver injury using clodronate liposomes attenuated liver damage 
(15). Mph depletion in a model of autoimmune diabetes blocked disease, and 
Mph inactivation led to increased graft survival in a model of islets of Langerhans 
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Figure 1: Functions of meyloid cells: DC, Mph, and neutrophil
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transplantation in the rat (16,17). This implicates that under several conditions 
Mph depletion could be of therapeutic interest. However, eliminating Mph can 
also have disadvantages. It has been demonstrated that hepatic Mph were 
necessary for matrix regression and regulating cell proliferation following liver 
injury (18). Similarly, in muscle Mph are needed to enhance myogenic growth by 
releasing trophic factors (19). These Mph depletion studies confirm in vivo that 
different Mph types exist: depletion does not only affect the pro-inflammatory 
function of Mph but also the wound healing function.

Macrophages in chronic inflammatory diseases
Lately there has been an increasing interest in the role of Mph in chronic 
inflammatory diseases. In atherosclerosis a persistent recruitment of Mn 
into atherosclerotic lesions is observed, where a variety of pro- and anti-
inflammatory Mph can be found (20). A damaging role for Mph1 has been 
indicated in atherosclerosis, whereas Mph2 were shown to be protective (21,22). 
In addition, Mph play also a central role in the pathogenesis of rheumatoid 
arthritis (RA). In steady-state conditions a balance is established that allows 
normal joint function. This balance can shift towards an inflammatory pathway 
by increased production of growth factors that promote Mph1 development 
and increased production of pro-inflammatory cytokines such as TNF-α and 
IL-6 further favouring Mph1 progression (23). Furthermore, in obesity-induced 
inflammation Mph1 are considered to be the major inflammatory cell in adipose 
tissue, whereas normally resident adipose tissue Mph are non-inflammatory 
and regarded as Mph2 (24). 

Macrophage 2-like phenotypes
Resident tissue Mph express the Mph2 marker CD163, indicating an Mph2 
phenotype in vivo (25). Mph2 are also found in the lung where they function to 
protect against unwanted immune responses (26). They were also documented 
in a Th2-mediated inflammatory setting such as nematode infection (27). 
Embryonic Mph and Mph isolated from placentae and tumors also display 
characteristics of Mph2 (28-30). Additionally, coculturing monocytes with Tregs 
differentiated these cells toward Mph2 (31). Tumor-associated Mph (TAMs) also 
have Mph2 properties. TAMs originate from circulating monocytic precursors, 
which are recruited to the tumor in response to secreted chemokines and 
cytokines derived from cancer cells (32). They express high levels of the 
mannose receptor, are poor at presenting antigen and their cytokine profile 
consist of high IL-10 and low IL-12 production (33). The role of TAMs in 
tumors involves tumor progression and metastasis, immune suppression, and 
angiogenesis. Thus functionally different Mph2-like phenotypes have already 
been documented. 
Although the results described above suggest fully polarized functions, 
Mph with overlapping phenotypes have been observed as well. In human 
Mn infected with cytomegalovirus and in adipose tissue Mph a mixed gene 
profile expressing both Mph1 and Mph2 genes was observed (34,35). In 
addition, oxidized phospholipid-treated murine Mph were identified as a new 
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Mph phenotype which is distinctly different from Mph1 and Mph2 (36). Thus 
ample Mph-like phenotypes have been observed, indicating the complexity of 
defining a specific Mph phenotype.
 
Macrophage activation
Interferon-γ (IFN-γ) was the first identified marker that could activate Mph 
(37). Later, LPS and GM-CSF were found to promote the generation of Mph1 
(38). Factors that skew Mph towards Mph2 are M-CSF, IL-4, IL-13, immune 
complexes, Wnt5a, IL-10, or TGF-β, indicating great heterogeneity (39-43). 
These activators all induce a distinct, as well as partially overlapping, pattern of 
gene expression, thus presenting different Mph2 subsets. Mph2 are induced 
by M-CSF, Mph2a are induced by IL-4 or IL-13, Mph2b are induced by exposure 
to immune complexes, agonists of TLRs or IL-1R, and Mph2c are induced by IL-
10 and glucocorticoid hormones (39). Functionally, Mph2a are responsible for 
wound healing and Mph2b together with Mph2c for immune regulation. Th2 
driven inflammation is induced by Mph2b, whereas Mph2c are predominantly 
involved in deactivating immunoregulation (39). Overall, Mph2 participate in Th2 
responses, dampen inflammation, promote tissue remodeling, angiogenesis, 
tumor progression and immune regulation, whereas Mph1 participates in Th1 
responses and are protective against tumors and organisms (44). 
Recently other Mph subsets have been described. Mph2d are the results of 
switching from Mph1 as a response to adenosine A2A receptor signaling 
induced by TLR agonists (45). These Mph have decreased expression of pro-
inflammatory cytokines, including IL-12 and TNF-α, while concurrently produce 
high levels of IL-10 and vascular endothelial growth factor. Mox Mph are 
induced by ox-PL 1-palmitoyl- 2arachidonoyl-sn-glycero-3-phosphorylcholine, 
resulting in a population of Mph that express an unique set of genes like heme 
oxygenase-1 (HO-1) and thioredoxin-reductase in a Nrf2 dependent manner 
(36). Mha macrophages are differentiated from monocytes using hapto-
hemoglobin complexes or oxidized red blood cells leading to the up-regulation 
of CD163, HO-1 and IL-10 in an Nrf2-dependent manner, suggesting that these 
two subsets might be related (46). In addition, Mph4 have combined features 
of Mph1 and Mph2 and were shown to be CSF/CXCL4-dependent (47). These 
Mph have a weak phagocytic capacity, but their function remains poorly 
understood. Mox, Mha and Mph4 have until now been poorly characterized. 
Considering the heterogeneous expression of cell surface markers in Mph, the 
number of Mph-subpopulations could be infinite (2).

Distinguishing between Mph1 and Mph2 subsets
Considering the great heterogeneity, it is a major challenge to distinguish 
different Mph subsets. This characterization is mainly based on the expression 
of cell surface markers as well as their cytokine and chemokine production 
profile (Table 1). Specific Mph2 markers in mice, arginase-1, FIZZ1, Ym1, 
Ym2 and MRC1 have been identified both in vivo and in vitro (1,48), whereas 
establishing specific markers for human Mph2 is still an ongoing challenge. 
Candidates like CD163, CD206 (mannose receptor), HO-1, folate receptor-β, 
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and CCL18 have been described (1,49-51). In general, the high expression of 
cell surface markers CD163 and CD206 on Mph2 is used to distinguish Mph1 
and Mph2, although different levels have been reported depending on the 
Mph2 subtype (52-55). Mph1 and Mph2 produce distinct cytokines: Mph1 
show high TNF-α, IL-6, IL-12, and IL-23 production and low IL-10 levels, whereas 
Mph2 typically produce high levels of IL-10 and TGF-β (40,41,53,55,56) (Table 
1). In addition, the chemokine production of Mph1 and Mph2 is different. Mph1 
produces inflammatory CC chemokines and IFN-γ-responsive chemokines 
CCL5 (RANTES), CXCL9, CXCL10 (IFN-γ-IP-10), and CXCL16 that will recruit 
Th1, Tc1, and NK cells and thus a type 1 immune response (39,56). IL-4 and 
IL-10 differentiated Mph2 will inhibit the expression of most of these 
chemokines, and thereby limiting inflammation. M-CSF, IL-4, and IL-10 all 
induce CCL2 (MCP-1). IL-4 induces CCL17, CCL24, and CCL22, which will be 
inhibited by IFN-γ differentiated Mph1 (39,57). CCL22 binds to CCR4 which 
is expressed on Th2 lymphocytes, thereby amplifying the Th2 response (58). 
Taken together, the cytokine and chemokine production of Mph1 will lead to a 
Th1 response, whereas that of Mph2 will lead a Th2 response. 
The transcriptional regulation during differentiation is also different in Mph1 
and Mph2 (Table 1). The transcription factor PU.1 is essential to Mph lineage 

Table 1: Characteristics of Mph1, Mph2, Mph2a, and Mph2c regarding markers, cytokines, chemokines and 
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commitment and Mph-specific gene expression (59). Transcription factors are 
also involved in the Mph polarization. The transcription factors involved in Mph1 
polarization are NF-kB, activator protein-1, CCAAT/enhancer-binding protein-α 
(C/EBP-α), and interferon regulatory factor (IRF)5, whereas STAT6, peroxisome 
proliferator-activated receptor γ (PPARγ), IRF4, C/EBP-β, and Krüppel-like 
factor 4 (KLF4) are associated with Mph2 polarization (60). STAT6 induces the 
transcription factor PPARγ, which acts together with STAT6 to regulate Mph2-
specific genes and polarization (61). KLF4 was found to cooperate with STAT6 
to induce an Mph2 profile, while inhibiting Mph1 targets (62). IRF4 has been 
implicated in Mph2 polarization, whereas IRF5 participates in the activation of 
genes encoding pro-inflammatory cytokines and represses the gene encoding 
IL-10, resulting into Mph1 activation (56,63).
 
ROS producing capacity of Mph1 and Mph2
A distinctive difference described between Mph1 and Mph2 is the high 
reactive oxygen species (ROS) production by Mph1, while IL-4 differentiated 
Mph2 are described as non-ROS producing cell (40,53,57,64). ROS generated 
by Mph are usually associated with oxidative stress (65). However, it has been 
shown that ROS produced in the immunological synapse or produced in lower 
amounts can inhibit T cell activation, or can serve as second messenger in 
various signaling pathways (66-69). These data indicate that the exact role of 
Mph-derived ROS in the immune system needs to be resolved.
 
Reactive oxygen species 
Important insights into the potential role of ROS in immune regulation were 
obtained in experimental models of autoimmunity, where Dark Agouti (DA) 
rats were found to be more prone to develop RA compared with other rat 
strains. Genetic studies identified a naturally occurring polymorphism in Ncf1, 
component of the NADPH oxidase complex, linked to the severity of arthritis 
in rats (70). This polymorphism resulted in a reduced ROS production and 
promoted the activation of arthritogenic T cells. 
 
Phagocytic NADPH oxidase complex 
ROS are produced by the mitochondrial electron transport chain, peroxisomes, 
xanthine oxidase, endoplasmic reticulum and the NADPH oxidases. There 
are seven family members of the NADPH oxidases, namely NOX complexes 
1-5, and DUOX 1 and 2. The main producers of phagocytic NOX2-derived 
ROS are PMN and Mph. The NOX2 complex is responsible for the oxidative 
burst, causing a sufficient concentration of ROS in the phagosome, required 
to kill pathogens. NOX2 consists of multiple components: the membrane-
bound cytochrome-b558 consisting of gp91phox and p22phox, and the cytosolic 
components p47phox (Ncf1), p67phox, and p40phox, and the small GTPase Rac. Upon 
phosphorylation p47phox, together with p67phox and p40phox, form the NOX2 
complex in the membrane by interacting with p22phox and gp91phox, resulting 
in the production of superoxide. This will dismutate to hydrogen peroxide, and 
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is then further processed to generate more reactive metabolites like hydroxyl 
radical, after interaction with transition metal ions, and hypochlorous acid, 
which is catalyzed by myeloperoxidase. NOX2-derived ROS are generated in 
the plasma membrane, but ROS production can also occur within intracellular 
organelles, although the exact compartment is yet to be determined 
(71).	
Chronic granulomatous disease (CGD) is a disease that develops when 
mutations in one of the NOX2 components occur, resulting in defective ROS 
production. At this moment, mutations in the CYBB (gp91phox), CYBA (p22phox), 
NCF1 (p47phox), NCF2 (p67phox), and NCF4 (p40phox) genes have been described 
(72,73). The predominant form of CGD, comprising about 70% of cases, results 
from mutations in gp91phox which are inherited in an X-linked recessive 
manner, whereas mutations in the other genes are inherited in an autosomal 
recessive manner (73). CGD patients have a ROS production of 0.1 – 27% 
compared to normal levels (74). The X-linked recessive cases are more severe 
than autosomal recessive cases, since these patients have a lower residual 
ROS production. In addition, with a modest residual ROS production there is 
a greater probability of long-term survival compared with those having little 
residual ROS levels (74). The consequences of the diminished or abrogated 
oxidative burst by the NOX2 complex in CGD patients are recurrent bacterial 
and fungal infections, as well as granuloma formation (75). In addition these 
patients suffer more often from autoimmune diseases such as RA or systemic 
lupus erythematosis compared to the normal population (76,77). Since a 
hyperinflammatory phenotype is presented under non-infectious conditions 
with suboptimal ROS production, this indicates that normal phagocytic ROS 
production suppress pro-inflammatory gene transcription and preserve 
homeostasis (71). Interestingly, CGD patients have defective apoptosis after 
phagocytosis, as a result of reduced induction of the pro-apoptotic protein 
BAX (78). This study indicates that ROS are involved in the resolution of 
inflammation as well. 

Redox signaling
ROS are being produced as a result of normal cell physiology or due to ageing 
or stress. As defense against ROS, cells have anti-oxidants, like glutathione, 
Vitamins C and E, superoxide dismutases, catalase, peroxidases, thioredoxins, 
glutaredoxins, and peroxiredoxins (79). Oxidative stress generally involves non-
specific oxidation of a wide variety of molecules and is associated with higher 
oxidation states like sulfinic and sulfonic acid, causing irreversibly damage. 
There are strong indications that oxidative stress is an important pathogenic 
mechanism in various disorders, including cancer, ageing, atherosclerosis, 
diabetes, and ischemia-reperfusion injury (80). Thus eliminating ROS by anti-
oxidants would potentially be beneficial. However, it has been demonstrated 
that antioxidants could not improve the disease course of RA or atherosclerosis 
(81,82). Even more so, the use of pro-oxidant phytol, causing increased ROS 
production, actually decreased inflammation in animals with arthritis (83). 
ROS serve as second messenger in various signaling pathways by changing 
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specific proteins. Hydrogen peroxide oxidizes thiol groups of protein cysteine 
residues forming disulfides either with other protein cysteines or with low-
molecular weight thiols like glutathione, or forming sulfenic acids. Only a 
subset of cysteine residues in proteins is susceptible to oxidation, indicating the 
specificity of the reactions. These redox changes are in many cases associated 
with altered activity and effects on signaling pathways or cellular processes. In 
bacteria, the transcriptional activator OxyR, is directly oxidized in response to 
hydrogen peroxide (84). Even though both the oxidized and reduced OxyR 
are able to bind DNA, only the oxidized form can activate the transcription 
of antioxidant genes. In eukaryotes, proteins susceptible to thiol oxidation 
are protein tyrosine phosphatases (PTPs), kinases, and some transcription 
factors (85,86). PTPs are inactivated after oxidation, resulting in the activation 
of downstream signaling pathways. The transcription factor family NF-kB is 
also under redox control, although both oxidation and reduction by ROS are 
implicated in the activation process (87). In addition, the stress-responsive 
transcription factor Nrf2 is activated by the oxidation of its inhibitory partner 
Keap1, thereby disassociating Nrf2 from the complex, leading to the activation 
of target genes like HO-1 and superoxide dismutase (88). Since the above 
mentioned transcription factors also control the expression of genes involved 
in immunity and inflammation, understanding redox signaling is of great 
importance.
Effects of oxidation on signaling via the T cell receptor (TCR) has also been 
reported. In RA patients T cell hyporesponsiveness was dependent on the 
translocation of linker for activation (LAT) of T cells induced by oxidative stress, 
which impaired the TCR signaling (89). Also TCR zeta and p56lck signaling 
molecules have been indicated as redox targets after structural changes were 
observed after oxidation (90). The integrin VLA-4 was identified as redox target, 
which is a co-stimulatory molecule in the immunologic synapse (91). These data 
indicate an important role for ROS in modifying the T cell response, directly 
associating redox-dependent TCR signaling regulation and T cell function. 
This was also shown in a rat model where decreased ability to produce ROS 
in DA rats was associated with increased numbers of thiol groups present on 
the cell surface of their T cells (92). In addition, T cells from rats with normal 
ROS production could only transfer arthritis after increasing the number of thiol 
groups, whereas T cells from DA rats became less arthritogenic after decreasing 
the thiol groups (92). 

ROS producing capacity of myeloid cells
During phagocytosis of pathogens, neutrophils produce NOX2-derived ROS 
to kill microorganisms (3). Interestingly, when comparing neutrophils from 
CGD patients with healthy controls increased expression of genes encoding 
for inflammation and host defense were observed, whereas anti-inflammatory 
mediators were down-regulated (78). A more recently discovered process 
stimulated by ROS is the formation of neutrophil extracellular traps (NETs) 
(93). Stimulated neutrophils generate these NETs in order to catch and kill 
pathogens. Interestingly, CGD patients cannot form NETs, further implicating 
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NOX2-derived ROS in the antimicrobial response (93). 
Myeloid-derived suppressor cells (MDSC), a recently identified population of 
myeloid cells, continuously produce inflammatory mediators, like IL-1, IL-6, and 
nitric oxide, but also ROS (94,95). MDSC are predominantly found in tumour 
bearing patients where they proliferate and stay activated due to chronic 
inflammation in the tumour environment. ROS production of MDSC is mediated 
through increased activity of NOX2. The role of ROS in T cell suppression 
was confirmed when MDSC from gp91-/- mice were not able to induce T cell 
tolerance (96). MDSC, via generation of ROS and peroxynitrite (O2⋅− and NO 
interaction), induced the modification of the peptide-MHC binding of T cells 
rendering them unresponsive to antigen-specific stimulation (96).

ROS producing capacity of Mph
The Ncf1 gene, encoding the NOX2 protein p47phox,was responsible for DA rats 
being more prone to develop RA or multiple sclerosis compared with other rat 
strains (70). This indicates that a lack of ROS production in these rats caused 
a higher susceptibility to disease. A mutation in the Ncf1 gene in the mouse 
had similar results in models of RA and multiple sclerosis showing increased 
susceptibility and severity due to reduced oxidative burst (97). Interestingly, 
in rats with a reduced ROS producing capacity the increased susceptibility to 
pristane-induced arthritis was mediated in a T cell-dependent fashion (98). 
However, T cells have a very low NOX2 expression production, if any, suggesting 
that other cells were involved. Among murine APCs, Mph were the highest ROS 
producing cells compared with B cells and DCs (99). In addition, mice expressing 
functional p47phox only in their Mph were similarly protected against collagen 
induced arthritis compared to fully functional wild type mice (99). These data 
indicate that ROS derived from Mph inhibit T cell responses. Mn/Mph NADPH 
oxidase was also identified playing a central role in controlling fungal infecting 
and limiting lung inflammation in a mouse model (100). Furthermore, mice with 
Mn/Mph expressing functional Ncf1 were protected against bacterial infections 
(101). These data indicate an anti-inflammatory role for Mph-derived ROS. 
However, IL-4 differentiated Mph2 have reduced respiratory burst, whereas 
Mph1 are known for their ROS-producing capacity (45,59,68,83). Mph-derived 
ROS are associated with oxidative stress (84), and therefore linked to Mph1, but 
apparently there is a dual role for Mph-derived ROS. The function of ROS in the 
immune system is thus not simply antimicrobial, but NOX2-derived ROS are 
also involved in immune modulation, cellular signaling, chemotaxis, antigen 
cross-presentation and in inducing autophagy (102).

Scope of thesis
ROS are implicated in cell signaling and also play a role in immune-modulating 
processes. Anti-inflammatory Mph could inhibit T cell responses in a ROS-
dependent fashion, which was shown using transgenic mice expressing 
functional Ncf1 restricted to Mph. However, there is limited information on 
the T cell inhibitory role of Mph-derived ROS in the human setting. For that 
reason the scope of this thesis was to obtain better insight in the role of 
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ROS being produced by anti-inflammatory Mph2 in immune regulation. 
First we investigated the human anti-inflammatory Mph2 for their functional 
capacity in a ROS-dependent fashion in Chapter 2. The anti-inflammatory 
potential of the ROS-producing capacity of Mph2 led us to investigate the 
possibility of using Mph2 as cellular therapy, therefore Chapter 3 focuses 
on the effect of several commonly used immunosuppressive drugs on Mph1 
and Mph2 regarding ROS production and the subsequent effect on T cell 
responses. Since inhibition of T cell activation in a ROS-dependent fashion 
was observed, we investigated a potential mechanism by which Mph2-derived 
ROS could affect T cell function in Chapter 4. Since an observed protective 
role of macrophages-derived ROS in autoimmune diseases was observed, in 
Chapter 5 we investigated the impact of ROS production on the inflammatory 
response in a renal allograft transplantation model. Chapter 6 summarizes the 
studies presented in this thesis and discusses the implications of these findings 
as well as some unpublished data, and further discusses the role of Mph2-
derived ROS in immune modulation.
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