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ABSTRACT 

 

Dendritic cells (DC) have a key role in the initiation and regulation of the immune 

response. Following antigen detection and capture, immature, tissue-based DC, 

mature and migrate to regional lymph nodes. By expressing an array of cytokines, co-

stimulatory and adhesion molecules, DC polarise T-cells and induce Th1, Th2, Th17 

or Treg immune responses. The specific signals that DC generate appear to vary 

according to the nature of the microenvironment stimuli to which they are exposed. 

Synuclein (-syn) is a small neuroprotein initially considered to be neurospecific. 

However various immunocompetent cells such as lymphocytes, monocytes and 

macrophages also express -syn. Although the precise physiological function of 

syn is unclear it has been implicated in cell proliferation, growth, differentiation 

and apoptosis. Differentiation of lung macrophages from monocytes leads to the 

production of syn which is further up-regulated by stimulation with LPS and IL-1 

suggesting syn may be involved in inflammation and the immune response.  

syn is a hallmark of neurodegenerative diseases, which in many cases are 

accompanied by inflammation and infiltration of DC into the inflamed brain. I 

hypothesised that syn has a role in the modulation of DC function and 

consequently the immune response as a whole. This thesis sets out to address this.  

First the expression of syn mRNA and protein in immature and mature human 

monocyte derived (hMo) DC was demonstrated. These studies demonstrated that pro- 

and anti-inflammatory stimuli can influence syn expression differentially. 

Following stimulation of immature hMoDC with different pro-inflammatory stimuli, 
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including TNF and kinins, expression of syn protein was up-regulated; while 

immunosuppressive stimuli such as TGF and dexamethasone down-regulated syn 

protein expression. Furthermore, there was a disparity between the degree of mRNA 

and syn protein expression in mature hMoDC; LPS down-regulated syn mRNA 

but protein levels remained unchanged; TNF caused mRNA down-regulation but 

up-regulation of protein, and des-Arg9-Bradykinin increased both, syn mRNA and 

protein.  

Given these results, the regulation of syn expression was addressed. In different 

cell types, three coding region splice variants and two syn 5’UTR splice variants 

are described. In this thesis I have identified a new splice variant in hMoDC (ex1”) 

and performed 5’RACE to determine the transcriptional start site (TSS). It is now 

clear that the TSS is positioned further upstream than previously published. 

Furthermore, the expression level of specific syn 5’UTR splice variants in hMoDC 

depends on the pro-inflammatory stimuli applied. For example, TNF (despite down-

regulating syn mRNA expression generically) up-regulated the expression of the 

new novel ex1” splice variant which correlated with increased expression of -syn 

protein.  

The effect of exogenous syn on hMoDC differentiation, phenotype and function 

was investigated. Cytokine and co-stimulatory molecule expression and hMoDC 

migration and apoptosis were assessed. Exposure to -syn generated a much less 

differentiated hMoDC phenotype. However, -syn did not induce or modulate 

hMoDC maturation, as assessed by co-stimulatory molecule expression and release of 

pro-inflammatory cytokines. Interestingly, syn up-regulated the expression of 
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inflammatory chemokines by hMoDC, suggesting a role in DC migration. In 

subsequent experiments -Syn was shown to act as a strong chemoattractant for 

immature hMoDC. Although syn did not chemoattract mature DC, it up-regulated 

expression of CCR7 presumably facilitating migration of mature DC toward lymph 

nodes. With respect to apoptosis syn was anti-apoptotic in immature hMoDC, 

while inducing apoptosis in LPS-matured cells, by inducing expression of BAD, a 

pro-apoptotic member of the Bcl-2 family of proteins.  

In this thesis I have demonstrated that hMoDC produce -syn and that a novel syn 

5’UTR splice variant exists and that the true transcriptional start site is upstream of 

previous reports. -Syn protein appears to be finely regulated by expression of 

specific splice variants, differentially induced by pro-inflammatory stimuli. syn 

appears to influence differentiation of DC and is a chemoattractant to immature 

hMoDC and is likely to attract immature hMoDC to sites of inflammation. syn 

induces chemokine production which would further enhance inflammatory cell 

recruitment. Following DC maturation, migration to lymph nodes and contact with T-

cells, -syn may play an additional role of promoting removal of DC by apoptosis 

once DC have interacted with regional T cells. Although there is still much more 

research to carry out on -syn and DC it is now clear that -syn is a significant player 

in DC biology.  
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1 LITERATURE REVIEW 

1.1 DENDRITIC CELLS 

Dendritic cells (DC) have long been regarded as the most potent professional antigen-

presenting cells (APC) 1. They are key inducers of immunity, as they play a central role 

in initiating and regulating the innate and adaptive immune responses. DC precursors 

migrate into non-lymphoid organs where they differentiate into resident tissue DC 2. DC 

reside in a so-called 'immature' state in almost all peripheral organs and lymphoid 

tissues 3 where they establish a sentinel network of monitoring for foreign antigens. 

Immature DC are weak primers of T cells but are able to uptake and process self (such 

as cellular debris) and foreign (such as microbial pathogens) antigens 3. As a 

consequence of antigen recognition DC initiate their maturation. Maturing DC lose the 

capacity to take up antigen and they migrate towards the draining lymph nodes, 

expressing molecules that will lead to binding and stimulation of naïve T cells in the T-

cell resident areas of lymphoid tissue. By expressing an array of cytokines, co-

stimulatory and adhesion molecules, mature DC are able to polarise T cells and induce 

Th1, Th2, Th3 or Th17 immune responses. 

1.1.1 DC Lineages and Subsets 

Several DC subsets that can be distinguished by distinct phenotypic and functional 

features make up a heterogeneous populations of cells known as DC. There are different 

classifications, but the most common one is that human DC, in vivo consists of three 

major DC subsets 4: a) Interstitial and b) Langerhans (both considered as conventional 

DC (cDC)) and c) Plasmacytoid DC (pDC) or “Lymphoid DC”. They appeared to arise 

from two distinct lineages named myeloid and lymphoid.  
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However, DC classification can be much more complex if other variables are used to 

describe them. They can be classified according to different factors.  

First, DC can be classified by their localisation. Hence, interstitial cells are located 

within tissues (such as the dermis) and sometimes are referred to as dermal or myeloid 

DC. Langerhans cells (LC), also known as epidermal DC, reside in epithelial tissues. 

DC are also found in spleen (splenic marginal DC), lymph nodes (T-zone interdigitating 

cells, indeterminate/veiled cells and germinal-centre/follicular DC), in thymus (thymic 

DC), lung (lung DC), liver, and blood. It is not clear if these cells differ in their lineage 

origin, maturation stage and function, but some phenotypic differences have been 

observed presumably influenced by release of the local tissue factors 3. For example, LC 

express Lag antigens, Langerin or Birbeck granules which are absent from myeloid DC 

5. Monocytes and myeloid DC are closely related since monocytes generate myeloid DC 

when cultured with granulocyte-macrophage colony-stimulating factor (GM-CSF) and 

interleukin (IL)-4 6, 7. On the other hand, immature myeloid DC when cultured with M-

CSF differentiate to a macrophage phenotype 5, 8, indicating that in vivo, the choice of 

whether a monocyte becomes a DC or a macrophage may in part be influenced by the 

microenvironment. In support of this, monocytes that migrate into the endothelium 

become DC, while those that remain in the tissues become macrophages 9. Follicular 

DC, have a phenotype similar to myeloid DC 10 and it is possible that interstitial DC 

migrate into the lymphoid follicules, where they become known as germinal-centre DC.  

Secondly DC can be classified based upon their developmental origin. DC are bone 

marrow-derived cells 11, 12. Considering their cellular origin and phenotype, human DC 

have been classified into two major populations: myeloid and lymphoid 13. It has been 

suggested that myeloid DC derived from a common myeloid progenitor (CMP) 14, while 

a common lymphoid progenitor (CLP) is the precursor for lymphoid DC 15. However, 

DC development is much more complicated. DC lineages consist of several often not 
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clearly defined populations that seem to have either a myeloid, lymphoid, or mixed 

lymphoid/myeloid origin. Recent data show that both types of human DC could develop 

from either a common myeloid or common lymphoid  

progenitor 16-18, and it has been proposed that common DC precursors give rise to all 

DC lineages 19. Thus, a lineage tree that tries to reconcile all of the known data becomes 

much more complex than the conventional one (Figure 1.1) 20.  

 

All haemopoietic cells are derived from pluripotent haemopoietic stem cells (HSC). 

These cells give rise to a diverse range of intermediate cells defined by expression of 

cell surface antigens that then further differentiate into mature haemopoietic cells. 

Traditional concepts of such cell differentiation have the first step in haemopoiesis 

being differentiation of CD34+ HSC into common myeloid and lymphoid precursors in 

the bone marrow. CMP generates granulocytic-macrophage (GM) and megakaryocytic-

erythroid (ME) lineages 14. In addition, CMP differentiate into monocytes and DC (cDC 

and pDC), whereas CLP differentiate into DC (cDC and pDC), natural killer (NK), T, 

and B cells. Galy et al. found that the CD10+ lymphoid-restricted progenitors in human 
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Figure 1.1. Lineage tree (Revised model) 
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bone marrow generated DC, B cells and NK cells which supports the view that dendritic 

cell differentiation arises from a common lymphoid pathway 21. So, CLP, CMP and 

even granulocytic-macrophage precursor (GMP) may give rise to both cDC and pDC 16. 

However, a precursor that possesses a combined GM and lymphoid precursor potential 

but is unable to develop into an erythrocyte or megakaryocyte has been identified 

recently 22. It is widely accepted that the T lymphocytes, B, and NK cells originate from 

a CLP, although it has also been claimed that T and B cells are derived from 

T/macrophage and B/macrophage precursors 23.  

A third classification has been generated based upon DC function. In general, DC 

regulate B cell proliferation and polarise T cells towards type 1, type 2, type 17 or 

regulatory responses leading to the induction of tolerance or immunity. Several types of 

DC, including interstitial DC, Langerhans DC, blood DC, and pDC, have been 

identified that, mediate depending on their local microenvironment, different types of 

immune responses 3, 24. 

Two types of DC precursors, pre-DC1s (monocytes) and pre-DC2s (plasmacytoid or 

IFN producing cells), function in both innate and adaptive immunity and play a key 

role in integrating the innate and adaptive aspects of various immune responses. Pre-

DC1s represent antibacterial, while pre-DC2s are antiviral effector cells, and have the 

ability to differentiate into distinct types of DC following innate immune response 

signalling. The use of various marker combinations has further established that these 

two sub-types have a different phenotype. While pre-DC1s express the myeloid 

antigens 25, pre-DC2s express mRNA specific for lymphocytes 26, 27. In addition they 

express a different profile of cytokines. Thus, DC1 produce large amounts of IL-12 and 

consequently induce strong T helper type 1 (Th1) and cytotoxic T lymphocyte (CTL) 
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responses, while DC2 produce low level of IL-12, and induce Th2 responses, or the 

generation of IL-10-producing CD8+ T suppressor cells 28, 29.  

A novel monocyte-derived DC (MoDC) subset, MoDC2 that skews Th responses 

toward a Th0/Th2 phenotype has been described. MoDC2, lack IL-12 production and 

have increased IL-10 synthesis in particular. Therefore, there is evidence for monocytes 

having the potential to differentiate into subsets of DC with different cytokine 

production profiles, which is associated with altered capacity to direct Th cell 

differentiation.  

DC plasticity - The type of stimuli to which DC are exposed, could modulate DC, so 

they differentially affect downstream T development. For example, when DC2 cells are 

stimulated with IL-3- and CD40 ligand, they promote Th2 responses, while viral 

infection modulates DC2 to promote helper T cells to produce both IFN-γ and IL-10.  
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1.1.2 Role of DC in Innate and Adaptive immunity 

The innate and the acquired immune systems are quite different in many respects, 

including the systems utilized to recognise foreign material, the cells involved, and the 

cellular mechanisms that are activated. DC are sentinel cells able to recognise and 

uptake, process antigens and migrate to lymph nodes and present those antigens to Th 

cells, therefore linking innate and adaptive immunity 30, 31.  

The innate immune system is the first line of defence and in particular is activated 

quickly after infection. It is non-specific and includes production of cytokines 

(especially members of IFN and TNF families) and chemokines, phagocytosis of 

pathogen and its rapid elimination. Many cell types are effector cells of innate 

immunity, such as DC, macrophages, natural killer (NK) cells, neutrophils, and B-1 

cells. DC have important roles in innate immunity, particularly with respect to cytokine 

production and mobilization of innate lymphocytes. They express a range of receptors, 

such as Toll-like receptors (TLRs), Mannose receptors, DC-specific ICAM-3 grabbing 

non-integrin (DC-SIGN) 32, that recognise conserved structures present in large number 

of pathogens and mediate their endocytosis. DC are more efficient in antigen processing 

and presenting then in the phagocytosis and elimination of microbes. They are a major 

source of IFN and IL-12 after viral and bacterial infection 33, 34, and by production of 

inflammatory cytokines DC activate and expand the innate lymphocytes (NK, natural 

killer T cells (NKT) and  T cells) 35. DC also have specialised innate features that lead 

to tolerance and adaptive immunity, by their capacity to direct the development of 

primary immune responses appropriate to the type of detected danger . DC have a 

potent antigen (Ag)-presenting capacity for the stimulation of naïve, memory, and 

effector Tcells 31, 36 Innate immunity has to be strictly regulated as the downstream 
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inflammation and immune response could lead to tissue damage and even to the 

development of autoimmunity. 

The crosstalk between innate and adaptive immunity is regulated by APC but in 

particular by DC and macrophages, via their secretory products and via their interaction 

with endogenous mediators 37, 38. After taking up antigen and receiving a maturation 

stimulus, DC undergo a maturation process that is required for the induction of 

immunity. As a members of adaptive immunity, mature DC migrate to the regional 

lymph nodes where they present antigen to T cells. As mentioned earlier, distinct 

stimuli allow DC to initiate specific responses, leading to the differentiation of various 

Th pathways which may include the development of tolerance and memory. 

One of the proposed mechanisms for controlling innate and adaptive immune responses 

is at the level of cell-cell contact 39. For example, contact between DC and NK cells can 

lead to DC maturation and NK cells activation and proliferation. In this setting the fate 

of DC depends on rate of NK proliferation. If activated NK cells outnumber immature 

DC, DC undergo apoptosis and as such total immunity is reduced. On the other hand, if 

there are more immature DC than activated NK cells, DC mature and result in an 

activated acquired-immune system39.  

1.1.3 DC Maturation  

Exposure of immature DC to infectious agents and/or inflammatory stimuli such as 

bacterial components (lipopolysaccharide, LPS), inflammatory cytokines (tumour 

necrosis factor alpha, TNF, IL-1) or activation of CD40 40-42, induces their rapid 

maturation. DC maturation involves the regulation of number of genes that control 

distinct DC functions 43, 44. DC undergo dramatic changes in their morphology 

(development of dendrites, reorganisation of the cytoskeleton) 45-48, migratory capability  
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49-52, expression of surface molecules (co-stimulatory molecules, chemokine receptors, 

integrins, major histocompatibility complex (MHC) class II peptides, proteinases)53-55 

and function1, 2, 56. Maturing DC change from antigen-capturing to antigen presenting 

cells. They migrate to the T-cell zones of the secondary lymphoid tissue where they 

prime naïve T cells by producing T cell polarising cytokines and inflammatory 

mediators. DC are not only crucial for T-cell activation, they determine the polarisation 

of T helper response and therefore can affect the balance between Th1, Th2, Th17 or 

regulatory T cell development 50, 54, 57, 58.  

The nature of the stimulus to which DC are exposed determines a highly specific set of 

cytokines and mediators that are released by DC. Those signals can originate from both 

exogenous and endogenous sources. 

 Exogenous Activation Stimuli 

DC modulate the immune system in response to different pathogens, such as viruses, 

bacteria, fungi, worms and parasites, as well as following exposure to allergens. The 

interactions between DC and microorganisms are rather complex. DC express a variety 

of different recognition receptors, named pattern-recognition receptors (PRRs), that 

specifically recognise conserved microbial molecules, known as pathogen-associated 

molecular patterns (PAMPs) 59. Examples of PRRs on DC include Mannose receptor, 

dendritic and epithelial cells-205 kDa protein (DEC-205), DC-specific ICAM-3 

grabbing non-integrin (DC-SIGN), Dectin-1 and TLRs 1-10 60, 61.  

TLRs are transmembrane signalling molecules mostly expressed on the cell surface. 

TLR4 and TLR2 are located on the plasma membrane recognising LPS and lipoteichoid 

acid, respectively. A subset of TLRs is present in the endosomal compartment, 

including TLR3 (recognising double stranded viral RNA (dsRNA)), TLR7 and TLR8 

(viral ssRNA), TLR9 recognises nucleic acids (CpG rich viral and bacterial DNA) 62. 



Literature Review 

 10

The Nod-like receptor (NLR) family includes the innate receptors nucleotide-binding 

oligomerization domain (Nod)1 and Nod2 and other receptors (such as NACHT-LRR-

PYR-containing proteins (NALPs)). They are expressed by DC and function as 

cytosolic sensors for bacterial products and endogenous danger signals.  

DC express a number of C-type lectin receptors that recognise carbohydrate structures 

on pathogens and their major function is to internalise Ag for processing and 

presentation by DC 63. DC subpopulations differ in expression of C-type lectin 

receptors. Thus MoDC express receptors such as Mannose receptor, DEC-205, DC-

SIGN, while Langerhans cells express Langerin (CD 207) and DEC-205 64.The 

mannose receptor provides an efficient cellular internalisation system for both 

endogenous and microbe-derived molecules and has a role in the maintenance of tissue 

homeostasis 65. DC-SIGN recognise different pathogens such as viruses (DNA and 

ssRNA), gram-positive bacteria and protozoa 64.  

 Endogenous Activation Stimuli 

During infection, inflammation-associated factors (endogenous activation signals) are 

released by tissue and also as feedback signals from cells of the innate and acquired 

immune systems, such as T helper cells, NKT cells and NK cells. These factors include 

heat-shock proteins, pro- and anti-inflammatory cytokines, chemokines, eicosanoids, 

kinins and neuropeptides and all can influence DC function in an autocrine or paracrine 

manner and assist in initiating and amplifying a pathogen-specific response. For 

example, IL-1, TNF are released by cells within inflamed tissues at an early stage of 

infection and can trigger DC maturation. Ligation of CD40 on DC by its ligand CD40L 

is induced by microbes and results in the maturation of the DC and enhanced cytokine 

production. These stimuli can up-regulate MHC and co-stimulatory molecules 

expression, but are unable to induce production of IL-12p70, a crucial Th1 polarising 
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cytokine. However, different combinations of these stimuli, and even the order in which 

the signals are delivered over time could influence cytokine, particularly IL-12p70 

production 66. Other signals, such as PGE2 inhibit the ability of myeloid DC to produce 

IL-12, but increases their stimulatory capacity 67, 68, resulting in the development of a 

type-2-polarised effector DC subset. IL-10, a suppressive cytokine, inhibits the ability 

of DC to produce IL-12 and their stimulatory capacity, giving rise to tolerogenic DC 69.  

Neuropeptides have also been found to be immunomodulators with the ability to drive 

DC towards either a Th1 or Th2 phenotype 70-72. However, despite our increasing 

knowledge concerning DC function, there is very little information on the impact of 

neuropeptides as endogenous signalling molecules.  

1.1.4 DC Migration 

Motility is an important feature of DC in all stages of their differentiation73. It is an 

integral part of their function as APC. DC precursors migrate from the bone marrow 

through the blood stream to peripheral/nonlymphoid tissues where they become resident 

DC. Additionally, during pathogen invasion or antigen inhalation, immature DC are 

rapidly recruited to sites of inflammation. Following antigen uptake and exposure to 

pro-inflammatory stimuli, licensed DC migrate (See Figure 9.3) to the lymphoid tissues 

such as the spleen and lymph nodes where they complete their maturation 74. However, 

even in the absence of invading pathogens in steady-state physiological conditions, a 

small number of immature DC migrate to lymph nodes and remain there as immature 

cells 75, 76. These cells may play an essential role in immune tolerance 75.  

There are several mechanisms that regulate DC migration. Chemokines and kinins 

attract DC to target sites; adhesion molecules have a role during DC trafficking from the 

bloodstream and during migration within tissues 77, 78; while extracellular matrix 

degrading enzymes allow DC to move through connective tissues79, 80. 
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 Chemokines and Chemokine Receptors 

Chemokines constitute a large family of small chemotactic proteins. They have been 

first characterised for their role in attracting cells to sites of inflammation. Chemokines 

have been divided into four subfamilies namely: CXC, CC, C and CX3C. This 

classification is based upon the number and spacing of their conserved cysteine residues 

in the protein sequence 81. In contrast to chemokines there are fewer known chemokine 

receptors. They are classified by the type of chemokine that they bind, for example, 

CXCR or CCR are chemokine receptors that bind CXC or CC chemokines, respectively 

81. 

Chemokines are also classified according to their function as inflammatory and homing 

chemokines. Inflammatory chemokines are inducible proteins that are secreted in 

response to inflammatory cytokines, bacterial toxins and other signals produced at sites 

of inflammation. All ligands for CXCR1, CCR2, CXCR3, CCR1, CCR2, CCR3 and 

CCR5 receptors belongs to the inflammatory subset of chemokines. Some chemokines 

are constitutively secreted in lymphoid tissues and therefore regulate trafficking of 

mature DC and homing of lymphocytes and they represent homing chemokines, such as 

CCL19, CCL21 and CXCL12 82, 83. 

All chemokine receptors are members of the G-protein-coupled receptor (GPCR) 

family84. Until now, eight and ten receptors have been identified for CXC and CC 

chemokines, respectively. Receptor activation inhibits cyclic adenosine monophosphate 

(cAMP) production, a step necessary for the induction of migration 85, but other signal 

transduction pathways are also involved. For example, PI3 kinase and MAPK pathways 

have been shown to be involved in chemotaxis in response to “regulated upon 

activation, normal T cell expressed and secreted” (RANTES) and monocyte chemotactic 

protein (MCP)-1 chemokines 86-88.  
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Table 1.1 Expression of chemokine receptors on DC 

Receptor   Ligands Cell type that express receptor 

CCL3/ MIP-1                     

CCL5/ RANTES CCR1 

CCL7/ MCP-3 

CCL2/ MCP-1  

CCL7/ MCP-3 CCR2 

CCL12/MCP-5 

CCL5/ RANTES 

CCL11/ eotaxin-1 

CCL13/ MCP-4 

CCL24/ eotaxin-2 

CCR3 

CCL26/ eotaxin-3 

CCL3/ MIP-1                     

CCL4/ MIP-1 CCR5 

CCL5/ RANTES 

CXCL6/ GCP-2 

CXCL7/ PPBP CXCR1 

CXCL8/ IL8 

Immature DC 

CCL3/ MIP-1                     
CCR6 

CCL20/ LARC, Exodus 1 
CD34+ stem cells generated DC 

CXCR4 CXCL12/ SDF-1α 

CCL17/ TAR 
CCR4 

CCL22/ MDC 

CCL19/ MIP-3Exodus 3
CCR7 

CCL21/ SLC,Exodus 2 

Mature DC 
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Immature and mature cells express different range of chemokine receptors, therefore 

they respond differently to local environment (Figure 1.3). Immature MoDC express 

CCR1, CCR2, CCR3, and CCR5, and CXCR1 and CXCR455, 89-91 and therefore display 

migratory responsiveness to a broad array of inflammatory CC chemokines, including 

MCP-1, MCP-2, and MCP-4; RANTES, macrophage inflammatory protein (MIP)-1, 

MIP-1, and MIP-5/human CC chemokine (HCC)2; macrophage-derived chemokine; 

CXC chemokines, cytokine IL-8 and stromal cell–derived factor (SDF)-1 55, 57, 89-93. 

DC generated in vitro from CD34+ stem cells, but not MoDC, express CCR6 and 

migrate in response to MIP-3/liver and activation-regulated chemokine (LARC)  

(Table 1.1). 

 

Source:Bachmann et al., 2006 82 

Figure 1.3 Expression of chemokine receptors at different stages of DC maturation  

 

Maturing DC rapidly up-regulate expression of chemokine receptors, such as CXCR4, 

CCR4 and CCR7, and simultaneously down-regulate tissue homing receptors which 

enables maturing cells to leave the site of inflammation 55. The migration of maturing 

DC toward T cell dominant areas requires de novo expression of the chemokine receptor 

CCR7 55, 94, 95. CCR7 ligand, CCL21 (also known as secondary lymphoid tissue 

chemokine, SLC) drives DC migration into the lymphatic vessels, and further migration 



Literature Review 

 15

to draining lymph nodes is driven through another CCR7 ligand, CCL19 (also known as 

MIP-3β) 96. CCL19 and CCL21 are expressed in the T-cell zones of secondary 

lymphoid organs. Therefore, CCR7-mediated DC migration, guided by CCL19 and 

CCL21, results in accumulation of mature DC in the afferent lymphatics and the T-cell 

areas of draining lymph nodes (LN). 

Kinins have also been shown to act as chemoattractants for MoDC. Although, 

bradykinin acting through B2 receptor is a potent chemoattractant for immature DC 78 

the B1 receptor agonist, desArg9Brad does not influence the migration of immature DC 

78. In contrast, we have shown that desArg9Brad has the ability to recruit mature MoDC 

(publication submitted, International Immunology). 

1.1.5 Priming T cells 

DC prime effector T cells in a two-step process: at first, the DC carrying antigens attract 

and cluster with naïve or resting T cells. In the second step which is crucial for 

successful activation of the effector T cells there is formation of stable conjugates of DC 

and antigen-specific effector T cells.  

Chemokines guide T cells to the DC and therefore are responsible for the early 

interaction between DC and T cells. In secondary lymphoid organs DC produce a CC 

chemokine DC-CK1 that chemoattract naïve CD4+ and CD8+ T cells 97. In addition, DC 

attract CCR4 positive Th2 cells, NK cells 96, 98 and a subset of memory T cells that also 

expresses CCR4 (in addition to CCR7 and CD62L) 99 by producing thymus and 

activation-regulated chemokine (TARC) 100 and macrophage-derived chemokine 

(MDC) 92 CC chemokines. However, there is conflicting data as to whether DC have the 

ability to attract naïve T cells by chemotactic gradients or not. Some authors report no 

differences in the speed of T cells migrating towards DC or departing them, suggesting 

that DC-T cell contacts occur mostly by chance 101, while others showed that injection 
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of DC with LPS significantly limits T cell trafficking but the underlying mechanism 

was unclear 102. However, the presence of homeostatic chemokines, including CCL21, 

promotes T-cell chemokinesis and accelerates T-cell contacts with DC and consequent 

activation 103. DC presentation of antigen to CD4 T cells in LN induces the local 

production of CCR5 ligands, and a change in cytokine production that induces CCR5 

expression on naïve CD8 T cells, which are then preferentially attracted to DC–CD4 T 

cell pairs. This CCR5-dependent recruitment is necessary for long-term CD8 memory 

generation 104. There are indications that chemokines can modulate immune responses 

independent of their role as chemoattractants 105. For example, chemokines such as 

CCL2 and CCL7 have been shown to suppress production of IL-12 by MoDC 106. 

DC express C-type lectins that serve as antigen scavenger receptors (type I C-type 

lectins) and can also act as co-stimulatory molecules in DC–T-cell interactions (type II 

C-type lectins). Dectin-1 represents type II lectin that is specifically expressed by DC 

promoting proliferation of T cells 107. DC-specific ligand (type II C-type lectin), DC-

SIGN binds intercellular-adhesion molecule (ICAM)-3 expressed on naïve T cells. DC-

SIGN allows DC and T cells to transiently interact, so that DC are able to screen T cells 

to find the few that express a compatible TCR 108. Based on in vivo imaging of the 

dynamics of DC-T cell interactions in LN and in the absence of antigen, each DC 

interacts with 500–5000 different T cells per hour, with each contact lasting no more 

than a few minutes 101, 109. In contrast, mature, antigen-bearing DC are highly efficient 

in recruiting peptide-specific T cells and can connect to more than ten T cells 

simultaneously and are able to maintain these interactions for hours 110. This ability of 

mature DC to scan T cells at high rate and to rapidly detect T cells with appropriate 

TCR receptors is a key feature of the immune system.  

It has been shown that the disintegrin metalloproteinase family plays an important role 

in later stages of T cell activation. Disintegrin proteinases such as serpin, PI-11 111 and 
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decysin 112 were isolated from CD40-activated DC and it was suggested that both 

molecules create a microenvironment most suitable for T-cell activation 113.  

TCR that is expressed by T cells recognise the MHC–peptide complexes at the DC's cell 

surface 2 allowing physical contact between them, while CD83, a member of the 

immunoglobulin superfamily 114 and co-stimulatory molecules, such as CD80 and 

CD86, are up-regulated during DC maturation, determine the ability of naive T cells to 

expand 3.  

 Th1 polarising signals 

Various pathogens, and the molecules derived from them, such as LPS, bacterial CpG 

DNA and viral dsRNA, as well as T cell signals such as CD40 ligand and IFN-γ 115, 

promote immature DC to produce IL-12, 116. The IL-12 levels vary considerably, 

depending on the type of pathogen. Maximal IL-12 production requires exposure of 

antigen bearing DC to CD40 activated T cells 117, 118. DC-derived IL-12 stimulates IFN-

 production in naive Th cells and, therefore, strongly promotes a Th1 response. 

DC also produce other Th1-inducing factors, including IL-18, IL-23 and IL-27 119-121. 

IL-27, rapidly induces IFN- in naive Th cells and is important for the maintenance of 

Th1 responses 116, 120. IL-23 is less efficient in inducing IFN- production in naive Th 

cells but is particularly efficient in supporting IFN- production and proliferation of 

memory T cells 119. IL-18 strongly induces IFN- but only in the presence of IL-12 

released by CD4+ T cells 122. 

 Th2 polarising signals 

Th2 response is primarily induced by down-regulation of Th1 cytokine IL-12 123, 124. 

However, Th2 differentiation requires a positive polarising signal such as OX40L as 
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well as the absence of IL-12 125. Anti-inflammatory molecules such as IL-10, TGF-β, 

PGE-2 and corticosteroids, all inhibit DC maturation and IL-12 production, and lead to 

development of Th2 immune response 126-129. Prostaglandin (PG) E2 and IL-4 127, 130 

have been considered to be the classical Th2-polarising signal 131. IL-4 is the main 

cytokine produced by Th2 cells themselves, therefore it has been suggested that IL-4 

does not trigger Th2 responses but is an autocrine stabilizer and enhancer of Th2 

development 132-134. However, recently, it has been shown that OX40L and IL-4 work 

sequentially and synergistically in driving a Th2 response 135, where OX40L represents 

a DC-derived original trigger for Th2 differentiation while IL-4 produced by the 

developing Th2 cells further amplifies and enhances Th2 polarisation in an autocrine 

fashion. IL-12 dominantly and negatively regulates the function of OX40L and IL-4 in 

Th2 differentiation.136. It has also been shown that interactions between co-stimulatory 

molecules and their receptors are crucial for the activation of T cells. OX40L expressed 

by DC binds the CD134 (OX40) receptor, a member of the TNFR family, on T cells 137, 

138 inducing Th2 type of response. CD80 and CD86 belong to a family of co-stimulatory 

molecules which are involved in Th polarisation. Experimental data suggest that CD80 

and CD86 promote Th1 and Th2 responses, respectively 139.  

 Th17 polarising signals 

Beside Th1 and Th2 effector T cells, another subset of highly pro-inflammatory T cells 

that produce IL-17 (Th17 cells) has been identified. Th17 cells appear to have evolved 

as an arm of the adaptive immune system specialised for enhanced host protection 

against extracellular bacteria and some fungi 140. The IL-17 family of cytokine was 

recently discovered and consists of six members, named IL-17A–F and IL-17E which 

was independently identified and named IL-25 140. In addition to IL-17 (IL-17A), Th17 

cells produce IL-17F, TNF and IL-6 141. IL-23 promotes the proliferation of IL-17-
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producing cells in a pool of activated memory cells 141, 142. However, IL-23 alone is not 

able to drive naïve T cells to differentiate into Th17 cells 143-145. 

Interestingly, in infection and inflammation, anti-inflammatory TGF- in combination 

with IL-6 (produced by DC) induces the differentiation of naïve Th cells into Th17 cells 

143-145. However, subsequent exposure to IL-23 and IL-1 is necessary for a full 

differentiation and function of Th17 cells 140. 

It has been shown that OX40 promotes IL-17 production in CD4+ T cells 146. However, 

differentiation into Th17 cells might require a different set of co-stimulatory molecules 

from those involved in the differentiation of Th1 and Th2 cells. 

IL-17-producing effector T-cells are antagonised by the development of Th1 and Th2 

lineages. These cells release IFN- IL-27 and IL-4, which negatively regulate Th17 cell 

development 147-149. IL-27 may modulate the balance between Th1 and Th17, 

extinguishing Th17 development in favour of Th1, while IFN-γ, actively suppresses 

Th17 development. Similarly, IL-4 released by Th2 cells potently inhibited Th17 

development 140.  

 Tolerogenic (regulatory) Th3 polarising signals 

Regulatory T cells (Treg) are specific regulatory cells which actively mediate the 

integrity of peripheral tolerance in normal adults and help prevent autoimmune 

responses. It is has been accepted that several subsets of regulatory T cells are capable 

of controlling effector T cell responses. Naturally arising, thymus-derived Treg (nTreg), 

considered to be natural regulators. These cells arise during the normal process of 

maturation in the thymus and survive in the periphery as Treg cells, whereas Treg cells 

which are induced in response to infectious agents are inducible (adaptive) Treg and 

include Trl 150, 151, Th3 152 and Thl-like Treg cells 153. Induced Treg cells differentiate 



Literature Review 

 20

from conventional CD4+ T cells that are exposed to specific cytokines, such as TGF 

and IL-10 154, 155 or by ineffective presentation of antigen (the absence of co-

stimulation) in DC-T cell contact 156-158. Induced Treg cells secrete solely or mostly 

anti-inflammatory cytokines.nTreg and Tr1 cells, are involved in suppressing 

autoimmune diseases, in controlling microbial infections, and allergies and in 

maintaining transplantation tolerance in animal models 159-165. Th3 cells suppress 

systemic inflammatory autoimmune responses in an antigen-specific manner 166, 167. Th3 

cells produce TGF- and suppress systemic inflammatory autoimmune responses, 

whereas Tr1 secrete high levels of IL-10, with or without IL-5, IL-13 or TGF-β, but 

little or no IL-2, IL-4 and IFN-γ.  

Immature DC were considered as inducers of Treg cells 168, although populations of 

mature and semi mature DC that induce tolerance in vivo have been described 169. As 

stated previously, spontaneous migration of immature DC loaded with self- and 

commonly encountered antigens is observed under steady-state conditions and they 

have been shown to induce tolerance in vivo 150. Specific maturation signals are required 

to moderately increase MHC and co-stimulatory molecules for tolerance induction 94. 

IL-10 expressed by DC favor promotion of Treg cells by suppressing CD4+ and CD8+ 

cell mediated activities 170.  

Immature DC that reside in peripheral tissues endocytose materials from necrotic and 

apoptotic cells. These DC express low amounts of MHC class II molecules and no co-

stimulatory molecules, a state that leads to T-cell anergy. However, anergy-inducing DC 

differ from common immature DC, since they decrease CCR5 and CCR6 expression 

and similarly to mature DC gain expression of CXCR4 and CCR7 that drive their 

migration to lymphoid tissues 94.   
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TGF- produced locally and ubiquitously by many cell types, including DC, promotes 

immunosuppression and induces the differentiation of induced Treg cells that 

participate in immune regulation. In addition, immunoglobulins, such as CD80, CD86, 

B7-DC were shown to have a major role in activation and expansion of effector T cells, 

but also in the induction of Treg cells and subsequent inhibition of inflammation 171, 172  

Recently it has been shown that DC do not just stimulate Treg activation but could also 

be affected by them in terms of maturation of DC 173, 174. The effects of Treg on DC 

include the inhibition of DC maturation, including reduced up-regulation of co-

stimulatory molecules, reduced antigen presentation and reduced secretion of the pro-

inflammatory cytokines such as IL-12, TNF-α and IL-6 174-176. Tregs effects are mostly 

restricted to myeloid DC, since pDC developed normally in the presence of Treg cells 

175. 

 Immunologycal Synapses 

Immunological synapse (IS) is the cell structure in which information is exchanged 

between lymphocytes and APC, characterised by stability and directed secretion 177. IS 

are diverse in structure and function. A distinctive set of molecular partners interacting 

in an IS reflects its uniqueness. Some molecules are typical for all types of IS, such as 

TCR, adhesion molecules, an associated intracellular complex that facilitates signal 

transduction and various cytoskeletal components. 

IS differ in their structure. Common synapse, called bull’s eye, represents a “mature” 

synapse, which contained TCR and protein kinase C (PKC)- arranged in a central 

cluster, while adhesion molecules are located around them forming a ring. Mature 

synapse is the most common synapse that is formed between T and B cells and is stable 

and lasts for hours. A different type of IS, multifocal IS, is characterised by formation 
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of multiple small TCR clusters. This is the synapse that is preferentially formed 

between DC and naïve T cells, although sometimes they may form a bull’s eye pattern 

178-181.  

DC play an active role in formation of IS. For formation of DC-T cell synapse, a high 

Ag specificity and MHC class II signalling plays a central role 45. In IS, a small number 

of peptide-MHC complexes (pMHC) are able to interact and activate a much larger 

number of TCR (a single complex can serially engage and activate up to approximately 

200 TCR), so that rare Ag can be detected 182. However, even in the absence of Ag and 

even if the MHC molecules are missing, DC-T cell synapses are formed, due to 

interactions of an array of adhesion and co-stimulatory molecules 183 and lead to T cell 

proliferation and responses 180. These responses cause changes in morphology, motility, 

adhesiveness, proliferation and survival. CD4+ T cells are activated in this manner 

much more readily than CD8+ T cells. It has been proposed that these phenomena may 

play a major role in the maintenance of the naïve T cell pool in vivo 179, 180, 184.  

It has been reported that contacts between DC and T cells are brief (6-12 minutes) and 

prolonged interaction with the same DC is not necessary for T cell activation 185. T cells 

remain mobile even when they recognise Ag on DC and make contacts with other DC 

either simultaneously or sequentially 102, 185, 186. However, recently it has been proposed 

that T cell behave in this manner in the phase I of T cell activation and that the length of 

this phase is related to the density of Ag on DC and the number of DC present. This is 

followed by phase II when T cells form stable IS with a single Ag-bearing DC, the 

phase that can last 8-20 h. In the third phase T cell regain their motility and begin to 

proliferate. It is proposed that prolonged DC-T cell interaction is necessary for effective 

T cell activation and proliferation 187, 188. 
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1.1.6 DC apoptosis 

Apoptosis or programmed cell death plays an important role in the regulation of DC 

development and turnover. Apoptosis of DC is critical for maintaining the homeostasis 

of the immune system, since abundance and longevity of antigen-bearing DC in 

secondary lymphoid organs are the key factors in determining the magnitude of the 

adaptive immune responses. Functionally distinct apoptotic schedules regulate the 

development of DC from CD34+ progenitors, ensuring the selection of DC from other 

lineages and granulocytes 189. Differentiated, immature DC are very resistant to 

apoptosis, whereas the lifespan of mature DC is estimated to be as short as three days 

190, 191. Antigen-bearing DC rapidly die by apoptosis once they have entered the T cell 

zone 192. DC undergoing apoptosis are inefficient APC 193, whereas prolonging DC 

survival has been shown to boost immune responses 194. Controlling DC apoptosis is an 

efficient way of controlling the initiation and termination of immune and inflammatory 

reactions. Chen et al. reported that blocking of apoptotic DC death in mice leads to DC 

build-up and the development of autoimmune symptoms 195.  

Longevity of DC and consequently the extent and sustainability of immune reactions 

induced by them, depend on the survival signals that DC receive from 

microenvironment 194, 196, 197. It seems that Bcl-2 and Bcl-xL are two key anti-apoptotic 

components that regulate the longevity of DC and are regulated by nuclear factor (NF)–

B 198, 199. In DC, as in the other human cells, apoptosis is mediated by two distinct 

signalling pathways, termed the extrinsic and the intrinsic.  

Intrinsic signalling pathway - Intrinsic signals, such as growth factor deprivation, 

cellular stress, cytotoxic drugs or pathogens, trigger intrinsic pathways which serve as a 

molecular 'timer' that sets the lifespan of DC (spontaneous DC apoptosis). These stimuli 

activate the pro-apoptotic molecules Bax and Bad or inactivate anti-apoptotic Bcl-2 
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family members, such as Bcl-2 and Bcl-xL, leading to mitochondrial permeability, 

release of Cytochrome C and activation of caspase-9 198. 

Extrinsic signalling pathway - Susceptibility of DC to Fas-induced apoptosis is still a 

matter of debate. It has been shown that DC and monocytes are not susceptible to Fas-

induced cell death 200, 201 due to the constitutive expression of Fas-associated death 

domain-like IL-1β-converting enzyme (FLICE)-inhibitory protein (FLIP) ligand 200, 201, 

a protein that regulates apoptosis by interfering with the activation of caspase-8 202. 

However, other studies have shown that DC are not resistant to Fas-induced apoptosis 

195, 203-205, and that they express abundant signalling molecules in the Fas signalling 

pathway 195. Spontaneous DC apoptosis is affected by a bcl-2 and not by Fas-dependent 

pathways 195, 196. 

Survival signals - T cells are able to influence the lifespan of DC. T cells prolong life 

of mature DC by producing the survival signals such as CD40 and “TNF-related 

activation-induced cytokine” (TRANCE). These signals regulate DC survival by 

modulating expression of Bcl-2 family proteins in particular up-regulating anti-

apoptotic Bcl-xL 192, 197, 198, 206. It was shown that TRANCE also protects DC from Fas 

ligand-mediated apoptosis and it was suggested that the interplay between Fas ligand 

and TRANCE regulated survival of DC 203. Interestingly, soluble trimeric CD40 ligand 

inhibits Fas-mediated and spontaneous apoptosis in DC. Thus, the interactions between 

ligands of the TNF family expressed by T cells with corresponding receptors on DC 

play an important role in the regulation of apoptosis in DC during antigen presentation 

and may, therefore, affects duration of T cell expansion and cytokine production 204. 

Another member of TNF family, receptor activator of NF–B ligand (RANKL) has 

been shown to prolong the survival of mature DC. By binding to the signalling receptor 

RANK, ligand RANKL induces Fas-mediated apoptosis of DC 207. In addition, 
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expression of FLIP ligand in DC is controlled by RANKL and Fas signalling, leading to 

NF-B activation 207.   

Regulation of apoptosis - The lifespan of DC is also determined by signals from 

pathogens that act through TLR. They can trigger a Bcl-xL-dependent survival pathway 

or can trigger cell death by increasing expression of Bim. This pathway serves as a 

molecular 'timer' that sets the lifespan of DC 198. Therefore, Fas may be important for 

regulating T cell-mediated DC apoptosis during interactions with activated T cells, 

while Bcl-2 family proteins may be more important in regulating spontaneous cell death 

in DC, as well as TLR-induced DC survival 206. The extracellular signals that modulate 

Fas and Bcl-2 molecules in DC are unknown. However, IL-10 cytokine was shown to 

promote apoptosis of mature DC through the suppression of Bcl-2, Bcl-x, and Bfl-1 

induction associated with DC maturation. Besides, endogenous IL-10 modifies the up-

regulation of Bcl-2, but not Bcl-xL, suggesting that the level of IL-10 exposure 

throughout the maturation process plays the critical role in determining DC longevity 

208. Array analysis also indicates that IL-10 also modulates the expression of the anti-

apoptotic member of the Bcl-2 family Bfl-1/A1, that suppresses apoptosis triggered by 

pro-apoptotic factors Bax and Bad 209. 

1.2 DENDRITIC CELLS AND THE LUNG 

In lungs, DC form a network throughout the airway epithelium 210. Since the lung tissue 

is continuously exposed to environmental, harmless Ag and also infectious agents, a 

tolerance has to be established to non-damaging inhaled and self-antigens, while in 

situations such as infection, the mechanisms that suppress immune response need to be 

down-regulated to facilitate a rapid and efficient inflammatory response 211, 212. Lung 

inflammation induced by allergens, microbial infection or their products, transforms the 

resident DC from tolerogenic to pro-inflammatory 211-214. Thus, pulmonary DC play a 
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key role in maintaining a balance between immunity and tolerance to inhaled antigens. 

Key determinants for this homeostatic balance are: the state of DC differentiation; the 

specific pathway of Ag uptake; signals from stromal cells 215; and the dose of Ag itself 

216. 

1.2.1 Lung DC and Th1/Th2 Regulation 

Lung MoDC with high expression of chemokine receptor CX3CR1 and low expression 

of granulocyte-differentiation antigen (GR)-1 are located underneath the basal 

membrane on the airway epithelium. Following detection and uptake of antigens, they 

migrate to the draining thoracic lymph nodes 217 and initiate allergic immune response 

218. In the steady state, pulmonary DC do not synthesize IL-12, therefore they 

preferentially stimulate Th2-type immune response 219, 220. Furthermore, the lung 

microenvironment is rich in TGF and NO and thereby supports resident DC to induce 

Th2 responses 219-221. Hence, signals from the airway epithelium such as TSLP (thymic 

stromal lymphopoietin), influence the activation and maturation state of DC and trigger 

a Th2-type inflammatory responses. Pulmonary DC, exposed to pathogens induce Th2 

responses by releasing IL-6 and IL-10 cytokines 219, 222, 223, whereas, resident lung DC 

induce Th1 immunity in response to tissue damage or inflammation 220, 224.  

It has recently been proposed that Th2 cells should be subdivided into inflammatory 

Th2 cells that produce high levels of TNF but little IL-10, and conventional Th2 cells 

that produce little TNF but high levels of IL-10. Inflammatory Th2 cells, but not 

conventional Th2 cells, may be involved in allergic inflammatory diseases 125. 

1.2.2 Lung DC and Tolerance 

DC are involved in all mechanisms of peripheral tolerance 225. Harmless, inhaled 

antigens in the absence of inflammation induce a state of T-cell tolerance 226, 227. Under 
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steady state conditions, DC activation and maturation is inhibited by signals that are 

produced in the microenvironment of airway tissues 53. These factors are known to have 

DC-modulating effects and include GM-CSF, IL-1, IL-6, IL-8, TNF- and TGF- 

cytokines, reactive oxygen intermediates, including nitric oxide (NO), and lipid 

mediators, such as prostaglandins 210, 228. Lung DC are unique for their low level of co-

stimulatory molecule expression, although they have a powerful capacity to stimulate T 

cells 229. Lung DC by expression of IL-10 mediate production of Treg cells and 

maintain tolerance in airway mucosal surfaces. However, it was reported recently that 

pDC are critical with respect to down-regulating immune responses to harmless inhaled 

Ag 230. 

1.2.3 DC, Lung Inflammation and disease 

Allergic inflammation is the result of a complex immunological cascade leading to the 

deregulated production of Th2-derived cytokines such as IL-4, IL-5, and IL-13. As a 

consequence, allergic inflammation triggers immunoglobulin E (IgE) production, 

eosinophilia, and mucus production 231-233. 

If allergen exposure is accompanied by an inflammatory stimulus, differentiation 

toward effector T-cells or memory T-cells is induced. It has been shown that the level of 

LPS exposure can determine the type of inflammatory response generated. Allergens 

with low levels of LPS lead to Th2, while high doses of LPS generate Th1 immune 

response 213. Activated T cells leave the lymph nodes and enter lung tissue where they 

are retained in a non-proliferative state, recognising antigens presented by lung DC 234 

and by producing cytokines and chemokines they recruit other immune cells involved in 

allergic cascade, such as eosinophils, neutrophils and mast-cells.  

A fraction of antigen-loaded DC remain within the lung where they activate T-cells 

locally, long after initial antigen exposure 214, 219. These DC may present allergenic 
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peptides to memory T cells, activate them and thus be involved in the maintenance of 

allergic disease 233, 235. Mature DC from allergic asthmatics preferentially prime naïve T 

cells towards Th2- cell development due to increased expression of CD86 and reduced 

production of IL-12 and IL-10 236. 

Lung cancer has been the most common cancer in the world since 1985, and was also 

the leading cause of death from cancer 237. Lack of tumor antigen presentation by DC in 

vivo has been a major problem in non-immunogenic cancers such as lung cancer. The 

induction of tumour immunity can be initiated by the effectors of innate immunity and 

further developed by cells of adaptive immunity, with DC playing a central regulatory 

role. Beside activating naïve T cells, DC are important in launching humoral immunity, 

through their capacity to activate naïve and memory B cells 238, 239. DC can also activate 

NK cells 240 and NKT cells 241.  

DC recognise tumour molecules, capture and present tumour-associated antigens 

(TAAs) to selected T cells. Tumours may escape immune surveillance by releasing 

cytokines such as IL-6, IL-10, M-CSF, and vascular endothelial growth factor and 

therefore preventing DC differentiation and/or APC function 242. Tumour-associated DC 

are characterised by low allostimulatory capacity, particularly if isolated from the 

progressing metastatic lesions. Additionally, increased production of IL-10 by 

converting DC-APC function induced Ag-specific anergy which leads to the state of 

tolerance to tumour tissue 243, 244. 

The unique ability of DC to induce and sustain primary immune responses makes them 

optimal candidates for vaccination protocols in cancer 244-246. Ex vivo-generated, 

antigen-loaded DC have now been used as vaccines to improve immunity 247.  
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1.3 DENDRITIC CELLS AND NERVOUS SYSTEM 

Inflammation and immunity are under the control of immune system, but nervous, 

endocrine and vascular systems also play important role248. They form a network and 

intercommunicate modulating each other, ensuring a quick activation, a proper control 

and an effective shutting down of the immune machinery. Defects in any of these 

mechanisms leads to disease, including autoimmune disorders. Peripheral neurones, by 

releasing neurotransmitters in the tissues, may modulate inflammatory and immune 

responses 249. In turn, inflammatory mediators, in particular cytokines and kinins, signal 

to the peripheral nervous system and central nervous system (CNS), implementing a 

bidirectional intersystem communication 249, 250. Cytokines such as TNF, IL-1, IL-2, 

IL-6, IL-8 and IL-12 affect neuroendocrine function. During inflammation these 

cytokines are released into the blood and in the tissues, they actively cross the blood–

brain barrier (BBB) and send signal to the CNS. Alternatively, they induce endothelial 

cells to release second messengers, such as NO, prostaglandins (PGs) and leukotrienes 

250.  

Within the CNS, astrocytes and endothelial cells are capable of expressing MHC class 

II molecules, but their capacity to act as competent APC is speculative 251, 252. It has 

been shown that DC, acting as the main APC in brain, are permissive for the full disease 

development induced by transfer of lymphocytes leading to CNS invasion, 

inflammation and ultimately neurological deficit 253.  

Among resident CNS APC, microglia are less effective than DC in T cell priming and 

are unlikely to migrate out of the CNS and to activate T cells 254.There are three major 

sites at which brain lymphocytes can encounter competent APC: 1) the secondary 

lymphoid tissues, 2) the CNS parenchyma microglia and astrocytes and 3) the 

perivascular and meningeal space with its macrophages and DC.  
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1.3.1 Role of DC in Neurodegeneration and CNS Inflammation 

Despite their importance in initiating and maintaining adaptive immune responses in the 

periphery, DC were previously assumed not to be important in neuroinflammation 

because they could not be detected in healthy CNS parenchyma 255. However, under 

physiological conditions, DC are associated with the BBB, choroid plexux, CNS 

vessels, meninges and cerebrospinal fluid (CSF) 255-257. Therefore, the potential for DC-

sampling of antigens in CNS is similar to other tissues and organs and likely plays a 

crucial role in CNS immunity. DC may act as sentinels for the CNS, scanning for self or 

foreign Ag and present these to cognate T cells migrating through CNS vessels. DC in 

CSF express CCR7 making it likely that they are involved in surveillance and 

trafficking via the lymphatics 258. It has been suggested that DC may play a tolerogenic 

role in CNS 256. However, under pathological conditions, DC are able to capture Ag in 

the CNS and then to migrate to secondary lymphoid organs and present Ag to naïve T 

cells 259-261. DC can also migrate into the CNS during inflammation 258, 262, and their 

accumulation in CNS is a characteristic of many acute and chronic inflammatory, 

neurodegenerative diseases, such as Alzheimer's disease (AD) 263, Parkinson's disease 

(PD) 264, multiple system atrophy (MSA) 265, multiple sclerosis (MS) 253 and 

autoimmune encephalomyelitis (EAE) 266, 267. Myeloid and plasmacytoid DC can be 

found in the CSF from patients with noninflammatory neurological disease in low levels 

255, 268, similar to level of these cells in the blood, suggesting that these DC are possibly 

involved  in  normal  immune  surveillance and protection of the CNS 255. Controversial 

reports suggest that DC might be particularly efficient in supporting the activation and 

effector functions of T cells, while others indicate that, in the CNS, they are incompetent 

in priming naïve T cells 266, 269. 
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Intracerebral DC could derive from microglia in the brain 270, 271, or from DC or DC 

precursors normally residing in the meninges 272, 273. They also infiltrate into the CNS 

from the blood 253 which is critical in CNS inflammatory responses. 

During CNS inflammation, blood-derived immune cells access the CNS through the 

BBB 269. BBB consists of the brain microvessel endothelial cells, which are closely 

connected with tight junctions 274, forming the neurovascular unit with astrocytes, 

pericytes, and neurons 275. The neurovascular unit is important in the maintenance of the 

immune-privileged nature of the CNS and regulation of cellular transmigration 276. 

Inflammation compromises the BBB allowing cellular traffic into the CNS. 

It has been shown that brain DC are crucial in the development of inflammatory 

diseases of the CNS 253. Inflammation in the brain is considered to results from 

neurodegenerative processes, but once developed may also contribute to the progression 

of disease 277. It is thought that cascade of events in neurodegenerative disease involve: 

CNS inflammation and neurodegeneration, activation of astrocytes and microglia, 

production of chemokines such as CCL2, CCL3, CCL4, CCL5, CCL20, and CXCL12, 

which promote the migration of immature myeloid DC to the inflamed CNS 278 and 

production of cytokines such as GM-CSF, IL-1 and TNF, which promote intracerebral 

DC maturation 279, 280. These mature DC secrete chemokines contributing to the 

recruitment of additional immature DC, CD4+ and CD8+ T cells to the inflamed CNS 281, 

282. In support to that, DC of mature phenotype (CD40, HLA DR, CD86) were found to 

infiltrate spinal cord parenchyma and to accumulate in the inflamed CNS. Additionally, 

CCL20 a chemokine implicated in DC and T and B lymphocyte 95, 283, 284 migration, has 

been proposed to mediate constitutive DC trafficking to certain peripheral tissues and to 

be involved in the rapid recruitment of DC during inflammation 95, 283, 285. Injured CNS 

becomes the major source of CCL20 and several other chemokines (eg, CCL3, CCL4, 

CCL5, and CCL2) which are chemotactic for immature DC 286 and are produced in the 
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CNS during acute and chronic inflammation 287, 288. Therefore, DC recruitment and 

maturation within the CNS may be crucial in local T cell activation and in maintaining 

cellular and humoral autoimmune responses leading to onset and progression of diseases 

such as MS and EAE 262. APC-mediated amplification of T cell responses to CNS-

derived Ag has important functional consequences in promoting local inflammation. It 

was suggested that perivascular DC in the CNS are critical in the initiation and 

maintenance of neuroinflammatory reactions 289. Within the perivascular space of the 

CNS, Ag-specific T cells could re-encounter Ag presented by DC 267. Although in the 

current model for T cell migration into the brain the major requirement is only that 

activated T cells migrate to the CNS, it has also been suggested that non-stimulated 

naïve T cells are also capable of migrating into the CNS 290.  

In disease development, appearance of intracerebral DC occurs before detectable T cell 

infiltration into the CNS, suggesting that pro-inflammatory stimuli related to the 

immune response cause subtle alterations in the vascular endothelia or CNS tissue (eg, 

induction of adhesion molecules and/or chemokines), leading to selective DC 

recruitment 276. Because of the lack of a BBB, the meninges are among the CNS 

compartments more readily affected by peripheral immune stimuli 291.  

Neuroinflammation in MS and EAE is driven by myelin-specific CD4+ Th17 cells 144. 

IL-23-producing DC are important during initiation of disease292. However, the 

regression of brain DC from mature Th17-polarising APC into an immature phenotype 

is a vital step in the transition from active neuroinflammation to remission 292. 

Additionally, it has been reported that Treg are implicated in the recovery from acute 

EAE 292. Therefore, the DC that accumulate in the CNS immediately before EAE 

remission might differ from the DC that accumulate in other peripheral organs targeted 

during chronic autoimmune syndromes 293.  
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1.4 NEUROPEPTIDES AS REGULATORS OF THE IMMUNE SYSTEM 

Nervous fibres enter the visceral organs forming a plexus around blood vessels 

branching into the parenchyma. The regional nerve endings express neuropeptides such 

as: acetylcholine, catecholamines, calcitonin gene regulated peptide (CGRP), vasoactive 

intestinal polypeptide (VIP), neuropeptide Y (NPY), somatostatin, substance P (SP) and 

endogenous opioids 294.  

Neurogenic inflammation is a term first introduced by Bayliss 295. It defines 

inflammation initiated by the nervous system. Activated sensory nerves release 

neurotransmitters from their nerve endings inducing and mediating vasodilatation and 

inflammation. Neuropeptides exert their activities after binding to specific receptors or 

by direct activation of intracellular signaling cascades. 

1.4.1 Immune system as a source of neuropeptides 

Neuropeptides were considered to be mostly synthesised and released by neuronal cells. 

However, there is increasing evidence that they have also been produced by immune, 

inflammatory cells. Neuropeptides released from immune cells modulate effectors cells 

in a paracrine and/or autocrine manner through specific receptors, mostly G-protein-

coupled receptors (GPCRs)  

Nerve fibres and immunocompetent cells frequently form neuroimmune synapse, 

characterised by reciprocal communication to achieve flexible signal amplifications by 

neuropeptides. Therefore, by releasing neuropeptides immune cells may influence not 

only the function of other immune cells but act as mediators of the crosstalk between 

the nervous and immune systems. Additionally, by releasing neurotransmitters and 

neuropeptides, neurons can control and change the peripheral immune response. 

Sensory nerve fibres release various neuropeptides, including corticotrophin release 
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hormone (CRH), SP, CGRP, opioids, somatostatin, NPY, pituitary adenylate cyclase-

activating polypeptide (PACAP) and VIP that can play an important 

immunomodulatory role 249. These neuropeptides stimulate macrophage and 

lymphocyte secretion of inflammatory cytokines IL-1, IL-6, IL-12, TNF and 

chemokines and may activate NK cells 25,26. SP also enhances IFN- production in 

murine macrophages and amplifies the Th1 response 13. Furthermore, SP induce the 

release of serotonin and histamine from mast cells, enhancing vasodilatation, vascular 

leakage and edema 296. In contrast, opioids, melanocortins, VIP and PACAP have 

antiinflammatory properties 70, 297. They can promote Th2 differentiation by inhibiting 

the production of proinflammatory cytokines (IFN and IL-2) and chemokines and 

enhance the production of the anti-inflammatory cytokine IL-10 and Th2-type cytokines 

(IL-4 and IL-5) from macrophages, microglia and DC 298. In addition, VIP inhibits NK 

cell function 297 and the production of proinflammatory cytokines by monocytes and T-

cells but stimulates the production of IL-1, whereas Somatostatin suppresses the 

production of IFN-γ and inhibits T cell proliferation 299, 300. NPY has a dual role in the 

immune system, acting as a strong negative regulator on T cells and a key activator of 

APC 301, 302. Acetylcholine reduces macrophages and endothelial cells activation and 

secretion of proinflammatory cytokines 303. 
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Source, Luger et al, 2002 304 

Figure 1.4 Neuropeptides as mediators of inflammation and immunity in the skin.  

 

1.4.2 Neuropeptide-specific receptors in the immune system 

Neuropeptides exert their actions by binding to membrane-bound receptors on different 

immune cells. Three tachykinin (neurokinin) receptors (NKRs) have been identified on 

cells of the immune system, which all belong to the G-protein-coupled receptor family 

that bind SP, NKA and NKB with different affinities 305. Langerhans cells have been 

shown to express functional NKRs 306, 307. Presence of NK-1 receptors on DC and other 

cells of myeloid lineage such as monocytes and macrophages have been documented 

308. CGRP receptors are expressed on inflammatory cells such as monocytes, 

macrophages, mast cells and neutrophils and DC 304. 

There are three VIP receptors that display similar affinity for VIP and PACAP. They are 

referred to as VIP–PACAP (VPAC) receptors (VPAC1, VPAC2 and PAC1) 309. VPAC1 

is expressed in thymocytes, CD4+ and CD8+ T cells, macrophages, and monocytes 297. 
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In contrast to VPAC1, which seems to be constitutively expressed in lymphocytes and 

macrophages, VPAC2 is inducible. 

So far, five melanocortin receptors MCR(1-5) have been characterised 310. They differ 

in their tissue distribution and affinity to the different POMC peptides 304. The human 

MCR1 binds -MSH with the highest affinity and was found to be expressed on B cells, 

natural killer cells, CD8+ T cells, neutrophils, macrophages, monocytes and DC and is 

upregulated by mitogens, endotoxins and pro-inflammatory cytokines 311-313. MCR2 

specifically binds ACTH but no other POMC peptides. Only MCR1, MCR3 and MCR5 

seem to be involved in modulating immune function by melanocortins. MCR3 is found 

in monocytes and macrophages 314, whereas MCR5 is expressed in B and T cells 315, 316. 

1.5 NEUROPEPTIDES AND DENDRITIC CELLS 

Anatomical connections between DC and nerve fibers have been documented 12. 

Neuropeptides can influence DC maturation, modulate the function of mature DC 

influencing their priming abilities, arrest them at inflammatory sites and act as strong 

chemoattractants for immature DC 317. Importantly, not only do neuropeptides (released 

from nerve terminals) modulate DC phenotype and function, but DC can also produce 

neuropeptides and express neuropeptide receptors (Figure 1.5).  

1.5.1 Expression of neuropeptides and neuropeptide receptors in DC 

It has been shown that DC can produce neuropeptides and their receptors, such as SP, 

CGRP, NPY, NKA, VIP and somatostatin. SP acts through the neurokinin-1 (NK1) 

receptor which is itself an important target for immune regulation and is expressed on 

DC, T cells and macrophages 318. Furthermore, pro-inflammatory mediators LPS and 

TNF increase SP protein levels in mouse bone-derived DC 319.  
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CGRP and -MSH are neuropeptides with immunosupressive activities. CGRP 

mediates its effects via the type I CGRP receptor 70 and decreases the expression of 

MHC II, CD86 costimulatory molecules, and IL-12 production by DC 70, 320. -MSH 

downregulates the expression of MHC class I, CD86 and CD40 molecules on 

monocytes and DC 313, 321, and upregulates the production of anti-inflammatory 

mediators including IL-10 322. VIP induces DC maturation leading to an increased 

production of IL-12 and expression of the DC-maturation marker CD83, especially in 

the presence of sub-optimal amounts of TNF 323. In contrast, it has also been reported 

that VIP as well as PACAP inhibits the production of pro-inflammatory cytokines and 

chemokines by DC, reduces the expression of costimulatory molecules (particularly 

CD80 and CD86) and accordingly reduce stimulation of antigen-specific CD4+ T cells 

and promote Th2-type responses 324. VIP and PACAP are potent immunomodulatory 

agents, acting as general anti-inflammatory factors and inhibit the production of pro-

inflammatory cytokines and chemokines from macrophages, microglia and DC and 

hence favouring Th2-type responses. Recently, a novel property of VIP as an anti-

inflammatory neuropeptide has been shown. VIP inhibits COX-2 expression and 

subsequent production of PG’s by macrophages, dendritic cells and microglia activated 

with different inflammatory stimuli 325.  

Monocytes and DC express MCR1, but none of the other members of the MC-receptor 

family. MCR1 expression is upregulated with DC differentiation form monocytes and 

correlates with the state of activation of DC. -MSH has been shown to downregulate 

expression of the costimulatory molecules CD86 and CD40 on DC 313.  
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Source, Lambrecht et al., 2001. 294 

 

Figure 1.5 Summary of known effects of neuropeptides on the interaction between 

DC and T cells. Neuropeptides are released from nerve endings innervating the primary 

or secondary lymphoid structures and from nerve endings within inflammatory lesions. 

Additionally, DC and T cells can produce neuropeptides that influence immune 

activation and/or suppression in an autocrine and paracrine fashion. Solid arrows 

indicate stimulatory effects; broken arrows indicate inhibitory effects.  

 

1.5.2 Neuropeptides and DC migration 

Neuropeptides such as CGRP, VIP, and SN are chemoattractants for immature DC. 

Interestingly, same neuropeptides loose the ability to chemoattract mature DC, but they 

may arrest these mature DC at sites of neurogenic inflammation 317. High neuropeptide 

concentrations inhibit CCL19- or CCL21-induced mature DC migration (both ligands 

for CCR7) 326. Neuropeptides do not inhibit DC migration when SDF-1 is used as 

chemoattractant, indicating a specific effect on mature DC. Even though immature and 

mature DC express the same neuropeptide receptors, opposite behaviour arises as a 
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consequence of changes in the signal transduction pathways of neuropeptide receptors 

in immature and mature DC. 

SP activates migration of both, immature and mature DC, but only at high 

concentrations. SP has also been shown to induce migration of pulmonary DC 327.  

1.6 NEUROPEPTIDES AND THE LUNG 

Neurogenic inflammation plays an important role in inflammatory diseases in the lung. 

Neuropeptides contribute to the changes observed in the airways of patients with asthma 

and chronic obstructive pulmonary disease (COPD) 328.  

The tachykinins have various effects that can amplify the inflammatory effect in lung 

disease. Thus, SP and NKA are potent vasodilators and contractors of smooth muscle 

329. The effects of tachykinins include submucosal gland secretion, increases in vascular 

permeability, stimulation of cholinergic nerves, stimulation of mast cells, B- and T-

lymphocytes, macrophages, chemo-attraction of eosinophils and neutrophils and the 

vascular adhesion of neutrophils. 

In the airways, a distinct subpopulation of primary afferent capsaicin-sensitive nerves 

are considered to be the major source of tachykinins, such as SP and NKA 330, 331. 

However, neuropeptides have also been observed in other nerves beneath and within the 

epithelium, around blood vessels and submucosal glands and within the bronchial 

smooth muscle layer 330, 332, 333. While in guinea pigs tachykinins are present in airway 

sensory nerves, in human airways, tachykinergic innervation is sparse. In the lung, 

tachykinins have been detected in the airway epithelium 334 and in airway smooth 

muscle cells 335. The broad expression of tachykinin NK1 end NK2 receptors in the 

airways has been described 330. Immune cells such as eosinophils, monocytes, 

macrophages, lymphocytes and dendritic cells 319 are also sources of neuropeptides in 
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the lung. Three specific tachykinin receptors, NK1, NK2 and NK3 have been described 

336, 337. NK1 and NK2 receptors have been found in human bronchial glands, bronchial 

vessels and bronchial smooth muscle. Tachykinin NK1 receptors are also found in 

nerves, endothelium of veins and arteries 338, epithelium and the submucosa (endothelial 

cells of the blood vessels, the surfaces of inflammatory cells, and some smooth muscle 

cells)334, 339, while NK2 receptors are present in inflammatory cells, such as T-

lymphocytes, macrophages and mast cells 340. Tachykinin NK3 receptor was identified 

in human airways 341, 342 on human parasympathetic ganglion neurones, which can be 

activated by sensory nerves 342. 

CGRP, and VIP are also important inflammatory mediators in the lung and both are 

expressed in sensory nerve fibres and by immuno competent cells in the lung 343. CGRP 

is also expressed by so called neuroepithelial cells in the human airway mucosa 344. VIP 

is the most abundant neuropeptide found in the upper and lower respiratory tract and 

influences many aspects of airway function 345. Nerves expressing VIP are present in the 

layers of smooth muscles and glands of airways, and within the walls of pulmonary and 

bronchial vessels 345. VIP receptors, were found in the pulmonary vascular and airway 

smooth muscle layer (in smooth muscle of large, but not small airways), in submucosal 

glands, airway epithelium and in alveolar walls. In the human upper respiratory tract, 

VPAC1 receptors are found on submucosal glands, epithelial cells, and arterial but not 

sinusoidal vessels 343. 

The neuropeptides, SP and CGRP are considered to be the major initiators of 

neurogenic inflammation 328, 346.  

1.6.1 Neuropeptides, Lung Inflammation and Disease 

Asthma and COPD are two major respiratory diseases characterised by airways 

obstruction, airway inflammation and bronchial hyperresponsiveness 347. The 
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tachykinins, as well as VIP and CGRP have been extensively implicated in the initiation 

and progression of lung disease processes such as bronchitis and asthma 348 349. 

Tachykinins have a similar actions in bronchitis and asthma as in response to viral 

infections 350-353. It has been shown that neuropeptides and neurogenic inflammation 

play important role in lung viral infections. For example, viral infections induce SP 

which is considered to have a primary role in the response to respiratory viral infection. 

350, 351, 354. Moreover, such an infection leads to upregulation of NK1 receptor in lung 

lymphocytes 355. CGRP has also been shown to have a protective role in acute viral 

infection 356 and to modulate SP function in the lung by inducing expression of its 

receptor 344. It is hypothesised that chronic viral infections cause the imbalance in 

expression of these neuropeptide. In addition, chronic viral infections attenuate VIP 

expression and its protective role against lung injury 356. 

Tachykinins and CGRP from the airways cause bronchoconstriction, attract and activate 

immune cells 356, 357, while SP and VIP induce mucus secretion in the airways349. In 

contrast to SP and CGRP - pro-inflammatory neuropeptides, VIP is an anti-

inflammatory mediator that relaxes airway smooth muscle and reduces or prevents 

bronchoconstriction, has anti-oxidant activity 358 and may protect lung from injury that 

will occur during inflammation or asthma, COPD and primary pulmonary hypertension 

359.  
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1.7 SYNUCLEIN 

1.7.1 Family of synuclein proteins 

Synucleins belong to a family of closely related presynaptic proteins that consists of -, 

 and synucleins. They are highly conserved small proteins which are expressed 

abundantly in the brain 360-362. Their expression seems to be developmentally regulated 

363.  

Synucleins are encoded by three different genes and are specific for the vertebrates 364. 

Synuclein proteins all share a conserved N-terminal domain, but differ considerably in 

their C-terminal domains, which is presumably where their functional differences arise. 

and syn (phosphoneuroprotein 14) share similar subcellular localisation and 

expression patterns in the brain 365. -syn, also known as breast cancer specific gene 1 

(BCSG1), was discovered in breast cancer and is found in ovarian tumours, peripheral 

nervous system, brain, and in the olfactory epithelium 364.  

1.7.2 Synuclein  

Synuclein (syn) was initially reported in 1988 as a protein isolated from amyloid 

plaques of brains of Alzheimer’s disease patient and was initially called the precursor of 

the non- amyloid β component (NACP). At a later date it was called synuclein on the 

basis of the initial evidence for both synaptic and nuclear localisation. However, nuclear 

localisation has not been consistently observed in subsequent studies 366, 367.  

Initially, syn was described as a neurone-specific protein. It has been reported that 

during human embryogenesis syn is expressed in various tissues 368. In adults, it is 

abundantly located in neurons, but it is also found in other brain cells, astrocytes 369, 370, 

oligodendrocytes 371, 372, glioma cell line 373 and in undifferentiated neural stem cells 374. 
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syn is also expressed in cells of the immune system including T cells, B cells, NK 

cells, monocytes, lymphocytes, macrophages 375, platelets 376, and in microglia, resident 

immune cells in the brain.  

Although the physiological function of syn is still unknown, it has been associated 

with both normal synaptic plasticity, signaling and membrane trafficking 377-380. -syn is 

implicated in a variety of neurodegenerative diseases known as ‘synucleinopathies’ and 

in inflammation 381-384. 

1.7.3 Structure of synuclein 

syn gene - The syn gene (SNCA) is located on chromosome 4q21.3–q22 385-387. 

The gene is composed of six exons. The six exons span large genomic distances of 

116,675 bp in human, with no evidence of other genes located in the immediate 

surrounding sequence or within introns based on gene prediction and homology 

searches 388. Exons 2–5 and the 5’-section of exon 6 are coding exons, while the 5'-

untranslated region (UTR) of the syn gene contains exon 1 with two alternative 

spliced forms (exons 1 and 1’) 385, 389. The minimal promoter and putative regulatory 

sequences are likely to be in the 10 kb region upstream of exon 1, which also shows 

conservative sequence between species. Non-amyloid component of plaque repeat 

(NACP-REP)1 is a complex dinucleotide repeat and is located 8852 bp upstream of the 

syn transcriptional start site. It is believed that NACP-REP1 is an enhancer which 

increases promoter activity 390. Polymorphisms at this locus have been associated with 

both Alzheimer’s and Parkinson’s disease 391, 392. However, two segments, a few 

hundred base pairs in length, flanking the NACP-Rep1 act in an additive manner to 

increase promoter function, whereas the NACP-Rep1 itself has now been shown to act 

as a negative modulator of SNCA transcription 393. In addition, a CpG island was found 

immediately upstream of SNCA exon 1 and it has been suggested that the core SNCA 
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promoter is in the sequence between -270 and -33 bp from the transcriptional start site 

390. Recently, it has been reported that syn expression is regulated at the 

transcriptional level via the MAP/ERK and PI3K pathways, and that the former may 

mediate its effects via a regulatory region within the first intron of the SNCA 394.

syn mRNA – Human syn and rodent homolog syn1 sequence is poorly conserved 

in the 5’UTR, while the 3’UTR is 80.4% identical down to the first polyadenylation 

site. In humans, an alternative downstream polyadenylation site exists and this human-

specific part of the 3’UTR is not conserved 390 in comparisons to mouse. High sequence 

similarity was also observed in syn coding region, in intron 4 and immediately 

upstream of exon 1 390.  

syn transcript consists of 5’UTR and 5 exons. Alternative splicing has been observed 

for exon 1 with two alternative spliced forms (exons 1 and 1’) and syn exons 3 and 5 

385, 389. The 3’end of the fifth coding exon forms 3’UTR. mRNA size depending on the 

alternative splicing (explained below) range from 1683 to1902 b. Each intron is flanked 

by the canonical GT-AT splice site. Highly conserved mRNA stem loop, called iron 

regulatory elements (IREs), was found in syn 5’UTR 395. IREs are present in the 

UTRs of a number of mRNA coding for proteins essential to iron metabolism 396, 397. 

This RNA structure post-transcriptionally regulates syn protein production in 

response to cellular iron and redox events. 395 

syn protein Syn is a small, 140 amino acid protein. Structurally, α-syn consists 

of three distinct domains, including an N-terminal lipid-binding α-helix which contains 

KTKEGV repeats, a hydrophobic β-amyloid-binding domain (which encodes the non-

A β component (NAC) of Alzheimer's diseased plaques) 398, and a C-terminal acidic 
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tail, a Ca2+-binding region 399 and important region for chaperone function of syn 399, 

400.   

Among mammals syn protein is highly conserved. There are three rat/mouse 

synuclein proteins, homologues to human and syn. These are named syn1, 

syn2 and syn3 and are the splice variants of the same gene 401, 402. The protein sequences 

of human syn and rodent syn1 are 95.3% identical, with only 6 different amino-acids. 

The mouse and rat syn proteins differ by a single amino acid at position 121. 

Interestingly, one of the species differences in the sequence is the amino acid at position 

53, which is normally an alanine in humans and threonine in rodents. The same 

substitution, A53T, was found in some familial cases of Parkinson’s disease (PD) 403.  

1.7.4 synuclein alternative splicing 

Alternative splicing is a mechanism for the generation of multiple mRNAs from a single 

transcript, leading to changes in protein primary and secondary structure. Four different 

α-syn isoforms are described as syn 140, syn 126, syn 112 and syn 98 

(Figure 1.6). So far, the specific role of each syn isoform is unknown. syn 140 

transcript (SNCA140 when referring to RNA) was found to be the most abundant syn 

transcript, followed by SNCA112 and SNCA126 385.   
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Figure 1.6 Splice variants of syn 

 

 synuclein 140 

α-Syn 140 isoform is the product of the full length mRNA and the main transcript of 

syn gene. It consists of 140 amino acids and conserves its whole structure and all 

posttranslational modification sites. In most studies when syn protein structure and 

function were assessed, only syn 140 isoform was analysed. In this Thesis, studies 

regarding α-syn function have been carried out considering the whole protein.  

 synuclein 126 

SNCA126 is splice variant with in-frame deletion of the exon 3, which is translated to 

Syn 126 isoform. This -syn, isoform lacks the amino acids residues 41–54 in N-

terminal domain which is responsible for protein–membrane interactions 404. In syn 

126, deletion of exon 3 leads to the interruption of the membrane protein-binding 

domain and is considered to be an aggregation-preventing isoform 405. In the brains of 

patients with dementia with Lewy bodies, syn 126 was down-regulated 406. 

Interestingly, two of the three known α-syn mutations that are associated with 

neurodegenerative diseases are located within this region (A53T and E46K) 403, 407.  
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 synuclein 112 

Syn 112 is an syn isoform of 112 amino acid, a product of the SNCA112 mRNA 

splice variant in which the exon 5 is spliced out. The result of this in-frame deletion is a 

protein missing amino acids 103–130 located in the C-terminal domain. Syn 112 

lacks the phosphorylation site at serine 129, however, a second α-syn phosphorylation 

site at serine 87 remain unaltered in this isoform 408. So far there is no data about the 

consequences of α-syn 112 phosphorylation at serine 87. Syn 112 isoform has a 

significant shortening of the unstructured C terminal domain and seems to aggregate 

more easily than syn 140 405. In the brains of patients with dementia with Lewy 

bodies, syn 112 was overexpressed 409. 

 synuclein 98 

SNCA 98 is recently described (2007) splice variant with deletion of both exons 3 and 

5. It encodes a novel, brain-specific syn isoform of 98 amino acids 410. This syn 

isoform consist almost only of the central region containing NAC (residues 61–96) 410. 

It has been proposed that syn 98 might be a protein with increased amyloidogenic 

properties, able to either enhance protein aggregation or to strengthen existing 

aggregation nuclei 410. 

 synuclein splice variants of exon 1 

Two splice variants in exon 1 or 5’-UTR were described (GenBank record U46896) in 

the human brain stem cDNA library. Shorter splice variant was named exon 1, while 

longer product was named exon 1’. It was determined that exon 1 is the major, more 

abundant transcript in the human brain 411.  
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1.7.5 Function of synyclein  

Despite extensive study, little is known about physiological role of syn. However, 

conformational analysis of human syn showed that this protein is natively unfolded 

indicating that syn may easily interact with other proteins and therefore could be 

involved in protein–protein interactions 412. Syn appears to bind many cellular 

proteins and therefore it has been suggested to function as a chaperone protein in vivo 

413-418. Syn might bind to a number of molecules in order to regulate signal 

transduction, it interacts with members of signalling pathways, cytoskeletal proteins, 

chaperons, it is involved in cell development, apoptosis and survival. For example, 

syn binds to phospholipase D2 (PLD2) with inhibitory effect 413, small phospholipid 

vesicles 377 and various components of the cytoskeleton 419. syn may serve as an 

important regulatory components of the vesicular transport processes413. Interestingly, 

syn also has a DNA binding property with a specificity for GC* nucleotide sequence 

420, 421, and form complexes with histones 422. Therefore, syn is also as a possible 

transcription factor regulating expression of certain genes. For example, syn 

decreases the expression of early genes like c-fos, and zif-68 which are modulated by 

the ERK signalling pathway 423, 424.  

syn has been implicated in many cellular defects, including impairment of the 

ubiquitin-proteosome system, mitochondrial dysfunction, accumulation of lipid droplets, 

production of reactive oxygen species (ROS), and stress within the ER 425.  

Importantly, syn has been involved in inflammation and immune responses. It has 

been shown to act as a potent inflammatory stimulatior of microglial cells and human 

astrocytes 381-384. The syn function in immune cells and inflammation will be further 

presented in the Sections below.  
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 synuclein in Lipid rafts 

syn is a soluble protein, and is not associated with membranes in brain extracts 365, 

366, 398, 426. However, syn binds to artificial membranes in vitro 427, 428, especially ones 

containing acidic phospholipids 377. Syn shows high affinity for binding to 

membranes of small cell vesicles, such as synaptic vesicles 401, axonal transport vesicles 

429 and lipid droplets 430. There are many functions of syn which can be associated 

with its membrane binding properties. Thus the protective role of syn was observed 

in the vesicular transport and neurotransmission 363, 431. It is associated with the 

maintenance of the vesicle reserve pool 432 and regulates vesicular recycling and 

dopamine homeostasis 433, 434. Another membrane-associated function of syn may 

involve inhibition of PLD2 413, which consequently may be facilitating membrane 

fission as part of the budding of synaptic vesicles 435.   

Considering all these findings, it was not surprising that syn was found to associate 

specifically with lipid rafts 436. Lipid rafts are membrane microdomains particularly rich 

in cholesterol, sphingolipids and scaffolding proteins, which interact with proteins 

involved in vesicular transport, signalling mechanisms, migration and apoptosis 437. 

Scaffolding proteins that recruit signalling proteins into the lipid raft, such as calveolin-

1 and septin 4 are associated with syn 437, 438. Expression of calveolin-1 was 

increased in B103 neuroblastoma cell line overexpressing syn and resulting in 

decreased neurite outgrowth and cell adhesion 438. In addition several other signalling 

proteins found in lipid rafts are associated with syn, such as ERK, PLD and PKC. 

Lipid rafts are also important in cell migration. To be able to migrate, cells must 

become polarised. Specific raft subtypes unite and rearrange to create asymmetries at 

the plasma membrane. This in turn leads to a preferential accumulation of leading edge 
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rafts (L-rafts), enriched in ganglioside-monosialic acid (GM)3 and chemokine receptors, 

at the cell front and the accumulation of uropod rafts (U-rafts), enriched in GM1 and 

adhesion molecules, at the rear edge 439, 440. GM1 distribution on DC is unclear. 

Importantly, the recently investigated mechanism of syn accumulation in lipid rafts 

demonstrated that sfingolipid GM1 is responsible for the recruitment of syn to the 

lipid rafts 441.  

 synuclein as a Chaperone 

The molecules that stabilise proteins at intermediate stages of folding, assembly, 

translocation across membranes and degradation are called molecular chaperones. It has 

been suggested that syn may have multiple functional domains that support specific 

interactions with a range of functional partners 361 and that it belongs to a family of 

molecular chaperones. For the syn chaperone function, N-terminal region of syn 

protein binds substrate proteins and forms a high molecular weight complexes (HMW), 

whereas the C-terminal acidic tail solubilises the HMW complex during the chaperone 

action 442. syn shares functional and primary sequence homology with small heat 

shock proteins 443 and some cytoplasmic chaperones such as 14-3-3 415. Syn also 

binds to 14-3-3 protein, as well as other proteins known to associate with 14-3-3, such 

as PKC, Bad and ERK.  

syn is over-expressed under stress conditions 415 and has an ability to prevent the 

thermally, chemically or oxidative-stress induced aggregation of substrate proteins. 

During heat stress, syn protects proteins from loss of the enzyme activity in the ATP 

independent manner, reduces the initial aggregation of proteins and consequently help 

the refolding process 399, 442, 444.  
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The unfolded nature of monomeric α-syn may indicate a dynamic property that permits 

this protein to adopt context-dependent structures that are influenced by covalent 

modification, protein–protein interactions, protein–lipid interactions, and cellular 

environment 361. syn may rescue neurons that lack a presynaptic chaperone from 

neurodegeneration in cysteine string protein alpha (CSP)-deficient mice. By 

functioning as an secondary molecular chaperone that complements CSP-syn may 

assist in forming the synaptic SNARE complex, a crucial complex for release of 

neurotransmitters at the neuronal synapse, vesicle recycling, and synaptic integrity 445. 

 synuclein as a component of signalling pathways 

syn has been shown to influence different signalling pathways involved in cell 

proliferation, growth, differentiation and apoptosis. syn binds to MAPK 415, 446, 

ERK2 and forms complex with other ERK-related signalling molecule Elk-1 446. The 

overexpression of syn results in down-regulation of ERK pathways 415, 446. syn 

also binds to all PKC isoforms with a different affinity, causing the suppression of PKC 

signalling pathway 415, 446. 

syn is a substrate for G protein-coupled receptor kinases and casein kinase at serine 

129 residue 408, 447 and for c-Src and Fyn kinase at the tyrosine 125 residue 448, 449.  

 synuclein in Apoptosis 

It has been shown that overexpression of syn in neuronal cell lines is associated with 

decreased mitochondrial function, oxidative stress 450 and cell death 451-453. Some studies 

imply that oxidative stress might be the main cause of syn mediated cell death 450, 451, 

454, 455. syn is also selectively upregulated in 293 HEK cells and HeLa cells 

undergoing apoptosis 415, 456. In these cells over-expression of syn activates caspase 8 
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and 9 pathways, and also, syn binds to Bad, a pro-apoptotic member of the Bcl-2 

family 415. Overexpression of syn, followed by cytochrome c release and caspase 

activation, can also results in cytotoxicity due to decreased Bcl-xL expression and 

increased Bax expression. In addition it has been shown that syn suppresses the 

MAPK pathway affecting the viability of Neuro2a cells 446. 

 synuclein in Cell Survival 

However, -syn apoptotic effect seems to be cell specific, since under same conditions 

human embryonic kidney (HEK) 293 cells did not show a change in viability of cells 

overexpressing syn 446. A number of studies have shown that overexpression of 

syn protects a variety of cells from apoptotic death 382, 457-462. Syn was found to 

inhibit apoptosis induced with various pro-apoptotic stimuli. Syn may exert a 

protective effect by either indirectly affecting the activation of anti-apoptotic factors, 

such as Bcl-2 415, or preventing the activation of pro-apoptotic factors such as caspases 

460. Through the activation of prosurvival PI3/Akt signalling pathway, syn protects 

neurones against serum deprivation, oxidative stress, and excitotoxicity, and its 

protective effect was increased by Bcl-2 overexpression 382. Neuronal cell lines 

overexpressing syn are protected from oxidative stress via inactivation of the pro-

apoptotic JNK signalling pathway 460. Physiological syn concentrations reduce the 

expression and activity of proapoptotic proteins such as caspase 3 and p53 in neuronal 

cells exposed to apoptotic inducing stimuli such as ceramide 457, 458.  

It appears that the role of syn role in cell survival is concentration-dependent. For 

example, at nanomolar concentrations, syn protects neurones against serum 

deprivation and oxidative stress, whereas at micromolar concentrations, syn leads to 
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cytotoxicity 382. These findings indicate that syn expression is tightly regulated and 

that regulation is cell specific.  

Importantly, syn -mediated neuroprotection may depend on the stage of cell 

differentiation. Hence the normal physiological function of syn preventing 

mitochondrial dysfunction may vary during development.463. In agreement with this is 

the finding that rat Syn is up-regulated at the mRNA and protein levels with maturation 

of neurones 464. 

 synuclein in cell maturation and differentiation  

It appears that syn may play a role in the maturation and differentiation of the cells. 

Thus, in the developing neuronal system, syn has been found in the cell body of the 

neuronal precursor cells, later in development, in immature neurones, syn was found 

in their dendrites, while in differentiated and mature neurones, syn is located only in 

the dendrites and axonal terminals 465. Thus, syn might play a role in the modulation 

of the cytoskeletal system. Along with these findings, it was shown that syn was 

differentially expressed during megakaryocyte and macrophage differentiation. 

Hashimoto et al. reported that syn expression was upregulated during megakaryocyte 

differentiation after stimulation with phorbol-ester 376. During macrophage 

differentiation from monocytes, syn mRNA and protein are also upregulated 371. 

Upon stimulation of macrophages with LPS and IL-1syn protein (but not mRNA) 

was upregulated in a time- and concentration-dependent manner 371.  

syn may have an important role during development (as a component of a late 

neuronal maturational response or plasticity) and the aging process 466. Thus, syn is 

upregulated during brain development while in the brains of aging animals, expression 

of mRNA for syn rat homolog syn1 decreased. In adult transgenic mice that express 
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high levels of wild-type human -syn, increases in syn led to the death of immature 

neurones in the brain, indicating that syn has an impact on neurogenesis in adults 467. 

However, even though syn was expressed in neural progenitor cells in neurogenic 

regions of both adult and aged transgenic mice, wild-type syn reduced the survival of 

newly generated neurones, while mutated syn form (A53T) furthermore diminished 

the number of proliferating neural stem cells 468.  

 

1.7.6 synyclein and Nervous System 

 synuclein and Neurodegeneration 

The pathological hallmark of many neurodegenerative diseases such as PD, cortical 

Lewy body dementia (LBD) 469, 470, multiple system atrophy (MSA) 471-474, AD with 

Lewy bodies, amyotrophic lateral sclerosis (ALS) 475, and Hallervorden-Spatz syndrome 

(neurodegeneration with brain iron accumulation type 1; NBIA 1) 476-478, is the presence 

of syn aggregates in cellular inclusions and Lewy bodies. Therefore, diseases that 

share syn pathology are known as synucleinopathies. syn involvement in human 

neurodegenerative processes may be a consequence not only of its toxic effects, such as 

forming of -syn aggregates, but also from a loss of its protective function 479-481. 

The aggregation of syn primary is favored by several factors such as three missense 

mutations (A30P, A53T and E46K), C-terminal truncation, metal ions, organic solvents, 

and oxidative stress 482-485. The mechanism by which syn aggregates are formed is 

not understood. It is possible that overexpression of the normal syn leads to its 

aggregation and/or that by binding to other proteins the aggregation process is induced. 

Multiplication of the syn gene (duplications and triplications) have also been linked 

with familiar and sporadic PD 486-488. 
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Histones have also been suggested to be one of the endogenous factors promoting 

syn aggregation.422. On the other hand, damage to syn, for example, by oxidation, 

free radicals, or high temperature, may lead to protein aggregation. High temperature 

(temperature increases from 37 to 45C) stimulates the aggregation of normal syn in 

vitro 489. In addition, in vitro generated syn (especially the A53T mutant) forms 

aggregates under certain conditions in a nucleation-dependent manner 490, 491. This 

aggregation is accelerated by copper 484, ferric iron 483, and cytochrome C 492.  

Post-translational modification also might play a role in syn pathology. This could 

lead to loss of normal function or the acquisition of toxic properties in the affected 

syn proteins. For instance, 90% of the syn in Lewy bodies is serine (Ser)- 129 

phosphorylated, while in the physiological state only 4% of the syn is phosphorylated 

at Ser-129 residue 493. In addition to phosphorylation, syn is a substrate for 

pathological nitration at tyrosine residues in the syn proteins that form filamentous 

inclusions in all of the neurodegenerative synucleinopathies studied to date 494. The 

roles of these post-translational modifications remain to be determined.  

There are several factors that could reduce toxicity of syn. Overexpression of heat-

shock protein (Hsp)70 protects from syn-induced toxicity in a variety of animal 

models and also in cellular systems 495, 496. Hsp27 and αB-crystallin are also effective in 

attenuating syn-cytotoxicity. The mechanisms of action of Hsp70 and of the small 

Hsp are quite different, suggesting that protection against syn-toxicity can be 

achieved through different pathways. Furthermore, syn was shown to be effective as 

a chaperone in inhibiting syn aggregation in transgenic mouse model, or in in vitro 

conditions 497, 498. 
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1.7.7 synuclein , the Immune system, Inflammation and Disease 

It has been suggested that syn is implicated in inflammation and immune responses. 

syn might play a role in the interrelationships between the CNS and peripheral 

immune system in PD. For example, it has been shown that in human peripheral 

mononuclear cells, syn expression is higher in PD patients than in healthy controls 

499. In addition, syn has been detected in the plasma of PD patients, presumably 

released by the CNS system 500. It has also been observed that in MS syn is 

substantially upregulated in neurones, astrocytes and oligodendrocytes in response to 

inflammatory demyelination 501.  

syn has ability to activate microglia in pathological conditions causing production of 

mediators such as PGE2 502. Proinflammatory cytokines upregulate syn expression in 

astrocytes 373 and human macrophages 371. Upon stimulation with LPS and IL-1 syn 

protein levels are upregulated in a time and concentration dependent fashion 371. LPS 

influences expression of syn in rat dopaminergic neurones of middle-aged animals 

showing increased α-syn level 502. 
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1.8 SUMMARY 

 

 DC are potent antigen-presenting cells that play a major role in the development of 

immune response; 

 DC are members of both the innate and adaptive immune system. Modulation of DC 

function affects immune response; 

 DC play an active, albeit, incompletely understood role in the pathogenesis of 

neurodegenerative diseases; 

 Neuroprotein, syn, is up-regulated in neuroinflammation; 

 syn is synthesized and released by cells of the neuronal and immune system; 

 Limited information about syn suggests that syn affects function of cells of 

immune system; 

 syn activates immune cells, suggesting it may be involved in modulation of DC 

function. 
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Based on the findings on DC and syn which are presented in the Chapter 1 of this 

Thesis, I generated the following hypothesis 

 

GENERAL HYPOTHESIS 

 

Neuroprotein -syn modulates inflammation and the immune response by influencing 

the function of dendritic cells 

 

Specific Hypothesis 

 

1. DC express synuclein and this is dependent upon signals from the tissue 

microenvironment and the DC phenotype 

2. synuclein is up-regulated in DC in inflammation 

3. -syn is involved in modulation of DC function with respect to their differentiation, 

maturation, migration and apoptosis 



 

 

CHAPTER 2 

 



Materials and General Methods 

 60

2 MATERIALS AND GENERAL METHODS 

2.1 MATERIALS 

All chemicals were supplied by Sigma-Aldrich (Castle Hill, NSW, Australia) unless 

otherwise specified. 

2.1.1 Solutions and Buffers 

 

Table 2.1 Solutions and buffers recipes 

Buffer Full name Stock Formulation 

0.75 M Na-citrate pH 
7.0 

0.75 M Sodium Citrate pH 
7.0 

1X 

11.03 g of Na-citrate 
dilute in 50 ml of RNase 
free water, Adjust the pH 
with citric acid (RNase 
free) 

10 M NaOH 10 M sodium hydroxide  Dissolve 40 g of NaOH in 
100 ml of H2O. 

10% APS  
10% Ammonium 

persulphate 
1X Dilute 0.1 g of APS in 1 

ml ddH2O. 

1M MOPS solution 
1M 3- {N-morpholino] 
propanesulfonic acid 

solution 
10X 

209.26 g of MOPS 
dissolve in 700 ml H2O, 
add 37 ml of 10 M NaOH 
and add H2O to 1l. Store 
in the dark. 

1M PO4 Buffer 
(Na2HPO4/NaH2PO4) 

 

1M Phosphate buffer 1X 

Dilute 141.95 g of 
Na2HPO4 in 1 l of 
ddH2O and 120 g 
NaH2PO4 also in 1 l 
ddH2O. Mix these two 
solutions. 

20% SDS Sodium dodecyl sulphate  
Add 200 g SDS to 900 ml 
H2O, heat to 60 C to 
dissolve, stir, then fill up 
to 1 l 

5 M NaCl 5M Sodium Chloride  Dilute 73 g of NaCl in 
250 ml H2O and 
autoclave. 

5.7 M CsCl 5.7 M Caesium Chloride 1X 
1.86 g of EDTA and 
47.995 g of CsCl 
resuspend in 50 ml 
DEPC-treated ddH2O  
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7.5 M NH4COOH 7.5 M Ammonium acetate 1X 

57.81 g NH4COOH 
dissolve in 70 ml ddH2O. 
Adjust the volume to 100 
ml with ddH2O. Sterilise 
the solution by filtration 
through a 0.22-nm filter. 

DEPC H2O DEPC-treated ddH2O  Add 1 ml DPC per 1 l of 
ddH2O , incubate at 37C 
overnight and autoclave. 

EDTA 
Ethylene 

diaminetetraacetic acid 
50X 

Add 186.1 disodium 
EDTA dehydrate to 800 
ml H2O, adjust pH to 8.0 
with NaOH pellets 
(approx. 20 g), make up to 
1 l and autoclave 

FACS buffer 
Fluorescence activated 

cell sorter buffer 
1X 

Resuspend 8 g of NaCl, 
0.2g KCl, 1.44g Na2HPO4 

and 0.24 g of KH2PO4 in 
800 ml ddH2O. Add 20 ml 
of HI FCS, 0.9 g Na-
azide. Adjust pH to 7.4 
with HCl and make up to 
1 l with ddH2O. Filter and 
store at 4C.  

GITC Solution 
Guanidine Isothiocyanate 

Solution 
1X 

Add 25 g Guanidine 
Thiocyanate, 1.765 ml of 
0.75 M Na-citrate, pH 7.0 
and 0.883 ml of 30% 
Sarkosyl to
DEPC H2O to 50 ml 
Just before use add 72 l 
of 2-Mercaptoethanol per 
10 ml of GITC Solution 

Hybridisation buffer for 
Northern Blot 

 

 

 1X 

Mix 500 ml of 1M PO4 
buffer, 70g SDS dissolved 
in 300ml ddH2O, 2 ml of 
0.5M EDTA pH8 and 10g 
BSA dissolved in 50 ml 
ddH2O. Add 35 ml of 
saturated NaOH solution 
Make up to 1 l with 
ddH2O. Warm up solution 
at 70C and filter (0.2 
M). Store aliquots of 50 
ml at -20C 

Kinin stabilisers  40X 

22.3 mg EDTA,  2.17 g 
captopril, 4 mg SBTI 
(soybean trypsin 
inhibitor), 40 g 
aprotinin, 5.88 g 
phopsphoramidon and 
1.10 g phenanthroline 
monohydrate dilute in 1 
ml of PBS. 
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LB Luria-Bertani medium 1X 

To 800ml H2O add the 10 
g Bacto-tryptone, 5 g 
yeast extract, 10g NaCl. 
Adjust pH to 7.0 with 
NaOH. Adjust volume to 
1 l with H2O and 
autoclave. 

LB agar Luria-Bertani agar 1X 

To 800ml H2O add the 10 
g Bacto-tryptone, 5 g 
yeast extract,10g NaCl 
and 15 g Bacto-
Agar.Adjust pH to 7.0 
with NaOH. Adjust 
volume to 1 l with H2O 
and autoclave. Allow to 
cool to 60 C, add 
Ampicillin and pour onto 
petri dishes 

MOPS Buffer 
3- {N-morpholino] 

propanesulfonic acid 
buffer 

10X 

41.8 g of MOPS, and 6.8 
g of Na-acetate dissolve in 
800 ml dH2O, add 20 ml 
of 0.5 M EDTA and add 
H2O to 1l. Store in the 
dark. 

PBS Phosphate Buffered Saline 10X 

Dissolve 80 g NaCl, 2.0 g 
KCl, 14.4 g Na2HPO4, 
2.4 g KH2PO4 in 800ml 
dH2O. Adjust pH to 7.4, 
adjust volume to 1 l and 
sterilize by autoclaving 

RIPA buffer 
Radio-Immuno 

Precipitation Assay Buffer
1X 

0.79 g of Tris-base, 0.9 g 
NaCl and 0.1 g of SDS 
resuspend in 75 ml H2O. 
Adjust pH to 7.5 with 
HCl, add 1 ml NP40 and 
0.5 ml of Triton X100 and 
adjust volume to 100 ml 
with H2O 

Sample buffer for 
Northern Blot 

 1X 

Mix 14l of Eth Br (conc. 
400g/ml), 108l 
Formaldehyde, 45l of 
10X MOPS and 300l of 
deionized Formamide  

SDS-PAGE Loading 
Buffer 

Sodium dodecyl sulfate 
polyacrylamide gel 

electrophoresis Loading 
Buffer 

5X 

0.38 g Tris-base and 0.5 g 
SDS mix in 3ml ddH2O 
and add 5ml of glycerol. 
Adjust pH to 6.8 with HCl 
and adjust volume to 10 
ml with ddH2O The buffer 
was dispensed in 250 l 
aliquots and stored at -
20C until required. Prior 
to use add 32 l of 2- 
Mercaptoethanol 

SDS-PAGE Running 
Buffer 

Sodium dodecyl sulfate 
polyacrylamide gel 

electrophoresis Running 

5X 
Dilute 15 g Trizma base, 
72 g Glycine and 5 g SDS 
in 800 ml ddH20. Add 
ddH2O to 1l. 
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 buffer 

SSC Buffer 
Saline sodium citrate 

buffer 
20X 

175.3 g NaCl and 88.2 g 
Na-citrate dilute in 800 ml 
ddH20. adjust pH to 7.0 
with 10 N NaOH and add 
ddH2O to 1l. 

TAE Tris acetate EDTA 50X 
Add 242 g Tris base, 57.1 
ml glacial acetic acid, 100 
ml 0.5M EDTA (pH8) to 
1 l H2O  

TBS Tris buffered saline 10X 

Dissolve 80 g NaCl, 2 g 
KCl, 30 g Tris base in 800 
ml of H2O. Adjust the pH 
to 7.4 with HCl. Add H2O 
to 1 l and autoclave 

TBST 
Tris-Buffered Saline 

Tween-20 
1X Add 500 ml of Tween-20 

in 1 l of 1X TBS buffer 

TE Tris EDTA 10X 
Add 10 ml 1M Tris pH 
7.6 and 2 ml 0.5M EDTA 
(pH8) to 1 l H2O and 
autoclave 

Transfer Buffer  10X Dilute 15 g Trizma base 
and 72 g Glycine in 800 
ml ddH20. Add dH2O to 1l 

Washing buffer I for 
Northern Blot 

 

  
Mix 500 ml of 1 M PO4-
buffer, 10 g SDS and 2 ml 
of 0.5 M EDTA, pH 8 and 
make up to 1 l with H2O. 

Washing bufferII for 
Northern Blot 

 

  

Mix 250 ml of 1 M PO4-
buffer, 10 g SDS and 2 ml 
of 0.5 M EDTA, pH 8. 
adjust volume to 1l with 
ddH2O. 

 
 
2.2 GENERAL METHODS 

2.2.1 Cell culture  

Monocytes were isolated from buffy coats of unknown donors (Red Cross donors). 

Buffy coats were diluted with 2 volumes of Phosphate Buffered Saline (PBS). 15 ml 

aliquots were over-laid on 10 ml of pre-aliquoted Ficoll (Amersham, Uppsala, 

Sweden) in 50ml Falcon tubes (BD Australia, North Ryde, NSW, Australia) and 

centrifuged for 25min at room temperature (RT), at 1250 rpm and with no brake. 
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Cells from the interphase (peripheral blood mononuclear cells – PBMC) were 

collected into 50 ml Falcon tubes up to 25 ml per tube and then PBS was used to 

increase the volume to 50 ml, and centrifuged again (1300 rpm, 10min, with brake). 

Supernatants were aspirated to the 5 ml mark, pooled into 2 tubes, filled with PBS and 

centrifuged (1200rpm, 7min, with brake). Supernatant was removed and cells were 

resuspended in 50 ml of culture media [RPMI-1640 (Gibco BRL, Invitrogen) 

supplemented with 10% FCS (Life Technologies, Paisley, UK), 2mM glutamine, 60 

ng/ml gentamycin, 63 ng/ml penicillin, 50 M -mercaptoethanol (Sigma) and 

1g/ml polymyxin B (Sigma,)] and seeded in two 175 cm2 flasks. After 1-2 hours, 

non-adherent cells were removed with 3-4 washes with PBS and then 25 ml of fresh 

media containing 50 ng/ml of GM-CSF (R&D Systems, Minneapolis, USA) and 10 

ng/ml of IL-4 (R&D Systems) were added to each flask. Fresh media (10 ml) was 

added every 2–3 days. After 7 days in culture, immature hMoDC were collected and 

used for further experiments. 

MoDC are used as model system in majority of studies evaluating function of DC. 

This model system has also proven to be an extremely powerful tool for the study of 

human DC differentiation and maturation processes. The in vitro process of monocyte 

differentiation to DC is similar to that which occurs in vivo for myeloid DC under 

both 642. In support of this, human in vitro generated DC have been used as an 

adjuvant for vaccination against cancer 643. Importantly, disease-related phenotypic 

modifications, such as differential expression of COX-2 mRNA, increased production 

of prostaglandin E2 644 and IL-12 645 detected in DC cultured from monocytes of 

asthmatic patients, also occur in DC isolated from peripheral blood of these patients.  

The major advantages of MoDC is the large number of cells that can be obtained 

using this method, compared to the limited numbers obtained and difficulty involved 



Materials and General Methods 

 65

in isolating DC from blood or tissues such as lung. In addition, monocytes represent 

~10% of blood cells, while some other precursors, such as plasmacytoid or myeloid 

precursors which are present at 0.3 and 0.5-1 % respectively 221.  

As this study aims to assess the function of syn protein in DC differentiation, 

maturation and function, MoDC were generated from monocytes in the presence of 

GM CSF and IL-4 to allow the functional analysis. Less than 2% of cells in the 

culture were residual monocytes, as assessed by expression of CD14, while with 

Trypan blue exclusion viability of the cells was 

2.2.2 Cell stimulation 

Immature hMoDC were obtained after 7 days in culture and were matured when 

appropriate (in medium that did not contain polymyxin B) with 1 µg/ml LPS 

(Escherichia coli serotype 055:B5; Sigma) or 1 nM human recombinant 

TNFSigma. Exogenoussynuclein (syn) was obtained from rPeptide 

(Bogart, GA, USA) and used in concentration 5 g/ml (350 nM), unless otherwise 

specified. Physiological concentrations of syn range from 70 pM in the CSF to 

over 1 M in healthy brain 382. Additionally syn concentrations (1, 10 and 100 

g/ml) have been shown to activate microglia 383. Therefore, concentrations used in 

this study may be considered physiological. All other stimulations are explained in 

Material and Method Section in relevant Chapters. 

2.2.3 RNA Isolation  

Total RNA was isolated from 3x106 cells in a 6 well plate using RNeasy Mini Kit 

(Quiagen, Doncaster, VIC, Australia) according to the manufacturer’s instructions. 

Contaminating genomic DNA was removed from total RNA preparations by 15-min 
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DNase I digest (Quiagen). RNA was eluted in 60 l RNase-free water. The yield of 

total RNA was assessed by spectrophotometry at 260nm using the formula below. 

RNA quality was assessed by ratio of light absorbed at 260nm and 280nm. 

RNA (g) = Absorbance at 260nm x 40 x Dilution of RNA 

RNA was stored at -80C. 

2.2.4 One Step Reverse Transcription-Polymerase Chain Reaction (RT-PCR) 

All oligonucleotide primers were obtained from Invitrogen (Mount Waverley, VIC, 

Australia) in 50nM quantities and desalted. SYBR green dye was obtained form 

Sigma-Aldrich and fluorescein calibration dye was from Bio-Rad Laboratories 

(Gladesville, NSW, Australia). All other PCR reagents were obtained from Qiagen. 

Primers were resuspended in ddH2O to a concentration of 100 μM. Working solutions 

were prepared at 10 μM and both stock and working solutions were stored at -20oC. 

Standard and real-time PCR conditions are outlined below. 

RT-PCR for for syn: The syn primers used to detect total syn mRNA were 

1F as forward primer 5'-ACGACAGTGTGGTGTAAAGG-3' and reverse primer 

2R with the sequence: 5'-AACATCTGTCAGCAGATCTC-3', leading to a 500 bp 

product 371. Condition used for One Step RT-PCR were as follows: 50C for 30 min, 

95C for 15 min, followed by 32 cycles of 94C/30 sec, 62C/30 sec and 72C/1min. 

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an internal 

control gene for the quantification 5'-GCCAAAAGGGTCATCATCTC-3' (forward 

primer) and 5'-GTAGAGGCAGGGATGATGTT-3' (reverse primer), with product 

size of 288 bp 503. RT-PCR conditions were: 50C for 30 min, 95C for 15 min, 

followed by 25 cycles of 94C/30 sec, 58C/30 sec and 72C/1min.  
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Table 2.2 Reagents used in RT-PCR reactions 

Reagents 
Standard PCR 

(μl) 

Real-Time PCR 

(μl) 

5xRT-PCR buffer 
5 5 

dNTP (40mM) 
1 1 

10 M Sense Primer 
1.5 0.6 

10 M Antisense Primer 
1.5 0.6 

One Step RT PCR Enzyme Mix 
1 1 

RNase inhibitor 
0.13 0.13 

100x SYBR Green I dye 
n/a 0.25 

Fluorescein 
n/a 0.25 

RNA 
10 10 

ddH2O 
4.9 

6.2 

Total Volume 25 25 



PCR products were run on 1% agarose gel (Invitrogen), stained with ethidium 

bromide and an image of the gel was taken with Amersham Typhoon 8600 variable 

mode imager (Molecular Dynamics, Castle Hill, NSW, Australia) using Kodak ID 

image analysis software (Eastman Kodak, Rochester, NY). The results were 

normalised with GAPDH using Image Quant software (Molecular Dynamics, 

Sunnyvale, CA, USA). 
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2.2.5 Real Time One Step RT-PCR 

Amplification of genes of interest was assessed by real-time measurement of SYBR 

green (Sigma-Aldrich) incorporation using the iCyclerTM system (Bio-Rad) and 

normalised to the house-keeping genes GAPDH.  

Pre-optimised TaqMan primer/probes for gene of interest and the house-keeping 18S 

rRNA genes (Applied Biosystems, Melbourne, Victoria, Australia) were combined to 

amplify DC mRNA in duplex One Step RT-PCR reactions performed in an iCycler 

instrument (Bio-Rad). The reporter dyes used for primer-probes were 6-FAM and 

VIC, respectively. Relative mRNA expression was normalized to 18S rRNA  

Relative expression was calculated using the Ct method and is expressed relative to 

unstimulated cells (following normalisation to GAPDH or 18s RNA) 504. mRNA 

expression of target gene was then expressed as percentage of the corresponding 

mRNA expression in the control sample (% relative expression ratio). 

2.2.6 Fluorescence Activated Cell Sorter (FACS) analyses 

Unstimulated and stimulated hMoDC (1 x 106 cells) were collected and washed twice 

in PBS. Filter-sterilised FACS buffer was used for antibody (Ab) dilutions as 

indicated in Table 2.1. All antibodies were obtained from BD Pharmingen™ (San 

Diego, CA, USA).  

Cells were incubated in 50 µl of appropriate Ab dilutions of anti-CD14 alone, in Ab 

mixture (anti-CD1a, anti-HLA-DR, anti-CD80 and anti-CD86), or in pure FACS 

buffer as negative control. Following 30 min incubation on ice and protected from 

light, cells were washed with FACS buffer to remove excess Ab. Cells were 

resuspended in 400 µl FACS buffer and stored on ice prior to analysis using a 
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FACSCalibur Flow Cytometry System and CellQuest Software (BD Biosciences, San 

Jose, CA, USA). From each sample 10,000 hMoDC were scanned for fluorescence 

emission. Flow cytometry data was analysed using the FlowJo software (Treestar, San 

Carlos, CA, USA) and statistical analyses were performed with GraphPad Prism 

version 3.03 for Windows (GraphPad Software, San Diego California USA). 

Table 2.3 Antibodies used for characterisation of MoDC 

Antibody 
Conjugated 
Fluorphore 

Dilution 

anti human CD14 FITC 1:5 
anti human CD1a FITC 1:5 
anti human CD80 PE 1:5 
anti human HLA DR PerCP   1:10 
anti human CD86 APC   1:10 
anti human CCR5 APC 1:5 
anti human CCR7 PECY7   1:10 

 

2.2.7 ELISA  

Enzyme-linked immunosorbent assays (ELISA) was performed on supernatants from 

unstimulated (control) and syn stimulated hMoDC, which were collected and 

stored at -80ºC prior to estimation of cytokine concentrations. 

Commercially available ELISA kits specific for IL-10, IL-12p40 and IL-12p70 were 

used (BD OptEIA™, BD Biosciences, San Diego, CA, USA). Levels of PGE2 and 

cysteinyl-leukotriene in collected supernatants were assessed using a competitive 

enzyme immunoassay (EIA) kits (Cayman Chemical, Ann Arbor, MI, USA). Samples 

were analysed in duplicate 
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 IL-12 

IL-12p40 and IL-12p70 ELISA were used according to the manufacturer’s 

instructions. Briefly, cell free supernatants (treated and untreated cells in density 106 

cels/ml) were assayed, while blanks and standard curves were prepared using the cell 

culture media as diluent. 100 µl of each standard, control and sample was pipetted 

into wells pre-coated with anti-human IL-12p40/p70 monoclonal Ab. The wells were 

covered with a plate sealer and incubated for 2 hours at RT. Following 5 washes with 

300 µl/well washing buffer, reactions were blocked with 100 µl/well of biotinylated 

anti-human IL-12p40/p70 monoclonal Ab for 1 h at RT. Plates were additionally 

washed by soaking for 30 seconds. 100 µl of prepared Substrate Solution (equal 

volumes of hydrogen peroxide and tetramethylbenzidine) was added to each well. The 

blue colour was allowed to develop for 30 min at RT in the dark and the reaction was 

terminated by the addition of 50 µl/well of Stop Solution (1 M phosphoric acid). 

Within 30 min of stopping the reaction, absorbance (OD450nm) was measured using a 

microtitre plate reader - spectrophotometer (SPECTRAmax 250; Molecular Devices, 

Sunnyvale, CA, USA). The IL-12 cytokine concentrations in each sample were 

determined by interpolation from the standard curve. Results were expressed in pg/ml 

of cytokine per 106 cells. The lower limit of detection for these assays was 4 pg/ml. 

 PGE2 

PGE2 levels in the collected supernatants of untreated and treated hMoDC were 

determined using PGE2 EIA kit according to manufacturer’s instructions. All 

standards were prepared in the same media that was used for culturing DC. 

Supernatants (50 l) along with 50 l of PGE2-acetylholinesterase (AchE) conjugate 

(PGE2 tracer) and PGE2 monoclonal Ab were added to wells in duplicates. Plates 
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were precoated with goat polyclonal anti-mouse IgG. All the test controls were 

prepared according to the protocol. Plates were covered and incubated for 18 h at 4C 

and then washed 5 times with Wash buffer to remove any unbound reagents and 

developed with 200 l Ellman’s reagent (5,5'-dithio-bis(2-nitrobenzoic acid)) in dark 

on the shaker for 1 h. The developed plates were read with the microtitre plate reader 

- spectrophotometer (SPECTRAmax 250) at 410 nm. The intensity of the colour is 

inversely proportional to the amount of PGE2 present in the samples. Results were 

expressed in pg/ml of cytokine per 106 cells. The lower limit of detection was 15 

pg/ml. 

 LT4 

Cysteinyl Leukotriene EIA kit was used to asses the presence of LTC4, LTD4 and 

LTE4, leukotrienes that are collectively referred as cysteinyl leukotrienes (CysLTs).  

Supernatants collected from unstimulated (control) and stimulated hMoDC, stored at -

80C were thawed and 50 l of supernatant assayed (in duplicate). CysLT AChE 

Tracer and CysLT antiserum were added to wells (50 l of each). Plates were covered 

with plastic film and incubated at RT for 18 hours. Following 5 washes with wash 

buffer, 200 l of Ellman’s reagent was added to each well and the plates were 

incubated in the dark with shaking for 1 h. The developed plates were read with the 

microtitre plate reader - spectrophotometer (SPECTRAmax 250) at 410 nm. The 

intensity of the colour is inversely proportional to the amount of CysLT present in the 

samples. Results were expressed in pg/ml of cytokine per 106 cells. The lower limit of 

detection for these assays was 13 pg/ml. 
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 IL-10 

An IL-10 ELISA was used according to the manufacturer’s instructions. Briefly, cell 

free supernatants (treated and untreated cells in density 106 cells/ml) were assayed, 

while blanks and standard curves were prepared using the cell culture media as 

diluent. 100 µl of each standard, control and sample were pipetted into wells pre-

coated with anti-human IL-10 monoclonal Ab. The wells were covered with a plate 

sealer and incubated for 2 hours at RT. Following 5 washes with 300 µl/well washing 

buffer, reaction was blocked with 100 µl/well of biotinylated anti-human IL-10 

monoclonal Ab for 1 h at RT. Plates were additionally washed by soaking for 30 

seconds on each wash. 100 µl of prepared Substrate Solution (see above) was added 

to each well. The blue colour was allowed to develop for 30 min at RT in the dark and 

the reaction was terminated by the addition of 50 µl/well of Stop Solution (1 M 

phosphoric acid). Within 30 min of stopping reaction, absorbance (OD450nm) was 

measured using a microtitre plate reader - spectrophotometer (SPECTRAmax 250). 

The IL-10 cytokine concentrations in each sample were determined by interpolation 

from the standard curve. Results were expressed in pg/ml of cytokine per 106 cells. 

The lower limit of detection for this assay was 4 pg/ml. 
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3 SYNUCLEIN EXPRESSION DURING DC DIFFERENTIATION AND 

MATURATION 

3.1 INTRODUCTION 

As already outlined in Chapter 1, DC phenotype and function varies throughout their 

different stages of differentiation and maturation. DC precursors circulate in human 

peripheral blood and consist of myeloid DC precursors (CD14+ monocytes) and 

plasmacytoid DC precursors 505. Recruitment of monocytes into tissue and their 

subsequent differentiation into DC depends on the microenvironment of the tissue. 

During their differentiation into DC, monocytes change their size and morphology, 

becoming large, irregularly shaped cells and dendrites (veils) appear. At the same time, 

monocytes down-regulate their production of CD14 and increase their expression of 

CD1a 506.  

The phenotypic and functional characteristics of DC are distinctly related to their stage 

of maturation 507. A number of genes and proteins are regulated during DC 

differentiation and maturation. These mainly relate to cell adhesion and motility, growth 

control, regulation of the immune response, Ag presentation and lipid metabolism 508, 

509. DC function can be modulated by environmental signals and as such certain 

cytokines and chemokines may dominate over others and thereby generate a unique 

form of immune response during inflammation 43, 44, 510, 511.  

syn has been detected in many cells of the immune system. The precise physiological 

role of synuclein is currently unknown, but it has been implicated in inflammation 

and in immune responses 381-384. syn protein is abundant in neurones, but is also 

found in cells of the immune system including T cells, B cells, NK cells, monocytes, 

lymphocytes, macrophages 375 and in microglia (resident immune cells in the brain) 512. 
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syn expression in human neurones 513, megakaryocytes 376 and macrophages 371 is up 

regulated during differentiation. Furthermore, syn may have a role in late neuronal 

maturation or plasticity and in the aging process 466. Pro-inflammatory cytokines such as 

LPS and IL-1 up-regulate syn protein expression in astrocytes 369 and in human 

macrophages 371 in a time and concentration dependent manner. 

General Hypothesis 

synuclein expression is a function of DC phenotype and signals from the tissue 

microenvironment

Specific Hypothesis 

1. synuclein expression increases with DC differentiation and maturation. 

2. synuclein is up-regulated in DC in a setting of inflammation. 

Aims 

 

The ability of pro-inflammatory stimuli to up-regulate -syn expression in cells of the 

immune system suggests an important role of -syn in inflammation. However, there is 

no information concerning syn expression in DC, the main APC. Therefore, the aims 

of this Chapter were: 

1. To assess syn expression in hMoDC during their differentiation from monocytes. 

2.  To define how different pro-inflammatory stimuli influence syn mRNA and 

protein expression in hMoDC.  
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3.2 METHODS 

3.2.1 Cell culture and stimulation 

hMoDC were cultured using standard protocol described in Section 2.2.1. After seven 

days in culture, DC were collected and treated with LPS (1 g/ml), IFN (20 ng/ml) 

mixture of LPS+IFN (cells primed with IFN for 2 hours), or PGE2 (100 ng/ml) for 3, 

6, 12, 18 and 24 hours, and the kinetics of syn mRNA and protein expression were 

determined with One Step RT-PCR and Western Blot (see Section 3.2.6). In addition, 

syn mRNA expression was assessed following 24 h stimulation with various 

concentrations of TNF (0.02 g/ml, 0.05 g/ml, 0.1 g/ml, 0.2 g/ml and 1 g/ml), 

while the kinetics of syn mRNA and protein expression were determined after 

stimulating with TNF (1 g/ml) for 3, 6 and 24 h.   

Bradykinin (10 M) and desArg9Bradykinin (10M) were used to stimulate hMoDC for 

mRNA (3, 6, 12, 18 and 24 h) and protein (1, 3, 6 and 24 h) analysis. Kinin stabilisers 

[containing EDTA; captopril; SBTI (soybean trypsin inhibitor); aprotinin; 

phopsphoramidon and 1,10 phenanthroline monohydrate] were used where stated (25 

l/ml). To determine whether the effect of desArg9Brad on expression of syn in 

hMoDC was mediated specifically by the Bradykinin B1 receptor (B1R), cells were pre-

treated for 30 min with the B1R antagonists – Lysdes[Arg9]-Leu8-BK (LDALB) alone, 

or with HOE-140 a specific Bradykinin B2 receptor (B2R) antagonist], prior to 

stimulation with desArg9Brad. 

 TGF (2 ng/ml) was used in culture during the first 7-days of hMoDC differentiation 

from monocytes to DC or alternatively only for the last 48 h of differentiation. syn 

mRNA and protein expression were determined by One Step RT-PCR and Western blot, 
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respectively. syn mRNA and protein expression was also evaluated following 6 and 

24 hours exposure to Dexamethasone (0.01, 0.1 1 M). 

3.2.2 RNA Isolation and One Step RT-PCR 

Total RNA was isolated according to the protocol describe in Section 2.2.3 and One 

Step RT-PCR was performed using syn primers 1F as forward  primer   5'-

ACGACAGTGTGGTGTAAAGG-3'    and  2R  reverse  primer 5'-

AACATCTGTCAGCAGATCTC-3' as described in Section  2.2.4.   

3.2.3 FACS 

hMoDC were stimulated with Bradykinin (10 M) ± HOE-140 or desArg9Bradykinin 

(10M) ± LDALB for 24 and 48 h. Following stimulation, anti-CD80 and anti-CD86 

and anti-HLA-DR Ab were used to assess expression of the co-stimulatory molecules 

DC80, CD86 and HLA DR in treated and untreated (control) cells by FACS, as 

described in the Section 2.2.6.  

3.2.4 Northern Blot 

Total RNA was isolated with RNeasy Mini kit (Quiagen). 10 g of total RNA was 

loaded per lane and separated on 1.5 % formaldehyde agarose gel for 5 hours at 55 V. 

The RNA was then transferred to a pre-wet nylon membrane (Duralon, Stratagene, La 

Jolla, USA) by capillary blotting in a 10x sodium saline citrate (SSC) and cross-linked 

to the membrane by UV irradiation. The membrane was pre-incubated for 1 hour in pre-

warmed hybridisation buffer and incubated overnight at 60°C with a 32P-labelled probe 

(Prime-It RmT random primer labelling kit, Stratagene). The probes consisted of syn 

cDNA fragment (500 bp, gel extracted RT-PCR product). The following specific syn 

primers were used: 5´- ACGACAGTGTGGTGTAAAGG -3´ as sense primer and 5´- 
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AACATCTGTCAGCAGATCTC -3´ as antisense primer. After hybridisation, 

unhybridised probe was removed by washing in several changes of buffer. Low 

stringency washes (2 X SSC, 1 % SDS) remove unhybridised probe in the hybridisation 

solution. To remove partially hybridised molecules, high stringency washes (0.5 X SSC, 

0.1 % SDS) were used. The blot was exposed to film for autoradiography for 9 days at -

80 C. 

3.2.5 Protein Isolation 

Proteins were isolated from hMoDC after seven days in culture and appropriate 

stimulations. Cells were collected, rinsed in PBS and homogenised in RIPA buffer (50 

mM Tris-Cl pH 7.5, 150 mM NaCl, 1% NP-40, 0.5% Triton X-100, 0.1% SDS), and 

further centrifuged at 13000 rpm for 30 minutes at +4C. Supernatants were collected 

and the Lowry-method for protein quantification was performed using an assay kit from 

Bio-Rad. 

3.2.6 Western Blot 

Following protein isolation, equal amounts of protein (60 g) were resolved by SDS-

PAGE (12%) electrophoresis. Proteins were electroblotted onto nitrocellulose 

membrane (Hybond-C extra, Amersham). The membranes were blocked with 5% non-

fat milk in TBST for 1 hour, followed by overnight incubation at RT with monoclonal 

anti-human -syn Ab (Transduction Laboratories, Lexington, Kentucky, USA) at 

dilution 1:500, or with  Tubulin Ab (Cell Signal, Danvers, MA USA ) at dilution 

1:1000. Membranes were washed and incubated with HRP-labelled anti-mouse 

secondary Ab (DAKO, Carpinteria, CA, USA) diluted at 1:1000 in 5 % non-fat milk in 

TBST for syn detection.  Tubulin was used as an internal control for protein 

loading and detected by using a biotin-labelled anti-rabbit secondary Ab (DAKO) 
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diluted at 1:2000 in the presence of streptavidin-HRP (DAKO) in a dilution of 1:2000, 

in 5% non-fat milk in TBST. The Ab signal was detected using a protocol provided with 

the chemiluminescence detection kit (Sigma).  

3.2.7 Immunocytochemistry 

DC were rinsed with PBS, applied on polylysine-coated slides and allowed to dry. Cells 

on slides were fixed for 10 min with methanol/acetone (1:1) and treated with 3% H2O2 

in methanol to inhibit endogenous peroxidase. Cells were subsequently blocked with 

5% goat serum (Sigma Chemical Co.) in PBS and with protein block (DAKO) for 15 

min. Monoclonal syn primary Ab (Transduction Laboratories) was applied over night 

at RT (1:500) in 2 % normal goat serum with 1 % Triton X-100 in PBS. 

Immunolabelling was performed using streptavidin-biotin HRP (DAKO) with 3-amino-

9-ethylcarbazole (AEC; DAKO) as the chromogen. Counterstaining was performed 

with Mayer’s haematoxylin (Sigma Chemical Co.) Cells were washed with PBS, 

embedded in Immu-Mount (Thermo Shandon, Pittsburgh, PA, USA) and studied under 

a Zeiss light microscope. All negative controls were conducted by substituting the 

primary antibody by PBS. 

3.2.8 Confocal Microscopy 

As in the protocol for Immunocytochemistry (Section 3.2.7), DC were washed with 

PBS, applied on polylysine-coated slides, dried and fixed for 10 min with 

methanol/acetone (1:1). Cells were subsequently blocked with 5% normal goat serum 

(Sigma Chemical Co.) in PBS and with protein block (DAKO) for 15 min. Monoclonal 

syn primary Ab (Transduction Laboratories) was added ON at RT (1:500) in 2% goat 

serum with 1% Triton X-100 in PBS. For fluorescence labelling, FITC-conjugated goat 

anti-mouse secondary Ab (Sigma) was added for 40 min in the dark. Excess secondary 
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Ab was washed off, and preparations were mounted with Immu-mountTM (Thermo 

Shandon). Fluorescence was detected on a BioRad MRC 1000/1024 UV laser-scanning 

confocal microscope at X600 magnification. Fluorescent images were artificially 

coloured according to specific pixel brightness.  

3.2.9 Data and Statistical analysis 

Gel band densitometry was estimated using ImageQuant software (Molecular 

Dynamics, Sunnyvale, CA, USA) where appropriate. Following normalisation of 

intensity values to the GAPDH bands, fold increase was calculated relative to the 

intensity value of the control sample band. Results are presented as mean ± SEM. One 

way ANOVA test was used for statistical analysis and p<0.05 was considered 

significant. 
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3.3 RESULTS 

3.3.1 synuclein expression during hMoDC differentiation 

The expression of syn was initially assessed in monocytes as well as the extent to 

which this changed during differentiation into hMoDC (over 7 days of culture).  

Figure 3.1  shows that the level of syn expression decreased at both the mRNA and 

protein levels during differentiation of monocytes to hMoDC. Down-regulation was 

detected as early as at day 2 of culture, with no further significant change in expression 

occurring from day 2 to day 7 (Figure 3.1b). Western blot results were confirmed by 

immunocytochemistry (Figure 3.2). 

  

 

Figure 3.1 Expression of synuclein during differentiation of MoDC - a) RT-PCR 

analysis of synuclein expression in monocytes and during their differentiation to 

MoDC during 7 days in culture b) Western blot analysis showing expression of syn 

in monocytes and subsequent 7 days in culture of MoDC. As a positive control total 

proteins from mouse brain were used (lane 1). This data is a representative of 3 

individual experiments. syn down-regulation at mRNA and at protein level during 

hMoDC differentiation was observed. 

a) 

b) 
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Figure 3.2 syn protein expression during DC differentiation from monocytes - 

Monocytes (day 1) and differentiating DC (Days 2–7) were labeled with syn primary 

Ab. Representative images of 3 experiments of syn expression (HRP/AEC 

immunolabelling) in MoDC are shown.  

Localisation of syn in hMoDC (after 7 days) was also assessed (Figure 3.3). 

Immunolabelling revealed that syn was abundant in the cell cytoplasm and dendrites, 

while a darker area in the cell body representing the cell nucleus seemed to be free of 

syn. Interestingly, there was an additional accumulation of syn in dendrites of 

hMoDC when contact between two cells was formed (Figure 3.1, white arrow). 

 

Figure 3.3 Localisation of syn in unstimulated dendritic cells - DC following 7-

days culture were labelled with anti-syn Ab and FITC-conjugated secondary Ab. 

Fluorescence was detected under Confocal microscope. n=4. 
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3.3.2 synuclein expression in mature hMoDC  

The expression of syn in MoDC stimulated with different maturation-inducing 

stimuli was assessed. Since molecules secreted by maturing hMoDC or those that are 

present in the local tissue environment during inflammation might induce expression of 

syn in MoDC, I analysed syn expression following 24-hour treatment of DC with 

the principal regulatory and pro-inflammatory molecules such as LPS, TNF and IFN 

In addition, the influence of kinins, TGF, dexamethasone and PGE2 were explored. 

 The effects of pro-inflammatory stimuli on a-synuclein expression 

Effects of LPS on syn expression 

Bacterial endotoxin LPS is an exogenous and potent DC maturation-inducing stimulus 

that activates DC to produce the key Th1 cytokine IL-12. To test the hypothesis that 

syn is induced during maturation of DC, MoDC were treated with LPS and syn 

mRNA and protein expression assessed by RT-PCR and by Western blot and 

immunocytochemistry, respectively. I found that LPS stimulation decreased syn 

mRNA expression in a time-dependent fashion (Figure 3.4a). However, this decrease in 

mRNA was not accompanied by a decrease in syn protein as shown by Western 

blotting (Figure 3.4b) and immunocytochemistry (Figure 3.5). 
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Figure 3.4 Effects of LPS on synuclein mRNA and protein expression in MoDC. 

Immature MoDC (at day 7 of culture) were treated with 1g/ml LPS for 1, 3, 6, 12, 18 

and 24 h. a) Kinetics of syn mRNA expression were assessed with RT-PCR. Graph 

represents the ratio of band densitometry of syn mRNAs over a 24-hour period 

following stimulation with LPS. GAPDH was used as a internal control. Results are the 

mean and SEM of 4 experiments b) Expression of syn protein was assessed by 

Western blot. As an internal control, the expression of the housekeeping gene  

Tubulin has been used. This figure is a representative gel of 4 experiments and shows 

down-regulation of mRNA and simultaneously no change in syn protein expression. 

 

Figure 3.5 Immunocytochemistry analysis of syn expression following LPS 

stimulation. Immature MoDC were either left untreated or stimulated for 6 h or 24 h 

with LPS (1g/ml). Cells were labelled with anti-syn Ab and identified using 

HRP/AEC detection system. LPS stimulation transiently decreases syn protein 

expression but reaches the level of expression in control hMoDC by 24h. 

Time course of asyn RNA after LPS stimulation
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Effects of TNF on expression of syn 

Another DC activation factor that  induces DC maturation is TNF It is a class ical pro-

inflammatory cytokine produced by inflam ed tissues (endogenous stim ulus). DC 

exposure to TNF  leads to the developm ent of se mi-matured DC, which produce low 

levels of pro-inflamm atory cytokines 514. To determ ine th e optim al concentr ation of 

TNF to be  used for DC stim ulation, cells we re treated with a c oncentration range of 

(0.02 - 1 g/ml) of TNF  for 24 h (Figure 3.6). syn m RNA expression did not  

change much following stimulation with low concentrations of TNF. However, TNF 

stimulation of 0.2 g/ml and 1 g/ml caused significant 0.7 and 0.6 (respectively) fold 

decrease in syn mRNA expression in com parison to control, as m easured with band 

densitometry and Student’s t test. In contrast, there wa s a significan t up-regulation of 

syn protein, but only at a TNF concentration of 1 g/ml, while lower concentrations 

showed no effect. Therefor e, a co ncentration of 1 g/ml of TNF  was chosen for  

further experiments as it had the most pronounced effect on syn protein expression.  

                                 

   

Figure 3.6 Effect of TNF  on syn expressio n. Im mature MoD C w ere s timulated w ith 

TNF (0.02 g/ml, 0.05 g/ml, 0.1 g/ml, 0.2 g/ml and 1  g/ml) for 24 h. syn mRNA (a) 

and 20 kDa syn protein (b) were  detected by One Step RT-PCR and  Western bl ot, 

respectively. As the house keeping genes, GAP DH for RNA and tubulin for proteins were 

used. 1 g/ml TNF increase syn protein expression in hMoDC. 

a) 

b) 
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In order to determine the kinetics of syn expression in response to TNF treatment, 

syn mRNA and protein expression were analysed. TNF down-regulated syn 

mRNA 24 hours post-stimulation, while syn protein expression was rapidly increased 

after as little as three-hours stimulation and it sustained high expression up to a 24 h 

time point as shown on Figure 3.7. 

 

 

Figure 3.7 Kinetics of syn expression in TNF-stimulated MoDC - TNF1 

g/ml) was used to stimulate immature MoDC for 3, 6 and 24 h. The top panel (a) 

represents syn mRNA expression of 5 individual experiments (RT-PCR). (b) 

Kinetics of syn protein expression following TNF stimulation was detected using 

Western blot. As internal controls, GAPDH for RNA and -Tubulin for protein 

expression were used. n=3 (c) Immunocytochemistry presentation of syn expression 

following TNF treatment Cell were labelled with anti-syn Ab. Secondary Ab used 

was HRP conjugated. AEC chromogen was used to detect the level of staining by 

developing the red colour. n=3. Following the TNF stimulation of hMoDC syn 

protein up-regulates in the time-dependant manner. 

a) 

b) 

c) 
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Effect of IFN on expression of syn  

As IFN is crucial for high production of IL-12, and is a cytokine with the ability to 

induce potent Th-1 responses 515 it was hypothesised that IFN increases the expression 

of syn in hMoDC in inflammation. However, no affect was detected on syn at 

both the mRNA and protein levels of syn following IFN stimulation (Figure 3.8).  

 

Figure 3.8 IFN effect on synuclein mRNA and protein expression - hMoDC 

were stimulated with 20 ng/ml IFNfor 3, 6, 12 18 and 24 hours. Kinetics of syn a) 

mRNA and b) protein expression was determined by RT-PCR and Western blot, 

respectively. As loading controls GAPDH for mRNA and Tubulin for proteins were 

used. Gels are representative of 3 experiments. 

Effect of LPS/ IFN on expression of syn  

A mixture of LPS and IFN has strong Th1-inducing properties when used to induce 

maturation of DC 516. IFN is a crucial Th1 mediator, that enhances IL-12p70 

production if given before TLR ligand such as LPS 66. However, pretreatment of MoDC 

with IFN for two hours before stimulation with LPS partially abolished the LPS effect 

on syn mRNA expression. mRNA is significantly down-regulated but not to the same 

extent as with LPS alone (0.4 fold reduction relative to 0.05 fold when LPS alone was 

used for stimulation) (Figure 3.9). At the protein level, as shown by Western blot 

(Figure 3.10) and immunocytochemistry (Figure 3.11), syn was not affected. 

a) 

b) 
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However, immunocytochemistry analysis revealed that IFN/LPS stimulation induced 

development of dendrites with accumulated syn, as detected by 

immunocytochemistry. 
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Figure 3.9 Effect of IFN and LPS on syn RNA expression. Cultured hMoDC 

were pretreated for 2 h with IFN (20 ng/ml) when LPS (1 g/ml) was added and 

further incubated for 3, 6, 12, 18, and 24 hours. a) syn mRNA levels were assessed 

with RT-PCR and measured with band densitometry. b) Graph represents the ratio of 

syn mRNA in unstimulated cells over its expression in stimulated cells. mRNA 

levels were normalised according to GAPDH. n=3 

a) 

b) 
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Figure 3.10 Effect of IFN and LPS on syn protein expression. Following 2 h 

pretreatment with IFN (20 ng/ml), LPS (1 g/ml) was added to hMoDC (7 days in 

culture) and further incubated for 3, 6, 12, 18, and 24 hours. syn protein levels were 

assessed by Western blot. n=3. 

 

 

Figure 3.11 syn protein expression following IFN/LPS stimulation in hMoDC. 

Cells were stimulated with IFN/LPS mixture for 6 and 24 h, or were left untreated. 

Labelling of syn protein using anti-syn Ab following HRP/AEC for detection. 

Haematoxylin was used for counterstaining. Representative images from one donor are 

shown. IFN+LPS stimulation by 24 h induces development of dendrites, which are 

highly labelled with syn. 
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Effects of kinins on expression of syn  

Kinins are molecules that are released in inflamed tissues and have the ability to 

influence production of cytokines, chemokines and eicosanoids by inflammatory cells 

517-519, and therefore may also modulate DC function. To assess the effect of kinins on 

the expression of syn, immature hMoDC were stimulated with desArg9Bradykinin 

(desArg9Brad) or Bradykinin (BK). mRNA and protein expression were evaluated by 

RT-PCR, Northern blot and Western blot and immunocytochemistry, respectively.     

Figure 3.12 and Figure 3.13 show that kinins up-regulate expression of -syn, at mRNA 

and protein levels. Interestingly, the size of mRNA detected by Northern blot, revealed 

two products, one about 1600 bp which correspond to an syn transcript and a longer 

one (3000 bp) suggesting the possible expression of an syn splice variant. 

a)            b)      

Figure 3.12 desArg9Brad influence on syn mRNA expression. Following 

stimulation with 10M desArg9Brad, hMoDC were collected 3 h, 6 h, 12 h, 18 h and 

24h after administration of stimulus and syn mRNA expression was assessed by a) 

Northern blot (24 h stimulation) and b) One Step RT-PCR. n=4  
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Figure 3.13 syn protein expression in hMoDC following stimulation with 

desArg9Brad. a) hMoDC were treated with 10 M desArg9Brad for 1, 3, 6 and 24 h. 

Proteins were isolated and kinetics of syn expression was determined by Western 

blot analysis. b) Following hMoDC stimulation for 24 h with 10M 

desArg9Bradsyn protein was detected by immunocytochemistry. Cells were labelled 

with anti-syn Ab following with HRP/AEC immunolabelling. Haematoxylin was 

used for counterstaining. n=3. desArg9Brad up-regulates syn protein expression in 

hMoDC and stimulates development of dendrites abundant with syn. 
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Figure 3.14 Effect of Bradykinin on syn expression in hMoDC - Following 

hMoDC stimulation with BK (10 M) for 3 h, 6 h, 12 h, 18 h and 24 h, the kinetics of 

expression of a) syn mRNA was assessed by RT-PCR and b) protein by Western blot 

analysis. In c) immunocytochemical labelling of syn protein in hMoDC stimulated 

for 24 h with 10M BK using anti-syn Ab has been undertaken. HRP-conjugated 

secondary Ab and AEC chromogen were used to detect the level of staining. Cell were 

counterstaining with Haematoxylin. n=3 

 

Interestingly in the presence of TGF, a stimulus that normally drives Treg immune 

response and prevents maturation of hMoDC, the effect of the desArg9Brad was 

completely inhibited at both, mRNA and protein levels.  

a) 

b) 

c) 
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Figure 3.15 Effect of desArg9Brad stimulation in the presence of TGF on syn 

protein expression in hMoDC hMoDC were treated for 24 h with 10 M 

desArg9Brad in the presence or absence of 2 nM TGFsyn protein was detected by 

immunocytochemistry. Cells were labelled with anti-syn Ab. HRP secondary Ab was 

applied following AEC chromogen to detect the level of staining, while haematoxylin 

counterstaining was used for detection of cell nuclei, n=3. TGF suppresses up-

regulation of syn expression by desArg9Brad in hMoDC. 

 

The effect of kinins on the maturation of hMoDC was unknown at the time of these 

experiments. I hypothesised that TGF prevents kinin-dependant up-regulation of 

syn by preventing the actual maturation of hMoDC. Thus, the effects of BK and 

desArg9Brad on co-stimulatory molecules (CD80, CD86) and MHC Class II molecules 

(HLA DR) expression, as well as their effects on IL-12 and PGE2 production were 

tested. The data have shown that kinins are not involved in the phenotypic maturation of 

hMoDC (Figure 3.16). B2R and B1R receptor antagonists (HOE-140 and LDALB, 

respectively), used to determine that the effect were mediated by specific kinin 



Synuclein Expression During DC Differentiation and Maturation 
 

93 

receptors, did not alter CD80, CD86, or HLA-DR expression. Furthermore, there was 

no significant increase in IL-12 or PGE2 release in HMoDC stimulated with kinins, as 

assessed by ELISA (data not shown). 

 

Figure 3.16 Effects of BK and desArg9Brad on CD80, CD86, and HLA-DR 

expression - hMoDC were stimulated for 24 h with BK (10 M) or desArg9Brad (10 

M), or cells were first exposed for 30 min to the B2R antagonist, HOE-140 (10 M), 

or the B1R antagonist, LDALB (10 M), and then stimulated with kinins for 24 h. 

Stimulated and unstimulated cells were labelled with CD80, CD86 or HLA-DR 

antibodies, and expression of CD80, CD86, and HLA-DR was analysed by FACS. (a) 

Histogram shows CD80, CD86, and HLA-DR expression in response to LPS (positive 

control; green line), relative to unstimulated DC (red line). (b) Expression of CD80, 

CD86, and HLA-DR in hMoDC stimulated with BK (green line) or BK + HOE-140 

(blue line) and (c) after stimulation with desArg9Brad (daBK; green line) or 

desArg9Brad + LDALB (blue line), relative to unstimulated DC (red line). 24-hours 

LPS stimulation was used as a positive control for DC maturation and it led to increased 

expression of CD80, CD86, and HLA-DR. Representative histograms of 4 individual 

experiments are shown. 
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Kinin s tabilisers -  Kin ins are very  unstab le m olecules with a sho rt h alf life 520. T o 

ensure the p resence of the kinins  in the cell  culture, a cock tail of kinin stabilisers (See  

Section 2.1.1) was added at the sam e time as kinins and then the expression of syn 

was assessed. The results of this  study revealed that in the p resence of kinin stabilisers, 

kinins lead to down-regulation of syn at both, mRNA and protein levels.  

 

Figure 3.17 Effects of BK and desArg9Brad on syn expression in the presence of 

kinin stabilisers - Kinin stabilisers were added (25 l/ml) to hMoDC together with BK 

or desArg 9Brad stim ulation (both used at concentration 10 M). 24 hours post  

stimulation, mRNA and proteins we re isolated and expression of syn was m easured 

by RT-PCR and W estern blot, respectivel y. n=3. Kinin stabilisers prevent kinin-

mediated up-regulation of syn mRNA and protein expression in hMoDC.     

 

BK acts through constitutively expresse d B2 receptor (B2R), while desArg 9Brad 

mediates its effect via in ducible B1R. However, we have sho wn that both receptors are 

constitutively expressed on hMoDC 78. To determ ine whether desArg 9Brad effect on 

syn expression in hMoDC was specific ally B1R-mediated, B1R and/or B2R 

antagonists, LDALB and HOE-140 were used for cell stimulat ion prior to stim ulation 

with desAr g9Brad. syn expression levels were decr eased t o almost  t he cont rol 

(unstimulated) levels (F igure 3.18). This indicates that desArg 9Brad acts through the 
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B1R. Pre-treatment with a LDALB + HOE -140, led to ad ditional inhibition  of syn 

up-regulation (bringing it down to contro l levels),  ind icating tha t the ef fect of 

desArg9Brad was partially mediated by the B2R (Figure 3.18). 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.18 Effect of d esArg9Brad on syn expression  in the presence of kinin 

receptor an tagonists - hMoDC we re stim ulated with 10 M desArg 9Brad alone or  

following 30 m in. incubation of cells with B1R antagonist LDALB ( 10 nM) or with 

B1R and B2R antagonist, LDALB and HOE140 (10 M). mRNA levels of syn were 

assessed by  RT-PCR. Results are expres sed as fold increas e of express ion in 

comparison to unstim ulated (control) cells, previously norm alised to GAPDH, n=3. 

desArg9Brad effect on syn expression is mediated through B1R and B2R.   
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PGE2 and expression of syn  

PGE2 is an important maturation factor for DC that induce Th2 response 67, 68. By 

inhibiting IL-12 release in matured DC, it promotes the development of Th2 cells. To 

establish the influence of Th2-driving factors on syn expression in maturing hMoDC, 

cultured hMoDC were treated with PGE2. mRNA (Figure 3.19) and kinetics of -syn 

protein production were assessed (Figure 3.20). mRNA and protein data indicate that 

PGE2 did not affects syn expression. 

 

Figure 3.19 syn mRNA expression following PGE2 stimulation of hMoDC - 

Immature hMoDC were treated with 10 and 100 ng/ml of PGE2 for 6 and 24 hours and 

mRNA expression was determined by One Step RT-PCR, n=3. syn expression in 

hMoDC was not affected with PGE2 stimulation.  

 

Figure 3.20 PGE2 does not modulate syn protein expression - hMoDC were 

stimulated with PGE2 (100 ng/ml) for 3, 6, 12, 18 and 24 hours. Proteins were run on 

12% PAGE and labelled for syn protein at 20 kDa and Tubulin (52 kDa). n=3  
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 Tolerogenic stimuli 

Effects of TGF1 on syn expression 

Although T GF conditions DC to initiate th e developm ent of T-reg cells 521, it has  

recently been shown that m onocytes exposed to TGF 1 at an early  stage of their 

differentiation towards  DC, stim ulates the  d evelopment of  DC with les s m ature 

phenotype and impaired capacity to respond to maturation stimuli 522.  

Differentiation of hMoDC in  the presence of TGF  down-regulated syn m RNA 

expression as shown by RT-PCR and Northern blot (Figure 3.21a,b). syn protein was 

also down-regulated following TGF  stim ulation, as assessed with Western blot 

(Figure 3.21c, Figure 3.22a), immunocytoche mistry (Figure 3.22c) and confocal  

microscopy (Figure 3.22b).  

              

 

                        

Figure 3.21 TGF  down-regulates syn ex pression in hMoDC -  hMoDC were 

differentiated f rom monocytes in the presence or absence of TGF  for 7 days. Total 

RNA was isolated and a) One Step RT-PCR an d b) Northern blot were perform ed. c) 

syn protein levels were assessed by W estern blot, n=3. Stim ulation of hMoDC with 

TGF down-regulates syn expression at both, mRNA and protein levels. 

a) 

b) 

c) 
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    Control     TGFβ 7 days 

 

 

Figure 3.22 TGF down-regulates expression of synuclein protein in hMoDC  

hMoDC were gown in media with 2 ng/ml TGF for 7 days, or 48 hours. syn protein 

level determined by a) Western blot, b) confocal microscopy and c) hMoDC after 7 

days in culture were treated with 2 ng/ml TGF for 24 h. Cells were immunolabelled 

with syn Ab. Red colour correlates with syn levels and is developed using AEC 

chromogen. Haematoxylin was used for counterstaining, n=3. TGF suppresses syn 

protein expression in hMoDC. 

 

a) 

b) 

c) 
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Dexamethasone influence on expression of syn  

Glucocorticoids are potent suppressors of human DC inhibiting the maturation and 

induction of primary T cell responses 523. Stimulations of hMoDC with dexamethasone 

led to an increase in syn mRNA levels, after 24 hours of stimulation (Figure 3.23a), 

as assessed by RT-PCR. However, at the protein level, dexamethasone treatment 

decreased syn protein after 24 hours stimulation regardless of dexamethasone 

concentration (Figure 3.23b and Figure 3.23c).syn mRNA was measured by RT-

PCR, while protein levels were determined by Western blot and immunocytochemistry. 

 

 

Figure 3.23 Effect of dexamethasone on syn expression - hMoDC were treated 

with Dexamethasone for 6 and 24 h. Concentrations used for stimulations were, 0.01, 

0.1 or 1 M of Dexamethasone. The top panel a) represents mRNA expression 

evaluated by RT-PCR while lower one b) shows the syn protein expression as 

determined by Western Blot. c) dexamethasone (0.1 M) was used for hMoDC 

stimulation for 6 and 24 h, or cells were left untreated (control). syn protein in 

hMoDC was labelled with anti-syn Ab, while HRP and AEC chromogen were used 

to detect the level of labelling. Cell nuclei were stained with haematoxylin, n=3. 

Dexamethasonse up-regulates mRNA (24 h), but suppresses syn protein expression. 

a) 

b) 

c) 
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3.4 DISCUSSION 

During DC differentiation from monocytes and their subsequent maturation in the 

presence of foreign Ag and pro-inflammatory mediators, changes to the expression of a 

number of genes occurs within the precursor cells which ultimately results in the 

formation of immature and at later stage mature DC phenotype 508, 509. Beside changes 

in their function, different stages of DC differentiation and maturation are also 

characterised by the expression of a specific array of specific regulatory proteins.  

The results presented in this Chapter have, for the first time, shown that syn protein 

is expressed immature and mature DC. During DC differentiation Syn expression 

was down-regulated but was readily enhanced following exposure to a variety of pro-

inflammatory stimuli. There was also some inconsistency between the magnitude of 

mRNA expression and syn protein expression. Furthermore, TGF and 

Dexamethasone which readily inhibit DC maturation were also observed to down-

regulate syn protein.  

DC differentiation and syn expression 

syn expression was down regulated following DC differentiation from monocytes 

which contrasts with other cell types, such as neurones, megakaryocytes and 

macrophages in which syn expression increases during differentiation 371, 376, 513. 

These differences in the expression pattern between DC and other cell types are 

presumably cell specific. A variety of different functions are associated with syn 

protein. In microglia, which are the brain APC, syn seems to be essential for normal 

differentiation and maturation. In knock out syn–/– mice microglial cells are 

characterised by a different morphology compared to the wild type mice and show 

impaired capacity to phagocytose, and secrete elevated levels of cytokines. Furthermore, 
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up-regulation of syn can be detected throughout development from embryonal to 

adult brain in mice. However, at later developmental stages, syn is much more 

associated with cell membranes presynaptic terminals of neurones. Therefore, it is 

possible that in the immature DC soluble syn decreased as part of DC differentiation 

and was more cell membrane bound and as such not as readily isolated when assays for 

syn were undertaken.  

As shown by confocal microscopy, syn is readily detected in the cytosol in hMoDC, 

and seems to accumulate in the dendrites, suggesting that it may be involved in the 

formation of immune synapses and in cell to cell communication. Watkins et al. 

demonstrated a novel form of intercellular communication between DC that was 

mediated by tunneling nanotubules 524. These tubules strikingly resembled dendritic 

structures that connect DC and also where syn is accumulated. It has also been 

reported that stimulation of a single DC can lead to activation of neighbouring DC and 

that this cellular activation was mediated via tunneling nanotubules 524. In neuronal cells 

one of the proposed functions of syn is to associate with SNARE proteins and 

facilitate neurotransmitter release and vesicle recycling at the neuronal synapse 445. 

Although data supporting the presence of SNARE proteins in DC has not been 

published through personal communication I am aware that SNARE proteins are 

expressed in DC. Therefore, it is reasonable to expect that syn may have a similar 

function in DC, and be involved in the release of cytokines and chemokines from DC.  

The data presented in this Chapter clearly shows that dendrites in matured DC were 

abundant with syn, suggesting a possible role of syn in DC migration, a function 

that is explored and presented in Chapter 6 of this Thesis. 
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DC maturation and syn expression  

syn protein was not up regulated as a consequence of DC maturation. As such, 

maturation-inducing stimuli such as LPS, IFN and PGE2 did not up-regulate syn 

protein expression In mature DC synuclein expression seemed to very much depend 

upon the type of stimulus. Thus, both TNF which is known to promote DC into a 

semi-mature state and kinins which do not induce DC maturation, stimulated production 

of syn protein suggesting that pro-inflammatory stimuli may play a role in up-

regulation of syn expression. In support to this, the predominantly anti-inflammatory 

agents TGF and Dexamethasone both down regulated syn protein expression.  

syn expression in inflammation  

The nature of pathogen-induced local inflammatory responses can "instruct" local DC to 

initiate Th1 or Th2-biased responses 68. Although syn is not up regulated following 

DC exposure to LPS and/or IFN, the release of factors such as TNF and kinins at 

sites of inflammation, may result in increased production of syn. Such up-regulation 

may then impact on DC function. The precise role of syn in terms of DC behaviour is 

unclear and is explored in subsequent chapters. Based upon data from other cell systems 

and the data in this chapter it is possible that syn may be important in stimulating DC 

maturation and cytokine synthesis or alternatively in modulating the expression of 

chemokine/chemokine receptors, and thereby influence DC migration. This is explored 

in Chapters 4 and 6, respectively. Another potential role for syn is the regulation of 

longevity of DC and this is assessed in Chapter 7. 
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The relationship between mRNA and syn protein levels 

The results obtained indicated that down regulation of syn mRNA was not paralleled 

by a corresponding decrease in syn protein. This discrepancy in mRNA and protein 

levels has been reported previously in rat hippocampus and cerebral cortex during 

development 525 and in human macrophages following stimulation with pro-

inflammatory stimuli LPS and IL-1 371. This phenomenon was also seen present in 

hMoDC stimulated with different stimuli such as LPS and TNF. Therefore, it appears 

that regulation of syn protein expression occurs at a post-transcriptional level. This 

might include alternative splicing, regulation of mRNA transport, alterations in RNA 

stability or translation efficiency or protein modification and it will be analysed and 

further discussed in Chapter 4. The observation of two mRNA transcripts suggests that 

an alternative spliced variant may exist. 

Kinin stabilisers and syn expression  

Kinins are very unstable molecules with in vivo half life of only 17s 520. Bradykinin is 

rapidly degraded by enzymes such as kininase I-carboxypeptidase N, aminopeptidase P, 

kininase II-ACE (angiotensin converting enzyme) and kininase II-neutral endopeptidase 

526. In some studies, kinin stabilisers were used to prevent kinin degradation 527. These 

experiments indicated that the presence of kinin stabilisers led to down-regulation of 

syn. The kinin stabilisers-cocktail contained Soybean trypsin inhibitor and Aprotinin, 

proteases which act as kallilrein-kinin inhibitors 527. It seems that the initial stimulation 

and activation of kinin pathways triggers the chain of events that among others leads to 

up-regulation of syn.  
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Conclusion 

In this Chapter I have shown that syn expression is regulated during DC 

differentiation and maturation and that the expression of syn also depends upon the 

nature of the stimuli that DC are exposed to. The observation of differences between 

RNA and protein expression and the finding of two RNA transcripts raises questions 

about regulation of syn production. The location of syn in dendrites and 

potentially being membrane bound raises the key question of what is the function of 

syn in DC? Much of this will be addressed in the Chapters that follow. 
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3.5 SUMMARY 

 

 Monocytes and DC express α-syn mRNA and protein. 

 Two RNA transcripts for α-syn observed. 

 During hMoDC differentiation, α-syn expression decreases. 

 LPS down regulates α-syn mRNA expression while protein levels do not change. 

 TNF decreases α-synuclein mRNA, but increases α-syn protein expression. 

 IFN does not influence syn expression. 

 Kinins up-regulate syn at both, mRNA and protein levels. 

 TGF down regulates syn at both mRNA and protein levels. 

 In the presence of TGF, kinins lose their ability to up regulate syn. 

 TGF decreases -syn RNA and protein expression. 

 Dexamethasone decreases levels of syn protein only. 

 Discrepancy at mRNA and protein levels, strongly suggest posttranscriptional 

regulation of α-syn and the formation of spliced variants. 

 

 

 



 

 

CHAPTER 4 
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4 REGULATION OF SYNUCLEIN EXPRESSION IN HUMAN 

MONOCYTE DERIVED DENDRITIC CELLS 

 

4.1 INTRODUCTION 

Regulation of gene expression via the use of alternative promoters and variable 5′ 

untranslated region (5′ UTR) has been shown to be important in an increasing number 

of mammalian genes, including oestrogen receptor  528, neuronal nitric oxide synthase 

(nNOS) 529, pro-insulin 530, corticotropin-releasing hormone receptors 531, connexin-32, 

nuclear respiratory factor-1, ganglioside (M3) synthase genes 532-534 and many others 535. 

Of particular importance are the proinsulin 530 and nNOS 536 genes that have been 

shown to regulate translation by the addition of an extra non-coding exon to the gene 

readout via alternative splicing.  

Alternative splicing leads to the production of various mRNA structures from a single 

gene and therefore contributes to protein diversity and to regulation of protein 

production 537. Alternative splicing is known to occur in at least 34% of human genes 

including genes for several neuropeptides 537. Expression of specific protein isoforms 

which may be tissue or developmental-stage specific, depend on alternative splicing in 

the coding region. An alternative splicing in the 5'-noncoding region does not affect the 

protein itself, but may influence gene expression and translation 538, 539. 

Alternative splicing that exclusively involves the 5’UTR of a mammalian mRNA is 

uncommon. Potentially, modification of the mRNA 5’UTR may introduce post-

transcriptional regulatory elements. Thus, the primary structure of the mRNA may 

affect initiation of translation (for example upstream AUG codons may affect ribosome 

scanning), while the secondary or tertiary RNA structures may modulate efficiency of 
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translational machinery (stem-loops and pseudoknots), and RNA-binding proteins (e.g. 

iron-responsive element (IRE)-binding protein (IRP)) 540-542. The regulation of 

translation mediated by the 5'UTR is often involved in the regulation of gene expression 

during development or in tissue-specific expression 543-545.  

Regulation of syn protein expression is not yet understood. The human syn gene 

consists of six exons. So far, in different cell types, four splice variants in the coding 

region and two splice variants in syn 5’UTR have been reported. The coding region 

starts in exon 2, so that exon 1 and a small part of exon 2 comprise the 5'UTR 411. All 

introns are flanked by canonical splice sites and encode the typical consensus sequences 

of GT-AG (Table 4.1).  

Table 4.1 Exon/Intron organisation of human syn gene 

  

 Source: Touchman et al. 2001 390.  

In DC, pro-inflammatory stimuli differentially regulate syn expression at the level of 

mRNA and protein, as shown in Chapter 3. Furthermore this disparity between syn 

mRNA and protein has been noted by others in different cells 525, and post-

transcriptional regulation has been suggested.  
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HYPOTHESIS  

1. Specific syn mRNA splice variant expression is differentially regulated during 

DC differentiation and maturation.  

2. Specific syn mRNA splice variant expression is influenced by exposure to 

relevant inflammatory stimuli.  

AIMS  

To better understand the regulation of syn expression, the influence of syn splice 

variants on the variations in syn expression in hMoDC (Chapter 3) was investigated. 

Monocytes and hMoDC were tested for the presence of all known syn splice variants 

to determine if the expression of certain splice forms was changing during DC 

differentiation. Whether pro-inflammatory stimuli could modify expression of -syn 

splice variants was also assessed. 
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4.2 METHODS 

4.2.1 RNA Isolation 

Total RNA was extracted from unstimulated and stimulated hMoDC using the method 

described in Section 2.2.3.  

4.2.2 RT-PCR 

Total RNA (0.25 g for syn or 0.02 g for GAPDH) was reverse transcribed and 

amplified with the One-Step RT-PCR kit (Qiagen), as described in Section 2.2.4. 

Primers were designed for detection of all known splice variants of synuclein mRNA 

(syn 112, syn 126 and syn 140 and splice variants with potentially different 

length of 5’UTRs. Their sequences are shown in  

     Table 4.2, while schematic presentations of specific primers used to identify specific 

splice variants are in Figure 4.3 and Table 4.3.  

 

     Table 4.2 Sequencesof syn primers 

Primer name synuclein primer sequence 
1F: 5'-ACGACAGTGTGGTGTAAAGG-3' 
2R: 5'-AACATCTGTCAGCAGATCTC-3'  
5F: 5’-CCGAGCGCCGACGCGGAAG-3’ 
6F: 5’-CTCACAGCGGCCTCCTCTGG-3’ 
7R: 5’-TCCTTGGCCTTTGAAAGTCC-3’ 
8F: 5’-GAGGGTGTTCTCTATGTAGG-3’ 
9R: 5’-TTCTGGGCTACTGCTGTCAC-3’ 
10F: 5’-GTTGGGCAAGGAAGGGTATC-3’ 

 

4.2.3 Gel extraction 

PCR products were run on a 2% agarose gel. The bands of interest were cut out, and 

DNA was purified using QIAquick PCR (Quiagen) Purification Kit Protocol, according 
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to the manufacturer’s instruction. Briefly, agarose gel with the DNA fragment was 

dissolved in 3 volumes of Buffer QG at 50°C for 10 min, and 1 gel volume of 

isopropanol was added to the sample, mixed and applied to the QIAquick column for 

DNA to bind. The column was washed with 500 ml of Buffer QG to remove all traces 

of agarose. Following washing with 750 ml of Buffer PE, the QIAquick column was 

centrifuged for initial 1 min and then additional 2 min at 13000 rpm to remove any 

traces of ethanol. DNA was eluted in Buffer EB (10 mM Tris·Cl, pH 8.5). 

4.2.4 RNA Isolation using CsCl Gradient 

For 5'- Rapid amplification of cDNA ends (RACE) experiments only high quality RNA 

was used. Therefore total RNA from hMoDC was extracted with 4M guanidine-iso-

thiocyanate (GITC) and purified by centrifugation through a 7 M caesium chloride 

(CsCl) cushion 546. 

Cultured hMoDC were washed with PBS and homogenised in GITC solution. The 

lysates were layered on to 4 ml of a dense CsCl, and ultracentrifuged in swing rotor 

(SW41, Beckman Coulter, Palo Alto, CA, USA) at 23C, 30 000 rpm for 22 hours. The 

density of most RNA in CsCl (buoyant density=7) is much greater than that of genomic 

DNA and proteins. Thus, during ultracentrifugation, the RNA precipitates to the bottom 

of the tube (buoyant density>1.8), whereas DNA (buoyant density=1.7) and proteins 

(buoyant density=1.3) formed distinct bands in the CsCl cushion. Following 

centrifugation, the supernatant was removed, washed and the bottoms of the tubes 

(polypropylene) cut off. RNA was dissolved in RNase free water and precipitated with 

½ volume 7.5 M Ammonium acetate (relative to volume of RNA in water) and 3 

volumes of 99 % ethanol. After overnight incubation at -20C, RNA was ultra-

centrifuged for 30 min - 14000 rpm at 4C. The pellet was then washed with 70 % 

ethanol, air dried and RNA was resuspended in RNase free water. The total RNA 
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obtained this way is of very high quality, with a good yield and is free of protein and 

DNA contamination.  

4.2.5 5'- Rapid amplification of cDNA ends (RACE) 

The identification of transcriptional start site(s) (TSS) and determination of the length 

of the 5′ untranslated region of the synuclein gene were determined using 

GeneRacer™ Kit (Invitrogen) according to manufacturer’s instructions. Briefly, 1 μg of 

total hMoDC RNA was dephosphorylated using CIP (Calf Intestinal Phosphatase) for 1 

h at 50C and then purified by precipitation with 3 M Na-acetate pH 5.2, mussel 

glycogen and 95 % ethanol with overnight incubation at -20C. The 5’ cap structure was 

removed from full length mRNA using TAP (Tobacco Acid Pyrophosphatase) at 37C 

for 1 hour and RNA was precipitated. GeneRacer RNA oligo was ligated to the 5’ end 

of decapped RNA. Following another step of precipitation, RNA was converted into 

cDNA using GeneRacer Oligo-dT Primer and SuperScript III Reverse Transcriptase at 

50C for 1 h, following step at 70C for 15 min and 2 min on ice. cDNA was treated 

with RNase H, to remove single stranded RNA molecules at 37C for 20 minutes. The 

PCR product was generated from the cDNA template with Platinum Pfx DNA 

Polymerase, using gene specific synuclein reverse primer 5'-

AACATCTGTCAGCAGATCTC-3' (2R) and GeneRacer 5′-primer. Cycling 

conditions for amplifications were as follows: 94°C for 2 min; 5 cycles of 94°C for 30s, 

72°C for 2 min; 5 cycles of 94°C for 30 s, 70°C for 2 min; 25 cycles of 94°C for 30s, 

62°C for 30s, 68°C for 2 min; 68°C for 10 min. The PCR product (1 µl) was used as a 

template for a nested PCR using gene specific reverse primer 5'-

TTCTGGGCTACTGCTGTCAC-3' (9R) and GeneRacer 5′-Nested primer. PCR 

conditions: 94°C 2 min; 25 cycles of 94°C 30 s, 64°C 30 s, 68°C 2 min; 68°C for 10 

min.   
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4.2.6 Cloning of PCR products 

Nested PCR products were cloned into a pCR4Blunt-TOPO vector using a Zero Blunt 

TOPO PCR Cloning Kit for Sequencing (Invitrogen) according to the manufacturer’s 

protocol. This protocol allows direct insertion of blunt-end PCR products into a plasmid 

vector for sequencing (Figure 4.1). Briefly, the TOPO cloning reaction contained 4 l 

PCR product, 1 l salt solution (1.2 M NaCl, 0.06 M MgCl2) to increase the efficiency 

of transformation and 1 l of TOPO vector. Reaction was gently mixed and incubated 

for 15 minutes at RT and immediately used for transformation of competent cells. 

4.2.7 Transformation of competent cells 

TOP10 E. coli chemically competent cells were thawed on ice. Samples of the TOPO 

cloning reaction (2 l) were then added into a vial with cells, gently mixed and 

incubated on ice for 10 minutes. The cells were then heat-shocked for 30 seconds at 

42C and immediately transferred to ice for 2 minutes. For the recovery of cells, SOC 

medium (250 l) was added and cells were incubated for an hour at 37C with shaking. 

Transformed cells (50 l and 200 l) were plated on pre-warmed LB agar plates 

containing kanamycin, for selection of transformed cells from cells that did not receive 

plasmid and incubated overnight at 37C. 

4.2.8 Plasmid DNA isolation  

Following transformation of competent cells, single colonies were inoculated in 5 ml 

LB media containing 50 g/l kanamycin overnight at 37C. Plasmid DNA was 

extracted from picked clones using Plasmid-Mini kit (Quiagen) following 

manufacturer’s instructions. Plasmid DNA was eluted in 50 ml TE buffer. 
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4.2.9 Digestion with restriction enzymes 

Plasmids (5 l) were analysed for the presence of insert using restriction digestion with 

EcoRI enzyme for 2 hours at 37C in 20 l reaction with 12 U of enzyme. EcoRI is 

restriction endonuclease that recognises and cuts the sequence 5'-G^AATTC-3' at 2 sites 

in the position 284 bp and 302 bp in the vector, and at one site in syn 5’UTR in the 

position +13 bp from ATG (start codon).  

 

Figure 4.1 Map of the pCR4Blunt-TOPO.  

The map shows the features of pCR4Blunt-TOPO and the sequence surrounding the 

TOPO Cloning site. Restriction sites are labelled to indicate actual cleavage sites. The 

map was downloaded from the Invitrogen Web site: 

http://tools.invitrogen.com/content/sfs/vectors/pcr4blunttopo_map.pdf 
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4.2.10 Sequencing 

Plasmid DNA containing 5’ RACE nested PCR products were sequenced, using either 

M13 forward or M13 reverse primers (Invitrogen), that bind to plasmid sequences as 

shown in Figure 4.1. DNA was sequenced using Big Dye Terminator chemistry 

(Applied Biosystems). For determination of transcription start sites, chromatograms and 

BLAST searches were performed. Obtained syn sequences were compared against 

human genome sequences stored in the Genbank nonredundant (nr) database (NCBI, 

USA). 
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4.3 RESULTS 

As previously shown in Chapter 3, expression of syn mRNA and protein does not 

correlate in terms of quantity. Data of kinetic studies were scanned and plotted to show 

that this disparity is a consequence of stimulations with different pro-inflammatory 

stimuli (Figure 4.2). While des-Arg9-Bradykinin increased expression of both, syn 

mRNA and protein, the disparity in levels of expression was noted with stimuli such as 

LPS, which significantly down-regulated syn mRNA but not the protein and TNF 

which decreased mRNA but increased syn protein expression. Based on this data I 

hypothesised that the level of protein is regulated at the level of message. 

0 5 10 15 20 25
0.0

0.5

1.0

1.5

2.0

2.5

LPS RNA
LPS protein

TNF RNA
TNF protein
ArgBrad RNA
ArgBrad protein

time (h)

fo
ld

 i
n

cr
ea

se

 
Figure 4.2 Kinetics of syn mRNA and protein expression following pro-

inflammatory stimuli - Immature hMoDC were stimulated with 1g/ml LPS (blue 

line), 1 g/ml TNF (red line) or 10 M desArg9Brad (green line) for 1, 3, 6 and 24 h. 

Mean of fold increase of expression of mRNA is presented as squares while the fold 

increase in the respective protein is presented as triangles, n 3. 

 

4.3.1 New synuclein splice variant in DC 

To detect all syn splice variants, primers were created throughout the syn gene 

(Figure 4.3 and Table 4.3).  
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Figure 4.3 Positions of the syn primers in the syn mRNA - Primers (1F/2R) 

detect coding region of all expressed syn mRNA splice forms (total syn mRNA); 

primers (5F/9R and 6F/9R) were used to assess splice variants in the 5’UTR 

region whereas primers (8F/9R and 10F/2R) were used to assess exon-3 and 

exon-5 splice variants. Exons 3 and 5 are not presented in the lower part of the Figure to 

simplify presentation. 

 

Table 4.3 Primer pairs used to identify syn splice variants 

Primer set Splice variants  Size (bp) 

1F+2R syn 140/Total 500 

5F+7R Ex 1’  222 / 107 

6F+7R Ex 1 239 

10F+2R syn 112 88 

8F+R syn 126 112 
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In monocytes and hMoDC only full length splice variant in the coding region (including 

all coding exons - syn 140) was detected. The presence of exon 3 and exon 5 splice 

variants, syn 112 and syn 126 could not be detected (data not shown). At the time 

this data was generated the existence of syn 98 (splice variant missing both exon 3 

and exon 5) was unknown. However, since then and after careful analysis of the data 

generated, it seems unlikely that syn 98 is present in the mRNA analysed and 

probably is not expressed in hMoDC. If syn 98 were present, a cDNA fragment 

would be visible as a smaller band using 1F+2R primers. However, the presence of 

both known, ex1 and ex1’ splice variants in syn 5’UTR were detected in monocytes 

and hMoDC. Importantly, using the 5F/7R primers for detection of exon 1, we 

noticed an additional band (labelled as X) (Figure 4.4.b). To exclude the possibility that 

this band was a non-specific product of the given primer pair, additional PCR reactions 

were undertaken using the same forward 5F primer with two different reverse primers 

(9R and 2R) and under more selective conditions (annealing temperature was 

increased from 58C to 60C). The ex1’ product was no longer visible due to an 

increase in the annealing temperature, but the unknown band (band X) was shown to be 

amplified with all primer pairs used (Figure 4.4.c). Therefore, the band ‘X’ was cut out 

of the gel, purified and sent for sequencing. Sequence analysis of this band led to 

discovery of the new 5’UTR splice variant that I have named ex1’’. Therefore, in 

addition to two known splicing sites in syn exon 1, I discovered an additional, third 

splice variant in hMoDC. This splice variant is located 136 bp further upstream of the 

ex1 splice site.  
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Figure 4.4 New -syn 5’UTR splice variant in hMoDC - a) Schematic presentation of 

syn splice variants. b) Exons 1, 1’ and additional until now, unknown splice variant, 

detected with primers 5F/7R and annealing temperature 58C c) Novel 5’UTR-

syn mRNA splice variant detected with primers A) 5F/7R, B) 5F/9R and C) 

5F/2R designed to assess 5’UTR region. Annealing temperature was 60C.  

 

4.3.2 Transcriptional start site in synuclein mRNA 

In order to establish the TSS for the newly discovered ex1’’, RACE studies were 

performed using hMoDC total RNA isolated on the CsCl gradient. After cDNA 

synthesis, PCR reaction, cloning and transformation, 20 clones were chosen and 

inoculated for overnight grow. Plasmid DNA was isolated and digestion with restriction 

enzyme EcoRI performed to confirm the presence of the insert. The cloning was 

successful in all clones and they were sent for sequencing. Interestingly, the results for 

all sequenced samples showed that the TSS was located further upstream from the 

previously reported TSS411 (Table 4.4).  
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Table 4.4 Identification of new TSS and Exon/Intron organisation of syn 5’UTR  
 EXON 1 EXON 1’ EXON 1’’ 
5’ RACE clones 
sequenced (n) 

18 1 1 

Exon length (bp) 247 466 111 
Intron length (bp) 1270 1052 1405 
Splice Donor Site CGACAGgttagcg ACTCAGgtaagta AGTGAGgtgcgtg
Exon position * 28248-28494 28248-28713 28248-28358 
Exon position ** 2615-2859 2615-3078 2615-2723 
*Nucleotide position within human sequence, Gene Bank Accession No AF163864                            

** Nucleotide position within human ex1 sequence, Gene Bank record U46896 

 

However, sequencing of the different clones revealed a few different TSS. Common 

perception of the 5’ RACE results is that the longest transcript is considered to show 

true TSS. However, the 5'-RACE data I obtained indicated multiple TSS in syn 

(Figure 4.5). The possibility that syn splice variants have different TSS, or that even 

the same splice variant uses different TSS cannot be excluded. The specific primer that 

was sitting between the two most upstream TSS revealed by 5’RACE was designed in 

order to answer the question: if all three splice variants (ex 1/1’/1’’) use the same TSS 

at position -489 from translational start site (ATG). Since the primer was not specific 

enough (it contained only 11 nucleotides – the nucleotides between the two TSS 

obtained in two longest transcripts) the results of the RT-PCR revealed multiple bands. 

Even though the results indicated that all three 5’UTR splice variants might be 

amplified with these primers the RT-PCR conditions could not be fully optimised and 

therefore the results were inconclusive (data not shown). Further investigation will be 

needed to clarify this problem. 
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Figure 4.5 New transcriptional start site of syn mRNA. This scheme presents the 

TSS obtained with 5’ RACE. TSS nucleotide positions are presented in relation to ATG. 

The published TSS is positioned at the -403 nucleotide. 

 

4.3.3 mRNA and post-trascriptional control 

In addition to the primary structure, secondary structure of 5’UTR sequence may have 

an influence on translation efficiency. Therefore, the whole 5’UTR sequences, from the 

established TSS, down to most upstream translational start site were plotted. Analysis of 

the secondary structure of the 5'UTR of syn using mfold program showed that 

deletion in ex 1 sequence resulted in a dramatic change in the lowest energy predicted 

structure for the syn 5'UTR (free energies for ex1/ex1’/ex1’’ were dG=-190.76 

kcal/mol/, -105.51 kcal/mol/ and -34.17 kcal/mol, respectively). (Figure 4.6, Figure 4.7 

and Figure 4.8). 
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Figure 4.6 Predicted secondary structure of syn ex1’ splice variant.  

Sequence used for prediction of RNA secondary structure whole 5’UTR (ex1 sequence 

from new TSS and 5’UTR part of ex2 down to start codon). Mfold 

(http://mobyle.pasteur.fr/cgi-bin/MobylePortal/portal.py?form=mfold) 547 was 

used. 
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Figure 4.7 Predicted syn ex1 RNA secondary structure. Sequence used contains 

full ex1 sequence from new TSS including 5’UTR sequence of ex2 without start codon.   
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Figure 4.8 Predicted secondary structure of a novel syn ex1’’ splice variant. 

Structure predicted by Mfold for the ex1’’ sequence includes new TSS and ex 2 down to 

start codon. 

 

It has been reported that the syn sequence immediately upstream of the translational 

start site (ATG) forms an IRE 395. The reported splice site that is used to form syn 

transcripts is in the middle of IRE. Since only the ex1 sequence was considered, I 

analysed in mfold the 46 nucleotides in the 5’UTR that flank the start codon in all three 

exon 1 splice variants (ex1, ex1’ and ex1’’). The results from this indicate that with 

alternative splicing, the IRE element is lost in both ex1’ and ex1’’ splice variants 

(Figure 4.9).   
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Figure 4.9 Secondary structure of syn 5’UTR prediction of IRE element. 

 The schemes were redrawn from the original mfold and represent only the loop 

structures of the 46 bp 5’UTR. 

 

4.3.4 Splice variants during hMoDC differentiation 

To establish whether splice variants are differentially regulated during DC 

differentiation from monocytes (Mo), exon 1, 1’ and 1’’ splice variants were amplified 

to DNA and the contribution of each splice variant relative to total syn mRNA was 

calculated and expressed as the ratio of splice variants. Even though the total mRNA is 

decreased in hMoDC compared to monocytes (and consequently all splice variants), the 

ratio of the splice variants within the total mRNA can change during DC differentiation. 

In both, Mo and hMoDC the most abundant is the splice variant ex1. However, with DC 
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differentiation, the newly discovered ex1’’ splice variant had increased expression, 

while the expression of ex1’ was decreased.    

Figure 4.10 Ratio of α-syn splice variants within total -syn mRNA in hMoDC and 

monocytes – The specific splice variants of synuclein mRNA were detected with 

RT-PCR, using designed primers (Table 4.2 and Figure 4.3), quantified and compared. 

Results were expressed as percentage of each splice variant relative to total synuclein 

mRNA assigned as 100%, n=3. 

 

4.3.5 Splice variants during DC maturation 

The expression of syn mRNA-splice variants during DC maturation and their 

exposure to pro-inflammatory stimuli was also investigated. DC were matured with LPS 

or TNF, or stimulated with desArg9Brad for 24 hours. Total mRNA was isolated and 

RT-PCR was performed to determine the presence and quantity of each of 5’UTR splice 

variants (Figure 4.11). Absolute amounts of total mRNA and different splice variants 

were decreased during hMoDC maturation with LPS and TNF and increased following 

stimulation with desArg9Brad and in addition the ratio within the total mRNA also 

changed. Different stimuli differentially regulated specific syn 5’UTR splice variant 
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expression. The major DC transcript ex1 is significantly decreased, while the splice 

variants ex1 and ex1’’ are increased with stimulation.     

 

Figure 4.11 Differential regulation of syn splice variants by inflammatory 

stimuli a) Total syn mRNA in unstimulated hMoDC (control); stimulated with 

maturation stimuli LPS (1g/ml) or TNF(1g/ml) or stimulated with pro-

inflammatory desArg9Brad (10 M) (top panel). b) syn protein expression 24 h in 

control cells and following stimulation with 1 g/ml TNF, LPS (1g/ml) or 

desArg9Brad (10 M) c) Ratio of α-syn splice variants within the total -syn mRNA in 

unstimulated hMoDC at day 7 of culture and in hMoDC stimulated with LPS (1g/ml), 

TNF (1g/ml) or Lys-desArg9BK (10 M) for 24 h (bottom panel). n=3. 
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4.4 DISCUSSION 

In this Chapter, investigation of syn splice variants demonstrated that in hMoDC 

syn 5’UTR is alternatively spliced. A new 5’UTR splice variant has been detected 

that correlates with increased protein expression. Alternative splicing in 5’UTR is one 

of the mechanisms employed in regulation of expression of many genes. Similar 

mechanisms of translational regulation may exist for syn transcripts that include the 

alternatively spliced non-coding exon 1 The deleted sequences may be involved in 

control of translation, mRNA localisation, or may affect RNA stability. 

syn splice variants in hMoDC 

Various mRNA splice variants within the coding region and 2 splice variants in 5’UTR 

of syn have been reported to date in a variety of cell types 411. In hMoDC only the 

full length mRNA coding region (containing all exons, ex 2-6), could be detected. 

However, alternative splicing of syn exon 1 can generate mRNA variants that differ 

in their 5′ UTRs. Importantly, I found one new 5’UTR splice form of -syn mRNA as 

well as two previously described variants. All of these mRNA contained all of the 

coding exons and could be translated into the same 20 kDa syn protein. Analysis of 

the entire exon 1 sequence for the presence of conventional splice-site sequences (Gene 

Bank record U46896), revealed in addition to the two known (ex1/ex1’) and the newly 

discovered (ex1’’), 6 more possible splice sites. It is therefore likely that other unknown 

alternatively spliced exon variants in the 5’UTR exist. The fact that they were not 

detected by RACE suggests that these putative mRNA variants are either not expressed 

or are expressed at very low levels in hMoDC. It is possible that these syn splice 

variants are expressed in other tissues, or during human foetal development. 
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Xia et al, determined the structure of syn gene and the existence of two alternative 

spliced 5’UTR syn RNA (ex1 and ex1’) in the brain cortex 411. In this study, the 

splice variant ex1’’, that is expressed in hMoDC, was not detected. The possible reason 

for the ex1’’ being undetected by Xia et al. include: the probes that were used for 

detection of syn positive clones, were based upon sequences that had already be 

spliced out or alternatively the expression of these spliced variants is tissue specific. 

syn transcriptional start site 

In Xia et al. studies, the TSS was determined by 5’RACE to be positioned at nucleotide 

-403 upstream of the translational start site 411. However, I found the TSS to be located 

further upstream, at nucleotide -489. Furthermore my data suggest the existence of 

potential multiple TSS in syn mRNA. The possibility that different splice variants 

have different TSS or that even the same splice variant uses different TSS can not be 

excluded and would introduce a greater complexity to the regulation of this gene.  

In the syn gene, the 5'-flanking region of the ex1, ex1’ and ex1’’ lacks a classical 

TATA or CCAAT box in the putative promoter 411. The syn sequence upstream of 

TSS is GC rich and contains several Sp1 binding elements, which suggests that syn 

gene belongs to the TATA-less GC-promoter rich genes, regulated with Sp1 

transcriptional factor. Heterogeneity of TSS is also a common phenomenon in genes 

with multiple GC boxes. It has been suggested that the core sequence for syn 

promoter is between -270 and -33 according to the previously described TSS 411. 

However, the novel data that I have generated suggests that most of the sequences of 

this putative promoter are in the actual transcript itself.  
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Expression of syn 5’UTRs in hMoDC differentiation and in inflammation  

The results of this study indicate that expression of syn splice variants is regulated 

during DC differentiation from monocytes and also that -syn splice variants are 

differentially regulated with pro-inflammatory stimuli. Furthermore, ex1’’ splice variant 

is up-regulated during differentiation of monocytes to hMoDC, and that both, ex1’ and 

ex1’’ splice variants are up-regulated following exposure to pro-inflammatory stimuli. 

 It has been suggested that metabolic stimuli can regulate the expression of 5'UTR 

variants, with a distinct translation efficiencies leading to altered protein synthesis from 

target genes 530. Therefore, stimulation of DC with different pro-inflammatory stimuli 

might affect syn translation efficiency via induction of an alternatively spliced 

variant, which results in modulation of protein production. In support to this, I found 

that an increase in expression of ex1’’ splice variant corresponded to an increase in 

syn protein production. Specific 5’UTR splice variants might influence protein 

production in two ways: firstly, by affecting efficiency of translation and secondly by 

affecting mRNA stability. The secondary structures of the syn 5’UTR sequences, 

ex1’ predicted extremely strong stem-loop secondary structure (dG=-190.76 kcal/mol), 

while the energy of the secondary structure of the splice form ex1’’ with dG of -34.17 

kcal/mol appears to be the weakest. This findings suggests that the higher translation 

efficiency of syn ex1’’ may be directly correlated with the structural changes, where 

deletion of multiple stem-loop sequences made this mRNA transcript assessable for 

translation. Thus, it is likely that ex1’’ translates more efficiently into protein than ex1’, 

and therefore is the one that contributes the most to the increased protein levels in 

stimulated hMoDC as has been detected. 
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RNA cis-elements (specific sequence of mRNA) that modulate translation of a number 

of genes, such as 15-lipoxygenase, fibronectin, fibroblast growth factor-2, lipoprotein 

lipase, folate receptor-, IFN-, TGF1, and m-numb 548-555 have been identified. The 

best characterised model of translational control mediated by a 5’UTR cis-element is the 

IRE 556-558, a stem-loop structure that forms the binding site for IRP-1 and IRP-2 

proteins 559, 560. The binding of IRPs to the IRE is stimulated by reduced intracellular 

iron levels and results in inhibition of the mRNA translation 561. Interestingly, the 46 

nucleotide of syn 5’UTR appears to form a single RNA stem loop 395. A structural 

similarity between the syn stem-loop and the classical IRE stem-loop, especially in 

the loop sequence (5'-CAGUG'-3') shows 100% homology between syn mRNA (ex1) 

and stem-loop motif in mRNAs encoding ferritin H and L chains, ferroportin, and 

erythroid 5-aminolevulinate. Importantly, generation of the human syn transcripts 

requires RNA splicing that is located precisely in the canonical 5'-CAGUG-3' motif of 

the predicted 5'UTR stem loop. It has been suggested that translation efficiency of 

syn RNA with splicing that results in the formation of a 5’UTR with IRE element 

(ex1) would depend on iron metabolism 395. However, this can be applied only for the 

ex1 sequence. As presented in the results of this chapter, the different splicing of ex1 

and generation of ex1’ and ex 1’’ 5’UTR changed the sequence and structure of the 

5’UTR and as such the IRE element could not be formed. Therefore, it seems that only 

syn splice variants that contain an ex1 in the 5’UTR are iron responsive.  

Alternative splicing patterns show that 5’UTR or intronic RNA regions may contain 

sequences that act as either positive or negative regulatory elements, causing an exon-

selection or exon-skipping, respectively 562. It is hypothesised that activating cellular 

factors interact with specific sequences in the RNA causing modulation in efficiency of 

translation. Such effects of a stem-loop complex stable 5'UTR have been reported for 
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genes such as ferritin H 563, c-myc 564 and insulin-like growth factor II 545. Therefore, an 

syn 5'UTRs with many structural features – multiple stem-loops (such as ex 1 and ex 

1’) do not necessarily represent negative regulators of translation. These 5’UTRs may 

bind different cellular factors that are activated in response to diverse signalling cellular 

pathways and may therefore be a dynamic component that controls translation. In 

hMoDC -syn ex1’’ is translated more efficiently resulting in increase in protein, 

suggesting that the stem-loop structure present in ex1’ have inhibitory effects on 

translation machinery, therefore my data does not support mechanism of translational 

regulation where cis-sequence interact with protein and positively regulate translation. 

However, it cannot be excluded that in different cell types syn translation is 

controlled by this mechanism.  

Possible mechanism of gene regulation 

Pro-inflammatory stimuli activate synthesis of variety of different molecules, including 

metabolic stimuli that trigger signalling pathways leading to the transcription of target 

genes and protein production. Based on the data available I have proposed a mechanism 

(Figure 4.12) for -syn regulation in which stimuli such as LPS, TNF, kinins influence 

the production of specific 5’UTR splice variant and regulate the quantity of -syn 

protein that is being produced 530. Thus, by activating or inhibiting production of 

specific syn splice variants (ex1 or 1’ or 1’’), pro-inflammatory stimuli may regulate 

the level of syn expression in specific cells or in specific tissue conditions. These 

proteins, including syn itself, may have positive or negative feedback to the specific 

stimulus, and therefore may change the homeostasis of microenvironment. 
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Figure 4.12 Schematic view of the suggested novel gene regulatory mechanism 

Modified from Shalev, A. et al. (2002)530. Explanation is in the text. 

 

Conclusion 

In hMoDC a new syn 5’UTR has been identified and two splice variants identified in 

other cell systems have been confirmed. The expression of the new ex1’’ splice variant 

corresponds to increased syn protein production in hMoDC. By manipulating the 

expression of specific 5’UTR splice variants syn protein expression can be 

influenced. It is known that syn overexpression in neurones leads to cell death and 

neurodegeneration. Therefore, understanding the regulation of syn gene expression 

may have implications for the hMoDC longevity in tissues and ultimately in the 

treatment of inflammatory disorders together with neurodegenerative diseases where 

this has yet to be fully explored. 
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4.5 SUMMARY 

 Only one, full length syn splice variant in the coding region is expressed 

in monocytes and hMoDC. 

 Two known 5’UTR syn splice variants, ex1 and ex1’, are expressed in 

monocytes and hMoDC. 

 A new syn 5’UTR splice variant – ex1’’ has been discovered in 

monocytes and hMoDC. 

 A new TSS for syn transcripts has been determined. 

 Expression of the new ex1’’ syn 5’UTR splice variant is associated with 

increased production of -syn protein and is differentially regulated by 

inflammatory stimuli and during maturation. 

 

 

 



 

 

CHAPTER 5 
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5 FUNCTION OF SYNUCLEIN IN hMODC PHENOTYPES 

5.1 INTRODUCTION 

In inflammation, large numbers of resident DC undergo maturation and continually 

migrate to secondary lymph nodes to generate an effective T cell response 565. To 

support the dynamics of this immunological response there is a need for efficient 

recruitment of circulating DC precursors to peripheral tissues and to enhance their 

differentiation to immature DC. Newly differentiated DC must be able to effectively 

capture Ag, transform into a mature phenotype and to effectively present antigen to T-

cells to generate a robust immune response against pathogens. The factors and 

mechanisms involved in promoting specific DC phenotypes at sites of inflammation 

have yet to be defined, but clearly the nature of mature DC is subject to the influence of 

the microenvironment 566. Hence, monocytes exposed to glucocorticoids, or peptides 

such as LL-37 can influence DC differentiation, maturation and function 126, 567.  

syn has a role in the differentiation of macrophages 371, megakaryocytes 376 and 

neurones 465 and significantly is expressed during human foetal development 368. 

Therefore, syn may also have a role in the differentiation of DC. It is quite likely that 

in inflammatory states monocytes are exposed to syn and the differentiation of 

monocytes to DC influenced by this exposure. Furthermore, since regulation of DC 

maturation, migration, and expression of stimulatory and costimulatory molecules have 

major consequences on the immune response, it is important to assess the role of syn 

in modulating DC function.  

Evidence to support the involvement of syn in inflammatory states stems from 

observations of elevated levels of syn in the plasma of PD patients 499, 500, its up-

regulation following LPS and IL-1 stimulation of macrophages 371 and its ability to 
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activate microglia to release proinflammatory mediators 383. By inducing the synthesis 

of IL-1 IL-6, 568 TNF-α 569 and PGE2 383 in microglia, syn is likely to significantly 

modulate the course of inflammation. Additionally, as described in Chapter 3 pro-

inflammatory mediators such as TNF and kinins up-regulate expression of syn in 

hMoDC. In contrast, syn expression is down-regulated by factors that are inhibitors 

of DC maturation such as dexamethasone 126, 570 and TGF522. Therefore these findings 

suggest that syn may play a relatively central role in the modulation of DC 

maturation and their ability to activate T cells.  

Despite their common role as professional APC, DC are heterogeneous and display 

distinct phenotypes in different anatomical locations and their phenotype varies 

depending on exposure to different local microenvironmental factors. This is then 

reflected in DC production of specific T-cell polarising cytokines and inflammatory 

mediators3, 24, 221. By producing pro-inflammatory cytokines, such as IL-1, IL-6, IL-10, 

IL-12, IL-13, IL-15, IFN and TNF, DC activate the growth and differentiation of T- 

and B-cells and macrophages and as a result, modulate immune responses.  

Upon stimulation, DC can also express a range of chemokines 571. Immature DC can 

produce inflammatory chemokines including, CCL3 (MIP-1), CCL4 (MIP-1), CCL5 

(RANTES), CXCL8 (IL-8), and CXCL10 (IP-10). With maturation, instead of 

inflammatory chemokines DC begin to produce the chemokines CCL17 (TARC), 

CCL18 (DC-CK1), CCL19 (MIP-3) and CCL22 (MDC), that attract T and B 

lymphocytes 571. Inflammatory chemokines, attract DC and their precursors monocytes 

on sites of inflammation. Chemokines, such as IP-10, can also attract particular effector 

cells (Th1) or act as potent chemoatractant to eosinophils and promote Th2 response 572. 

Therefore, chemokines are involved in regulation of inflammation.      
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Hypothesis 

The presence of syn modulates the phenotype of hMoDC.  

Aims 

The aims of this Chapter were to characterise the effects of -syn on the phenotypic 

characteristics of hMoDC and to assess the immunomodulatory effects of syn 

stimulation with respect to expression of cytokines and chemokines by these cells. 

5.2 METHODS 

5.2.1 Cell Culture 

hMoDC were cultured using standard protocol described in Section 2.2.1. After seven 

days in culture, DC were collected and treated with 1 g/ml, 5 g/ml or 10 g/ml of 

syn or its aggregates. hMoDC maturation was induced by LPS (1g/ml), TNF (50 

ng/ml), or CD40 ligand (50 ng/ml) alone, or in the presence of 5 g/ml of syn for 24 

h or 48 h as stated below.  

In order to obtain syn-derived DC, monocytes were isolated and treated with 5 g/ml 

of syn. DC were further differentiated from those monocytes in the presence of IL-4 

and GM CSF. These cells are referred to as syn-derived DC, while regularly cultured 

DC (without syn presence) are referred as control DC. After 7 days in culture, some 

of these cells cultured with or without syn were also LPS-matured. 

DC phenotype was assessed by FACS analysis according the protocol described in the 

Section 2.2.6. 

RNA Isolation was explained in the Section 2.2.3.   
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5.2.2 One Step RT-PCR 

Method One-Step RT-PCR kit is explained in the Section 2.2.4 of this thesis. Primers 

and quantities of mRNA used in reactions are shown in Table 5.1. Conditions used for 

One Step RT PCR were as follows: 55C for 30 min, 94C for 15 min, followed by 25 

cycles of 94C/30 sec, 57C/30 sec and 72C/1min for IL-10, 50C for 30 min, 95C for 

15 min, followed by 25 cycles of 94C/30 sec, 60C/30 sec and 72C/1min for IL-

12p40, while for COX-2 and GAPDH conditions were 50C for 30 min, 95C for 15 

min, followed by 25 cycles of 94C/30 sec, 58C/30 sec and 72C/1min. PCR products 

were run on 1% agarose gel and image of the gel was taken with Typhoon with Kodak 

ID image analysis software (Eastman Kodak, Rochester, NY). The results were 

normalised with GAPDH using Image Quant software (Molecular Dynamics, 

Sunnyvale, CA). 

Table 5.1 Primer sequence used for detection of cytokine expression 

gene Forward primer Reversed primer mRNA 

 (g) 

IL-10 5′-CATCAAGGCGCATGTGAACT-3′ 
5′-CTGATGTCTCAGTTTCGTATCTTCATTG-

3′ 
0.25 

IL-
12p40 5’-AACCTCACCTGTACACGCC-3’ 5’-CAAGTCCATGTTTCTTTGCACG-3’ 0.25 

COX-2 
5’-TTCAAATGAGATTGTGGGAAAATTGCT-

3’ 
5’-GATCATCTCTGCCTGAGTATCTT-3’ 0.5 

 

 

5.2.3 Real Time Quantitative One Step RT PCR  

For quantitative One Step RT PCR, preoptimised TaqMan primer/probes for IL-6, IL-

10, and the house-keeping 18S rRNA genes (Applied Biosystems, Melbourne, 

Australia) were combined in duplex PCR reactions performed in an iCycler thermal 
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cycler (Bio-Rad). Relative expression of these genes was normalised to 18S rRNA and 

expressed as percentages of the mRNA expression in the control sample. 

5.2.4 Luminex 

Cytokine and chemokine production by DC following syn stimulation was measured 

using the 18-plex Beadlyte Human multi-cytokine beadmaster kit (Millipore, St. 

Charles, MO, USA) as instructed by manufacturer. All supernatants were diluted 2X 

and assayed. Briefly, 50 l of each standard and supernatant were added to pre-wet 

filter plate wells and 25 l of 1X bead solution was added, gently vortexed and 

incubated for 2 hours in the dark at RT with mixing at low speed. Liquid was removed 

by vacuum, and wells were washed with 50 l of assay buffer, vortexed and vacuumed 

three times. Beads were then resuspended in 75 l of assay buffer, mixed and 25 l of 

reporter solution (biotin) was added to each well, gently vortexed and incubated with 

mixing for 1.5 hours in dark at RT. Streptavidin-Phycoerythrin (25 l) was added to 

each well and following 30 min incubation in dark at RT and shaking, 25 l of stop 

solution (0.2 % formaldehyde in PBS, pH 7.4) was added, gently vortexed and 

following 5 min. incubation vacuum was applied to remove liquid. Beads were 

resuspended in 125 l of sheath fluid, gently vortexed and shook for 1 min and results 

were read on Luminex 200 Instrument (Perkin Elmer, Australia) using IS 2.3 software. 

5.2.5 Statistical analysis 

Assay data are expressed as mean +/- standard error of the mean (SEM). Statistical 

analysis was performed using an unpaired Student’s t test (Prism). A value of p< 0.05 

was considered significant. 
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5.3 RESULTS 

5.3.1 Influence of syn on DC phenotype 

 Effects of syn on hMoDC differentiation (syn-derived DC) 

syn  is  released  and  its  levels  are  elevated   in  plasma  and  tissues  in chronic  

diseases  such  as  PD.  As  a  consequence,  DC  precursors,  monocytes  are likely to 

be exposed to syn in the blood or in inflamed tissues and be modified in terms of 

their differentiation into hMoDC. Therefore, to test the hypothesis that syn modulates 

DC differentiation, syn-derived DC were cultured and analysed.  

syn-derived DC had the same morphology as control hMoDC and there was no 

difference in cell size or cell surface complexity when observed by light microscopy or 

by FACS analysis (as detected by forward-side (FCS–SSC) scatter), in which FCS 

represents sell size and SSC cell surface complexity. In addition, cytotoxicity caused by 

syn was not observed during DC differentiation, as determined by cell counts with 

Trypan blue exclusion.  

Expression of surface markers characteristic of hMoDC, such as CD1a, maturation 

markers CD80, CD86 and MHC class II antigens (HLA DR) and the absence of CD14 

(monocyte marker) were assessed on syn-derived and on control immature hMoDC 

(Table 5.2, Figure 5.1). Interestingly, some differences in the expression profiles were 

observed among donors. As expected, control immature DC expressed high levels of 

CD1a and little CD14 (CD14¯ CD1a+). All hMoDC expressed little or no CD86 and 

HLA-DR, while CD80 expression was relatively high. However, in syn-derived DC 

the level of expression of these markers was affected. The expression of CD1a was 

down-regulated and the number of CD1a¯ cells was increased from 0% to 50%. Co-

stimulatory molecule CD80 expression was also down-regulated, 37.5% of syn-
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derived DC were CD80¯ in comparison to 0% in control DC. Expression of the 

monocyte marker CD14 and co-stimulatory molecule CD86 was increased for 37.5% 

and 50% respectively, relative to immature, control hMoDC. The HLA-DR molecules 

were expressed to a similar extent as in control hMoDC.  

The individual differences in the level of expression of assessed molecules was detected 

in DC derived from different donors (n=8). These differences, observed under standard 

culturing conditions, are almost certainly due to the influence of specific in vivo 

microenvironment, such as acute or chronic inflammation, virus infection or allergic 

reaction which could then influence DC phenotype.    

The increased expression of monocyte marker, CD14+ was detected in all syn-

derived DC, compared to control DC, with mean fluorescent intensities (MFI) ± SEM of 

1272.8 ± 62.91 and 457.1 ± 87.2, respectively. Similarly, decreased expression of 

CD1a+ (MFI, 1918 ± 707.5 vs. 4080 ± 671.6) and CD80 (MFI, 1872 ± 633.0 vs. 2292 ± 

634.0) in syn-derived DC was measured compared with donor-matched control DC 

(Figure 5.1), suggesting that -syn interferes with DC differentiation from monocytes.  
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a) Control DC 

 

  

 

 

 

 

b) -syn-derived DC  

 

 

 

 

 

 

c)  

  CD14    
(%) 

CD1a   
(%) 

CD80    
(%) 

CD86    
(%) 

HLA-DR 
(%) 

negative 100 0 0 100 62.5 

low 0 25 25 0 25 MoDC 

high 0 87.5 75 0 12.5 

negative 62.5 50 37.5 50 50 

low 37.5 25 12.5 25 25 
syn-
derived 

DC high 0 25 50 25 25 

Table 5.2 Effects of syn on DC phenotype: CD14, CD1a, CD80, CD86, and 

HLA-DR expression. (a) Control hMoDC (from 8 donors) (b) and syn-derived DC 

(from 8 donors) were labelled with CD14+, CD1a+, CD80, CD86 or HLA-DR Ab, and 

their expression was analysed by flow cytometry. The level of expression was presented 

as “+” for high, “+/-“ low and “-“ for no expression. c) Percentage of donors who had 

high, low and “no” expression of analysed markers in the hMoDC and syn-derived 

DC. 

Donors 
CD14 CD1A CD80 CD86 

HLA-
DR 

1 - + + - +/- 
2 - + + - - 
3 - + + - +/- 
4 - + + - + 
5 - + + - - 
6 - +/- + - - 
7 - + +/- - - 
8 - + +/- - - 

Donors 
CD14 CD1A CD80 CD86 

HLA-
DR 

1 - + + + + 
2 +/- +/- + - +/- 
3 +/- - + - - 
4 +/- +/- + - + 
5 - - - +/- - 
6 - - - +/- - 
7 - - - + +/- 
8 - + +/- - - 
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Figure 5.1 CD14, CD1a, CD80, CD86, and HLA-DR expression in hMoDC and 

syn-derived DC. Histograms demonstrating CD14, CD1a, CD80, CD86 and HLA-

DR expression in response to presence of syn during DC differentiation from 

monocyte (blue line), relative to unstimulated hMoDC (red line) from 8 donors, 

analysed by FACS. Donor 5 (see Table 5.2) is presented in this Figure.    

 
Maturation of syn-derived DC - To examine the capacity of synuclein-derived 

DC to mature, immature DC (control and syn-derived) were exposed to LPS for 24 h 

and the expression of CD14, CD1a, CD80, CD86, and HLA-DR was assessed by 

FACS. Both, the control and syn-derived mature DC had a normal phenotypic profile 

as the increased expression of CD80, CD86 and HLA-DR was detected in both cell 

populations, compared to immature DC. Expression of CD14 and CD1a molecules did 

not change with maturation of syn-derived or control DC.  
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Figure 5.2 Comparative FACS analysis of LPS-matured control DC and syn-

derived DC - Histograms demonstrate CD80, CD86 and HLA-DR expression in control 

(red line) and syn-derived DC (blue line) in a) immature DC and b) LPS-matured 

DC. n=4. Data for all four donors was highly consistent. 

 Effect of exogenous syn on hMoDC 

Depending on the microenvironment and the nature of the signals that DC receive, DC 

produce certain sets of T-cell polarising cytokines and inflammatory mediators. To 

evaluate whether syn stimulation modulates hMoDC maturation, cells were 

stimulated for 24 or 48 h with the syn, syn aggregates, LPS or with syn/LPS, 

syn aggregates/LPS mix and then analysed for the expression of phenotypic markers 

expressed on mature DC. As shown in Figure 5.3, LPS stimulation, or co-stimulation with 

LPS and -syn resulted in increased expression of CD80, CD86 and HLA DR.  syn 

or syn aggregates did not change the expression of co-stimulatory molecules or 

HLA-DC (Figure 5.3). 
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Figure 5.3 Effects of syn on CD80, CD86, and HLA-DR expression. Cells were 

stimulated for 24 h with syn (1 g/ml, 5 g/ml or 10 g/ml) or -syn aggregates (1 

g/ml, 5 g/ml or 10 g/ml), LPS or with LPS+syn or LPS+syn aggregates. 

hMoDC were labelled with CD80, CD86 or HLA-DR Ab, and expression of these 

proteins was analysed by flow cytometry. (a) Histograms show CD80, CD86, and HLA-

DR expression in response to LPS (positive control; green line), unstimulated DC (red 

line), LPS+syn mixture (blue line) and LPS+syn aggregates(brown line) (b) 

Expression of CD80, CD86, and HLA-DR in hMoDC stimulated with 1 g/ml of syn 

(green line) or syn aggregates (blue line) (c) with 5 g/ml syn (green line) or 

syn aggregates (blue line), or (d) with 10 g/ml syn (green line) or syn 

aggregates (blue line). n=10 

 

5.3.2 Cytokine and chemokine production of syn-stimulated hMoDC 

One of the important parameters of DC maturation is their ability to produce cytokines 

and chemokines. To assess whether syn stimulation of hMoDC affects the expression 

profile of cytokines and chemokines, hMoDC were treated with syn for 18 or 24 

hours. The release of the cytokines and chemokines was assessed by ELISA (IL-12p40, 

CD80 

CD86 

HLA DR 

a) b) c) d) 
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IL-12p70, IL-10) or with Luminex-based assay (18-plex assay for: G-CSF, IFN-, 

IFN-2, TNF IL-1, IL-1, IL-6, IL-8, IL-10, IL-12(p70), IL-13, IL-15, IP-10, 

CCL2, CCL7, CCL3, CCL4 and CCL5).  

Cytokine Expression - Biologically active IL-12p70 cytokine is a heterodimeric 

glycoprotein composed of disulphide-bonded IL-12p35 (35 kD) and IL-12p40 (40kD) 

subunits and is strong inducer of Th1 immune response 573. Importantly, IL-12p40 in the 

absence of p35 expression, acts as an IL-12 antagonist 127. However, in response to 

syn stimulation, the production of neither, IL-12p70 nor IL-12p40 was affected 

(Figure 5.4).  

IL-10 is anti-inflammatory cytokine with ability to inhibit IL-12 production by DC 574. 

Its production, as determined by ELISA and Luminex, was not affected in hMoDC 

stimulated with syn (Figure 5.5 and Figure 5.6).  

IL-12p70

co
ntro

l

g/m
l 1

8h



-s
yn

 1



g/m
l  

18
h



-s
yn

 5



0

1

2

3

4

5

6

7

n=3

stimulation

p
g

/m
l

 

 

 

a) 



Function of synuclein in hMoDC Phenotypes  

 148

b) 

   

IL-12p40

co
ntro

l

g/m
l 1

8h



-s
yn

 1



g/m
l 1

8h



-s
yn

 5



0

20

40

60

80

100

120

140

n=3

stimulation

p
g

/m
l

 

Figure 5.4 Production of IL-12 following syn stimulation of hMoDC - (a) 

Production IL-12p70 (pg/ml) and (b) IL-12p40 (pg/ml) in the supernatants of hMoDC 

following 18-hour stimulation with α-syn (1 and 5 g/ml) was assessed by ELISA. All 

samples were done in duplicates, n=3. 

 

syn also does not influence of G-CSF, IFN-, IFN-2, TNF IL-1, IL-1, IL-6, IL-

10, IL-12(p70), IL-13, IL-15 as assessed by Luminex (Figure 5.6). Based on Beadlite kit 

(Luminex) with standard curve ranged 6.9-5000 pg/ml, the level of IL-1 and IL-1 

cytokines was below detection level of the method. This data strongly indicate that -

syn did not affect their production. 
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Figure 5.5 syn effects on production of IL-10 in hMoDC - IL-10 (pg/ml) in the 

supernatants of hMoDC following 18-hour stimulation with α-syn (1, 5 and 10 g/ml) 

determined by specific ELISA. All samples were done in duplicates, n=4.  



Chemokine expression - Circulating blood DC express a variety of chemokine 

receptors, CCR1, CCR2, CCR3, CCR5, and CXCR4 575. They have been shown to 

respond to CC chemokines CCL2, CCL8, CCL13, CCL5, and CCL11 575 and to some 

cytokines such as IL-8. Migration of monocytes and immature DC to inflammatory sites 

may be regulated by expression of these chemokines. 576. Production of IL-8, interferon-

inducible protein 10 (IP-10), CCL2, CCL7, CCL3, CCL4 and CCL5 chemokines by 

hMoDC following 24-hours stimulation with syn, was assessed with Luminex 

(Beadlite kit). In contrast to its effect on cytokine, syn up-regulates the expression of 

CCL2, CCL4, CCL5 and IL-8, while inhibiting production of IP-10. CCL3 production 

was not affected by syn stimulation (Figure 5.6). CCL7 expression was below the 

assay’s limit of detection.  
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Figure 5.6 Effects of syn on cytokines and chemokines production by hMoDC - hMoDC were stimulated with 5 g/ml of syn for 

24 h and supernatant were collected and assessed for the release of cytokines such as G-CSF, IFN-, IFN-2, TNF IL-1, IL-1, IL-6, 

IL-8, IL-10, IL-12p70, IL-13, IL-15, IP-10 and chemokines such as CCL2, CCL7, CCL3, CCL4 and CCL5 in 18-plex assay. Results are 

mean ± SEM, from 4 donors. 
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5.3.3 Production of eicosanoids of syn-stimulated hMoDC 

Prostaglandins and leukotrienes are potent eicosanoid lipid mediators. PGE2 and 

cysLTs are part of the mediator milieu involved in numerous homeostatic biological 

functions and inflammation.  

It has been shown that DC produces PGE2 and that LPS-induced maturation of myeloid 

DC leads to rapid expression of COX-2 and synthesis of PGE2 577. PGE2 facilitates DC 

maturation and the development of strong Th2 responses 67, 68. It is also considered to be 

a potent mediator of repair of the airway epithelium and stroma 578. CysLTs as pro-

inflammatory mediators up-regulate Th1 and Th2 cytokine expression and play a role in 

the recruitment of eosinophils into the lung leading to asthma exacerbations. LTC4
 

produced by DC during their initial exposure to Ag is a critical for their migration to 

regional lymph nodes, and their production of cytokines required to induce T cell 

responses 579. Therefore, I explored whether syn modulates release of PGE2 and 

cysLTs . 

 syn stimulation of hMoDC did not significantly affect PGE2 production, as shown 

in Figure 5.7, or COX-2 expression. COX-2 is an inducible gene and since syn did 

not stimulate its mRNA expression, it could not be detected by RT-PCR. In contrast, 

syn significantly increased the production of cysLTs, as shown in Figure 5.8. syn 

concentrations of 1 and 5 g/ml significantly up regulated cysLT production, but this 

did not reach statistical significance for an syn concentration of 10 g/ml.  
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Figure 5.7 PGE2 production following syn stimulation of hMoDC. PGE2 was 

measured in the supernatants of hMoDC following 18-hour stimulation with 1 or 5 

g/ml of α-syn by EIA. All samples were assayed in duplicates, n=3. Results represent 

the amount of cytokine in pg/ml per 106 cells. 
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Figure 5.8 Syn increases Cysteinyl Leukotriene release. CysLTs were detected in 

the supernatants of hMoDC following 18-hour stimulation with α-syn (1, 5 or 10 

g/ml), LPS (1 g/ml) or mixture LPS+syn (5 g/ml) using EIA. All samples were 

done in duplicate, n=5.  
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5.4 DISCUSSION 

In adults, a-syn is expressed in CNS and in the cells of the immune system. Although 

the function of syn is not completely clear, there is accumulating evidence that it 

might be important in inflammation. Since I observed that hMoDC express syn and 

its expression is modulated with proinflammatory stimuli, I further explored the role of 

syn in the differentiation and function of hMoDC. In this chapter, the results 

highlight that syn affects the differentiation but not the maturation of hMoDC. 

Effects of syn on differentiation of DC (syn-derived DC) 

The presence of syn during hMoDC differentiation from monocytes inhibited the 

expression of cell surface CD1a leading to an increase in the number of cells with 

CD1a¯/CD1low DC phenotype. CD1a molecules are known to play an important role in 

the presentation of microbial lipid antigens to T-cells and the initiation of host adaptive 

immune defence against microbial pathogens 580. Expression of CD1a on DC may be 

regulated by signals in the microenvironment, but the underlying mechanisms by which 

exogenous factors affect their expression are poorly understood 581, 582. 

Immunoglobulins however are thought to modulate CD1a expression and so promote a 

CD1a¯ phenotype 583.  

One of the possible mechanisms by which syn might regulate DC differentiation is 

via lipid methabolism. Cardiolipin is a mitochondria-specific phospholipid that reduces 

CD1a expression via activation of peroxisome proliferator-activated receptor (PPAR) 

transcription factor and PPAR 584, 585. Activation of PPAR during DC differentiation 

down-regulates the expression of costimulatory molecules such as CD83, CD80, CD54, 

CD40 and MHC class II molecules 585. Interestingly, I showed that syn-derived DC 

had an impaired expression of CD1a and CD80. Importantly, syn is involved in lipid 
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metabolism and may function as an apolipoprotein 413, 586, 587. Cardiolipin precursor 

phosphatidylglycerol (PtdGro) is a phospholipid which binds to syn 377, 588. It has 

been suggested that syn may have a role in the transfer of PtdGro to mitochondria for 

subsequent cardiolipin biosynthesis 589. Based on these facts, it is possible that syn 

exposure leads to an increase in cardiolipin expression and consequent activation of 

PPAR transcription factor in monocytes, which would facilitate the production of 

CD1a¯ DC.   

In LPS-matured -syn-derived DC expression of CD1a molecules was not altered, 

while expression of CD80 co-stimulatory molecule was up-regulated. Therefore, the 

data in this Chapter supports the hypothesis that differentiation of CD1a¯ cells to 

CD1alow and later to CD1a+ cells represents consecutive steps of hMoDC differentiation 

that can be terminated by inflammatory signals. It seems that exposure to syn results 

in DC being maintained in a less differentiated state. 

Recent reports show that CD1a¯ immature hMoDC possess a greater capacity to 

internalise antigens compared to CD1a+ cells. Both activated subtypes have similar 

migratory and T-cell-activating capacities, but differ in their cytokine and chemokine 

profiles, which translates into having distinct T-lymphocyte–polarising potential. CD1a+ 

hMoDC secrete high amounts of IL-12p70 and CCL1 590, while CD1a¯ hMoDC do not 

produce IL-12 but release high level of IL-10 leading to Th0/Th2 response. It has been 

suggested that CD1a+ cells may represent a more mature differentiated state than their 

CD1a¯ counterparts, suggesting that -syn might interfere with hMoDC differentiation.  

The consequences of syn-derived DC having an altered phenotype and thereby 

function was investigated in the context of DC migration and the results are presented 

and discussed in Chapter 6 of this Thesis. 
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Effects of exogenous syn on hMoDC  

In contrast to syn-derived DC, syn stimulation of differentiated hMoDC did not 

induce or affect LPS-induced maturation of these cells. Pro-inflammatory cytokine 

production was also not affected by syn application.  

-syn and CysLTs and a possible role in DC migration - CysLTs are found to be 

involved in migration of DC. In mice that lack enzymes involved in the synthesis of 

LTC4, DC migration to the CCR7 ligand CCL19 is strongly impaired 591. CysLTs act 

on DC to make them chemotactically responsive to CCL19 591. The finding that syn 

up-regulates CysLTs in DC suggests that syn might be involved in the regulation of 

hMoDC migration. 

Syn also stimulates expression of CCL2, CCL4, CCL5 (RANTES) and CXCL8 (IL-

8) chemokines in hMoDC. These cytokines have the ability to induce migration of 

lymphocytes 592 and to promote an increased recruitment of monocytes and immature 

DC. In contrast, syn inhibits expression of chemokine CXCL10 (IP-10), known to be 

important chemoattractant for activated Th1 cells 593. As described in several models of 

lung inflammation, IP-10 is an inhibitor of CCR3 ligand eotaxin (CCL11) 572, a potent 

eosinophil chemoattractant and an indicator of Th2 responses. Therefore, by down-

regulating IP-10, syn might facilitate accumulation of eosinophils and promote Th2 

response. -syn also increases production of the cytokine IL-8, that also has a role in 

leukocyte migration 594. Thus, by affecting the cytokine and chemokine production of 

hMoDC, syn may be assisting in the recruitment of inflammatory cells, the homing 

of Th1 and Th2 effectors cells and cell activation and inflammatory mediator 

production.   
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Conlusion 

This is the first that syn has been shown to influence DC differentiation. syn 

promotes the development of hMoDC that are less differentiated, suggesting the 

possibility that -syn may have a role in the development of tolerogenic DC. syn 

appears to have the potential to influence migration of inflammatory cells on multiple 

levels. Hence, during DC differentiation and maturation, syn might influence 

immune and chemotactic functions of DC, and therefore might be potential candidate 

for future therapies in inflammatory disease. 
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5.5 SUMMARY 

 

 Exposure of monocytes to syn leads to the development of less differentiated 

CD1a¯ CD80¯ DC 

 syn does not induce or modulate LPS-induced maturation of hMoDC 

 Production of pro- and anti-inflammatory cytokine by hMoDC was not affected 

by syn stimulation  

 syn induces production of cysLTs by hMoDC 

 Stimulation of hMoDC leads to increase production of CCL2, CCL4, CCL5 and 

IL-8 chemokines 

 IP-10 chemokine is down-regulated with syn stimulation of hMoDC 

 

 

 

 

 

 

 

 



 

  

CHAPTER 6 
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6 FUNCTION OF SYNUCLEIN IN DC MIGRATION  

6.1 INTRODUCTION 

One of the most important characteristics of DC is their capacity to migrate. DC are 

motile in all stages of their differentiation and maturation.  

Differences in the migration of immature DC during steady-state or inflammation as 

well as the migration of mature DC towards lymph nodes are the consequences of 

differential expression of specific G protein coupled receptors, including the chemokine 

receptors (CCR) 82, Kinin receptors (B1R and B2R) 78 and Sphingosine-1-phosphate 

receptors (S1P1 – S1P5) 
595 on DC as well as the release of their corresponding ligands.  

 The localisation of immature DC in normal tissues is thought to be mediated by 

constitutively expressed chemokines (e.g., CXCL12 and CCL22) acting via chemokine 

receptors CXCR4 and CCR4 95. The increased recruitment of blood precursors and 

immature DC in inflammatory states involves inducible chemokines such as CCL7 and 

RANTES and the expression of their corresponding receptors, CCR1 and CCR5 95. 

Maturation of DC is followed by down-regulation of CCR1 and CCR5, and up-

regulation of CCR7 96. Lymph-node directed migration is mediated through CCR7 

expressed on mature DC which is responsive to the cytokines CCL19 and CCL21, 

released by lymph nodes 96. 

Chemokine receptor signalling requires interaction with lipid rafts 596, specialised 

membrane micro-domains. These structures are involved in cell signalling and in 

cytoskeletal re-arrangements which play an important role in directional migration 597.  
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Syn has been shown to bind to sphingolipid ganglioside-monosialic acid (GM)1 in 

lipid rafts 597 and to have the capacity to modify cell adhesion 438, and therefore -syn 

may affect cell migration. Regulation of adhesion is critical for cell movement 597. 

Adhesion is particularly important for immune cells during homing, inflammation, and 

adaptive immune responses. In neurodegenerative diseases syn and syn aggregates 

are released from dying neurones and results in simultaneous recruitment of DC 

progenitors – monocytes and immature DC to damaged neuronal tissue. Cells recruited 

to these sites of inflammation are exposed to syn. In Chapter 5 monocytes stimulated 

with syn differentiate to syn-derived DC that are a less differentiated phenotype 

then non-exposed hMoDC. Exogenous syn also affects the function of differentiated 

hMoDC by modifying their production of chemokines. These data suggest that -syn 

may have an important role in DC migration. -syn up-regulates CysLT synthesis and 

release. CysLTs have also been shown to have an important role in DC migration 591. In 

this Chapter I present further data relating to the role of -syn in cell migration. Theses 

results are quite novel as there is no published data on this topic.  

 

I hypothesised that: syn plays a role in the recruitment of DC to tissue compartments 

during inflammation by impacting on their migration. 

This Chapter addresses the effect of exposing hMoDC to syn and syn aggregates 

with respect to their migratory responses to chemokines in vitro. This involved studying 

the effect of exposure on syn derived, immature and mature hMoDC. To better 

understand the mechanisms involved the influence of exogenous syn on the 

expression of CCR5 and CCR7 chemokine receptors by hMoDC was investigated. 
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6.2 METHODS 

6.2.1 Cell culture stimulation 

hMoDC were cultured using the standard protocol described in Section 2.2.1. At day 

seven, cells were collected and stimulated with maturation-inducing stimuli such as LPS 

(1 g/ml) or TNF (50 ng/ml). Then, mature DC were treated for an additional 24h 

with syn (5 g/ml), or left without -syn-stimulation.  

In order to obtain, syn-derived DC, monocytes were isolated and cultured for 7 days 

in the presence of IL-4 and GM CSF, as usual, but with the addition of 5 g/ml of 

syn (see Chapter 5). After 7 days in culture, half of the hMoDC that had been 

cultured with or without syn were matured with LPS.  

The migration assays were performed in media supplemented with 1% FCS and 

cytokines.  

Expression of CCR5 and CCR7 in immature and LPS-matured syn-derived DC was 

assessed by FACS. To determine the influence of syn on the expression of 

chemokine receptors, immature or mature MoDC were treated for 3, 6, 12 and 24 h with 

syn, and then CCR5 and CCR7 protein expression was measured using FACS.  

6.2.2 Migration assay 

To assess the influence of syn on immature and mature DC migration, the migration 

assay was performed in Trans-well chambers (5 m pores; Corning Inc., Hallam, VIC, 

Australia). 106 cells were seeded in the upper chamber and were allowed to migrate 

towards different chemotactic molecules in the lower chamber for 4 h. The 

chemoattractants used were: syn (5 g/ml or 10 g/ml), syn aggregates (5 g/ml), 

FCS (10%) (non-specific positive control), CCL5 (RANTES, 100 ng/ml; R&D 
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Systems) (positive control for immature DC), or CCL19 (200 ng/ml) (positive control 

for mature DC) 78. syn aggregates were formed by incubation of syn solution (5 

g/ml) at 37 °C, pH 7.4, for 3 days 598. Cells were allowed to migrate for 4-hours and 

then the outer side of the membrane of the Trans-well inserts was rinsed and migrated 

cells in the lower chamber were harvested, stained with Trypan blue and counted.  

Chemokinesis was assessed by using the same concentration of syn in the upper and 

in the lower chamber, so that a concentration gradient did not occur. Results were 

expressed as a migration index. The migration index is a number of migrating cells 

towards the stimulus divided by the number of cells migrating toward the medium alone 

(negative control). 

6.2.3 FACS 

FACS analysis was performed as described in Section 2.2.6. Cells were dual-labelled 

with anti human CCR5 Ab conjugated with APC (in dilution 1:5) and anti human CCR7 

Ab, PECY7 conjugated, in dilution 1:10, for 30 min. in the dark at RT. Analysis was 

performed based on 10 000 cells for each condition using a FACS Canto II Flow 

Cytometer (BD Biosciences). Data were analysed using FlowJo software. 

6.2.4 Statistical analysis 

Data are expressed as the mean of the migration index +/- standard error of the mean 

(SEM). Statistical analysis was performed using an unpaired Student’s t test (GraphPad 

Prism). A value of p< 0.05 was considered significant. 
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6.3 RESULTS 

6.3.1 Migration of immature DC 

syn is a chemoattractant for immature MoDC. Based on the fact that syn is 

associated with proteins involved in cell migration and adhesion; and the results in 

Chapter 5 showing that syn increased the expression of chemokines I hypothesised 

that syn influences migration of MoDC by attracting them to sites of inflammation. 

To test this hypothesis, an syn concentration gradient was formed in Trans-well 

chambers and DC were allowed to migrate towards it. I found that syn (5 g/ml) 

induced migration of immature DC, while this effect was reduced at higher 

concentrations of syn (10 g/ml) (See Figure 6.1.a).  

Chemokinesis of syn. The experiments also addressed whether syn only 

stimulated the motile apparatus of DC causing locomotion (chemokinesis) or stimulated 

directed migration of DC toward the stimulus (chemotaxis). The results indicate that 

syn does not increase chemokinesis since a similar number of cells was found in the 

control wells and in the wells where chemokinesis was assessed. In contrast, there was a 

significant increase in the number of DC obtained in the wells where directed migration 

was measured (Figure 6.1.a and 6.1.b).  

Effects of syn aggregates on immature hMoDC migration. Aggregates of syn 

are formed at sites of neurodegeneration and are involved in neuronal death 470. 

Accumulation of -syn aggregates, correlates with inflammation of neuronal tissues 263, 

264. Therefore, I hypothesised that syn aggregates could be responsible for attracting 

DC to sites of inflammation. However, ability of syn aggregates to induce immature 

hMoDC migration was reduced comparing to soluble syn (Figure 6.1.a). 
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syn does not modulate chemokine-directed migration of hMoDC. Since DC are 

exposed to a complex array of pro-inflammatory mediators, cytokines, neuropeptides 

and chemokines at sites of inflammation, the question of whether simultaneous 

exposure of hMoDC to syn and key chemokines modulates their capacity to migrate 

needed to be addressed. To determine if syn was able to increase or prevent 

migration of immature DC to the chemokine RANTES (CCL5), syn (5 g/ml) was 

added to DC in the upper chamber and cells were allowed to migrate towards RANTES 

in the lower chamber. syn did not appear to modulate the chemotactic response of 

immature DC toward RANTES (See Figure 6.1.a).  
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Figure 6.1 α-synuclein induces immature hMoDC migration - a) Immature hMoDC 

in medium supplemented with 1% FCS were allowed to migrate towards 10% FCS 

(positive control), α-syn (5 g/ml or 10 g/ml) α-syn aggregates (5 g/ml) or RANTES 

(100 ng/ml). b) To assess whether syn induces chemokinesis, syn was added in 

both, upper and lower chamber. After 4h, migrating DC were stained (Trypan blue) and 

counted. Results are presented as migration index. p<0.05 was considered significant 

n=10. Both, syn aggregates and soluble syn chemoattract immature hMoDC. 
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Migration of syn-stimulated MoDC. Syn is excreted from cells, released at sites 

of neurodegeneration and released by immune cells 499, 500, 599. To test if exposure to 

syn influences hMoDC behavior, the migration of syn-pretreated immature 

hMoDC (hMoDC stimulated with 5 g/ml of syn for 24 h) towards RANTES and 

syn alone was assessed. The migration of syn-pretreated DC toward RANTES 

was also tested when at the same time syn was added to the cells in the upper well 

(Figure 6.2). Interestingly, syn pretreatment diminished migration of hMoDC toward 

syn, while their ability to migrate towards RANTES was unchanged. When in 

addition to syn pretreatment, syn was added to hMoDC in the upper well of the 

migration chamber, migration towards RANTES was increased (Figure 6.2). 

neg
at

iv
e 

co
ntro

l
-s

yn


RANTES

-s
yn

+ce
lls

/m
ig

r R
ANTES



0

1

2

3

4

5

6

7

chemoattractant

m
ig

ra
ti

o
n

 i
n

d
ex

 

Figure 6.2 The effects of DC pre-treatment with syn on DC migration - 

Immature DC were stimulated with 5 g/ml of syn for 24 h before the migration 

assay was performed. DC were then allowed to migrate towards α-syn (5 g/ml) or 

RANTES (100 ng/ml). A separate set of experiments tested responsiveness to 

RANTES, when the cells were simultaneously exposed to -syn in the top chamber 

during the assay. After 4h, the migrating DC were stained (Trypan blue) and counted. 

Results from 3 independent experiments are presented as a migration index. Exposure 

of hMoDC to syn does not affect DC migration toward RANTES, but inhibits DC 

migration toward syn. 
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6.3.2 Migration of mature DC 

syn did not influence migration of mature DC. When LPS-matured DC were allowed 

to migrate towards syn, migration index showed a value close to baseline levels 

(Figure 6.3a). The ability of mature DC to migrate towards syn aggregates paralleled 

the results obtained for immature DC, with no migration observed. 
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Migration of TNF  matured DC
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Figure 6.3 Mature MoDC do not migrate towards syn - a) LPS- matured DC 

(1g/ml of LPS for 24 h) or b) TNF matured DC (50 M of TNF for 24 h), were 

allowed to migrate towards media alone (negative control), α-syn (5 g/ml), α-syn 

aggregates (5 g/ml) or CCL19 (200 ng/ml) (positive control) for 4 h. Migration is 

expressed as a migration index, n=3. 

a) 

b) 
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TNF-matured DC also lost their ability to migrate toward syn (Figure 6.3.b). As 

mature DC up-regulate CCR7, migration toward its ligand, chemoattractant CCL19 

(200 ng/ml) was used as a positive control. 

6.3.3 Migration of syn-derived DC 

To test whether syn, released from neuronal endings or from other immune cells, 

such as macrophages, can modify the behaviour of DC differentiated from -syn 

exposed monocytes, the chemotactic response of immature and LPS-matured, syn-

derived DC was assessed (Figure 6.4). syn-derived hMoDC showed increased 

migration (expressed as the migration index) toward RANTES and CCL19, compared 

to control hMoDC. Although they appeared to be more responsive to RANTES and 

CCL19 then their control counterparts, the differences were not statistically significant 

and a larger number of experiments are almost certainly needed. However the trend of 

an increase in the migration of DC obtained from -syn exposed monocytes observed 

for each individual donor was consistent.  
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Figure 6.4 Migration of DC differentiated from monocytes exposed to syn -

Following isolation, monocytes were exposed to syn (5 g/ml) during 7 days of 

culture. A proportion of DC from each of these populations was further matured with 

LPS (1g/ml for 24 h). DC that differentiated from -syn exposed and -syn not-

exposed monocytes were assessed for their migratory capacity. Migration towards 

RANTES (100 ng/ml) or CCL19 (200 ng/ml) was measured after 4 h. Results of three 

independent experiments are presented as the migration index. 

 

Effects of syn on the expression of chemokine receptors. Stimulation of hMoDC 

with syn affects migration of hMoDC not only toward -syn itself, but also toward 

chemokines. CCR7 receptor expression is up-regulated in during DC maturation but it is 

also expressed in immature DC and is essential for the steady-state migration of 

immature DC to lymph nodes under non-inflammatory conditions 55. Therefore to 

determine whether syn influences hMoDC migration by affecting the expression of 

chemokine receptors; CCR5 and CCR7 protein expression in immature DC and mature 

DC stimulated with syn was assessed. syn stimulation slightly decreased CCR5 

and CCR7 protein expression when compared with unstimulated immature hMoDC. 

The decrease was detectable only at 24-hour after stimulation, as determined by FACS 

(Figure 6.5). Stimulation of mature hMoDC with syn did not affect expression of 
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CCR5, but up-regulated CCR7 expression in comparison to unstimulated mature 

hMoDC (control DC) (Figure 6.5).  

 

 

Figure 6.5 syn effects on CCR5 and CCR7 expression in hMoDC - Following 

syn stimulation (5 g/ml) for 3, 6, 12 and 24 h in immature and LPS-matured 

hMoDC, the expression of CCR5 and CCR7 was assessed by FACS. The expression of 

CCR5 and CCR7, in unstimulated, immature hMoDC control cells are presented with 

the red line, 3h stimulation (blue line), 6h (green line), 12 h (orange line) and 24 h 

(turquoise line). Unstimulated mature hMoDC control cells are presented as blue line, 

3h (green line), 6 h (orange line), 12 h (turquoise line) and 24 h (pink line), n=4. syn 

up-regulates expression of CCR7 in mature hMoDC. 

 

Chemokine receptor expression is altered on syn-derived mature DC. The 

expression of CCR5 and CCR7 was also assessed in syn-derived DC and compared 

with expression of these receptors in control hMoDC. As shown in Figure 6.6, 

expression of both, CCR5 and CCR7 did not change in syn-derived immature DC, In 
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contrast, in syn-derived LPS-matured DC, CCR5 expression was up-regulated, while 

expression of CCR7 was down-regulated in comparison with control hMoDC. Changes 

in receptor expression could be due to syn effects on DC maturation in syn 

derived DC, since CCR5 is expressed on immature cells whereas CCR7 is typical for 

mature cells.  

 

Figure 6.6 Expression of CCR5 and CCR7 in syn-derived DC - syn-derived 

DC and control hMoDC were matured with LPS (1 g/ml) for 24 h, or left unstimulated 

and then stained for CCR5 and CCR7. Histograms show expression of CCR5 and CCR7 

in syn-derived immature and mature DC (blue line) relative to control cells (red line), 

n=4. Expression of CCR5 is increased while CCR7 expression is decreased in syn-

derived mature DC in comparison to mature hMoDC. 
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6.4 DISCUSSION 

Numerous biologically active substances including neuropeptides can alter DC 

migration 89, 93, 317, 600. The extent to which this applies for syn was explored in this 

chapter of the thesis. I have demonstrated that syn acts as strong chemoattractant for 

immature hMoDC with no ability to affect mature hMoDC migration. syn 

stimulation decreases CCR5 and CCR7 expression in immature MoDC. In mature DC, 

syn up-regulates expression of CCR7 chemokine receptor. In addition, syn-

derived DC differ in their ability to migrate towards RANTES and CCL19, from their 

control counterparts. In response to maturation, syn-derived DC displayed altered 

expression profile of chemokine receptors CCR5 and CCR7.  

Despite various maturation factors being able to influence the capacity of DC to 

migrate, syn was only able to influence DC migration but not maturation. However 

this is not unique as other molecules, such as kinins and TGF-1 are able to equally 

increase the capacity of DC to migrate by activating the DC motility apparatus through 

pathways other than those involved in maturation 78. 

Possible mechanisms involved in syn-induced chemotaxis 

syn receptor - syn was shown to act as a chemoattractant for immature hMoDC 

and this response was confirmed as true chemotaxis since no syn-induced 

chemokinesis (random migration) was detected. It has been suggested that syn enters 

the cell via phagocytosis 383 and that microglial endocytosis of aggregated syn may 

involve the classic clathrin-mediated endocytic pathway 601. A non-receptor-mediated 

mechanism for internalisation of syn has been shown to be important for microglial 

activation, rather than acting via the existence of a specific receptor 383. However, it has 

been suggested that an syn receptor exists 381 and that scavenger receptors are 
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responsible for the internalisation of syn 602. Furthermore, the proteomic analysis of 

plasma membrane proteins has identified several classes of proteins that might be 

important in the internalisation of syn. Among others vesicular trafficking and 

endocytosis/exocytosis associated proteins, cell membrane G-protein coupled receptors, 

membrane transporters and extracellular matrix proteins associated with syn and are 

suspected to be important in syn function in microglia 601.  

However, with respect to hMoDC it is very likely that a receptor exists. The evidence 

for this involves: a) a rapid response of hMoDC to syn stimulation, b) a reduction of 

migration with increase in syn concentration, c) inhibition of syn function as a 

chemoattractant with syn pre-incubation and d) differential migration pattern for 

immature and mature hMoDC. CCR7 receptor up-regulation was noticed only 3 hours 

following stimulations of mature hMoDC with syn, suggesting a relatively quick, 

receptor-mediated response. Additionally, higher syn concentration could lead to 

saturation of the receptor and therefore loss of function, while syn pre-incubation, 

apart from possible saturation of the receptor may down-regulate its expression by a 

negative feedback. Since chemokine receptors are G-protein coupled receptors and 

syn has been shown to associate with them in the lipids rafts, there is a significant 

possibility that the function of syn in DC migration is receptor-mediated. Findings 

that syn is a potent chemoattractant for immature, but not mature hMoDC may 

indicate that the process of hMoDC maturation causes a down-regulation of -syn 

putative receptor expression, or activation of different signalling pathways. A specific 

inhibitory effect of neuropeptides, such as CGRP, VIP and SN, on mature DC migration 

has been reported and has been suggested to be due to a switch between two different 

signal transduction pathways of the same receptor 317. The fact that syn aggregates 

are weaker chemoattractant for DC, indirectly supports the hypothesis that syn 



Function of synuclein in DC Migration 

 173

mediates its effects through the receptor. Thus, if the syn-induced chemotaxis is 

indeed receptor mediated, it is likely that the aggregates could not efficiently bind to the 

receptor.  

syn association with the lipid rafts - Another possible mechanism of syn 

involvement in hMoDC migration is its association with lipid rafts. Cell polarisation is 

crucial for directed migration. As previously mentioned (see Section 1.7.5.1) syn 

binds to ganglioside GM1 that is integral part of the leading edge of some cells like 

monocytes, and the rear edge (uropods) 439, 440 in other cell types. Although, a uniform 

pattern of distribution for GM1 on MoDC has been reported 603, there is no available 

data about GM1 localisation in the migrating DC. If it is present in lipid rafts of the 

leading edge, syn may facilitate the generation and persistence of lamellipodia. 

Another possibility is that syn facilitates the distribution of chemokine receptors, for 

example a redistribution and accumulation of CCR5 on the leading edge in immature 

DC which would facilitate cell migration towards its ligand RANTES. If syn is 

associated with uropods, it could facilitate migration by changing cell adhesion and 

assisting cells to detach. Hence, DC in vitro are cultured in a suspension and migration 

assays were performed in medium and as such the role of cell adhesion is not possible 

to assess.  

syn-induced activation of signalling pathways - hMoDC in the presence of syn 

respond better to RANTES. This may be explained in a hierarchy of chemoattractant 

sensitivity, in which dominant chemokines are controlled by the p38 MAPK signalling 

pathway, while ‘intermediate’ or ‘weaker’ chemokines are governed by a PI3K/Akt 

pathway and could be suppressed by the dominant one 604. These hierarchies may be 

relevant under physiological conditions in which overlapping chemoattractant gradients 

must direct cells to the appropriate tissues 597. syn was found to activate both PI3K 
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and p38 MAPK 382, 384. Since MAPK activation occurs rapidly following syn 

stimulation 381, 384, it seems likely that the PI3K pathway is repressed by syn and that 

migration toward dominant chemokines such as RANTES would be favoured.  

Effect of syn on expression of chemokine receptors 

Recent studies have suggested that cells actively secrete syn, both monomeric and 

aggregated forms, to the extracellular space 599. syn is also present in the plasma of 

Parkinson’s disease patients 499, 500. Since -syn down-regulates CCR5 chemokine 

receptor, it is feasible that syn in the circulation might cause immature DC to be less 

responsive to RANTES under inflammatory conditions thereby decreasing the number 

of immature DC present at sites of inflammation and controlling the intensity of the 

immune response.  

On the contrary, the data in this Chapter shows that if monocytes are exposed to syn 

before differentiation to DC, these DC respond to chemokines with increased migration. 

This is further supported by the data from LPS matured syn-derived DC which also 

showed a higher migration index when exposed to both, RANTES and CCL19. It is 

possible that syn induces maturational modifications including changes in chemokine 

receptor expression of syn-derived DC. In support to this, analysis of CCR5 and 

CCR7 expression in mature syn-derived DC showed that CCR5 expression was 

increased, while expression of CCR7 was down-regulated in comparison to control 

hMoDC. The observed increased migration of mature syn-derived DC towards CCR7 

ligand may be explained by the finding that stimulation of this receptor with CCL19 and 

CCL21 activates two signalling pathways which independently regulate chemotactic 

responses as well as the migratory speed of DC 605. Therefore, despite the fact that 
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syn down-regulates expression of CCR7, syn might promote migration of syn-

derived mature DC by actually enhancing their migratory speed. 

Proposed mechanism of action 

The finding that syn may play a role in DC migration is novel. In vivo, it is likely that 

syn is involved in the recruitment of immature DC to sites of inflammation. At these 

sites, exposure to other pro-inflammatory stimuli trigger DC maturation. Syn, by up-

regulating the expression of CCR7 chemokine receptor in mature DC, may also play a 

role in regulation of mature DC migration. In addition, syn increases the expression 

of Leukotrienes in DC (Figure 5.8), which further facilitates DC migration towards the 

CCL19 chemokine 51, 591, and migration of the mature DC to lymph nodes (Figure 6.7).  

 

 

 

Figure 6.7 Proposed mechanism of syn role in DC migration Explanation is in the 
text 

 

Lymph  
nodes 

Inflamed tissue

-syn 

Allergen/Pathogen

Immature DC Mature DC 

CCR7 Leukotrienes 

-syn



Function of synuclein in DC Migration 

 176

 

Conclusion 

The finding that syn induces chemotaxis of hMoDC is very relevant to our 

understanding of the regulation of DC function in vivo. As mentioned above, syn 

may attract immature DC to sites of inflammation including neurodegeneration. On the 

other hand, by over-expressing CCR7 chemokine receptor and indirectly by activating 

other molecules involved in migration, syn allows mature DC to reach lymph nodes 

more rapidly. syn has not previously been considered as being involved in the 

recruitment of DC. Discovery of syn’s role in DC migration may open the possibility 

of therapeutic intervention in chronic inflammatory and neurodegenerative diseases. 
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6.5 SUMMARY 

 

 

 syn is a chemoattractant for immature DC 

 Mature DC do not migrate towards an syn gradient 

 Pre-incubation of hMoDC with syn reduces the chemoattractant response to 

syn 

 syn stimulation of hMoDC causes down-regulation of chemokine receptors 

CCR5 and CCR7 in immature DC, and up-regulation of CCR7 in mature hMoDC 

 syn-derived mature DC express more CCR5 and less CCR7 chemokine receptors 

than mature MoDC and may represent a different DC phenotype 

 

 



 

 

 

CHAPTER 7 
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7 FUNCTION OF SYNUCLEIN IN DC SURVIVAL 

7.1 INTRODUCTION 

DC-apoptosis, or programmed cell death, plays an important role in controlling the 

prolongation or termination of immune and inflammatory reactions. Therefore, 

controlling apoptosis is one of the crucial regulatory features of the immune system and 

DC. As outlined in the Section 1.1.6, lifespan of a mature DC is relatively short, about 3 

days. These DC rapidly die in T-cell zones. Different signalling pathways are involved 

in controlling DC apoptosis.  

The exogenous factors influencing apoptosis are largely unknown. Syn has been 

shown to have a dual role in cell survival. Up-regulation of syn: in dopaminergic 

neurones, myeloma cell line IM-9, 293 human embryonic kidney (HEK) cells and HeLa 

cells leads to their apoptosis 415, 456, 606, while in a variety of neuronal cells its 

overexpression has a protective role 382, 457-460, 462, 607. The effect of syn on cell 

survival is concentration dependant. Syn at low concentrations protects neurones 

against serum deprivation and oxidative stress, whereas at higher concentrations, syn 

leads to cell death 382. 

There are common signalling pathways involved in synuclein-induced and DC 

apoptosis or alternatively survival. As such, synuclein may influence DC lifespan by 

affecting pro or anti-apoptotic members of the Bcl-2 family, such as Bcl-2, Bad, Bcl-xL 

and Bax, or by influencing activations of the caspase pathways. 
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Hypothesis 

synuclein protects DC from apoptosis and therefore, by extending DC life-span, may 

influence the immune response.  

Aim 

1. To determine the effects of syn on DC survival or apoptosis. 

2. To assess the underlying molecular mechanisms of syn affect on DC survival or 

apoptosis. 

 

7.2 METHODS 

7.2.1 Cell culture and stimulations of hMoDC 

hMoDC were cultured using the standard protocol described in Section 2.1.1. Following 

seven days in culture cells were collected and stimulated with LPS (1 g/ml), TNF (50 

ng/ml) or desArg9Bradykinin (10 M). To assess the influence of syn on DC 

survival, cells were additionally exposed to 5 g/ml syn for 24 h, unless stated 

otherwise. Ceramine, a known physiological apoptotic agent of DC (Sigma) (30, 60, 

120 and 240 M) was used to induce DC apoptosis and to act as a positive control and 

comparator and to see if additive affects was possible.  

7.2.2 Methyl-Tetrazolium Reduction (MTT) test 

Cell viability was measured using MTT cell viability assay. The cells were seeded at a 

density 5x105 cells/100 l culture medium in 96 well plate. Apoptosis of hMoDC was 
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induced with ceramine (0-240 M) in the presence or absence of syn (5 g/ml). After 

24 h, 10 μl of tetrazolium salt [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide] (MTT) was added on DC and incubated at 37oC for 3 hours to allow time for 

reaction of reduction of yellow MTT into purple insoluble formazan (MTT was reduced 

to formasan by mitochondrial dehydrogenases of viable cells). Formed formazan 

crystals were completely dissolved with 100 μl of Detergent Reagent and cell viability 

was assessed by colorimetry. The absorbance was measured on a Wallac VictorTM 

1420 Multilabel luminometer (Perkin Elmer, USA) at 570 nm. The viability of treated 

cells was related to the viability of control (not exposed to apoptotic agent) cells, which 

was expressed as 100%. Each experiment was performed in triplicate and independently 

repeated a minimum of three times. 

7.2.3 Detection of apoptosis 

For detection of apoptosis, an Apoptosis Detection Kit (BD Biosciences, Erembodegem, 

Belgium) was used according to the manufacturer’s instructions. Early marker of 

apoptosis, phosphatidyl-serine externalisation, was measured using PE-conjugated 

annexin-V, while 7-Amino-actinomycin D (7-AAD) was used to detect dead cells. 

Briefly, mature DC (1 x 106 cells) were stimulated with syn (5 g/ml) alone, 

ceramine (30, 60 or 120 M) alone, or with ceramine (30, 60 or 120 M) in the 

presence of syn (5 g/ml) for 4 h. Unstimulated and stimulated cells were collected 

and washed with cold PBS twice. Cells were then resuspend in 1ml of binding buffer 

(10 mM Hepes/NaOH pH 7.4, 140 mM NaCl, 2.5 mM CaCl2) and 100 l of cell 

suspension was stained with 5 l of Annexin V-PE and 5 l of 7-AAD. Following 15 

minutes incubation at RT in the dark, 400 l of binding buffer was added in each tube 

and analysis was performed within 1 hour. FACS Calibur with CellQuest software (BD 

Biosciences) was used for data acquisition and FlowJo was used for data analysis. 
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When staining for apoptosis and cell death, 10,000 cells were counted in each 

experiment. 

7.2.4 Real Time One Step RT-PCR 

Mature DC were stimulated with syn (1 g/ml) for 3 h or 24 h. Total mRNA was 

isolated as explained in Section 2.2.3 and Real Time One Step PCR was performed 

using SYBR green dye as previously described in Section 2.2.5. Primers used in PCR 

reactions are presented in Table 7.1 608, 609. 

 

Table 7.1 Sequences of primers used to assess expression of Bcl-2 family members 
 

Primer 
name 

Primer sequence 

Bax F 5’-AGA GGA TGA TTG CCG CCG T -3’ 
Bax R  5’-CAA CCA CCC TGG TCT TGG ATC -3’ 
Bcl2 F  5’-TGC ACC TGA CGC CCT TCA C -3’ 
Bcl2 R  5’-AGA CAG CCA GGA GAA ATC AAA CAG-3’ 
Bcl-xL F  5’-GTA AAC TGG GGT CGC ATT GT -3’ 
Bcl-xL R  5’-TGC TGC ATT GTT CCC ATA GA -3’ 
Bad F  5’-GAG TGA GCA GGA AGA CTC CAG C -3’ 
Bad R  5’-TCC ACA AAC TCG TCA CTC ATC C -3’ 
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7.3 RESULTS 

7.3.1 syn and viability of immature hMoDC 

To determine whether syn affects viability of DC, immature DC were treated with 

syn in the range of concentrations (0.1, 1, 5 and 10 g/ml) for 24 or 48 hours. As 

shown in the Figure 7.1 -syn did not change viability of immature DC as determine by 

MTT test.  
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Figure 7.1 Syn does not influence survival of immature hMoDC - Immature 

hMoDC after 7 days in culture were treated with 0.1, 1, 5 or 10 g/ml syn for 24 h 

(red line) or 48 h (blue line). Following stimulation, MTT test for cell viability was 

performed. Absorbance of developed formasane was measured at 570nm. Results are 

expressed as the mean absorbance. n=3 

 

To test the hypothesis that -syn has a protective role in DC survival, DC were treated 

with ceramine, an apoptotic-inducing stimulus, and the effects of exogenously added 

syn was assessed. Unexpectedly, -syn failed to protect immature DC and apoptosis 

of ceramine-induced cells was increased in the presence of syn (Figure 7.2).  
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Figure 7.2 Viability of immature hMoDC. a) Cells were treated with ceramine (30, 

60, 120 or 240 M) for 24 h, in the presence (blue line) or absence (black line) of 5 

syn g/ml. The results are presented as the percentage of surviving cells relative to 

control (ceramine-untreated cells). (b) Percentage of survival of hMoDC treated with 

ceramine alone (240 M) and cells treated with ceramine (240 M) in the presence of 

syn. DC viability was measured with MTT test. n=3, p=0.0064. 

 

However, when cells were treated with syn for 24 hours prior to exposure to 

ceramine, they were equally sensitive to ceramine-induced apoptosis in the presence or 

absence of syn (Figure 7.3). However, hMoDC pretreated with syn were generally 

more resistant to the effects of ceramine. So, ceramine concentration as high as 120 M 

did not cause apoptosis of DC, while in DC that were not syn-pre-treated, the same 

ceramine concentration caused 30% to 50% of cell death (Figure 7.2a). These data 

suggest that syn may condition immature hMoDC to be more resistant to apoptotic 

stimuli, possibly by influencing signaling pathways.  
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Figure 7.3 The effects of syn on viability of immature hMoDC - Following the 

pre-treatment of immature hMoDC with -syn (5 g/ml for 24 h), cells were exposed 

to ceramine alone (30, 60, 120 and 240 M) (black line) or to ceramine + -syn (5 

g/ml) (blue line). hMoDC viability was measured with MTT test, and results are 

shown as percentage of the survived cells in comparison to ceramine only treated 

hMoDC. n=4. 

 

7.3.2 Effect of syn on viability of mature hMoDC  

Furthermore, I explored whether exogenous -syn affects survival of LPS-matured 

hMoDC. In contrast to immature hMoDC, LPS-matured hMoDC were sensitive to 

syn (Figure 7.4) stimulation (24 h). Cells death occurred in 55% of mature hMoDC 

exposed to syn. 
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Figure 7.4 Effect of syn on immature and mature hMoDC viability - a) Immature 

hMoDC were treated with syn (5 g/ml) for 24 h. (b) hMoDC were matured with 

LPS for 24h and than were stimulated with syn (5 g/ml) for additional 24 h. MTT 

test was used to measure hMoDC viability, and results are showing the mean of 

absorbance (570 nm). n=3, p=0.0166. 

 

Co-stimulation of mature hMoDC with ceramine and syn decreased the viability of 

mature hMoDC, more so than in immature hMoDC (Figure 7.5). The majority of 

mature hMoDC (~80%) exposed to ceramine + -syn underwent apoptosis (in 

comparison to control, untreated cells) after 24 h even with the lowest ceramine 

concentration used. The syn effects on reduction in mature hMoDC viability is 

clearly visible when the survival of ceramine alone and ceramine with syn treated 

mature hMoDC are compared, with only 10% of cells treated under the latter conditions 

surviving. Ceramine only-treated cells are presented as 100 % in Figure 7.5. 
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Figure 7.5 Viability of LPS-matured DC - a) Apoptosis of LPS-matured hMoDC was 

induced with ceramine (30, 60, 120 and 240 M) for 24 h, in the presence (blue line) or 

absence (black line) of syn (5 g/ml). Results are presented as percentage of cell-

survival compared to untreated cells, labelled as a 100%; b) Survival of mature hMoDC 

treated with ceramine alone (240 M) in comparison to cells treated with ceramine (240 

M) and syn. Mature hMoDC viability was measured with MTT test. n=4, p=0.0001. 

  
To assess whether inflammatory states alter hMoDC response to -syn, hMoDC were 

treated with pro-inflammatory stimuli, such as TNF(Figure 7.6) or desArg9Brad 

(Figure 7.7) and then apoptosis induced with ceramine in the presence or absence of -

syn. Stimulation of hMoDC with TNF (10 nM) for 24 h did not result in any 

significantly increased cell sensitivity to ceramine-induced apoptosis in the presence of 

-syn compared to effects of ceramine alone (Figure 7.6).   
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Figure 7.6 Viability of TNF-matured hMoDC - Immature hMoDC were treated with 

TNFfor 24 h. Apoptosis was induced with ceramine (30, 60, 120 and 240 M) for 24 

h (black line), or with ceramine + syn (5 g/ml) (blue line). Viability of cells was 

measured by MTT test and survival rate (percentage of survival) is calculated relative to 

untreated cells. n=4 

 

Pretreatment of immature hMoDC with pro-inflammatory desArg9Brad for 24 h, 

followed by stimulation with ceramine and syn, showed that syn may protect 

hMoDC from ceramine-induced apoptosis (Figure 7.7). This moderate protection was 

present only at low ceramine concentrations (60 and 120 M) and was lost when cells 

were exposed to higher concentrations (240 M).   
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Figure 7.7 Viability of desArg9Brad -treated hMoDC - Immature hMoDC were pre-

treated with desArg9Brad for 24 h and than exposed to different concentrations of 

ceramine (30, 60, 120 and 240 M) for 24 h (black line) or to ceramine + syn (5 

g/ml) (red line). Viability of hMoDC was measured by MTT test and percentage of 

survival is calculated relative to untreated cells. n=4, p<0.001. 

 syn and apoptosis of DC

Apoptosis is programmed cell death. It is a process by which following activation of the 

apoptosis genes, damaged cells are harmlessly eliminated 610. In contrast, necrosis, an 

uncontrolled cell death, is characterised by the loss of cell membrane integrity and 

leakage of cellular constituents into the environment, leading to inflammation and 

widespread damage 610. Whether cells undergo apoptosis or necrosis can have 

significant consequences on immune response and inflammation.  

To determine whether syn induces apoptosis or necrosis, LPS-matured DC were 

exposed to ceramine alone, syn alone, or combined treatment (ceramine/syn) for 4 

h and double stained with Annexin V and 7-AAD to discriminate whether cells 

underwent apoptosis or necrosis.  
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The test I used is based upon the detection of  phosphatidyl serine (PS) localisation. In 

the early phases of apoptosis, PS is translo cated to the extern al surface of the cell 

membrane. Annexin V binds to PS. Because  of the intact cell mem brane, early 

apoptotic cells exclude dyes used to asse ss for cell viability, such as 7-AAD, wh ile 

necrotic cells do not 611. Therefore, during the initial phase of apoptosis, cells stain 

positive for PE-Annexin V and exclude 7- AAD uptake (f luorescence signal) while  

healthy cells are negative for PE-Annexin V.  Necrotic cells are also n egative for PE-

Annexin V binding but show 7-AAD uptake. Late apoptot ic cells are PE-Annexin V 

positive but since th eir membrane is becom ing fragile they can also be positiv e for 7-

AAD. As shown in Figure 7.8, syn induces apoptosis of mature DC, with no necrotic 

cell population detected.     
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Figure 7.8 Exogenous syn induces apoptosis of LPS-matured hMoDC. hMoDC 

were matured with LPS for 24 h. Cell death was induced by incubation (4 h) with syn 

(5 g/ml) alone, ceramine (30, 60 or 120 M) alone, or with ceramine (30, 60 or 120 

M) + syn (5 g/ml). Cells were stained with Annexin V and 7-AAD and assessed 

by FACS a) Dot plot of DC treated with syn which are differentially labelled with 

Annexin V and show different uptake of 7-AAD. Unstained, alive cells are positioned in 

the green circle, cells in the early apoptosis are showed in the red circle, cells in the late 

apoptosis are showed in the blue circle, whereas necrotic cells are in the black square. b) 

Histograms represent the percentage of DC undergoing apoptosis relative to the control, 

unstimulated cells. Results represent a mean value from 4 donors. p<0.05 was 

considered significant. These results show that syn alone induces apoptosis in mature 

hMoDC. 
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Bcl-2 family of pro- and anti-apoptotic proteins is one of the key regulators of DC 

longevity 198, 199. Furthermore, syn binds to and influences the expression of the 

members of this family. Therefore, to test wether syn-induced apoptosis in mature 

DC is Bcl-2-mediated, mRNA expression of pro-apoptotic Bax and Bad and anti-

apoptotic Bcl-2 and Bcl-xl molecules was assessed by Real Time RT-PCR. Since the 

signalling pathways are usually activated by low concentration of stimuli, syn was 

used in a concentration of 1 g/ml in contrast to the previous concentration of 5 g/ml. 

These results show that expression of all members of Bcl-2 family (Bax, Bad, Bcl-xl 

and Bcl-2) was up-regulated following syn stimulation. Rapid accumulation of Bcl-xl 

and Bad was detected within 3 h of syn stimulation compared to the increases in Bcl-

2 and Bax expression (see Figure 7.9). However, 24 h after stimulation, expression of 

Bcl-2 and Bax increased comparably. Pro-apoptotic Bad was expressed more then anti-

apoptotic Bcl-xl (ratio of Bad compared to Bcl-xl was increased), suggesting that syn 

at this concentration regulates DC survival or apoptosis via the Bcl-2 family of proteins 

and favours apoptosis.  

Bcl-2 / Bax

0 3 6 9 12 15 18 21 24
10 0

10 1

10 2

10 3

10 4

10 5

10 6

10 7

Bcl-2

Bax

time (h) -syn

F
o

ld
 i

n
cr

ea
se

Bcl-xl/ Bad

0 3 6 9 12 15 18 21 24
10 0

10 1

10 2

10 3

10 4

10 5

10 6

10 7 Bcl-xl
Bad

time (h)-syn

F
o

ld
 i

n
cr

ea
se

 
Figure 7.9 Syn up-regulates Bax, Bad, Bcl-xl and Bcl-2 mRNA expression in 

mature hMoDC. Following hMoDC maturation with LPS (1 g/ml) for 24 hours, 

mature DC were treated with syn (1 g/ml) for 3 and 24 h. mRNA expression of 

Bax, Bad, Bcl-xl and Bcl-2 was assessed with Real-time One Step RT-PCR. Results are 

expressed as fold increase of the control (unstimulated) cells. All samples were done in 

duplicates. n=3 
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7.4 DISCUSSION 

A delicate balance between cell death (apoptosis) and cell survival is a key mechanism 

for regulating the immune response194, 195. Apoptosis has to take place constantly to 

counterbalance immune cell activation and proliferation. The abundance and longevity 

of migratory DC in secondary lymphoid tissues are key factors determining the 

magnitude of the adaptive immune response. Since DC with an increased lifespan 

induce stronger immune responses and potentially autoimmunity 194, 612, 613, regulating 

the natural turnover of DC is important for generating protective T cell responses and 

for the prevention of immunopathological outcomes 195. The factors and mechanisms 

which play a role in controlling DC lifespan and consequently the strength of an 

adaptive immune response are not well understood. In this Chapter the results suggest 

that exogenous syn induces apoptosis in LPS-matured DC, while immature DC are 

unaffected. In addition, syn may have a protective role in the survival of immature 

DC. However, in the presence of apoptotic ceramine syn enhances apoptosis in both, 

immature and mature DC. 

syn effect on viability of immature and mature DC 

The results revealed a differential response of immature DC and LPS-matured DC to 

syn treatment. The viability of immature DC was not affected by syn alone. 

Despite previous reports that low and high syn concentrations differentially influence 

neuronal survival 382, in the current studies increased syn concentration, did not 

effect immature DC survival. Furthermore, syn-stimulated immature DC seemed to 

be more resistant to ceramine-induced apoptosis suggesting a possible protective role of 

syn in these cells. In contrast, LPS-matured DC showed a high level of sensitivity to 

the apoptotic effects of syn. The difference in immature and mature DC response to 
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apoptotic agents has been reported previously 201, 614-619. For instance, immature DC are 

resistant to MHC class II ligation-induced apoptosis but are sensitive to glucocorticoids, 

exposure to ultraviolet light B (UVB), and are partially sensitive to Fas- and “Tumor 

necrosis factor–related apoptosis-inducing ligand” (TRAIL)- mediated apoptosis 201, 614. 

In contrast, mature DC undergo apoptosis upon MHC II ligation but are resistant to 

glucocorticoids or UVB treatment 201, 615, and to apoptosis induced by death receptors 

such as Fas, TNFR1, and TRAIL 616-619. Overexpression of syn has also been found 

to induce apoptosis of PBMC 606.  

The mechanisms involved in the susceptibility to apoptosis of immature and mature DC 

are poorly understood. It has been suggested that endogenous PGE2 released during DC 

maturation is responsible for at least some of these differences 620. The results in the 

Section 5.3.3 show that syn stimulation does not change the production of PGE2 by 

immature DC (Figure 9.3). Although we did shown that PGE2 production is increased 

in LPS-matured DC 577, I did not analyse whether -syn modulates PGE2 production in 

these cells. In future experiments, the production of PGE2 during LPS-induced DC 

maturation in the presence or absence of syn should be compared and also determine 

if syn uses this pathway to induce apoptosis of mature DC.  

The results in this Chapter indicate that syn induces apoptosis and not necrosis of 

mature DC. This finding suggests that syn is involved in a highly controlled process 

and reveals an extremely important function of syn in regulation of DC longevity. 

syn effect on viability of DC in inflammation 

LPS has a dual role in DC: it induces apoptosis by increased expression of ceramide and 

promotes survival by activating ERK and PI3K. LPS promotes DC maturation and 

activates anti-apoptotic programs in DC. ERK and PI3K have been demonstrated to be 
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involved in DC survival in LPS-stimulated DC 621, 622. In particular, LPS triggers a 

caspase-like activity required for early phosphorylation of ERK and the up-regulation of 

the anti-apoptotic proteins FLIP and Bcl-2, which sustains cell survival during the 

maturation process 623. LPS also induces the intracellular accumulation of ceramide 201, 

621, 622 that triggers DC death and therefore, catabolism of ceramide has been shown to 

be important in the survival of maturing DC 624. Once matured, DC rapidly undergo 

apoptosis, unless they receive a survival signal from T cells, when through the up 

regulation of Bcl-xL their lifespan can be prolonged 192. 

The presence of syn in LPS-matured cells induces increased cell death by the 

apoptosis-inducing stimulus ceramine (a synthetic ceramide derivative that cannot be 

further catabolised) 625 and therefore causes significant apoptosis of DC 624. syn 

potentiates ceramine-susceptible apoptotic cell death of both immature and mature DC. 

Contrary to our results of there being an enhancing effect of syn and ceramine, 

recently published data have shown that overexpression of syn drastically attenuated 

caspase activation in response to various apoptotic stimuli such as ceramide in 

neocortical and human embryonic kidney 293 HEK cell lines 457. In this study a 

physiological ceramide was used (in contrast to synthetic ceramine that we used) which 

can be metabolised and have additional effects besides inducing apoptosis.  

This discrepancy might be due to cell specific response to syn stimulation or to 

concentration differences with respect to both syn and ceramide/ceramine. There are 

several mechanisms that syn may employ to induce apoptosis in mature DC. In the 

current studies the expression of mRNA for pro- and anti-apoptotic members of the Bcl-

2 family: Bcl-2, Bcl-xL, Bax and Bad was used. The data generated strongly suggested 

that syn, in LPS-matured cells, induces the expression of the pro-apoptotic Bad more 

so than the anti-apoptotic Bcl-xL. As reported by Ostrerova et al., syn interacts with 
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Bad which activates caspase 8 and 9 pathways 415, upstream of caspase 3 in brain, 293 

HEK cells and HeLa cells,. Activated caspase-3 plays a major role in the execution 

phase of the apoptotic pathway 626. Other studies have shown that ceramide induces 

apoptosis using Bad pathways 627. Therefore, syn is likely to contribute to ceramine-

induced apoptosis in immature and mature DC by up regulating the expression of Bad 

as demonstrated in the experiments in this Chapter. 

It is also possible that the response to syn may be related to the stage of DC 

maturation. Since, syn induced apoptosis was not observed in immature (non-

stimulated DC and DC exposed to desArg9Brad) nor in semi mature (DC exposed to 

TNF it seems that -syn enhances apoptosis only in fully matured DC (LPS-matured 

DC). In support to this, syn does not synergise with ceramine in inducing apoptosis, 

in TNF and desArg9Brad pre-treated cells, further suggesting that different signalling 

pathways are engaged in DC activated with TNF and desArg9Brad. 

In different cells TNF may act as pro- and anti-apoptotic factor. Acting as a pro-

survival factor, TNF protects cells from apoptosisby ERK pathway activation in U937 

leukaemia cells, or PI3K and Akt activation in the human hepatoma cell line Huh-7 and 

normal human hepatocytes 628, 629. TNF may activate NF-B, a pro-survival 

transcription factor, which inhibits caspase 3, 7 and 9 and prevent cell apoptosis 630, 631. 

There are controversial findings with respect to the role of NF-B signalling pathways 

in syn-induces apoptosis. In neuronal cells the pro-apoptotic effects of syn has 

been reported to be mediated by an syn-dependent impairment of NF-B signalling 

pathways 632. Based on these findings syn should induce apoptosis in TNF-matured 

cells by inhibiting NF-B, which would not be in agreement with the results described 

in this Chapter. However syn has also been reported to activate NF-kB and protect 
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neurones from cell death 382, 633 and this is possibly the mechanism of syn effects in 

TNF-matured DC. Moreover, TNF activation of ERK, which plays a role in blocking 

apoptosis 634 can inhibit syn up-regulation of Bad resulting in syn’s inability to 

induce apoptosis in TNF-semi mature DC.  

Kinins stimulate the PI3K/Akt and Bcl-2/Bcl-xL anti-apoptotic pathways 635. The 

protective effect of syn is also mediated via these pathways. By activating PI3/Akt 

and by increasing Bcl-2 expression, and blocking Bad expression or caspase 9 

activation, -syn might be protecting neurones against serum deprivation, oxidative 

stress and excitotoxicity 382. -syn activation of these signalling pathways may explain 

why in immature DC and in both, desArg9Brad and TNF pre-stimulated cells, -syn 

did not induce apoptosis.  

In addition, it seems that in DC pre-treated with TNF and desArg9Brad, syn is 

engaged in different signalling pathways in immature DC. In contrast to immature DC, 

in cells treated with these pro-inflammatory stimuli syn does not enhance the effects 

of ceramine, suggesting that TNF and desArg9Brad are activating survival pathways.  

Interestingly, there is another aspect of syn function that should be taken into 

consideration. A structural and functional homology of syn exists in the form of the 

chaperone protein 14-3-3 which interacts with various cellular proteins such as Bad, 

PKC 415, ERK, PI3-Akt kinase 382, and cytochrome c 636. Syn preferentially binds to 

the pro-apoptotic members of Bcl-2 family, such as Bad, but no association was 

observed between syn and Bcl-2 protein. Since syn binds to dephosphorylated 

Bad 415, it may actually inhibit the pro-apoptotic functions of Bad by preventing the 

translocation of unphosphorylated Bad to the mitochondria which is a prerequisite for 

the release of cytochrome c to initiate the apoptotic pathway 637. Thus, if the 
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phosphorylation status of Bad is different in immature and mature DC, it might be 

influencing the response to syn with respect to apoptosis. This is supported by 

findings that syn binding to Bad is reduced following the apoptotic stimulation of 

293 HEK cells 415, and it is feasible that this may also be happening in immature and 

LPS-matured DC stimulated with ceramine. Thus, the relationship of syn with Bad, 

may be a potential mechanism by which syn may switch its role from being 

protective to being apoptotic.  

Conclusion 

In summary, syn differentially affects the viability of DC depending on their 

maturation and activation status. syn induces apoptosis of LPS-matured DC, whereas 

it had not effect on TNF or desArg9Brad stimulated cells. Different signalling 

pathways may be involved in these scenarios. It seems that the fine regulation of 

signalling pathways in DC that are induced by different factors may affect syn 

function in these cells. Since DC longevity has a major biological significance in 

immunity, understanding the mechanism of syn function in DC apoptosis is of the 

great interest. Future studies will need to address the role of syn in the molecular 

interplay involved in DC apoptosis vs. DC longevity.   
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7.5 SUMMARY 

 

 syn does not induce apoptosis of immature, TNF and desArg9Brad stimulated 

hMoDC  

 syn induces apoptosis of LPS-matured hMoDC 

 syn enhances effect of apoptotic-inducer ceramine in immature DC and LPS-

matured hMoDC 

 TNF and desArg9Brad stimulated hMoDC do not demonstrate a greater rate of 

ceramine-induced apoptosis in the presence of syn 

 syn treated hMoDC cells are more resistant to ceramine-induced apoptosis 



 

 

CHAPTER 8 
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8 SUMMARY AND DISCUSSION 

Neuro-inflammation is now recognised as a fundamental response of the CNS not only 

to acute injury, but also to chronic neurodegenerative disease. Neuro-inflammation is 

also relevant in tissues other than the CNS and is thought to play a significant role in 

lung diseases such as asthma. A hallmark of neurodegenerative diseases is the 

overexpression of syn protein which compromises neurone viability and activates 

microglia. The inflammatory response in the CNS, as in asthma, also features rapid 

infiltration of DC into the brain. For the first time, expression of syn in immature and 

mature DC has been shown in this Thesis. As such this Thesis is centred around the idea 

that the neuroprotein -syn has an essential role in the function of dendritic cells, 

inflammation and thereby in the immune response.  

Tissue-resident immature DC constantly monitor the environment for pathogens and 

foreign proteins and in inflamed tissues these cells are exposed to an array of pro- and 

anti-inflammatory stimuli. Therefore, I first explored whether hMoDC syn 

expression is modulated by inflammatory signals. These results supported the 

hypothesis that different pro-inflammatory stimuli (such as LPS, TNF and kinins) 

impacted on syn expression to varying degrees suggesting that syn has a 

significant role in inflammatory states.  

A disparity between syn mRNA and protein expression was observed for various 

stimuli. This led to me exploring the regulation of syn gene expression. I found that 

syn message is regulated by alternative splicing. In addition to two known splice 

variants, I have identified a new 5’UTR splice variant expressed in hMoDC. 

Importantly, the results of this study indicate that increase in the expression of a novel 

5’UTR splice variant (ex1’’) correlates with the type of stimulus used. The increase in 
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syn protein production is highest in hMoDC exposed to pro-inflammatory stimuli. 

Therefore, the ratio of expression of the three 5’UTR splice variants determines the 

amount of syn protein produced. Such a fine regulation of syn protein expression 

in hMoDC indicates its important function in hMoDC. 

Next I investigated the effect of exogenous syn on hMoDC phenotype and function. 

Results of this research revealed that syn affects differentiation but not maturation of 

hMoDC. Syn-derived DC (derived from monocytes exposed to syn) had a much 

less differentiated phenotype, suggesting that -syn may play a role in development of 

tolerogenic DC, although, the function of these cells is not completely determined. In 

addition, syn stimulates expression of chemokines by immature hMoDC, suggesting 

its role in the migration of these cells. 

Therefore the ability of syn to alter DC migration was explored. I showed that syn 

influenced the migration of immature and mature DC differently. It acts as a strong 

chemoattractant for immature DC only. However, in mature DC, syn up-regulates 

expression of CCR7 chemokine receptor. These results indicate that syn may act as a 

chemoattractant for immature DC, recruiting them to sites of inflammation. 

Furthermore, upon hMoDC maturation syn may facilitate the migration of mature 

DC towards homing chemokines expressed in lymph nodes.  

Another key issue with respect to DC activity is the extent to which apoptosis is 

regulated as this is a critical mechanism for orchestrating the activity of the immune 

system. Results of these studies showed that exogenous syn differentially affects the 

viability of DC depending on their maturation and activation status. While syn does 

not affect and even shows a protective role in survival of immature DC, it clearly 

induces apoptosis in LPS-matured DC. 
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Based on these results and knowledge of the life cycle of the DC, a model of possible 

function of syn in hMoDC is shown in Figure 8.1. I would suggest that syn plays 

an important role at several stages of DC development and function. 

1. Under conditions of cellular stress, inflammation, or tissue insult, syn may be 

released into the extracellular space and thereby influencing hMoDC migration.  

2.  As such released syn would help recruit immature DC to sites of inflammation.  

3. Immature DC exposed to exogenous syn would then increase their production 

and release of chemokines, such as CCL3, CCL4, CCL5 and IL-8 and amplify the 

increased migration of immature DC and other inflammatory cells to the site of 

inflammation and Ag uptake. Up-regulation of inflammatory chemokines might also 

promote the recruitment of DC precursors: monocytes. The mechanism of enhanced 

Ag uptake by immature DC during inflammation leads to the amplification of the 

immune response. 

4. Following exposure to activation signals, DC mature and migrate to the T cell zones 

in draining lymph nodes. syn may facilitate migration of mature DC in two ways: 

firstly, syn up-regulates expression of CCR7 and secondly, syn increases the 

expression of leukotrienes, which facilitates DC migration towards CCL19 

chemokine and therefore the migration of the mature DC to lymph nodes  

5. During maturation of DC, syn splice variants expression is modulated and 

consequently, the level of syn protein expression. Thus, by up-regulating ex 1” 

(new) splice variant, pro-inflammatory stimuli would cause an increase in syn 

protein production in DC. 
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6. The migration of mature DC to lymph nodes is enhanced by syn. Furthermore, 

upon priming naïve T cells, syn promotes clearing of mature DC by inducing 

apoptosis and therefore syn acts as one of possible several controlling factors of 

the intensity of immune response. 

7. Mature DC by expressing certain cytokines may determine the type of immune 

response and generate effector and memory cells as well as the induction of 

peripheral tolerance.  

8. Activated Th cells, as well as macrophages, NK cells, eosinophils and B cells, 

migrate to the inflamed tissue. 

9. In addition, syn may influence DC differentiation, by “trapping” them in an early 

stage of differentiation, promoting the development of immature DC but with a 

modulated phenotype.  

syn belongs to the family of small proteins called synucleins. Their expression and 

role in the immune system has not been extensively studied. Important insights into the 

role of syn in DC could be learnt from research with syn null mice. However, the 

immune system has not been investigated in the syn -/- mouse model. Furthermore, 

our knowledge about the role of neuropeptides in the biology of DC is still limited. 

However, we do know that depending on DC phenotype and the state of differentiation 

or activation, DC react differently to neuropeptides. 

Neuropeptides as potent immunomodulatory agents have been shown to influence DC 

differentiation and maturation. Thus, the presence of VIP, PACAP, and αMSH 

neuropeptides during the differentiation of DC leads to the development of DC that 

cannot mature following inflammatory stimuli 638, 639. VIP administration during the late 

stages of DC differentiation from mice bone marrow resulted in the development of 
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immature DC with up-regulated expression of CD40, CD80, CD86, and decreased 

expression of MHC class II molecule (Iab)640. On the contrary, VIP presence during the 

LPS-induced maturation of VIP-derived DC resulted in DC with high costimulatory 

activity and enhanced cytokine production. Similar to these neuropeptides, syn 

interferes with DC differentiation. Exposure of monocytes to syn in the early stages 

of differentiation leads to the development of immature DC with decreased expression 

of CD1a and CD80, higher expression of CD14 and CD86, with HLA-DR molecules 

expressed to a similar extent as in control hMoDC. However, in the presence of 

pathogens, these DC mature fully. In contrast to syn-derived DC, syn-stimulation 

of fully differentiated MoDC did not induce or affect LPS-induced maturation of these 

cells. Pro-inflammatory cytokine production was also not affected by syn 

application. VIP involvement in DC maturation is controversial. It has been reported 

that VIP itself induces DC maturation leading to an increased production of IL-12 and 

expression of the DC-maturation marker CD83, especially in the presence of suboptimal 

amounts of TNF 323. Others have reported that VIP as well as PACAP inhibit the 

production of pro-inflammatory cytokines and chemokines by DC, reduce the 

expression of costimulatory molecules (particularly CD80 and CD86) and accordingly 

reduce stimulation of antigen-specific CD4+ T cells and promote Th2-type responses 

324. Hence on the bases of our knowledge about neuropeptides and 

differentiation/maturation of DC, syn seems to have a unique role in interfering with 

DC differentiation but not maturation of hMoDC. 

Similar to syn, neuropeptides such as CGRP, VIP, and SN act as chemoattractants 

for immature DC and lose the ability to chemoattract mature DC 317. In addition, both, 

syn and VIP up-regulate CCR7 expression in DC which may facilitate migration of 

mature DC. Although IP-10 chemokine is down-regulated by both VIP and syn, in 
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contrast to syn which up-regulates expression of pro-inflammatory chemokines and 

promote inflammation, VIP and PACAP inhibit production of pro-inflammatory 

chemokines and induce CCL22 production promoting Th2-cell recruitment641. The 

opposite chemotactic response of immature and mature DC to neuropeptides is not a 

consequence of change in expression of neuropeptide receptors, but rather a change in 

activation of different signal transduction pathways. Therefore, syn, along with other 

neuropeptides, may activate different signalling pathways in DC depending on their 

activation state and therefore influence migration of these cells differently.  

Whether syn acts alone or in synergy with other neuropeptides, cytokines and 

chemokines for all of these activities is poorly understood. However, it is more than 

likely that "cross-talk" between different stimuli, cells and mediators which induce the 

various signalling pathways allows the fine-tuning and integration of the multiple 

signals required for a complex signal- and tissue-specific biological response.  

In the future, siRNA could be used to knockout syn in hMoDC to assess the 

functional significance of -syn within DC. The differentiation of monocytes into DC is 

associated with a decrease in -syn mRNA and protein expression. However, during 

macrophage differentiation from monocytes syn is up-regulated at both the mRNA 

and protein level373. The significant differences in gene expression profiles between 

macrophages and DC during their differentiation from monocytes leads to functional 

differences between these two cell types646. It has been suggested that fine-tuning of 

gene expression during terminal differentiation may be mediated by selective inhibition 

of gene expression rather than by positive regulation. It is possible that syn may be 

one of the molecular determinants regulating the functional differences of these 

important cell types. While the function of syn in monocytes has not been explored,  

syn has been shown to be up-regulated in macrophages during inflammation373. 
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Therefore, the importance of -syn production in monocytes and macrophages would 

be an interesting area to explore.  

This thesis provides evidence which suggests that expression of new syn splice 

variants results in an increase in protein production. Whether new syn splice variants 

are exclusively expressed in DC or can also be found in other relevant cells may be of 

fundamental importance, particularly in the field of neurodegenerative diseases. The 

extent to which a specific splice variant is relevant to a particular disease is a complex 

question which needs to be addressed. If a novel splice variant is expressed in neurons, 

the possibility of down-regulation of syn by suppression of a specific splice variant 

could be explored. The involvement of syn in the inflammatory component of 

neurodegenerative diseases needs to also be investigated.  

Furthermore, studies will need to be undertaken to determine if syn protein in the cell 

membrane is interacting with lipid rafts, and the extent to which syn forms 

immunological synapses between DC and DC and with other cell types. Also, the 

capacity of syn-derived DC and hMoDC exposed to syn to present antigens to T 

cells should be investigated. The possibility that syn, via its involvement in lipid 

rafts, influences membrane trafficking and cytokine release from DC is also and 

interesting area of research and worth pursuing. The syn receptor (or its equivalent) 

clearly needs to be identified, and its role in DC migration assessed. The intracellular 

signalling pathways that syn activates upon stimulation of DC will also need to be 

explored. 

There are considerable gaps in our understanding of the nature and the extent of the 

interaction between syn and DC differentiation and function. Clearly syn may be 

playing a key role in modulating differentiation and activity of DC which may have 

therapeutic implications for diseases in which chronic inflammation plays an important 

role. These results provide a foundation for further studies aimed at analysing the link 
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between the immune and neuronal systems in different inflammatory diseases. As DC 

are able to induce both immunity and tolerance, understanding the role of syn in DC 

will not only be important for understanding the biology of DC but also in terms of how 

best to use this information to develop new treatment strategies in syn-associated 

diseases. 
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Figure 8.1 syn function and the life cycle of DC - Figure of Banchereau et al., 2000 3 adapted to syn function. Explanation is in the text. MF –macrophages; 
NK- natural killer cells; T – T cells; nTh – naïve T cells; aTh- activated T cells; imDC – immature DC; mDC – mature DC. 
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