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Chapter 1 General Introduction

The infl ammatory process

Immune responses are often accompanied by other cellular, physiological and 
biochemical processes. Many of these are evolutionarily primitive processes that 
can be induced with or without immune activation. One example is acute injury that 
induces response in local vasculature resulting in redness, warmth and swelling. 
Many types of host immune cells can migrate into the affected area forming what 
is microscopically visible as an infi ltrate. Tissue reactions may include activation of 
complement or kinin cascades; systemic manifestations may include fever, malaise 
or aching. If injury is severe, fi broblasts and endothelial cells may proliferate locally 
and form a scar.

The entire host reaction to pathophysiological stimuli, including bacterial 
infections, parasite infestation or exposure to irritant environmental substances 
and conditions, is named infl ammation. Many distinct infl ammatory pathways exist, 
each of them involving a different set of cells and mediators. Individual events in 
course of the infl ammatory process are controlled by cytokines and other small 
regulatory molecules which in this context are named infl ammatory mediators. A 
given mediator may exert its effect directly or indirectly by regulating the activity of 
other mediators. This complicated interplay of the network mediators gives rise to 
an integrated response. The outcome of an infl ammatory process depends on many 
factors, including the characteristics of the host and the nature of the stimulus. 
This outcome may be regarded as benefi cial, detrimental or both. Although the 
mechanisms constituting infl ammation evolved to eliminate injurious substances or 
limit their spreading through the organism, they may be the cause of excessive 
damage in infl amed tissue when injury is severe or when they become misregulated. 
In the course of sepsis, it is not the inducing pathogens, but the excessive immune 
infl ammatory responses that are responsible for severe health problems. Allergic 
reactions are examples of excessive immune infl ammatory response against 
innocuous substances such as dust, pollen, food or drugs. The same mechanisms of 
immunological infl ammation are partly responsible for pathogenic consequences of 
autoimmune diseases.

TNF ligands superfamily

TNF is a prototype member of a group of proteins known as TNF ligand superfamily. 
This group is comprised of at least 18 type II (lumenal N-terminus) transmembrane 
proteins, including such well-known members as TNF (formerly known as cachectin), 
LT-α (lymphotoxin-α), Fas ligand (FasL) and CD40 ligand, as well as increasing number 
of newly discovered  members, including APRIL (a proliferation-inducing ligand), 
TRAIL (TNF-related apoptosis inducing ligand), TWEAK (TNF-like and weak inducer of 
apoptosis), RANKL (RANK ligand) and BLyS (B lymphocyte stimulator). The biological 
activities of TNF were fi rst described in the 1960s and 70s with the identifi cation of 
a macrophage- and lymphocyte-derived factor that caused hemorrhagic necrosis 
in solid tumors (1). Since then a plethora of biological functions of TNF have been 
identifi ed, many of them extending beyond the immune system. The functions of 
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the members of TNF superfamily often overlap, but they also display considerable 
diversity. In fact many members of the family are not so much involved in immune 
response, but rather in development and organogenesis (2-5). Not surprisingly, 
also the receptors for numerous TNF superfamily ligands comprise a superfamily of 
related genes with distinct and common structure and signal transduction pathways 
(summarized in Table 1).

TNF SUPERFAMILY TNF RECEPTOR SUPERFAMILY
Systemat-
ic Name

Alternative Names Cells Systematic 
name

Alternative names Cells

TNFSF1 LT, LTα, TNFB NK, 
T, B

TNFRSF1A TNF-R, TNFAR, TNFR60, 
TNF-R-I, CD120a, TNF-

R55, TNFR1

All cells

TNFRSF1B TNFBR, TNFR80, TNF-
R75, TNF-R-II, p75, 

CD120b, TNFR2

E, Im-
mune 
cells

TNFSF2 TNF, TNFA, DIF NK, 
T, B

TNFRSF1A

TNFRSF1B
TNFSF3 LTβ, TNFC, p33 NK, 

T, B, 
DC, 
M

TNFRSF3 TNFCR, TNFR-RP, 
TNFR2-RP, TNF-R-III, 

LTBR

NK, T
CD4/8+

TNFSF4 OX-40L, gp34, 
CD252,TXGP1

T, B TNFRSF4 ACT35, OX40, CD134, 
TXGP1L

T

TNFSF5 CD40L, TRAP, gp39, 
hCD40L, CD154, HIGM1, 

IMD3

T, B TNFRSF5 p50, Bp50, CD40 B

TNFSF6 FasL, CD178, APT1LG1, 
FASLG

T* TNFRSF6 CD95, APO-1, FAS1, 
APT1, FAS

Nucl. 
Cells

TNFRSF6B DcR3, DCR3, TR6, M68 Lung, 
colon

TNFSF7 CD70, CD27LG, CD27L NK, 
T, B

TNFRSF7 S152, Tp55, CD27

TNFSF8 CD153, CD30LG T, Mo TNFRSF8 CD30, D1S166E, Kl-1
TNFSF9 4-1BB-L B, 

DC, 
M

TNFRSF9 CD137, 4-1BB, ILA T*, Mo, 
NK

TNFSF10 TRAIL, Apo-2L, TL2, 
CD253

Lc, 
DC

TNFRSF10A DR4, Apo2, TRAILR-1, 
CD261

Most cells

TNFRSF10B DR5, KILLER, TRICK2A, 
TRAIL-R2, TRICKB, 

CD262

Most cells

TNFRSF10C DcR1, TRAILR3, LIT, 
TRID, CD263

Most cells

TNFRSF10D DcR2, TRUNDD, 
TRAILR4, CD264

Most cells

TNFSF11 TRANCE, RANKL, OPGL, 
ODF, CD254

T*, 
Ob

TNFRSF11A RANK, CD265 preOc

TNFRSF11B OCIF, TR1, OPG preOc, E
TNFSF12 TWEAK, DR3LG, APO3L Mo TNFRSF12 DR3, TRAMP, WSL-1, 

LARD, WSL-LR, DDR3, 
TR3, APO-3

T*

TNFRSF12A FN14, TweakR, CD266 E, F
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TNFSF13 APRIL, CD256 SLO TNFRSF13B TACI, CD267 T, B
TNFS-
F13B

BAFF, THANK, BLYS, 
TALL-1, TALL1, CD257

T, 
DC, 
M, 
Mo

TNFRSF13C BAFFR, CD268 B

TNFSF14 LIGHT, LTg, HVEM-L, 
CD258

T, 
DC, 
Mo, 
Gr

TNFRSF14 HVEM, ATAR, TR2, 
LIGHTR, HVEA

T, B, Mo

TNFSF15 TL1, VEGI E
TNFRSF16 NGFR, CD271
TNFRSF17 BCM, CD269, BCMA

TNFSF18 AITRL, TL6, hGITRL E, T* TNFRSF18 AITR, GITR E, T*
TNFRSF19 TAJ-alpha, TROY, TAJ, 

TRADE
Ep, ES, 

Hair, 
Brain

TNFRSF19L RELT LyT
TNFRSF21 DR6 T
TNFRSF27 XEDAR, EDA-A2R, 

EDAA2R, EDA2R
Ec

Table 1 Members of TNF ligand and receptor superfamilies and their occurrence. T-T cells 
(*-activated), B-B cells, Lc-lymphocytes, DC-dendritic cells, NK-NK cells, M-macrophages, Mo-
monocytes, Ob-osteoblasts, preOc-osteoclast precursors, SLO-secondary lymphoid organs, Gr-
granulocytes, E-endothelial cells, F-fi broblasts. Based on HUGO Gene Nomenclature Committee 
recommendations at http://www.gene.ucl.ac.uk/nomenclature/

The diversity of functions of TNF ligand superfamily members has only begun to be 
appreciated, and already there is general recognition that they control and regulate 
infl ammatory and immune responses. For instance lymphotoxin-α, RANKL and TNF 
are critical for the development of peripheral lymphoid organs (6). The differentiation 
of several lymphocyte and myelocyte cell lineages is also dependent on regulated 
and timed release of TNF superfamily ligands, such as BLyS (7), CD40 ligand (8), 
4-1BB ligand (9), OX40 ligand (10) or CD27 ligand (11). Equally important is the 
role that several ligands of the superfamily, including TNF, FasL and TRAIL play in 
cytotoxic activity of effector cells or the removal, via activation-induced apoptosis, of 
lymphocyte populations and homeostasis restoration (12-14). Some of the ligands, 
notably lymphotoxins, TNF and LIGHT, provide communication between immune cells 
and the surrounding stromal and parenchymal cells, creating the signalling network 
that is necessary for innate and adaptive immune response (15).

Involvement of TNF ligand superfamily members in many disorders, especially 
those connected to infl ammation has been shown. Rheumatoid arthritis and 
infl ammatory bowel disease are caused by excessive local production of TNF and 
three specifi c TNF inhibitors (etanercept, infl iximab and adalimumab) are used in 
therapy of RA. Misregulated TNF expression has also been implicated in pathogenesis 
of a number of other chronic and acute infl ammatory diseases, such as septic shock, 
meningococcemia, adult-respiratory distress syndrome, otitis media, hepatitis B 
and C infection, Reyes’ syndrome, and cerebral malaria, among others. Several 
hereditary diseases of the immune system are also associated with mutations in 
genes or receptors of TNF superfamily, including hyper IgM syndrome (CD40L) (16), 



- 14 -

Maciej Olszewski  Regulation of cytokine expression in mast cells.

autoimmune lymphoproliferative syndrome (FasL/FAS) (17), and the TNF receptor 
associated periodic fever syndrome (TNF) (18). Mutations in ED1 or EDAR lead to 
severe impairment of skin, hair and teeth development associated with ectodermal 
dysplasia syndrome (19).

Mast cells and their granules

Mast cells are tissue-dwelling cells that are predominantly located at the interfaces 
of the organism and the exterior, such as skin, gut mucosal membranes and lung. 
They are evolutionarily old cells that play multiple roles in many modes of immune 
response, including innate and antibody-dependent reactions. Mast cells derive 
their name from the original name given by Paul Ehrlich, Mastzellen (well-fed cells) 
refl ecting the fact that a mature mast cell contains large number of cytoplasmic 
granules. These granules are specialized organelles, found primarily in granulocytes, 
which possess the unique capability of rapid release. Ultrastructural analysis of mast 
cell granules reveals several subtypes such as scroll-containing, crystal-containing, 
particle-containing and homogeneously electron-dense content-containing granules 
although the functional importance of this heterogeneity is not clear. Many granules 
contain a mixture of these patterns. The granules were initially considered a storage 
organelle for the products of a cell; these products could be rapidly released upon 
appropriate stimulation. Initial studies of human mast cell granule composition 
by enzyme-affi nity labelling and ultrastructural immunocytochemical techniques 
allowed for identifi cation of proteases chymase and tryptase (20), a proinfl ammatory 
biogenic amine histamine (21) and the proteoglycan heparin (22). Subsequently, new 
techniques allowed for establishing granular localization of many more mediators, 
among them several cytokines such as bFGF (23), SCF (24), VEGF (25), IL-4 (26) 
and TNF (27). The presence of cytokines in granules adds a new dimension to a role 
of mast cells in cytokine biology. Perhaps the best example of novel mechanisms in 
cytokine biology is the role of mast cell granule-derived TNF. This pool of the cytokine 
plays critical role in host defence against bacterial infections (28, 29) and its lack 
results in drastically reduced neutrophil infl ux and signifi cantly increased mortality 
of experimental animals. This unique capability of fast releasing of a considerable 
amount of preformed cytokines might enable mast cells to infl uence the course of 
the immune processes being initiated, directing it towards infl ammatory or allergic 
response, depending on the profi le of cytokines released.

It is often observed that mast cells secrete bioactive compounds, including 
cytokines, without full degranulation (30, 31). This process is interchangeably named 
“differential” or “selective” release; ultrastructural analysis of the process resulted 
with a term “piecemeal degranulation” as opposed to “anaphylactic degranulation” 
meaning full release of the granules. This mode of granule cargo release was shown 
to be mediated by vesicular transport (32) and apparently involves additional 
regulatory checkpoints. On the functional level this has been demonstrated by 
differential sensitivity of degranulation and TNF release to a H1 histamine inhibitor 
azelastine (33). The mechanisms responsible for selective release of granule cargo 
without the full degranulation remain largely unclear.
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Another interesting aspect of granule biology concerns its potential role in 
protein biosynthesis. It has been reported that in mast cells undergoing piecemeal 
degranulation or recovering from anaphylactic degranulation, when the cargo 
rebuilding process requires high protein synthesis, many ribosomes are observed 
in perigranular space, on the surface and in the lumen of granules (34). In addition 
mRNA has been detected in the lumen of granules (35). The accumulating evidence 
of the synthesizing machinery in secretory granules may suggest more complex role 
for these organelles than previously recognized, possibly including protein synthesis 
and sequestration of excessive mRNA.

Mast cells in immune response
General remarks

Mast cells are an important element of both innate and acquired immunity. They 
derive from a distinct precursor in bone marrow (36, 37) and differentiate under 
the infl uence of SCF (38). They express numerous receptors that, when stimulated, 
may induce production of plethora of mediators. These receptors include IgE and 
IgG, complement, IL-1, TNF and several Toll-like receptors, to name just a few 
most important (39). Upon stimulation mast cells undergo activation and, in some 
cases, degranulation, releasing and synthesizing highly bioactive, proinfl ammatory, 
vasodilative, chemotactic, and cytotoxic substances. These cells are crucial for the 
function of several biologically and clinically important mechanisms of immune 
response such as allergy, infl ammation and, as shown recently, also immune tolerance 
(40). Some of the more important mediators prestored and synthesized by mast cells 
and their major patophysiological effects are summarized in Table 2. Mast cells play 
multiple roles without inducing anaphylactic shock and this requires mechanisms 
of differential activation; indeed mast cells are rarely seen to degranulate during 
autoimmune (30) or infl ammatory responses (31). The mechanism of selective 
stimulated release was fi rst observed in case of serotonin and histamine and named 
“differential” or “selective” release (41). The profi le of mediators released depends 
on the type of mast cell and the stimulus which clearly shows there is a complicated 
network of signalling pathways regulating secretion; several examples of differential 
release and their physiological importance are presented in Table 3.

Innate immunity

Looking from a broader perspective of host defence, mast cells play several roles 
in innate and acquired immunity. Although there is some evidence of mast cells 
exhibiting directly germicidal activity by phagocytosis (42) or bactericidal peptide 
release (43),  several lines of evidence suggest that the most important way by 
which mast cells contribute to innate immune response is initiation and regulation 
of the magnitude of leukocyte infi ltration into the site of infl ammation. It has been 
demonstrated using mast-cell defi cient mice that at least TNF and leukotrienes are 
important factors in neutrophil recruitment towards sites of bacterial infection and 
mast cells defi ciency correlates with much worse prognosis in experimentally infected 
mice (28, 44). Experiments in other model systems have shown that secretion of 
TNF (45) and leukotrienes (46) in acute phase of infl ammatory process may also 
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promote infl ux of leukocytes other than neutrophils, such as T cells or macrophages 
which are typical for chronic infl ammatory state. Such leukocytes can then initiate 
and maintain features characteristic of chronic infl ammatory state. 

MEDIATOR MAJOR PATHOPHYSIOLOGIC EFFECT
Prestored
Biogenic amines

Histamine Vasodilation, angiogenesis, mitogenesis, suppressor T-cell 
activation

5-HT Leukocyte regulation, vasoconstriction, pain
Chemokines (IL-8, MCP-1, MCP-3, 
MCP-4, RANTES)

Chemoattraction and tissue infi ltration of leukocytes

Enzymes
Chymase Tissue damage, pain, angiotensin II synthesis
Tryptase Activation of PAR, infl ammation, pain, tissue damage, degrada-

tion of antigens and peptides
Kinogenases Synthesis of kinins, pain
Nitric oxide synthase NO production
Polypeptides
CRH Infl ammation, vasodilation, mast cell VEGF release
Endothelin Sepsis
Kinins Infl ammation, pain, vasodilation, mast cell trigger
Somatostatin (SRIF) Anti-infl ammatory (?), mast cell trigger
VEGF Neovascularization, vasodilation
Proteoglycans
Chondroitin sulfate Connective tissue component, anti-infl ammatory, mast cell 

inhibitor
De novo synthesized
Cytokines
IL-1, -3, -4, -5, -6, -9, -10, -13, -16, 
IFN-γ, MIF, TNF

Multiple roles

Growth Factors
SCF, GM-CSF, GnRH-I β-FGF, NGF, 
VEGF

Growth of a variety of cells, mast cell proliferation

Phospholipid metabolites
LTB4 Leukocyte chemotaxis
LTC4 Vasoconstriction, pain
PAF Platelet activation, vasodilation, infl ammation
PGD2 Bronchoconstriction, pain
NO Vasodilation, neuromodulation

Table 2 Selected mast cell mediators and their major pathophysiologic activities. β-FGF, fi broblast 
growth factor; GnRH, gonadotropin-releasing hormone-I; LTB4, leukotriene B4; MIF, macrophage 
infl ammatory factor; NO, nitric oxide; PAF, platelet-activating factor; PGD2, prostaglandin D2; 
SRIF, somatomedin release inhibitory factor, somatostatin; TGF-β, transforming growth factor-β. 
Adapted from (88)

Another function mast cell play in innate response is limiting the toxicity of certain 
substances generated by the host which have adverse effects when present in high 
concentrations. An example of such activity is degradation of endothelin-1, a peptide 
that is involved in sepsis (47, 48), by the proteases released from mast cell granules 
(47). Mast cells are also capable of releasing mediators infl uencing (positively 
or negatively) the transition from innate to acquired immunity (38). It has been 
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reported that mast-cell derived TNF plays a role in draining lymph node hypertrophy 
and T cell recruitment to these nodes in a model of E. coli infection in mouse (45). 
In a model of FITC challenge in the skin of mast cell-defi cient mice dendritic cell 
migration to lymph nodes was signifi cantly decreased 24 hours after the challenge, 
but no defect in migration was detectable 48 hours after the challenge (49). This 
indicates that while there is a mast cell-dependent component in the development 
of adaptive immune response, the mechanisms are likely to be more redundant as 
compared to innate response. It is of note, however, that in certain circumstances 
mast cells can have suppressive effect on antigen sensitization and this effect seems 
to be attributable, at least in part, to histamine (50-52).

Stimulus Mast cell 
type

Mediators released Mediators not 
released

Physiological 
importance

Endogenous
CD8 ligands RPMC TNF, NO H T cell interactions
Endothelin-1-3 RMMC TNF, IL-12↑ IL-4, IL-10, IL-13↓ Th1 immunity
IL-1 hCBMC IL-6, IL-8, TNF H, tryptase Infl ammation
IL-12 RPMC IFN-γ H Th1 immunity
Monomeric IgE BMMC IL-6 H, LTC4 Mast cell survival
PGE2 hCBMC MCP-1 No degranulation Angiogenesis
Suboptimal FceRI
stimulation

BMMC MCP-1, low H IL-10, H Chemokines >>
Cytokines

Exogenous
Cholera toxin RPMC IL-6 TNF Infl ammation
CpG DNA BMMC TNF, IL-6 H, IL-4, IL-12,

GM-CSF, IFN-γ
Host response

to bacteria
H. pylori
VacA toxin

BMMC IL-6, IL-8, TNF H Gastric injury

LPS RPMC IL-6 H Bacterial infection
Table 3 Selected examples of selective release of mediators from mast cells. Adapted from 

(88)

IgE-associated adaptive responses

Another aspect of mast cells contribution to immune response is their involvement in 
adaptive immunity. Originally, these activities were connected to antigen-specifi c IgE 
that, when bound to FcεRI and crosslinked by an antigen, activate multiple pathways 
in the mast cell. Recent fi ndings demonstrate, that IgE at high concentrations have 
more than just passively sensitizing activity. Some antibodies are able to elicit full 
response in the absence of antigen while other only upregulate FcεRI and enhance 
mast cells survival (53). This survival enhancement is mediated by autocrine IL-3 
stimulation and activation of Bcl-xL/Bcl-2 (54). The extent of mast cell activation 
in absence of antigen depends on a particular antibody, although the molecular 
determinants of this anti-apoptotic activities are not defi ned (55). Additionally, the 
increased survival after FcεRI stimulation differs between mast cell subpopulations 
(56). 

It’s been widely accepted that mast cells contribute signifi cantly to acute 
infl ammatory reactions to antigens/allergens against which the host bears 
antibodies of the IgE class. Mast cells are responsible for virtually all of the increased 
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vascular permeability and tissue swelling during IgE-dependent passive cutaneous 
anaphylactic response (57). If the stimulation is of more persistent or more severe 
nature, acute response may undergo transition into late-phase reaction (LPR) which, 
except for the time scale ranging from few to several hours from initial antigen 
challenge, is characterized by recruitment of leukocytes to the site of infl ammation. 
Apart from the role played by mast cells in recruitment of other immune cells to the 
site of infl ammation (58), they can also infl uence the phenotype and function of T 
cells and other leukocytes; these regulatory activities may be attributed to both 
soluble mediators, such as TNF, and cell-to-cell interactions involving costimulatory 
molecules, e.g. OX40 ligand (59, 60). Many of the clinical symptoms of LPR are 
thought to result from the actions of the cells recruited to these sites rather than 
from direct activity of the mediators released by mast cells during the acute phase 
(30, 61). It has to be noted, however, that not in all cases LPR are preceded by the 
acute allergic reactions in situ (62). Such sequence of events corresponds well with 
many reports concerning differential release of mast cell mediators, an example 
being Bcl10-MALT-1 adapter complex-dependent specifi c release of IL-6 and TNF 
without degranulation following FcεRI stimulation (63). This is consistent with the fact 
that of many mast cell products, TNF has been most clearly implicated in leukocyte 
recruitment and the development of other LPR features (58, 64). Mast cells are also 
capable of providing mediators and direct intercellular contact-mediated functions 
at sites of long-term, IgE-associated chronic allergic infl ammation characteristic for 
disorders like asthma, allergic rhinitis and atopic dermatitis (60, 65, 66). It has 
been shown recently, that optimal expression of ovoalbumin-induced asthma in 
mice is mast cell-dependent (67). In this model many features of the disorder were 
markedly reduced in mice whose mast cells lacked FcRγ and thus could not be 
activated by IgE or IgG1. Interestingly, certain features of this disorder were found 
mast cell-dependent, but FcRγ-independent. In this view, a wide range of innate and 
IgE-associated immune responses appears to represent a situation in which mast 
cells activity, depending on particular circumstances, may be either benefi cial or 
detrimental to the host.

IgE-independent responses

Apart from IgE-dependent responses, mast cells have been implicated in 
pathogenesis of several autoimmune diseases (30), including multiple sclerosis 
(68) and rheumatoid arthritis (69) in humans and experimental autoimmune 
encephalomyelitis (EAE) (70) and IgG1 antibody-dependent autoimmune arthritis in 
mice (71). Moreover, under some experimental conditions mast cells are necessary 
for complete elicitation of infl ammation associated with hapten-induced contact 
hypersensitivity (CHS) (72) or asthma (73) and infl ammatory bowel disease (74). 
In addition, an effector role for mast cells has been proposed in murine models of 
fi brosis associated with chronic infl ammatory states e.g. scleroderma. In a model of 
chronic graft versus host disease (CGVHD) based on injection of spleen cells from 
B10.D2 mice into irradiated BALB/c recipients, mast cells present in affected skin 
were found depleted of cytoplasmic granules which leaded to hypothesis defi ning 
mast cells activation as an important factor for fi brosis that is a major feature of 
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both CGVHD and scleroderma (75). Injecting bleomycin into skin of wild type and 
mast cell-defi cient mice for 1 week elicits dermal sclerosis only in the former; after 
4 weeks however this state is equally developed in both populations, indicating that 
while mast cells are not necessary for the development of skin fi brosis they may 
accelerate its development (76).

Mast cell-T cell interactions

As mentioned above mast cells can exert their activities by being effector cells 
or response initiators. There is, however, yet another important way for these cells 
to shape immune response: regulation of T cells function. These interactions may 
be of both direct and indirect nature. Due to relatively low numbers of mast cells in 
secondary lymphoid organs their presence was not considered important for T cell 
differentiation. However, under infl ammatory conditions mast cells can additionally 
migrate to spleen and lymph nodes and modulate the immune response (77, 78). 
The proximity of mast cells and naïve T cells in these organs allows for cytokines 
released by the former infl uence priming of the latter for polarized differentiation. In 
some settings mast cell-derived IL-4 may directly skew Th2 responses. Mast cells are 
also good sources of TGF-β and IL-6, cytokines known to favour Th17 development. 
The expression of surface proteins that display stimulatory or inhibitory activity 
towards T cells may also be relevant in these settings (38). Under some conditions, 
mast cells express the costimulatory molecules CD80 (B7-1) and CD86 (B7-2) and 
the adhesion molecules CD54 (ICAM-1) and CD18 (β2 integrin chain of leukocyte 
function-associated antigen-1), all of which are involved in T-cell activation. More 
recently expression of members of the TNF/TNF receptor superfamily, including 
OX40L, CD153, Fas, CD137, and glucocorticoid-induced TNF receptor, by mast cells 
and the importance of these molecules for T cell activation has been demonstrated 
(60). Although the range of mediators expressed by mast cells suggests a broad ability 
of mast cells to direct T cell differentiation, only limited evidence for such activity 
was demonstrated in in vitro co-culture system (59, 60, 79). The development of in 
vivo models to evaluate the importance of these interactions will be a major progress 
in mast cell and T cell biology. 

Another feature of mast cell enabling them to infl uence T cell fate is their ability 
to act as antigen-presenting cells. They express both MHC-I and MHC-II and have 
been shown to present antigen to T cells in an in vitro system (42, 80). Mast cell 
can also infl uence traffi cking of T cells into the site of infection or infl ammation. 
Leukotriene B4, that is essential chemotactic factor for CD4+ Th1 and Th2 cells and 
for CD8+ effector T cells, is produced by mast cells upon activation (46). Released 
mediators, including TNF, upregulate expression of endothelial adhesion markers 
such as ICAM-1 and vascular adhesion molecule-1 (81) and vasoactive amines, such 
as histamine, increase endothelial permeability as well as P selectin expression on 
endothelial cells, allowing for an infl ux of activated T cells. 
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Mast cells in limitation of infl ammation

Although there is a solid body of evidence that mast cells exert predominantly 
proinfl ammatory activities, there are a few reports stating otherwise.  Examination of 
biological activity of mast cell mediators, indicates that some of them, including TGF-β 
(82), IL-4 (83), IL-10 (84) and histamine (85) have potentially anti-infl ammatory 
activity, although until now very few studies have demonstrated this in vivo. The 
fi rst report of such activity of mast cells in knockin mouse concerned UV-induced 
suppression of contact hypersensivity to TNCB that was, at least partly, mediated 
by histamine (86). It has also been demonstrated, that mice that were bitten by a 
mosquito display lowered antigen-specifi c T cell responses in the model of delayed 
hypersensitivity to OVA and that this phenomenon requires mast cells at the site of 
the bite (87). The mechanism of this regulatory activity remains unknown. The results 
of yet another study show, that mast cells are necessary for peripheral tolerance 
in skin allografts (40). In tolerant mice considerable increase of mast cell-specifi c 
transcripts and number of mast cells was observed. This increase correlates with the 
infl ux to the graft of IL-9-producing CD4+Foxp3+ T cells. Mast cell-defi cient mice 
cannot be tolerized and experience rapid graft rejection, which can be prevented by 
local skin reconstitution with mast cells. IL-9 released by Tregs is the major mediator 
of mast cells recruitment and activation in the dermis of these tolerant grafts. Mast 
cells may then act by limiting the infl ux of infl ammatory T cells or cooperating with 
dermal Tregs. Unexpected as it sounds, mast cells do contain TGF-β that is a major 
Tregs inducing factor. In conclusion, mast cell activators may yield pro- or anti-
infl ammatory responses; under IL-9 stimulation mast cells seem to rather suppress 

than induce the infl ammatory processes.

Conclusions on mast cell role in regulation of infl ammatory 
process

The regulatory activities of mast cells related to induction and resolution of the 
infl ammatory process seem to favour defi ning them as proinfl ammatory cells. While 
in many settings such activity is detrimental to the host it has to be remembered, 
that in the view of host defence infl ammatory process is often crucial to restoring 
homeostasis. Additionally, there is gradually accumulating evidence, that in some 
settings mast cells may exhibit anti-infl ammatory activity which makes them 
potentially attractive therapy target in disorders involving chronic infl ammation. 
As far as the perspective of inventing a chemical compound specifi cally targeting 
selected mast cell functions is rather improbable, this kind of precise manipulation 
seems to be feasible with the use of biologicals. The new track of research concerning 
mast cells as anti-infl ammatory regulatory cells is certainly worth pursuing.
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Outline of this thesis

Mast cells as an important regulator of immune response have long been 
underestimated. There is, however, growing body of evidence indicating, that these 
cells are crucial for induction and perhaps attenuation of infl ammatory response. 
This thesis focuses on analysis of expression of TNF and IL-4, cytokines regarded 
pro- and anti-infl ammatory, respectively, by mast cells.

Given the unique physiological properties of the pool of TNF that is stored in 
mast cell granules, we analyzed intracellular traffi cking pathways leading to the 
storage of this cytokine in mast cell secretory compartment. We examined amino 
acid motifs and posttranslational modifi cations necessary for proper targeting of TNF. 
The differences between mouse and human TNFs were analyzed revealing potential 
weaknesses of murine model when TNF biology is considered (chapters 2 and 3)

Infl ammatory processes elicited by non-immune stimuli may take a course that 
is detrimental to the host. We analyzed potential involvement of mast cells in the 
regulation of immune response in such situations. Models of hypoxia and heavy 
metal ions exposure were utilized in order to fi nd out how IL-4, that is a potential 
infl ammation limiting factor, is regulated in mast cells under these conditions 
(chapters 4 and 5).
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