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Abstract

Infections remain a major cause of morbidity and mortality in early life. The 

susceptibility of infants to infections may partly be due to the immaturity of the 

developing immune system, creating a window of vulnerability to infections at the time 

of disappearance of protective maternal antibodies. Antigen presentation is central to 

the induction of many immune responses, yet little is known of the age-related 

maturation or functional ontogeny of the dendritic cell (DC). The work presented in 

this thesis examines the phenotype, function and T cell stimulatory capacity of neonatal 

cord blood derived DC’s, to determine their involvement within the susceptibility of 

neonates to infection and the deficient immune responses observed in childhood.

DC’s were generated in-vitro from the adherent monocytes of cord and adult peripheral 

blood in the presence of IL-4 and GM-CSF. Comparable immature DC phenotypes 

were observed with both cord and adult samples. However, upon stimulation with 

various maturation stimuli, the characteristic mature phenotype with increased MHC 

and co-stimulatory molecule surface expression observed on adult DC s, was 

significantly attenuated on cord DC s. Functional studies demonstrated further 

variations; with cord DC s displaying divergent chemokine receptor expression, 

persistence of endocytosis after LPS stimulation, and an inability to produce IL-12p70. 

Cord DC’s also exhibited reduced T cell stimulatory capacity than their adult 

counterparts, with lower levels of JFNy produced by allogeneic naïve CD4^ T cells, 

suggesting that cord DC s are intrinsically pre-programmed against Thl immune 

responses. In contrast to adult DC s, cord DC s also failed to form DC-DC or DC-T 

cell clusters, potentially due to their failure to up-regulate CD54, which was found to be 

a requirement for DC-DC and DC-T clustering in adults.

The inability of cord DCs to respond to maturation stimuli highlights their phenotypic 

immaturity, with their reduced expression of MHC and co-stimulatory molecules, and 

inability to effectively cluster with T cells likely to limit their T cell stimulatory 

capacity and their ability to effectively present antigens. In-vivo, the relative immaturity 

of DC phenotype and function, and their deficient T cell stimulatory capacity may 

contribute to the susceptibility of infants and young children to infection.
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Chapter 1________   Introduction

1.1 Neonatal Immunity

Infections remain a major cause of morbidity and mortality in early life, with the 

majority of invasive bacterial infections suffered by children under the age of 4 years. 

The World Health Organisation estimates that approximately 2.5 million infants die 

annually of infections caused by only a limited number of viral and bacterial pathogens, 

in particular Neisseria meningiditis, Streptococcus pneumoniae, Haemophilus 

influenzae, Bordetella pertussis and Respiratory Syncytial Virus (reviewed in Kovarik 

et al, 1998). The susceptibility of infants to infections may partly be due to the 

immaturity of the developing immune system, creating a window of vulnerability to 

infections at the time of disappearance of protective maternal antibodies.

It is well established that the immune response of the human newborn differs in many 

ways from that of the older child or adult. Human infants until the age of two years are 

particularly deficient in their responses to bacterial capsular polysaccharides (reviewed 

in Goldblatt, 1998; reviewed in Cadoz, 1998), which is likely to result in significant 

infant morbidity and mortality from infections due to encapsulated bacterial. Infants 

can however mount T-dependent immune responses to protein antigens, but require 

multiple vaccine doses to achieve antibody responses equivalent to those observed after 

a single dose in adults (Baraff et al, 1984).

Major immune components appear weakened in newborn infants, with quantitative, 

phenotypic and functional variations reported in both the innate and adaptive immune 

systems. Limitations have been observed at the levels of T cells, B cells, monocytes, 

macrophages, NK cells and the complement system. Antigen presentation is central to 

the induction of immune responses, yet little is known about the age-related maturation 

or functional ontogeny of the central antigen presenting cell, the dendritic cell (DC).
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Chapter 1 ________________________________________________________ Introduction

Therefore the aims of the work presented in this thesis are to investigate human neonatal 

dendritic cells derived from cord blood, to determine their potential contribution to the 

susceptibility of neonates to infection and the deficient immune responses observed in 

childhood.

1.1.1 Murine neonatal immune system

The immune system in neonatal mice has been relatively well characterised, with 

diverging functional capacity observed in comparison to their adult counterparts in most 

compartments of the immune system. Immunisation studies have found that neonatal 

mouse responses to antigens are usually associated with diminished levels of TN Fa and 

IFNy production, and are shifted towards a Th2 pattern of responsiveness (Barrios et al, 

1996a). In addition, significant limitations in B cell function and cytotoxic T cell (CTL) 

responses have also been described.

T cells from neonatal mice are inefficient producers of cytokines such as IFNy and IL-2, 

and proliferate poorly when activated (Adkins et al, 1993). However, they are able to 

produce high levels of IL-4 (Adkins et al, 1992), which in conjunction with the 

decreased IFNy favours Th2-mediated immunity. Thl responses can be generated in- 

vivo, under certain conditions if sufficient stimulation was applied, for example by the 

addition of complete Freunds adjuvant (Forsthuber et al, 1996) or with DNA 

vaccination (Martinez et al, 1997). Deficiencies in cytotoxic T cell responses are also 

apparent in neonatal mice (Cohen et al, 1975). CTL development appears to parallel the 

development of Thl cells, therefore the neonatal Th2 bias may be involved in the failure 

of CTL activity (Sarzotti et al, 1996; Barrios et al, 1996a; Martinez et al, 1997). In 

addition, neonatal T cells expressed less CD40-ligand than their adult counterparts 

(Flamand et al, 1998). This is likely to have significant consequences on their ability to
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Chapter 1_________________________________________________________ Introduction

provide help to other cells of the immune system through CD40-CD40L signalling with 

DC’s or B cells, and may also contribute to the defective immunoglobulin (Ig) class- 

switching and age-dependent limitation of IgG2 antibody responses in neonatal mice.

Murine B cells are phenotypically and functionally distinct from their adult 

counterparts. Splenic B cells of neonatal mice appear to have a selective inability to up- 

regulate expression of MHC class II (MHC II) and CD86 following BCR ligation 

(Tasker et al, 1997; Marshall-Clarke et al, 2000), resulting in reduced array of peptide- 

loaded MHC displayed on their surface and limited co-stimulation via CD28. Neonatal 

B cells are therefore likely to deliver weaker signals to T cells, which may be 

insufficient to reach the threshold for T cell activation, and may also contribute to the 

reported bias towards Th2 responses.

Tolerant B cells (which express little/no CD86) from HBL-anti-HEL double-transgenic 

mice were found to be sensitive to Fas-mediated apoptosis, which could be reversed 

upon expression of transgenic CD86 (Rathmell et al, 1998). This indicates that the 

failure of BCR ligation to induce CD86 expression on neonatal B cells could also 

contribute to the induction of tolerance by enhancing their elimination. Interestingly, c- 

rel gene (NFkB family member) knockout adult mice displayed similarities to neonatal 

mice, with a poor LPS response, defective isotype switching, and failure to proliferate 

in response to BCR or CD40 ligation (Kontgen et al, 1995), suggesting c-rel as a 

potential target for the mechanism of decreased B cell function observed in neonates.

There are difficulties in correlating murine and human immunity, as the stage of 

immune maturation of newborn mice appears more immature than human neonates. 

However, 1-week-old mice were observed to generate similar immune responses to
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Chapter 1_________________________________________________________ Introduction

human neonates and infants, and provide an excellent model for vaccination studies 

(reviewed in Siegrist, 2001).

1.1.2 Human neonatal immune system

Information on the immune system of infants in-vivo is limited, however through the 

use of cord blood and in-vitro assays many aspects of human neonatal immunity have 

been explored. Many similarities between neonatal humans and mice with respect to 

their immune system have been observed, however some disagreements are apparent, in 

particular in relation to the development of the T-cell system.

Immaturity of T cell function may be a key element in the susceptibility of neonates to 

infection and the relatively poor response of neonates and infants to vaccines. In-vitro 

functional studies of cord T cells have demonstrated deficiencies such as proliferation in 

response to both mitogens and allogeneic antigens relative to adult responses (Harris et 

al, 1992). However, in the presence of adult antigen-presenting cells, the proliferation 

of cord T cells could be boosted to adult levels (Romani et al, 1996), indicating that 

cord T cells are intrinsically capable of reaching an adult level of function, but only if 

their apparent increased requirement for co-stimulatory signals are provided.

The density of TCR complexes (Harris et al, 1992) and adhesion molecules such as 

LFA-1 (CD 11 a/CD 18) (Sanders et al, 1988) are reduced on cord T cells, which may 

potentially limit DC-T cell interactions. The majority of human cord blood T cells in- 

vitro express CD45RA^, indicative of naïve phenotype, whereas both the naïve 

CD45RA^ and the mature/memory CD45R0^ phenotypes are represented in equal 

numbers in adult T cells (Keever, 1993). Naïve T cells require much longer periods of 

TCR triggering to activate them compared with mature effector cells (lezzi et al, 1998),
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Chapter 1__________________________________________________________Introduction

which may provide a further explanation for decreased T cell function observed in 

neonates. The increased requirement of neonatal T cells for co-stimulatory signals to 

reach adult levels of function is reflected in-vivo by the requirement of multiple doses of 

vaccines for infants to achieve antibody responses equivalent to those seen after a single 

dose in adults (Baraff et al, 1984).

Cord blood T cells are inefficient producers of cytokines such as LFNy and IL-2, 

(Wilson et al, 1986; Wilson et al, 1990). Unlike murine neonatal T cells, cord blood T 

cells only produce very low levels of the Th2 cytokine IL-4 (Demeure et al, 1995), 

however Th2-like responses prevail in infants due to reduced production T hl cytokines 

in response to antigen encounter. Interestingly, Thl and mixed Thl/Th2 responses have 

been observed in newborns, for example after natural infection with Bordetella 

pertussis (Ryan et al, 1997), indicating that Thl responses can be generated under 

certain conditions if sufficient or appropriate stimulation is applied. Therefore, it 

appears that the bias towards Th2 responses cannot simply be attributed to T cell 

immaturity, but must involve the immaturity of other immune cells, such as DC’s.

As with T helper cells, limitations in the development and function of CTL’s are also 

apparent. In-vitro, cord T cells have the capacity to develop into CTL’s, however, the 

cytotoxic capacity of the whole population is compromised (Keever et al, 1995; Risdon 

et al, 1994). In-vivo, the capacity to develop CTL’s was found to be intact in infants at 

birth, with viral specific CTL’s demonstrated in infants infected with HIV (Pikora et al, 

1997) or EBV (Moretta et al, 1997). However, the incidence of infants developing 

cytotoxic activity and the total cytolytic activity of these cells remained low in 

comparison to adults.
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Chapter 1_________________________________________________________ Introduction

Qualitative and quantitative differences distinguish early-life antibody responses from 

those generated in later life. Antibody responses remain relatively weak during the first 

year of life, and are relatively short in duration (reviewed in Siegrist, 2001). Newborn 

infants produce IgM dominated responses after antigen encounter, and appear unable to 

efficiently class-switch to generate other Ig isotypes until later in ontogeny (Tsuji et al, 

1994; Durandy et al, 1995). Ligation of CD40 is essential for B cell activation and 

subsequent isotype-switching, however CD40L expression is reduced on cord T cells 

(Durandy et al, 1995; Nonoyama et al, 1995). Class switching could occur in the 

presence of adult T cell help in-vitro (Splawski et al, 1991), indicating that diminished 

CD40L and function of cord T cells may contribute to the deficient capacity for B cells 

to undergo class switching.

Infants are unable to produce antibodies to bacterial capsular polysaccharides until 

approximately 18 months-2 years of age. Polysaccharides induce IgG2 antibodies in 

adults, which requires the stimulation of CD21 on B cells. Neonatal B cells have a 

reduced expression of CD21, which in conjunction with their limited IgG2 antibody 

production may contribute to the unresponsiveness to polysaccharides in early-life 

(reviewed in Rijkers et al, 1998). Human neonates are also relatively deficient in 

complement component C3, with adult-like levels of C3 not reached until around two 

years of age, in similarity to the development of polysaccharide responses. Class 

switching was found to be severely affected in C3 knockout mice (Carroll, 1998), 

therefore the low levels of C3 in neonates might contribute to the reduced degree of 

isotype switching and their deficient response to polysaccharides.

Cord mononuclear cells (MNC) were observed to produce decreased levels of various 

cytokines including IL-15, than adult MNC’s when activated with LPS (Suen et al.
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Chapter 1_________________________________________________________ Introduction

1994), which may be relevant as IL-15 is important for regulating natural killer (NK) 

activity, T cell proliferation and T cell cytotoxicity (Qian et al, 1997). Cord blood does 

indeed have decreased natural killer (NK) cell activity compared with adult blood (Seki 

et al, 1985; Baley et al, 1985, Keever et al, 1995), however the levels of NK cells 

appear comparable (Keever et al, 1995; Dominguez et al, 1998). Addition of 

exogenous IL-15 to cord MNC’s was observed to enhance IFNy and TN Fa production, 

thereby improving NK and cytotoxic activities (Qian et al, 1997).

Phenotypic and functional immaturity of neonatal monocytes has also been reported. 

Cord blood monocytes were observed to have decreased CD 14 (Liu et al, 2001b), HLA- 

DR and CD54 (Roncarlo et al, 1994; Kampalath et al, 1998) surface expression. 

Additionally, deficiencies in the chemotactic, phagocytic and bactericidal properties of 

neonatal monocytes were reported (Orlowski et al, 1976; Prindull et al, 1975; Klein et 

al, 1977; Dretschmer er 1976). Neutrophils from both adult and cord blood samples 

display comparable oxidative radical production. However, after priming with LPS or 

TNFa, the increase in radical production observed with adult neutrophils was 

consistently abrogated in cord neutrophils (Bortolussi et al, 1993).

Little is known regarding dendritic cells during the neonatal period. DC’s play a central 

role in the induction of immune responses, and interact with many cells either directly 

through cell-cell contacts, or through the production of cytokines. Therefore the aims of 

this thesis are to investigate the phenotype, function and T cell stimulatory capacity of 

neonatal cord blood monocyte-derived dendritic cells, to determine their potential 

contribution to the susceptibility of neonates to infection and the deficient immune 

responses observed in childhood.
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Chapter 1_________________________________________________________ Introduction

1.2 Dendritic cells

Dendritic cells (DC) have been identified in most tissues, with notable exceptions of the 

immune privileged brain, retina and testes, and have emerged to be vital for initiating 

and modulating immune responses (reviewed in Banchereau et al, 2000). DC function 

comprises of three distinct parts; sentinel function to capture, process and present 

antigen, migratory function to enable recruitment to T cell areas, and adjuvant function 

to enable T cell activation (reviewed in Steinman, 1991).

Dendritic cells play a pivotal role linking innate and adaptive immunity. As 

components of the innate immune system, DC’s express pattern recognition receptors 

and thus interact with and capture multiple pathogens. DC’s organise and transfer the 

information from the outside world, and present it via MHC class I (MHC I) and MHC 

class II (MHC II) to T cells, thus linking the DC to the adaptive immune system 

(reviewed in Palucka et al, 1999). The potency of DC antigen presentation correlates 

with their constitutive high surface expression of MHC class I and II complexes and cell 

adhesion molecules (reviewed in Steinman, 1991). In addition, DC’s are considered to 

be important for establishing transplantation tolerance and may be involved in the 

maintenance of peripheral tolerance (reviewed in Banchereau et al, 2000).

1.2.1 The life cycle of dendritic cells

Dendritic cells undergo a complex life cycle, with each stage of DC differentiation, 

under different microenvironmental conditions, exhibiting divergent functional 

capabilities (figure 1.1). Initially, DC progenitors, thought to be resident in bone 

marrow give rise to circulating DC precursors in the blood, which home to the tissues as 

immature DC’s and undertake an antigen surveillance role. Once the immature DC
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C hapter 1 Introduction

ANTIGEN CAPTURE

♦  _ Antigen
Peripheral tissues
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DC
Precursor

o°°.
M(j) NK 

Eosinophils

Cytokines

o
Ab ^  A b ^ O

Ab

Afferent
Lymphatics

ANTIGEN PRESENTATION

Lymphocyte
activation

Mature 
DC

Lymphoid 
Organ

DC apoptosis

Lymphocyte
selection

Figure 1.1 The life cycle of dendritic cells. Circulating DC progenitors enter the 
tissues as immature DC’s. After antigen capture and maturation stimuli, the DC’s 
migrate to lymphoid organs via the afferent lymphatics, where they present 
antigens to T cells. The activated T cells proliferate, secrete cytokines, and 
migrate to the injured/inflamed tissue. Cytokines secreted by activated CD4^ T 
cells permit activation of macrophages (M(j)), natural killer (NK) cells and 
eosinophils, which then infiltrate the injured/inflamed tissue.
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Chapter 1_________________________________________________________ Introduction

have captured antigens and received the correct maturation signals, they leave the 

tissues and migrate to lymphoid organs. The mature DC display their antigen-MHC 

class n  complexes, to facilitate selection and activation of rare antigen-specific CD4^ T 

cells, which proliferate and secrete cytokines to regulate other immune effectors such as 

cytotoxic T cells, B cells, macrophages and NK cells, thereby enabling infiltration of 

these effector cells to the site of injury/inflammation (reviewed in Palucka et al, 1999; 

reviewed in Banchereau et al, 2000).

1.2.2 Dendritic cell surface markers

No single surface marker can distinguish DC’s from other cell types. DC’s are 

generally identified by strong expression of CDl Ic, MHC class I, MHC class II and the 

absence of lineage markers such as , CD3, CD4, , CD 14, CD 19 and CD56 

(Sallusto et al, 1994). In addition, the presence or absence of other surface markers 

provides information on DC function, and allows determination of DC maturation 

status. DC s express many integrins and adhesion molecules that mediate cell-cell 

interactions, chemokine receptors that mediate migration, and T cell co-stimulatory 

molecules (see section 1.7). DC maturation induces changes in the surface expression 

of many of these molecules, which are essential in modulating DC function during their 

life cycle (see figure 1.1).

1.2.3 Heterogeneity of dendritic cell subsets

DC heterogeneity exists, which is reflected by the multiple DC’s populations with 

varied tissue distribution. Although a small number of DC s circulate in blood, the 

majority are resident in tissues and have been extracted from many sites including skin, 

spleen, lymph node, thymus and liver, each with different names but similar properties 

(reviewed in Steinman, 1991). In general, three major subsets of DC’s have been
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identified; myeloid, lymphoid and a third smaller subset of follicular DC. DC 

development has been investigated in-vivo in mice, however much less is known about 

human in-vivo DC development. The study of human DC has been confounded by their 

low yield from all tissues. The ability to generate human DC’s in-vitro from monocyte 

precursors has enabled thorough investigation of their functional capacity.

1.2.4 Murine dendritic cells

Pathways of lymphoid and myeloid DC development have been identified in-vivo in 

murine studies, with the DC’s differing in phenotype, localisation and function. 

Myeloid and lymphoid DC subsets have been identified which express CDl Ic, MHC 

class II and co-stimulatory molecules CD86 and CD40. In the mouse, lymphoid DC’s 

express CDS a , which is absent on myeloid DC s (Vremec et al, 1997) and produce 

higher levels of IL-12 than myeloid DC’s (Pulendran et al, 1997). Lymphoid DC s are 

localised in the T cell-rich areas of the spleen and lymph nodes, whereas myeloid DC’s 

are located in the marginal zone of the spleen (reviewed in Steinman et al, 1997). 

However, both DC subsets have the capacity to efficiently prime CD4^ T cells, but with 

different Thl/Th2 responses induced (Maldonado-Lopez et al, 1999). More recently, 

there has been evidence for a DC precursor that is capable of generating both lymphoid 

and myeloid DC’s (Traver et al, 2000), suggesting the differences between the DC 

subsets may reflect maturation status rather than ontogeny. An additional DC 

population resides in the dermis, termed langerhans cells (LC) which express high 

levels of MHC class II, share many common markers with myeloid DC’s and are able to 

migrate to lymph nodes after antigen exposure (Salomon et al, 1998a).
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1.2.5 Human dendritic cells

CD34^ haematopoetic progenitor cells contain discreet subpopulations capable of 

differentiation into interstitial DC, LC, or lymphoid DC. In the blood, three subsets of 

DC precursors are thought to circulate: CD 14^ monocytes, C D llc^  precursor DC and 

CDl Ic precursor DC (reviewed in Palucka et al, 1999). The two latter DC subsets 

(CDllc"^ and CD lie") differ in maturity and T cell stimulatory function. Both subsets 

are positive for MHC class II expression and negative for lineage specific antigens, 

however the CDl Ic' subset appears to be functionally immature and corresponds to a 

lymphoid DC with a plasmacytoid morphology (Kohrugruber et al, 1999). The CDl Ic"̂  

subset however appears to have a comparable function to typical in-vivo and in-vitro 

myeloid DC’s (O’Doherty et al, 1994; Kohrugruber et al, 1999).

Cells with dendritic morphology, phenotype and high antigen presenting capacity in- 

vitro can be isolated ex-vivo from human peripheral blood and have been used in 

various studies. However, the yields of these DC’s are low, with only 0.4% of total 

blood mononuclear cells identified as DC s (Feamley et al, 1999). These cells are 

thought to be a migratory form of the DC of lymphoid tissues, however the relationship 

of blood DC to those of lymphoid tissues in terms of maturation and function, as at 

present not fully understood (Scheeren et al, 1991).

Directly isolated DC’s appear to display a partially activated phenotype with increased 

surface MHC II, co-stimulatory markers, adhesion molecules and CDl Ic expression 

than in-vitro DC s. However, the increased maturation phenotype appeared to be 

correlated to the stage of isolation, suggesting that these DC s were becoming activated 

during the isolation procedure (McCarthy et al, 1997). In support of this, ex-vivo DC’s 

were observed to induce antigen-specific T cell proliferation more efficiently when
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pulsed with antigen immediately after isolation, with their ability to generate and 

display exogenous antigens progressively lost at later stages (Kohrgruber et al, 1999). 

However, stimulation of the ex-vivo isolated DC’s with TN Fa during subsequent 

culture did lead to the appearance of a fully mature DC phenotype, with increased T cell 

activation capacity (Kohrgruber et al, 1999), highlighting that these isolated DC’s were 

not fully activated when isolated.

1.2.6 In-vitro dendritic cell generation

DC’s undergo a developmental programme during which they display a capacity for 

endocytosis, MHC class II expression and antigen presentation in a sequential and 

highly regulated manner. The study of human DC is confounded by the difficulty in 

isolating DC s at each functional/differentiation stage and their low yield from all 

tissues. Therefore, to enable thorough investigation of all DC functional capacities, in- 

vitro human DC’s have been generated, which exhibit characteristic “immature” DC 

markers and morphology, which are able to efficiently capture and process antigens. 

These in-vitro DC s can subsequently be matured with pathogen related molecules or 

inflammatory cytokines, thereby facilitating efficient antigen presentation (discussed 

further in section 1.3).

There are several pathways to generate DC’s in-vitro (figure 1.2), however it is unclear 

whether these events also occur in-vivo. Human DC can be generated from CD34^ 

progenitors in cord blood, bone marrow and adult peripheral blood (Caux et al, 1996; 

Szabolcs et al, 1996; Strunk et al, 1997), with a combination of GM-CSF and TNFa, 

which induce DC growth and differentiation (reviewed in Austyn, 1998). In addition, 

blood monocytes give rise to DC s when cultured with GM-CSF and IL-4 (Sallusto et 

al, 1994; Sallusto et al, 1995; Romani et al, 1996). GM-CSF is known to down-
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regulate CD 14 expression in monocytes (Kruger et al, 1996), which is further 

potentiated by IL-4 (Ruppert et al, 1993). Cytokine removal followed by additional 

culture caused the conversion from immature DC’s to macrophages, highlighting their 

in-vitro instability (Palucka et al, 1998). Monocytes have also been reported to 

differentiate into myeloid DC in-vitro by reverse transmigration across an endothelial 

monolayer, which may potentially provide a method for the local generation of DC in- 

vivo (Randolph et al, 1998).

The nature of the in-vitro DC’s has been confirmed at the functional level. In contrast 

to monocytes and macrophages, the monocyte-derived DC s gained enhanced antigen 

capture and presentation capacity, with reduced phagocytosis (Chapuis et al, 1997). 

Additionally, the in-vitro DC s were found to be potent stimulators of the allogeneic 

mixed leukocyte reaction (MLR), and are capable of inducing proliferative responses in 

autologous T cell preparations (Pickl et al, 1996). Throughout the experiments 

presented in this thesis, monocyte-derived dendritic cells, cultured from the adherent 

monocytes in the presence of IL-4 and GM-CSF have been used, which present 

morphological, ultrastructural, and phenotypic characteristics consistent with immature 

DC (Chapuis et al, 1997), and thereby enabling full comparison of immature and 

mature, cord and adult DC phenotype and function. The consensus regarding 

comparison between different DC populations isolated from various tissues, or derived 

by various methods is that they all share common structural and functional features. 

DC s are defined by their “dendritic” morphology and high-density of MHC class II 

molecules, and their function to capture, process and present antigens, migrate to T cell 

areas and initiate T cell immunity. Therefore during experimentation, regardless of any 

minor variations exhibited, different DC populations appear to function equivalently at 

their respective developmental stages.
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1.3 Dendritic Cell Maturation

Maturation is a vital process, whereby the DC’s gain an antigen presentation capacity, 

and are able to migrate from non-lymphoid organs to lymph nodes to allow efficient 

antigen presentation to effector cells (reviewed in Banchereau et al, 1998; reviewed in 

Banchereau et al, 2000). Pathogens and inflammatory cytokines induce immature DC’s 

to undergo phenotypic and functional changes that culminate in the complete transition 

from an antigen-capturing cell to antigen presenting cell (figure 1.3).

Maturation is characterised with phenotypic changes, most notably the up-regulation of 

MHC molecules, to facilitate the presentation of antigen to T cells (Celia et al, 1997b), 

activation markers such as CD25 (IL-2R) and CD40, and co-stimulatory molecules such 

as CD86 to enhance T cell stimulation (Sallusto et al, 1994; Romani et al, 1996). In 

addition, morphological changes occur upon maturation, with the DC’s becoming 

stellate and displaying many fine dendrites. Maturation is also associated with 

functional changes, whereby the DC s lose their antigen uptake capacity, but gain 

antigen presentation function, migrate to T cells areas and produce cytokines to 

facilitate T cell activation.

Numerous factors induce DC maturation, including pathogen related molecules such as 

LPS (Resigno et al, 1999), bacterial DMA (Akbari et al, 1999), and double stranded 

RNA (Celia et al, 1999). Also, the balance between pro-inflammatory and anti

inflammatory cytokines in the microenvironment, and T cell derived signals can affect 

DC maturation. Adult derived DC’s are readily activated by LPS, the major antigenic 

component of the gram-negative bacterial cell wall and have been shown previously to 

mature under such a stimulus (Hart, 1997; Verhasselt et al, 1997). CD40L, TN Fa and 

IL-1 can also activate DC s to trigger their transition from immature to mature, as can
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certain simple chemicals such as haptens and metals (NiClz, MnCla, CdS0 4 ) (Manome et 

al, 1999). Necrotic cells may also mature DC’s, but reports are conflicting, with 

confusion as to whether mycoplasma contamination may have been responsible for the 

results observed (Salio et al, 2000; Sauter et al, 2000).

Immature in-vitro monocyte-derived DC’s are relatively unstable in culture and lose their 

DC characteristics upon cytokine withdrawal. Maturation with LPS in-vitro promotes 

survival (Rescigno et al, 1998), with increased expression of Bcl-X(L) and Bcl-2 leading to 

protection from apoptosis (Lundqvist et al, 2002). However in-vivo, LPS injection induces 

DC maturation and migration, followed by rapid apoptosis of the DC’s unless survival 

signals are gained via T cell interaction (Smedt et al, 1998).

1.3.1 DC cytokine production

Activated DC s produce cytokines, which are essential to stimulate T cells and interact 

with other cells of the immune system. DC’s produce numerous cytokines in response 

to activation/maturation including IL-12, which has important implications in T cell 

differentiation (Macatonia et al, 1995), IL-6, IL-8, IL-10 and TN Fa (Verhasselt et al, 

1997). Different cytokines are produced with distinct kinetics during maturation, 

however this capacity appears exhausted in-vitro after 24 to 48 hours stimulation 

(Langenkamp et al, 2000).

IL-12 is a heterodimeric protein, comprised of two subunits p35 and p40, which are 

disulphide-linked to form the active IL-12p70 cytokine. IL-12 is produced primarily by 

DC’s (Macatonia et al, 1995) and exerts immunoregulatory effects on T cells by 

mediating Thl/Th2 differentiation. Endogenous IL-12 appears to be a vital component 

in generating optimal Thl responses in many experimental settings and appears to play
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a pivotal role in promoting cell-mediated immunity (reviewed in Gately et al, 1998), 

which is discussed further in section 1.8. In addition, IL-12 can also enhance the 

cytolytic activity of NK responses, promote specific CTL responses, act as a short term 

growth factor for activated T and NK cells, and synergise with stem cell factor and other 

colony stimulating factors to induce the proliferation and differentiation of 

haematopoetic stem cells (reviewed in Gately et al, 1998).

IL-10 is a critical cytokine that blocks the maturation of dendritic cells (Corinti et al, 
( ^ t l ^  a-cU, /W ; PMihAS O-aJj iqqs)

2001). IL-10 can decrease IL-12 production (Koch et al, 1996), suppress up-regulation 

of CD80 (Ozawa et al, 1996), reduce both primary and secondary proliferative 

responses of CD4^ and CD8^ T cells (Caux et al, 1994), and reduce antigen presentation 

(Ozawa et al, 1996). Addition of blocking anti-IL-10 antibodies to immature DC’s 

caused enhanced activation marker and MHC class II expression, and subsequently 

increased the D C’s capacity to activate naïve T cells to a more prominent Thl 

polarisation (Corinti et al, 2001).

DC’s stimulated with LPS and other activation stimuli also produce TN Fa 

(Langenkamp et al, 2000). TN Fa is an inflammatory cytokine that has cytotoxic 

effects, which may facilitate activation of recruited DC’s and enhance the inflammatory 

response at the site of tissue injury/antigen encounter. DC s produce IL-6, which can 

induce terminal B cell differentiation into plasma cells, thereby promoting antibody 

production, and IL-8, which chemotactically attracts neutrophils. DC also produce IL- 

15 which mediates NK cell activity and cytotoxicity (Qian et al, 1997), in addition to 

IL-18 which promotes Thl polarisation and induce prolonged IFNy production by NK 

cells and macrophages (reviewed in Swain, 2001).
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1.4 Antigen Capture

Immature DC’s are highly endocytic, which allows them to internalise a diverse array of 

antigens for processing and loading onto their MHC class II molecules. DC’s mainly 

use two distinct mechanisms to efficiently capture antigens, macropinocytosis and 

receptor-mediated endocytosis (Sallusto et al, 1995; reviewed in Austyn, 1996). 

Macropinocytosis is a high capacity mechanism for the uptake of non-specific soluble 

antigens into DC s, receptor-mediated endocytosis via the mannose receptor provides 

some antigen-selectivity and further enhances the overall uptake capacity (Sallusto et al, 

1995). Maturation with inflammatory stimuli induces a dramatic inhibition of 

endocytosis, mainly by the down-regulation of macropinocytosis (Sallusto et al, 1995), 

thereby enabling the DC s to function instead to present the newly acquired antigens to 

T cells.

1.4.1 Receptor-mediated endocytosis

During receptor-mediated endocytosis, antigens are selectively internalised after 

binding to specific membrane receptors. Immature DC s have high surface expression 

of mannose receptors, which appear to be the main receptor responsible on DC s for 

receptor-mediated endocytosis (Sallusto et al, 1995). In addition, immature DC s also 

express Fc*^ and FcyRII receptors, which allow the efficient capture of IgG immune 

complexes (Sallusto et al, 1994). Following receptor binding and antigen 

internalisation, endocytic vesicles are formed which fuse together to generate 

endosomes. The acid environment of the endosome facilitates dissociation of the 

receptor and ligand, enabling receptor re-cycling back to the plasma membrane. The 

mature endosomes fuse with lysosomes containing degradative enzymes to enable the 

digestion of antigens into smaller peptides, ready for complexing with MHC class II 

molecules present in the MHC class Il-rich compartments (MIIC’s) (figure 1.4).
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1.4.2 Macropinocytosis

During macropinocytosis, high fluid intake of antigens occurs through non-specific 

membrane invagination. Dendritic cells vigorously internalise solutes by 

macropinocytosis (Sallusto et al, 1995). Once the antigens have been internalised, they 

are degraded via the endocytic-processing pathway in similarity to antigens captures by 

receptor-mediated endocytosis (figure 1.4). Macropinocytosis is mediated by 

membrane ruffling, driven by changes in the organisation of the actin cytoskeleton 

(reviewed in Nobes et al, 2000). The Rho GTPase family are major actin cytoskeleton 

regulators, with family members Racl and Cdc42 implicated in the endocytic capacity 

of DC’s (Garrett et al, 2000; West et al, 2000).

1.5 Migration And Homing

The ability of DC’s to migrate to sites of antigen challenge and home to secondary 

lymphoid organs is essential to facilitate T cell encounter. The selective migration of 

DC’s appears to be a tightly regulated series of co-ordinated events, which is intimately 

linked to antigen capture and maturation. The pathways of DC migration are relatively 

well characterised (reviewed in Banchereau et al, 2000; reviewed in Sallusto et al, 

2000), however the mechanisms that control recruitment and migration are still being 

identified. Newly generated DC s are thought to migrate from the blood to peripheral 

tissues where they reside and encounter antigens. Upon activation, the DC s mature and 

travel via afferent lymphatic vessels to the secondary lymphoid tissues such as the 

spleen and lymph nodes, where they are able to encounter T cells and present their 

antigens (figure 1.1).
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DC maturation plays a central role in the mobilisation of DC populations, with 

microbial products such as LPS or cytokines elicited such as TN Fa or IL-1 intimately 

involved (reviewed in Austyn, 1998). In inflammatory conditions, the rate of DC 

migration is considerably enhanced to meet the increased requirements for antigen 

presentation (reviewed in Sallusto et al, 1999a). How the dendritic cells know where to 

go remains largely unknown, however the homing of DC to a given tissue as well as 

their migratory capacity following antigen encounter appears to be regulated by 

chemotactic factors released by the target tissue and by the modulation of surface 

adhesion molecules.

1.5.1 Chemokines

In-vivo studies with chemokine receptor knockout mice have allowed demonstration of 

the participation of chemokines and their receptors in immune cell migration, and their 

participation in immune responses. In particular, the expression of chemokines and 

their receptors play a fundamental role in the migratory capacity of DC’s.

Chemokines are low molecular weight cytokines comprising of about 70-90 amino 

acids, which contain four conserved cysteine residues. The position of the two cysteine 

resides close to the N terminal determines the chemokine subfamily, with adjacent 

cysteine residues in CC chemokines, or cysteine residues separated by an additional 

amino acid (i.e. “X”) in CXC chemokines (reviewed in Rollins, 1997). Chemokines 

exert their effects via binding to cell specific surface receptors, which are all G protein- 

coupled seven transmembrane domain proteins (reviewed in Baggiolini et al, 1997).

DC’s possess distinct sets of chemokine receptors at each maturation stage, which can 

be divided according to their functional expression. Inducible/inflammatory chemokine
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receptors mainly participate in inflammatory responses, with cells expressing these 

receptors attracted to inflamed tissues. Constitutive chemokine receptors play a major 

role in homing and co-localisation of immune cells, with cells expressing these 

receptors attracted to secondary lymphoid organs (reviewed in Sallusto et al, 1999a).

Table 1.1 Chemokine receptors and their ligands

Receptor Ligand®^ Distribution

Inflammatory

CCRl M IP-la, RANTES, MCP-2/3 Monocytes/Imm DC/Th 1

CCR2 MCP-1/2/3/4 Monocytes/Imm DC/Th 1/Th2

CCR3 RANTES, MCP-2/3/4, Eotaxin Th2

CCR5 M IP-1 a/p , RANTES Monocytes/Imm DC/Th2

CCR6 LARC Imm DC

CXCRl IL-8, GCP-2 Imm DC

CXCR3 IP-10, Mig, I-TAC B cell/Thl

Constitutive

CCR4 MDC, TARC Mat DC/Th2

CCR7 ELC, SLC, MIP-3P Mat DC/B cell/Naïve T

CXCR4 SDF-1 a /p Monocytes/Mat DC/B/NaiVe T

a) Macrophage inflammatory protein (MIP), Regulated on activation of normal T cell 
expressed and secreted (RANTES), Monocyte chemoattractant protein (MCP), Liver 
and activation-regulated chemokine (LARC), Granulocyte chemotactic protein (GCP), 
Interferon inducible protein (IP), Monokine induced by interferon y (Mig), Interferon 
inducible T cell alpha chemoattractant (I-TAC), Macrophage-derived chemokine 
(MDC), Thymus and activation-regulated chemokine (TARC), EBIl ligand chemokine 
(EEC), secondary lymphoid tissue chemokine (SLC), Stromal cell-derived factor (SDF).
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1.5.2 Dendritic cell chemokines and their receptors

Immature DC’s were observed to express “inflammatory” chemokine receptors CCRl, 

CCR2, CCR5 and CXCRl, and exhibit potent in-vitro chemotaxis and transendothelial 

migration towards M IP -la , M IP-Ip, RANTES, and MCP-3 (Lin et al, 1998; Sato et al, 

2001b). Treatment with functional antibodies against CCRl (and to a lesser extent 

CCR5) were found to suppress the migratory capacity of immature DC’s (Sato et al,

1999), in addition, antibodies against CCRl and CCR3 could also inhibit allogeneic T 

cell responses and reduce DC-T cell clustering (Sato et al, 1999).

DC maturation induces a switch in chemokine receptor expression from inflammatory 

to homing, with up-regulation of constitutive chemokine receptors CXCR4 and CCR7 

(Lin et al, 1998; Sallusto et al, 1998a; Sallusto et al, 1999b; Sozzani et al, 1998; 

Delgado et al, 1998). This enables movement of the DC s away from sites of antigen 

encounter to T cell areas within secondary lymphoid organs where the constitutive 

chemokines are produced, thereby facilitating efficient antigen presentation. LPS 

induced DC maturation reduces responses to inflammatory chemokines, but markedly 

enhance responses to the constitutive chemokines MIP-3P and SD F-la, correlating with 

changes in chemokine receptor expression (Lin et al, 1998).

Besides the expression of chemokine receptors, DC s during the early stages of 

maturation produce large amounts of inflammatory chemokines, which enhance the 

recruitment of new immature DC to the inflammatory site, and down-regulate the 

expression of their own inflammatory chemokine receptors (Sallusto et al, 1999b). At 

later time points during maturation, DC’s switch to producing constitutive chemokines 

such as TARC and ELC, which are thought to facilitate attraction of other maturing DC
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as well as co-localisation of naïve and recently activated T cells which express similar 

constitutive chemokine receptors (Sallusto et al, 1999b).

1.5.3 T cell chemokine receptor expression

T cells also express chemokine receptors (Taub et al, 1995; Sato et al, 2001a), with 

each T cells subset not only producing different sets of cytokines, but also displaying 

distinct sets of receptors after antigenic stimulation. Naïve T cells express CCR7 and 

CXCR4 that drive them to secondary lymphoid organs and promote their co-localisation 

and interaction with DC’s. T cell polarisation causes diversity of chemokine receptor 

expression, Thl cells express CCRl, CCR2 and CCR5, whilst Th2 cells express CCR2, 

CCR3 and CCR4 (Sallusto et al, 1998b). Most memory T cells display CXCR3 on their 

surface, but higher levels are present on Thl cells in comparison to Th2 (Sallusto et al, 

1998b). MCP-1, MCP-2, and MCP-3 were all found to induce significant in-vitro 

chemotaxis of human peripheral blood T lymphocytes, with migration of both CD4^ and 

CD8^ T cells observed. In addition, neutralising anti-sera to MCP-1 or MCP-2 

abrogated T cell migration to MCP-1 and MCP-2 respectively (Taub et al, 1995).

Interestingly, cord blood T cells have been found to express CCR7 and CXCR4. 

Complimentary to the deficient expression of other chemokine receptors, the 

chemotactic response of cord blood T cells to M IP-la, MCP-1, RANTES and M IP-3a 

was significantly impaired in comparison to adult T cells. In contrast, the ability of cord 

blood T cells to migrate to MIP-3p and S D F -la  was greater than that of adult T cells, 

again correlating with their expression levels of CCR7 and CXCR4 (Sato et al, 2001a).
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1.6 Antigen Processing And Presentation

The initiation and propagation of immune responses is dependent on the ability of DC’s 

to convert proteins into peptides, to load them intracellularly onto MHC molecules and 

deliver the peptide-MHC complexes to the cell surface. MHC class I (MHC I) 

molecules predominately present degradation products derived from intracellular 

proteins, to initiate CD8^ T cell activation. MHC class II (MHC II) molecules generally 

present peptides derived from extracellular proteins processed via the endocytic 

pathway (described in section 1.4), to initiate CD4^ T cell activation (figure 1.5) 

(reviewed in Bhardwaj, 2001).

1.6.1 MHC II processing and presentation to CD4^ T cells

MHC II molecules are non-covalently linked dimers of two immunoglobulin-family- 

related type I membrane proteins a  and p. A single peptide binding groove formed is at 

the top of the dimer, and is the domain where much of the MHC sequence diversity 

exists, enabling presentation of a diverse array of antigenic epitopes from different 

proteins. The MHC II molecules are assembled in the ER from an a  and p-chain 

together with an invariant (li) chain. The aP-Ii complexes are then transported through 

the Golgi where they are further sorted into late endocytic/lysosomal compartment 

termed the MHC Il-rich compartments (MIIC’s). MIIC’s contain protease for peptide 

processing as well as molecules to facilitate peptide loading, and can be identified by 

their expression of lysosome associated membrane glycoprotein (DC-LAMP) (De Saint- 

Vis et al, 1998). The endocytosed/captured antigens (previously discussed in section 

1.4) are also directed towards the MIIC’s. The li chain is cleaved and digested, 

enabling binding of the antigenic peptides to the MHC II peptide-binding groove. The 

MHC E-peptide complexes subsequently relocate to the cell surface within Class II 

vesicles (CEV), which lack DC-LAMP (Pierre et al, 1997), but contain the co
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stimulatory molecule CD86 (Turley et al, 2000). These molecules become concentrated 

in clusters on the cell surface, where they are available for recognition by CD4^ T cells 

(Celia et al, 1997b; reviewed in Neefjes et al, 1993; reviewed in Mellman et al, 1998). 

This clustering may facilitate the formation of the immunological synapse during DC-T 

contact (Turley et al, 2000).

An additional intracellular pathway for antigen presentation and processing has been 

identified, which involves “previously synthesised” li-chain-free MHC II dimers that 

are internalised from the plasma membrane. This minor pathway appears to account for 

the presentation activity that occurs in the absence of protein synthesis or li chain 

expression (reviewed in Mellman et al, 1998). A extracellular processing pathway has 

also been proposed, with proteins degraded by secreted proteases and loaded onto 

empty peptide-receptive MHC’s on the surface of the DC (Santambrigio et al, 1999).

1.6.2 MHC I processing and presentation to CD8^ T cells

To generate CD8^ cytotoxic killer cells, DC’s present antigenic peptides derived from 

intracellular proteins in the context of MHC I molecules (figure 1.5). MHC I molecules 

are comprised of a heavy chain (H) and the light chain P2 microglobulin (P2111) which 

are synthesised in the endoplasmic reticulum (ER) to form class I H/p2in heterodimers. 

Peptides derived from cytosolic and nuclear proteins are degraded by large ATP- 

dependent proteosomes within the cytoplasm, then translocated to the lumen of the ER 

by the TAP1/TAP2 (transporters associated with antigen processing) protein 

heterodimeric peptide transporter. Within the ER, further processing occurs to ensure 

the peptides are trimmed to 8-11 amino acids. The peptides bind to the class I H/p2m 

and the resulting MHC I heterotrimer is transported through the Golgi to the cell 

surface, for binding to CD8^ T cells (reviewed in Neefjes et al, 1993).
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Endogenous antigens are processed in proteosomes, transported into the 
endoplasmic reticulum (ER) by transporter associated with antigen 
presentation (TAP) peptide transporters, loaded onto MHC I molecules and 
subsequently transported to the cell surface. MHC II molecules are assembled 
in the ER, and co-Iocalise in the MIIC’s with the degraded exogenous 
antigens captured by endocytosis. The invariant chain is degraded, and the 
peptides bind to the MHC II, which are subsequently transported to the cell 
surface in class II vesicles (CIIV’s).
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DC’s can also mediate cross-presentation of proteins and self-antigens to CD8^ T cells. 

The mechanism of antigen transfer remains undetermined, however in-vitro studies 

support the concept that dead cells or their derivatives are the source of exogenous 

antigens (reviewed in Bhardwaj, 2001). With engulfment and processing of cell bodies 

by the DC’s representing an alternative pathway for the loading of MHC I molecules 

and generation of cytotoxic T cell responses.

1.6.3 Accumulation of surface MHC II molecules upon maturation

The generation and surface expression of MHC Il-peptide complexes are intrinsically 

linked to DC maturation. Although immature DC’s are capable of internalising 

antigens, they are unable to efficiently present them until after maturation occurs. 

Immature DC’s are active in the biosynthesis of MHC II and peptide loading, however 

the assembled complexes are not stably expressed on the cell surface, instead they are 

removed and degraded relatively quickly, and are unable to effectively present their 

antigens to T cells (Celia et al, 1997b). Maturation triggers up-regulation of surface 

MHC n  molecules and co-stimulatory molecules, with transient acceleration of MHC I 

and n  biosynthesis, and considerable reduction of endocytosis. The up-regulation of 

MHC II may be partly due to the cessation of macropinocytosis, which would otherwise 

result in rapid internalisation and degradation of surface MHC II molecules. 

Consequently the half-life of MHC II in mature DC’s is considerably increased, with 

mature DC s expressing almost all of their MHC II on the cell surface, therefore 

maximising the opportunity for interaction with T cells (Celia et al, 1997b).

A contrasting study however reported that, despite the close proximity of the antigens 

and MHC II complexes in the MIIC’s, the antigen-MHC II complexes only formed after 

the DC s were exposed to inflammatory stimuli, suggesting that antigen presentation in
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immature DC’s is arrested at the peptide-loading stage rather than due to enhanced 

degradation. However, both groups found complimentary results using matured DC’s, 

with enhanced MHC-peptide loading contributing to increases of 100-fold in the T cell 

responses generated (Inaba et al, 2000). Therefore, by regulating class II transport and 

compartmentalisation according to the maturational status of the DC, the DC s can 

delay the display of antigens, which may be crucial for effective immune surveillance 

(Pierre er <3 /, 1997).

1.7 DC-T Cell Interaction

Studies from almost 20 years ago demonstrated that the activation, proliferation and 

differentiation of T cells was initiated by recognition of MHC E-peptide complexes on 

antigen presenting cells (reviewed in Schwartz, 1985). The first in-vivo studies used a 

series of MHC E I-E transgenic mice that differentially express I-E on different antigen 

presenting cells, to determine the role of DC s in the activation and priming of CD4^ T 

cells. The transgenic mice were initially primed with an I-E restricted antigen, then the 

CD4^ T cells were isolated and restimulated in-vitro with the same antigen. A strong 

correlation was observed between I-E expression on DC s and CD4^ T cell priming, in 

addition DC s were found to be more potent at presenting antigens than B cells or 

macrophages (Levin er fl/, 1993).

Activation of T cells is thought to require two signals generated by two sets of 

receptors. The first signal is antigen-specific and generated by the T cell receptor 

(TCR) complex binding to the MHC-peptide complex. The second signal results from 

the interaction of one or more accessory molecules on the surface of DC’s, such as co

stimulatory and adhesion molecules with their receptors on T cells (figure 1.6)
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(reviewed in Mellman et al, 1998). Stimulation of T cells can be achieved through 

either long interactions with a single DC, or through multiple interactions with several 

DC’s. DC’s expressing high surface antigen and co-stimulatory molecules tends to lead 

to more rapid T cell stimulation than DC’s with low surface antigen and co-stimulatory 

molecules, which require longer interaction to achieve effective T cell stimulation 

(reviewed in Lanzavecchia et al, 2001).

During DC-T cell interaction, DC not only provide the antigen for priming the T cells, 

but also determine the nature of the resultant lymphocyte effector type. The nature of 

the effector response appears to be determined by the antigen dose, duration of DC-T 

contact, state of DC maturation, and the environment in which an antigen is captured 

(lezzi et al, 1998; Langenkamp et al, 2000). The ability to prime naïve T cells 

constitutes a unique and critical function of DC s (Inaba et al, 1990; Dubey et al, 1995; 

Constant et al, 1995; Mehta-Damani et al, 1995). Naïve T cells require prolonged TCR 

signalling in comparison to effector T cells, however they have the same ability to 

engage TCR’s with peptide-MHC complexes, therefore the lower responsiveness of 

naïve T cells appears to be due to a reduced capacity of naïve T cells to transduce 

activatory signals (lezzi et al, 1998).

1.7.1 DC-T cell immune synapse

The site of DC-T contact is termed the “immune synapse” or SMAC (supramolecular 

activation cluster), an area rich in adhesion and co-stimulatory molecule interactions in 

addition to MHC/TCR signalling (figure 1.6) (reviewed in Dustin et al, 2000; reviewed 

in Lanzavecchia et al, 2001). Synapse formation appears to be antigen-independent, as 

DC-T synapses can still form even in the absence of antigens and MHC molecules 

(Revy et al, 2001). Initial DC-T cell adhesion appears to be mediated by DC-SIGN
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present on the DC’s and CD50 (ICAM-3) present on the T cells (Geijtenbeek et al,

2000). Dynamic rearrangements of actin filaments establish a scaffold for assembly of 

the synapse, which has a central core enriched for TCR, MHC-peptide complexes and 

small co-stimulatory molecules such as CD86 and CD28, with a peripheral ring of 

larger adhesion molecules such as CD 11 a/CD 18, and CD54 to mediate cell-cell 

adhesion and to stabilise the synapse (figure 1.6) (reviewed in Dustin et al, 2000; 

reviewed in Bromley et al, 2001).

1.7.2 MHC-peptide-TCR interaction

The key interaction between DC’s and T cells is the presentation of antigen via MHC II 

on the DC to the TCR to facilitate T cell activation. T cell signalling thought to be 

sustained through serial TCR triggering, with the duration of TCR antigenic stimulation 

determining the fate of T cells (lezzi et al, 1998). As discussed in section 1.6.3, MHC 

II molecules accumulate on the surface of DC’s during maturation (Celia et al, 1997b). 

Paradoxically, MHC-peptide molecules appear to have a low affinity for TCR binding 

(Weber et al, 1992), however they can still deliver sufficient T cell stimulation, possibly 

through their ability to disengage from triggered TCR’s ready to stimulate further 

TCR’s (Valututti etal, 1995).

1.7.3 Co-stimulatory molecules

TCR signalling is greatly enhanced when co-stimulatory CD28 molecules present on the 

surface of T cells are simultaneously engaged by their ligands CD86 and CD80 present 

on the surface of the DC (lezzi et al, 1998), with this being the most dominant co

stimulatory pathway necessary for T cell activation. Studies have also suggested that 

CD80 and CD86 may be implicated in determining Thl/Th2 differentiation (Kuchroo et 

al, 1995; Salomon et al, 1998b; DiMolfetto et al, 1998), however there is controversy

50



Chapter 1_________________________________________________________ Introduction

regarding this issue. CD86 (B7-2) and CD80 (B7-1) are transmembrane proteins with 

an extracellular sequence containing two Ig-like domains and a cytoplasmic tail 

containing three protein kinase C phosphorylation sites, indicative of their signalling 

function (reviewed in Lenschow et al, 1996). Both CD86 and CD80 are upregulated on 

the surface of dendritic cells after maturation, with CD86 known to be translocated in 

association with MHC Il-peptide complexes onto the DC surface (Turley et al, 2000).

CD28 is present on the surface of all CD4^ T cells and approximately 50% of CD8^ T 

cells. CD28 engagement has been shown to enhance to production of various cytokines, 

including IL-1, IL-2, IL-4, IL-5, TN Fa and IFNy, supporting a role of CD28 signalling 

in Thl/Th2 differentiation (Thompson et al, 1989). Interruption of this signalling 

pathway not only results in suppression of the immune response, but can also induce 

antigen-specific tolerance (Tan et al, 1993). CD28 engagement on T cells was observed 

to facilitate recruitment of membrane microdomes (containing kinases and adaptors) to 

the triggered TCR, thereby amplifying the signal transduction cascade to enable the T 

cell activation threshold to be reached more rapidly (Viola et al, 1999).

Studies with various CD80 and CD86 transgenic mice highlighted the importance of 

CD80 and CD86 in T cell responses. Investigation of T cells from knockout mice, 

showed that both CD86 and CD80 contributed to the magnitude of T cell activation, 

however this study also showed that CD86, and to a lesser extent CD80 also induced 

both IL4 and IFNy production and did not selectively regulate Thl/Th2 differentiation 

(Schweitzer et al, 1997). Additionally, CD80 and CD86 appear to play a role in T cell 

homeostasis, as over-expression of either in transgenic mice leads marked polyclonal 

peripheral T cell expansion with a skewing towards CD8^ cells and decreased CD28
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expression, with deficient mice exhibiting reciprocal changes with increased CD4^ ratio 

and increased CD28 (Yu et al, 2000).

1.7.4 Integrins and adhesion molecules

Integrins and adhesion molecule on the surface of DC’s play an important role in 

stabilisation of the immune synapse (figure 1.6) (reviewed in Bromley et al, 2001), and 

involvement in both adhesion and migration (reviewed in Bleijis et al, 2001). Integrins 

are ap  heterodimers, the a  subunits vary in size form 120-180kDa and are covalently 

associated with a p subunit. Integrins have a wide tissue distribution and appear to be 

the major receptors by which cells attach to extracellular matrices and mediate cell-cell 

adhesion (reviewed in Hynes, 1992), via specific binding to the cell-adhesion molecules 

(CAM’s) that are members of the immunoglobulin superfamily.

A number of studies have investigated the surface expression of integrins and adhesion 

molecules on adult DC s. In general, DC s express CD18 (p2) associated with CDl la, 

C D llb , C D llc , and CD29 (P l) associated with CD49b, CD49d and CD49e. In 

addition, DC’s also express the adhesion molecules CD54 (ICAM-1), CD50 (ICAM-3), 

CD44 and CD58 (LFA-3). However there is some disagreement regarding whether 

some integrins are upregulated upon DC maturation (Scheeren et al, 1991; McCarthy et 

al, 1997; Ammon et al, 2000; Puig-Kroger et al, 2000).

Integrins and adhesion molecules play a crucial role in the aggregation of DC s and T 

cells, facilitating immune synapse formation and effective T cell responses. 

Aggregation of DC s with T cells has been described in many systems, both in-vivo and 

in-vitro (Inaba et al, 1984; Inaba et al, 1986; Inaba et al, 1987; King et al, 1989; 

Vakkila et al, 1989; Saiki et al, 2001), with T cells observed to form cell clusters in the
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early phases of autologous and allogeneic mixed lymphocyte reaction (Inaba et al, 

1984; Vakkila et al, 1989). Other antigen presenting cells such as macrophages and B 

cells could also clustering with T cells but to a lesser extent than DC’s (Inaba et al, 

1986; Kushnir et al, 1998). The DC-T cell interaction, both in-vivo and in-vitro was 

observed to be primarily dependent on adhesion molecules, with the CD54- 

CD11 a/CD 18 pathway playing a central role, shown with blocking antibodies (Inaba et 

al, 1987; King et al, 1989; Scheeren et al, 1991).

In addition to adhesive qualities, CD54 (ICAM-1) can function as a classic co

stimulatory molecule to amplify TCR signalling (Dubey et al, 1995). Studies 

comparing CD28/B7 to LFA-l/ICAM co-stimulation found that the blockade of either 

pathway partially inhibited T cell proliferation. Interestingly, blocking of CD28/B7 

lead to inhibition of Th2 cytokine production, whereas blocking of LFA-l/ICAM lead 

to increased Th2 cytokine production, suggesting opposing roles of these two pathways 

in T cell differentiation (Salomon et al, 1998b). CDl lc/CD18, which is abundant on 

dendritic cells, has also been suggested as a transmembrane receptor for LPS. 

CDl lc/CD18 appears to be capable of binding LPS, causing subsequent intracellular 

activation of NFkB signalling pathways (Ingalls et al, 1995).

1.7.5 Reciprocal activation of DC’s by T cells

Traditionally, DC-T cell interactions have been viewed as one-way interactions, with 

the DC’s activating T cells. Data suggests that the T cells may also play an important 

role in further activation of the DC’s thereby enhancing the T cell stimulatory capacity 

of the DC s. T cells are thought to activate DC s via CD40L-CD40 signalling, which is 

known to lead to increased CD80 and CD86 expression (Sallusto et al, 1994). 

Additionally, engagement of RANK (receptor activator of NFkB) on DC s with it’s
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ligand TRANCE (TNF-related activation-induced cytokine) on activated T cells 

stimulates DC cytokine production, resulting in increased DC survival and enhanced T 

cell proliferation (Wong et al, 1997).

1.8 Thl/Th2 differentiation

DC’s have an essential role in the induction of immune responses towards antigens by 

naïve T cells. After DC stimulation, the newly activated CD4^ T cells commit to a 

pathway of differentiation that results in the formation of Thl and Th2, which differ in 

the cytokines they secrete and the immune response that they generate (figure 1.7). 

Activation of the appropriate T cell subset is critical for providing protective immunity: 

Thl responses are thought to promote cell-mediated immunity and protect against 

predominately intracellular microbial pathogens, and Th2 responses mainly protect 

against extracellular pathogens such as helminths, but are also mediators of allergic and 

atopic manifestations (reviewed in Bottomly, 1999; reviewed in O’Garra, 2000, 

reviewed in Lanzavecchia et al, 2000). Cytokines present at the site of priming 

determine the polarisation of activated T cells (figure 1.7). In addition, antigen dose can 

also influence the differentiation of naïve CD4^ T cells. In a human autologous MLR, 

high antigen doses appeared to favour Thl responses, with low doses favouring Th2 

(Langenkamp et al, 2000), similar results were also reported using TCR-transgenic mice 

(Hosken et al, 1995). The kinetics of cytokine production seems to be involved in 

Thl/Th2 differentiation, 8 hours LPS activated DC’s which strongly produced cytokines 

preferentially induced Thl responses, whereas 48 hour LPS exhausted DC s 

preferentially induced Th2 (Langenkamp et al, 2000).
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1.8.1 Pathway of T hl differentiation

DC derived IL-12 selectively promotes the differentiation of naïve CD4^ T cells to Thl 

cells (figure 1.7), which are characterised by their production of IFNy and IL-2 (Wu et 

al, 1993; Hsieh et al, 1993; Macatonia et al, 1995; Somasse et al, 1996; Ohshima et al, 

1997). IL-12 also provides a stimulus to enhance IFNy production by differentiated Thl 

cells, and stimulation of memory T cells differentiation to Thl differentiation during 

antigen restimulation (DeKruyff et al, 1995). DC generated IL-12 can efficiently drive 

Thl differentiation in a primary MLR, thereby enhancing IFNy production by CD4^ T 

cells (Macatonia et al, 1995), with addition of anti-IL-12 antibodies demonstrated to 

reduce IFNy production (Ohshima et al, 1997). DC IL-12 production can also be 

decreased by the addition of exogenous EL-10 (Koch et al, 1996), with the addition of 

anti-IL-10 antibodies able to activate naïve T cells to a more prominent Thl polarisation 

(Corinti et al, 2001). IL-12 activation of Stat4 was found to be critical for Thl

responses, with mice deficient in IL-12, the IL-12 receptor or Stat 4 generating reduced 

Thl responses (reviewed in Moser et al, 2000). IFNy produced by the Thl cells can 

mediate a positive feedback loop, by upregulating IL-12 receptor expression on Thl 

cells to amplify Thl responses (reviewed in O’Garra, 2000).

1.8.2 Pathway of Th2 differentiation

EL-4 produced by naïve T cells under the influence of DC derived IL-6 or by bystander 

cells drives Th2 polarisation of CD4^ T cells (figure 1.7), which are characterised by 

their production of IL-4, EL-5 and IL-13 (Swain et al, 1990; Somasse et al, 1996; 

Ohshima et al, 1997). IL-4 induces Th2 development, via the activation of Stat6, as 

mice deficient in either IL-4 or Stat6 were observed to have impaired Th2 responses 

(reviewed in Moser et al, 2000). Th2 differentiation could be completed abolished with 

a mutant IL-4 protein that antagonises the IL-4 receptor, thereby blocking IL-4 binding
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and subsequent signal transduction (Somasse et al, 1996). In addition, IL-12 production 

during an MLR could be decreased by the addition of exogenous IL-4, thereby reducing 

IFNy production by CD4'*' T cells, with the converse occurring with the addition of anti- 

IL-4 antibodies (Ohshima et al, 1997). Additionally, IL-4 can down-regulate Thl 

surface IL-12 receptors, thereby selectively inhibiting the Thl pathway and promoting 

the Th2 pathway (Gollob et al, 1997). A negative feed-back loop utilising IL-10, IL-4 

or IFNy from the matured T cells is also thought to selectively inhibit prolonged Thl or 

Th2 responses, by functioning directly on the stimulating T cells, and thereby 

controlling the stimulation of naïve T cells and their Thl/Th2 differentiation (Rissoan et 

al, 1999).

1.8.3 Neonatal bias towards Th2 responses

In many experimental settings, neonatal mice appear to be biased towards Th2 

responses, however Thl responses can be generated under certain conditions. The 

quality of a primary T helper cell response in neonates appears to be strongly dependent 

on the site of initial antigen exposure, as responses initiated in the lymph nodes are 

mixed Thl/Th2, whereas responses occurring in the spleen are heavily Th2 biased 

(Adkins et al, 2000). Both human and murine neonatal T cells are impaired in 

producing cytokines, notably IL-2 and the Thl cytokine IFNy, under relatively neutral 

activation conditions (Pirenne-Ansart et al, 1995; Adkins et al, 1993). However, 

neonatal T cells have the capacity to mount adult like Thl and CTL responses by 

increasing the magnitude of Thl co-stimulatory signals (Sarzotti et al, 1996; Barrios et 

al, 1996a; Martinez et al, 1997).

Murine vaccine studies showed that significant B and T cell responses to vaccine 

antigens were obtained as early as 1 week old, however these differed qualitatively from
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adult responses, with decreased vaccine-specific antibodies, higher EL-5, lower EFNy 

and impaired cytotoxic T cell precursors. This pattern of biased Th2 versus Thl 

responses induced upon early vaccine exposure was not reversed with increased doses 

of vaccine antigens and did not disappear with ageing (Barrios et al, 1996a). The 

administration of IL-12 in both mouse and human neonatal systems has the ability to 

restore/redirect T cell responses towards a Th-1 profile (Goriely et al, 2000; Min et al, 

1998; Arulanandam et al, 1999), allowing enhancement of protective efficacy of 

antiviral vaccination (Arulanandam et al, 2000), or preventing the establishment of 

transplantation tolerance (Donckier et al, 1998). Examination of T cell polarisation 

under various antigen presentation conditions showed that low MHC-peptide density, as 

probably occurs in neonates, also favours Th2 differentiation (reviewed in Marshall- 

Clarke et al, 2000).

1.9 Tolerance

After antigen encounter the immune system can either develop immune responsiveness 

or enter a state of unresponsiveness and become tolerised. Most studies focus on the 

ability of DC’s to activate T cells, but before T cell encounter with foreign antigens, the 

T cell repertoire needs to be tolerised to self-antigens. Nothing appears to uniquely 

distinguishes self-antigens from foreign antigens. The random rearrangements of the 

immunoglobulin genes and TCR genes required to generate a diverse array of 

recognition specificities, are equally capable of generating self-reactive receptors. 

Therefore the immune system must become non-responsive to self-antigens through the 

process of tolerance, and if tolerance fails then autoimmunity prevails.
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DC’s appear to participate in both central thymic tolerance and peripheral tolerance in 

the lymphoid organs (reviewed in Banchereau et al, 1998). In the thymic medulla DC’s 

can present self-antigens via their MHC molecules, thereby allowing negative selection 

and deletion of reactive thymocytes (Brocker et al, 1997). DC’s are also thought to 

present self-antigens that are restricted to specialised tissues, with tolerance following 

probably as a result of T cell anergy or deletion (Forster et al, 1996). In addition, DC’s 

can capture and present peptides from apoptotic cells (Albert et al, 1998), potentially 

enabling the induction of tolerance during normal cellular life cycle.

The maturation status of the DC may determine the outcome of the immune response, 

either T cell priming or tolerance. Antigen uptake, although necessary for presentation, 

does not induce maturation, with evidence that antigen presentation in the absence of 

co-stimulation leads to tolerance (Steinbrink et al, 1997). An alternative possibility is 

that distinct DC subsets are responsible for tolerance, with lymphoid DC’s potentially 

inducing tolerance, by their ability to kill activated CD4^ T cells (Suss et al, 1996) and 

limit cytokine production by CD8^ T cells (Kronin et al, 1996). The transfer of antigens 

from migratory DC’s to lymphoid DC s has been observed in-vivo, which may be the 

mechanism that peripheral tolerance is induced under non-inflammatory conditions 

(Inaba era/, 1998).

1.9.1 Neonatal tolerance

Neonates appear to be readily tolerised, however tolerance does not appear to be an 

intrinsic property of the newborn immune system, as the nature of antigen presenting 

cell appears to determine whether tolerance or immunity occurs. Injection of male adult 

DC at birth results in the generation of CTL activity directed against the male H-Y 

antigen, whereas injection of male spleen cells which contain very few professional
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antigen presenting cells results in the induction of specific tolerance. Suggesting that 

tolerance or activation to an antigen is not determined by the origin of the antigen, but 

by the conditions by which the antigen is displayed (Ridge et al, 1996).

Neonatal T cells appear uniquely susceptible to tolerance induction. Murine neonates 

possess fewer T cells and other immune components than adults (reviewed in Adkins, 

1999), however enhanced T cell trafficking through non-lymphoid peripheral tissue occurs 

in murine neonates, which may be crucial for the establishment of self-tolerance (Alferink 

et al, 1998). Reduced IFNy production in response to antigenic stimulation occurs in both 

murine (Adkins et al, 1992) and human neonates (Wilson et al, 1986). With differential 

patterns of méthylation of the IFNy-promoter apparently responsible for decreased IFNy 

gene expression by cord blood CD4^ T cells (White et al, 2002). The subsequent Th2 bias 

generated by reduced IFNy may also enhance tolerogenic capacity. Administration of IL- 

12 in both human and murine neonatal systems was found to restore/redirect T cell 

responses towards a Thl profile (Shu et al, 1994; Somasse et al, 1996; Min et al, 1998; 

Amnlanandam et al, 1999). Thereby allowing enhancement of protective efficacy of 

antiviral vaccination (Amnlanandam et al, 2000), and preventing the establishment of 

transplantation tolerance (Donckier et al, 1998).



Materials and methods
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2.1 Materials

2.1.1 Reagents

General buffers and reagents were gained from Sigma unless otherwise stated. 

Antibodies were generally purchased from Becton Dickinson. For the T cell 

proliferation assays, radioactive [^H]-Thymidine was purchased from ICN Biomedical, 

and the filtermats and melt-on scintillant were purchased from Wallac, Finland.

2.1.2 Tissue culture reagents

Culture media was purchased from Gibco/Life Technologies unless otherwise stated. 

Low endotoxin plasticware was purchased from Falcon, and pre-packaged endotoxin- 

free pipette tips from Gilson.

Complete medium comprised of RPMI-1640 with 25mM HEPES and L-Glutamine 

supplemented with 1% penicillin-streptomycin and 10% foetal bovine serum (FBS). A 

specialised batch of FBS with no/low endotoxin contamination (batch 1079697, 

GibcoBRL) was used to minimise unwanted maturation of the generated DCs.

The limulus amebocyte (LAL) quantitative chromogeneic assay (Chromogenix, 

Sweden) was used to examine media, cytokines, reagents and plasticware for endotoxin 

contamination.

Recombinant human IL-4: Gift from Department of Immunology, UCL.

Recombinant human GM-CSF: Leukomax, Sobering Plough.

Lipopolysaccharide (LPS): From E. coli 026:B6, Sigma.
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2.1.3 Western blotting buffers

. NP40 lysis buffer: 1% NP40, 20mM Tris-HCl, IBOmM NaCl, lOmM NaF, 10%

glycerol, ImM dithiothetrol (DTT), 20|iM leupeptin, 1% aprotinin, 100p.M 

sodiumorthovanadate (Na3V0 4 ), ImM PMSF, 2p,g/ml pepstatin A.

• 2xSDS loading buffer: 125mM Tris-HCl, 20% glycerol, 2% p-mercaptoethanol, 2% 

sodium dodecyl sulphate (SDS), 0.001% bromophenol blue.

• SDS-PAGE running buffer: 25mM Tris-HCl pH 8.3, 192mM glycine, 1% SDS.

• Transfer buffer: 48mM Tris-HCl, 39mM glycine, 20% methanol, pH 9.2.

• Milk-PBS-T: 4% dry milk powder in PBS with 0.1% Tween-20.

• Resolving gel: 8% or 12% polyacrylamide (Protogel, National diagnostics) in 375mM 

Tris-HCl (pH 8.8) and 0.1% SDS, and polymerised with 0.1% ammonium persulphate 

(APS) and 0.1% tetramethyethylenediamine (TEMED).

• Stacking gel: 4% acrylamide in 125mM Tris-HCl, and polymerised with 0.1% 

ammonium persulphate (APS), 0.1% TEMED.

2.1.4 ELISA and ELISPOT buffers

• ELISA coating buffer: O.IM Sodium carbonate (NaHCOg and Na2C0 3 ), pH 9.5.

• ELISA assay diluent: PBS with 10% foetal calf serum.

• ELISA wash buffer: PBS plus 0.05% Tween-20 (PBST).

• ELISA stop solution: 2N H 2 SO 4 .

• ELISPOT wash buffer: PBS plus 0.05% Tween-20 (PBST).

• ELISPOT developer: Alkaline-phosphatase conjugate substrate (Biorad).
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2.2 Dendritic Cell And T Cell Generation

2.2.1 Samples

Cord blood was venisected from the umbilical cord of full-term deliveries immediately 

following caesarean section at University College Hospital, London. Informed consent 

was gained from the mothers prior to caesarean section, with approval by the Great 

Ormond Street Hospital and the Institute of Child Health Research Ethics Committee. 

Peripheral blood was venisected from healthy adult volunteers. The blood was 

collected into sterile heparinised tubes, and used within one hour of collection.

2.2.2 Generation of immature dendritic cells

Initially the blood was diluted 1:1 with RPMI-1640, and carefully layered over 

Lymphoprep (Nycomed), and spun at 2400 rpm (~750g) for 25 minutes with the brake 

off. Peripheral blood mononuclear cells (PBMCs) were removed from the interface, 

diluted with at least 1:1 RPMI and spun at 1200 rpm (~300g) for 10 minutes. The cell 

pellet was washed in RPMI, spun at 1100 rpm (~250g) for 5 minutes, resuspended in 

complete medium, and incubated for 2-3 hours in 6-well polystyrene tissue culture 

plates (Falcon).

The non-adherent cells were gently washed off and frozen slowly to -80°C in CryoBox 

(Nalgene) in freezing mix comprising of 50% PCS with 10% dimethylsuphoxide 

(DMSO) in complete medium. These were later used use as source of T cells in 

subsequent experiments (see isolation of naïve CD4^ T cell method described in section

2.4.1 below). The remaining adherent fraction was cultured in complete medium 

supplemented with lOOng/ml rHu GM-CSF and 25ng/ml rHu IL-4.
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After 5-6 days of culture, the immature dendritic cells were gently washed off the wells, 

and spun at 1200 rpm (~300g) for 10 minutes, then resuspended in fresh complete 

medium. To minimize contamination by other cells types, the DC samples were 

immunodepleted with magnetic immunobeads coated with antibodies against CD3 and 

CD 19 (Dynal). Initially the beads (lOjil per approx 10  ̂ target cells) were washed to 

remove the sodium azide and placed into an eppendorf. 1ml of sample in complete 

medium was added to immunobeads, and then rotated at 4°C for 20 minutes. It was 

important to do this step at 4°C to minimise phagocytosis of the beads by the DCs. The 

samples were then placed back on the magnet and the supernatant containing the 

purified DC population was removed and used in subsequent experiments.

2.2.3 Isolation of naïve CD4^ T ceils

Frozen non-adherent allogenic PB M Cs from both adult and cord samples were 

defrosted and washed in RMPI-1640 to remove the DMSO. Total CD4^ T cells were 

gained by negative selection of these cells, using anti-CD 14, anti-CD 19 and anti-HLA- 

DR immunobeads (Dynal). Using lOp-1 immunobeads per approx 10  ̂ target cells, the 

beads were mixed and placed into an eppendorf and washed with RMPI-1640. The 

samples (in complete medium) were then added to the eppendorfs and rotated at 4°C for 

20 minutes. The samples were then placed on an MCP-Q magnet (Dynal) and the 

supernatant containing the purified CD4^ T cells was removed. To gain a naïve 

population, the CD4^ T cells were surface stained for 20 minutes with a PE labeled 

antibody specific for CD45RO (Clone UCHLl, IgG2a, PharMingen), and the naïve 

CD45RO negative population was gained using a Beckman Coulter EPICS Altra cell 

sorting system.
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2.3 Dendritic Cell Functional Analysis

2.3.1 Activation of immature dendritic cells

Immature DCs were replated into 24 or 48 well plates, depending on cell number 

required, and either activated or left unchallenged. To activate the DC’s with LPS, 

0.5pg/ml LPS was added for 8, 24, 48 or 72 hours depending on the experiment. For 

activation by other stimuli, either 150ng/ml recombinant human TN Fa (R and D 

systems) or 20ug/ml Poly I:C (Sigma) was added for 24-48 hours.

2.3.2 Dendritic cell phenotyping 

Table 2.1 Phenotyping antibodies

Specificity Clone Source*) Isotype

C D llc  (PE) S-HCL-3 BD mouse IgG2b

CD14 (PE) M(|)P9 BD mouse IgG2b

CD25 (Frrc) M-A251 BD mouse IgGl

CD40 (FITC) 5C3 BD mouse IgGl

CD45 (FITC) 2D1 BD mouse IgGl

CD80 (PE) L307.4 BD mouse IgGl

CD83 (FITC) HB15e BD mouse IgGl

CD86 (FITC/PE) 2331 BD mouse IgGl

HLA-DR (PE) L243 BD mouse IgG2b

Linl*’̂  (FITC) Mixture BD mouse IgG2a

IgGl (FITC/PE) - BD isotype control

IgG2 (FITC/PE) - BD isotype control

a) Becton Dickinson (BD).
b) Contains antibodies against CD3, CD 14, CD 16, CD 19, CD20 and CD56
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Approx 50,000 DC’s were transferred into each FACS tube and stained with various 

combinations of antibodies shown in table 2.1, and incubated in the dark for 30 minutes 

on ice. 2ml of PBS was added, then the samples were then spun at 1400 rpm (-  350g) 

for 5 minutes. The cell pellets were resuspended in 1% paraformaldehyde (PFA). 

Marker expression was analysed on a Beckman Coulter XL flow cytometer with Expo2 

software. Relevant isotype control antibodies were used, with gating arbitrarily set at 

1% positive, to allow determination of the percentage of positive events. Values are 

stated as the mean ± 1 sem, quoting percentage of positive events or the median 

fluorescent intensity (MFI), and using the paired t-test for statistical analysis.

2.3.3 Annexin v/propidium iodide staining

Approximately 50,000 DC’s were placed into each FACS tubes and washed with 2ml 

ice-cold PBS, and spun at 1400 rpm (~350g) for 5 minutes. DC pellets were 

resuspended in lOOjil annexin staining buffer (lOmM Hepes/NaOH with 140mM NaCl 

and 2.5mM CaCL). 5pl FITC-conjugated annexin V and 5pl propidium iodide (PI) 

were added, and incubated for 15 minutes in the dark at 4°C. The samples were 

quenched with a further 300pl of annexin staining buffer and analysed immediately on a 

Beckman Coulter XL flow cytometer with Expo2 software.

2.3.4 TLR4 surface staining

Surface TLR4 staining was achieved using a mouse monoclonal antibody to human 

TLR4 (clone HT A -125, gift from K. Miyake, Saga Medical School, Japan). D C s  were 

incubated with the anti-TLR4 antibody (or PBS for the secondary control) on ice for 30 

minutes. The cells were washed in PBS, and incubated with goat anti-mouse IgG2a 

FITC secondary antibody for 30 minutes on ice. The cells were again washed in PBS 

and resuspended in 1% PFA. Marker expression was analysed on a Beckman Coulter
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XL flow cytometer with Expo2 software, values are quoted as the mean ± 1 sem, and 

the paired t-test used.

2.3.5 TLR4 western blotting

5x10^ DC’s were lysed in NP40 lysis buffer (section 2.1.3) and spun at 13,500 rpm for 5 

minutes at 4°C. The supernatant was collected and an equal volume of 2xSDS loading 

buffer was added, then heated at 100°C for three minutes. The proteins were separated 

by SDS-PAGE on an 8% resolving gel, with a 2.5% stacking gel. The separated 

proteins were then transferred to a nitrocellulose membrane, which was blocked in 

milk-PBS-T overnight at 4°C. This membrane was then incubated with alternative 

source of anti-hTLR4 serum (Gift from R. Medzitov, Yale School Of Medicine, USA) 

at 1:200 for 3 hours at room temperature, washed in PBS-T, then incubated with anti

rabbit IgG-HRP secondary antibody for 30 minutes at 1:1000. Detection was by 

enhanced chemiluminescence (ECL, Amersham), and visualised with Kodak X-OMAT 

film. As a control, the membranes were stripped and incubated with anti-p-actin, clone 

AC-15 (Sigma) antibody at 1:1000 for 90 minutes, washed in PBS-T, then incubated 

with anti-mouse IgGl horse-radish peroxidase (HRP) secondary antibody at 1:1000 for 

30 minutes, and again detected by ECL.

2.3.6 Endocytosis of FITC-dextran

25,000 DC’s in 200p.l complete medium were set up in duplicate for each sample. FITC 

conjugated dextran (42kDa) was added to a final concentration of 50p,g/ml, with one 

tube from each sample incubated at 37°C and the other at 4°C (as a control) for 30 

minutes. 50pl of quenching solution (Orpegen Pharma) was added for 2 minutes. The 

cells were then washed with 3ml of PBS and spun at 1400 rpm (~350g) for 5 minutes. 

The cell pellet was resuspended in 200|i.l PBS. The expression of FITC-dextran was
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immediately analysed on a Beckman Coulter XL flow cytometer with Expo2 software. 

The uptake of FITC-dextran by the DC’s incubated at 4°C was used as a control to 

assess the level of residual/background FITC-dextran staining.

2.3.7 FITC-dextran confocal imaging

5|ig/ml of FITC-conjugated dextran of molecular weight 500kDa (Sigma) was added to

25,000 DC in 200|il complete medium, and incubated in the dark at 37°C for 2 hours. 

18mm X 18mm glass coverslips were cleaned with IM HCl overnight, rinsed in ethanol 

and flamed briefly to sterilise. The coverslips were then coated with lOpg/ml 

fibronectin (Sigma) diluted in PBS containing Câ "̂  and Mĝ "̂ , and incubated at 37° for 2 

hours. Prior to DC addition, the coverslips were carefully washed with complete 

medium several times.

Approximately 25,000 DC’s were carefully added to each coverslip and incubated at 

37°C for about 30 minutes. DC’s adhered to the coverslips, which were then carefully 

washed with PBS, fixed with 4% PFA and 3% sucrose for 10 minutes at room 

temperature, then again washed. The DC’s were permeabilised with 0.5% Triton-X for 

5 minutes, washed, then blocked with 1% BSA in PBS for 20 minutes. The DC s were 

stained with 150|il of 0.5U/ml TRITC-phalloidin (Molecular Probes), and incubated for 

45 minutes at room temperature in the dark. The coverslips were washed several further 

times with PBS, rinsed in dHaO, mounted on glass microscope slides with a drop of 

Citifluor (Sigma), and sealed with nail varnish. The slides were then analysed by 

confocal laser scanning microscopy, using a Leica DM-R microscope with Leica TCS 

SPn confocal scanner, and Leica confocal software.
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2.3.8 Expression of total and activated Cdc42 and R a d

Recombinant GST fusion protein with the PAK-CRIB (p21-activated kinase-Cdc42/Rac 

binding) domain was expressed in E-coli by Justin Sturge (Randall Institute, London). 

The PAK-CRIB proteins were lysed and purified using a lysis at 4°C with a buffer 

containing 50mM Tris-HCl, 2mM MgCb, 10% glycerol, 20% sucrose, 2mM DTT, 

ImM PMSF, lOpg/ml aprotinin, 5pg/ml leupeptin and 2pg/ml pepstatin A. The lysates 

were then spun at 15,000 rpm for 15 minutes at 4°C and the supernatant incubated with 

glutathione-sepharose beads (Amersham Pharmacia Biotech), which were rotated for 1 

hour at 4°C, then washed multiple times with the same lysis buffer.

The 5x10^ DC’s per sample were lysed with NP40 lysis buffer (section 2.1.3), the 

supernatant was immediately added to the beads and rotated for 1 hour at 4°C. A small 

sample of lysate was retained and used to assess total Cdc42 and Racl levels, 2x SDS 

loading buffer (section 2.1.3) was added to these samples, which were then heated at 

100°C for 3 minutes. The beads (with bound activated GTPases) were washed several 

times in NP40 lysis buffer. The samples were split into two to allow for both Cdc42 

and Racl analysis. A small volume of 2x SDS loading buffer was added to each of the 

samples, then heated at 100°C for 3 minutes. Both the bead-bound and the total protein 

samples were then loaded onto 12% resolving gels (section 2.1.3) and separated by 

SDS-PAGE. The separated proteins were then transferred to a nitrocellulose 

membrane, which was blocked in milk-PBS-T for 30 minutes. The membranes were 

then incubated with the primary antibody, either anti-Cdc42 (Santa Cruz) or anti-Racl 

(ABI) depending on the blot, and incubated overnight at 4°C. The membranes were 

washed with PBS-T, then incubated with anti-rabbit IgG-HRP (for Cdc42) or anti

mouse IgG-HRP (for R acl) secondary antibody for 1 hour at 1:1000. Detection was by 

enhanced chemiluminescence (ECL, Amersham).
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2.3.9 Chemokine receptor surface staining

Approx 50,000 DC’s were added to FACS tubes containing different combinations of 

the antibodies in table 2.2 were added and incubated for 30 minutes in the dark on ice.

Table 2.2 Chemokine receptor antibodies

Specificity Clone Source®) Isotype

CCRl (PE) 53504.111 RD mouse Ig02b

CCR2 (PE) 48607.211 RD mouse Ig02b

CCR5 (F rrc ) 2D7 BD mouse Ig02a

CXCR4 (PE) 1205 RD mouse Ig02a

CCR7 2H4 RD anti-mouse IgM

Anti-mouse IgM (FITC) R6-60.2 RD secondary Ab

IgGl (FITC/PE) - BD isotype control

Ig02 (FITC/PE) - BD isotype control

a) Becton Dickinson (BD) or R and D systems (RD).

2ml of PBS was added to each tube and spun at approx 1400 rpm (~350g) for 5 minutes. 

Cells in tubes containing directly labelled antibodies were resuspended in 1% PFA. To 

the cells in tubes containing purified unlabelled primary antibodies, relevant secondary 

antibodies were added then incubated for 30 minutes in the dark on ice. 2ml of PBS 

was added to these tubes, then spun at 1400 rpm (~350g) for 5 minutes, then 

resuspended in 1% PFA. Control tubes containing only secondary antibodies were run 

in parallel. Marker expression was analysed on a Beckman Coulter XL flow cytometer 

with Expo2 software, relevant isotype control antibodies were used. Values are stated 

as the mean ± 1 sem, quoting the percentage of positive events, and using the paired t- 

test for statistical analysis.
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2.3.10 IL-12p70, IL-10 and TNFa ELISA

96-well plates were coated with capture antibody (table 2.3) diluted 1:250 in ELISA 

coating buffer (section 2.1.4), and incubated overnight at 4°C. Prior to use, the wells 

were washed 3 times with assay diluent (section 2.1.4), then blocked for a further hour 

with assay diluent. The supernatant aliquots from the cord and adult DC samples were 

defrosted, and the standards reconstituted. A range of standards from 7.8pg/ml to 

500pg/ml (3.1pg/ml to 200pg/ml for IL-10 ELISA) were prepared by serial dilution. 

The standards and samples were added in duplicate to the appropriate wells and the 

plate was incubated at room temperature for two hours.

Table 2.3 Cytokine ELISA antibodies

ELISA Specificity Use Clone/Source

Human IL-12 Purified IL-12 Capture 2625KI (BD)

Biotinylated IL-12 Detection 26252E (BD)

Human IL-10 Purified IL-10 Capture JES3-9D7 (eBio)

Biotinylated IL-10 Detection JES3-12G8 (eBio)

Human TNFa Purified TN Fa Capture M abl (eBio)

Biotinylated TNFa Detection M abl 1 (eBio)

a) Becton Dickinson (BD) or eBioscience (eBio).

The wells were aspirated and washed five times with wash buffer (section 2.1.4), then 

the relevant biotinylated detection antibody (table 2.3) diluted 1:250 (1:125 for TNFa) 

in assay diluent was added and incubated at room temperature for a further hour. The 

wells were aspirated and washed five times with wash buffer. Avidin-horse radish 

peroxidase (HRP) conjugate detection enzyme (eBioscience) was added at a dilution of 

1:250 and incubated for 30 minutes at room temperature. The wells were washed and
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aspirated a further five times. Substrate solution (eBioscience) comprising of 

tetramethylbenzidine (TMB) and hydrogen peroxide (H2O2) was added. After 15 

minutes incubation, stop solution was added (section 2.1.4). The plates were 

immediately read at 450nm with correction at 570nm, using a Dynatech MRX plate 

reader with Revelation software.

2.3.11 Intracellular cytokine staining

For intracellular cytokine staining, DC-T cell co-cultures were set-up and incubated for 

5 days, the proliferating T cells were further expanded for 3 days with IL-2 (Biotest, 

Germany). The T cells were restimulated with 25ng/ml PMA, 2.5pg/ml lonomycin and 

25pg/ml Brefeldin-A (Sigma) for the final 4 hours of culture. The cells were then 

washed off the tissue culture plates, and placed into FACS tubes, lysed and fixed with 

FACS lysis buffer and then permeabilised with FACS permeabilisation buffer (both 

from Becton Dickinson). The permeabilised cells were then stained with a directly 

labeled antibody specific for IFNy-FITC (Clone 25723.11, IgG l, Becton Dickinson) and 

IL-4 PE (Clone 3010.211, IgGl, Becton Dickinson) and incubated for 30 minutes. The 

cells were washed again in PBS, then resuspended in 1% PFA. Expression was 

analysed on a Becton Dickinson FACScalibur flow cytometer with CellQuest software, 

using relevant isotype control antibodies, values quoted as mean ± 1 sem.

2.3.12 ELISPOT

DC-T cell co-cultures were set-up and incubated for 5 days. The cells were transferred 

in duplicate into ELISPOT plates and incubated overnight. These plates were sterile 96- 

well multiscreen-IP sterile filter plates (Millipore, USA), which were previously been 

coated with 50pl of capture antibody (table 2.4) for two hours and then blocked with 

complete medium for one hour.
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Following the overnight incubation, the wells were washed three times with wash 

solution (section 2.1.4), and lOOpl of the relevant biotinylated detection antibody (table 

2.4) was added and incubated for two hours. The wells were washed three times, then 

ExtrAvidin alkaline phosphatase conjugate (Sigma) was added at a dilution of 1:1000 

and incubated for one hour. The wells were washed a further three times. The spots 

were then visualized by the addition of alkaline phosphate substrate (BioRad) for 10 

minutes. The wells were then washed with water and allowed to air-dry. The number 

of spots in each well was counted using a BioSys ELISPOT reader, and values were 

scaled up to represent the number of spots per 100,000 original input T cells.

Table 2.4 ELISPOT antibodies

ELISPOT Specificity Use Clone/Source

Human IFNy Purified IFNy Capture (15pg/ml) 1-Dl-K (Mabtech)

Biotinylated IFNy Detection (Ipg/ml) 7-B6-1 (Mabtech)

Human IL-4 Purified IL-4 Capture (~lpg/ml) B-R14 (Diaclone)

Biotinylated IL-4 Capture (~lpg/ml) B-G28 (Diaclone)

a) Mabtech, Sweden and Dioclone, France.

2.3.13 T cell proliferation assay

For the T cell proliferation assay, triplicate wells containing various combinations of 

DC’s with T cells, described in detail for each experiment in the results chapters, were 

set-up and incubated for 5 days. To each well IpCi [^H]-Thymidine was added and 

incubated for 8 hours. The cells were then harvested onto a glassfibre filtermat using a 

Tomtec 96-well harvester. A sheet of Meltilex solid scintillant was then melted on top 

of the filtermat, using a 60°C hotplate. The counts per minute (cpm) were determined 

using a Wallac Trilux 1450 Microbeta counter, and averaged for each sample triplicate.
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2.3.14 Imaging of DC-DC and DC-T clusters

Samples were imaged using a Hamamatsu digital camera attached to a Zeiss Axiovert 

135 microscope with xlO and x40 Hoffman lenses, with visualisation using Improvision 

openlab version 3.03 software.

2.3.15 Integrin and adhesion molecule surface staining

Approx 50,000 DC’s were used per FACS tube, and different combinations of the 

antibodies in table 2.4 were added and incubated for 30 minutes in the dark on ice.

Table 2.5 Integrin and cell adhesion molecule antibodies

Specificity Clone Source*) Isotype

C D lla G43-25B BD mouse IgG2a (2°)

C D llb ICRF44 BD mouse IgGl (2°)

C D llc  (PE) S-HCL-3 BD mouse IgG2b

CD 18 (FITC) 6.7 BD mouse IgGl

CD29 (PE) MAR4 BD mouse IgGl

CD49d 9F10 BD mouse IgGl (2°)

CD49e VC5 BD mouse IgGl (2°)

CD50 (FITC) TU41 BD mouse IgG2b

CD54 (PE) HA58 BD mouse IgGl

Anti-mouse IgGl (PE) STAR81PE Serotec secondary Ab

Anti-mouse IgG2 (PE) STAR82PE Serotec secondary Ab

IgG l/2 (FITC/PE) - BD isotype controls

a) Becton Dickinson (BD), R and D systems (RD).
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2ml of PBS was added to each tube and spun at approx 1400 rpm (~350g) for 5 minutes. 

Cells in tubes containing directly labelled antibodies were resuspended in 1% PFA. 

Cells in tubes containing purified unlabelled primary antibodies, relevant secondary 

antibodies were added then incubated for 30 minutes in the dark on ice. 2ml of PBS 

was added to these tubes, then spun at 1400 rpm (~350g) for 5 minutes, then 

resuspended in 1% PFA. Control tubes with only secondary antibodies were run in 

parallel.

2.3.16 DC-DC and DC-T clustering blocking experiments

DC’s (and T cells where required) were re-plated in 96 well plates. Blocking antibodies 

specific for functional epitopes of the surface molecules shown in table 2.5 below were 

added to the relevant wells various wells at a dilution of 1:100. The DC’s were imaged 

as detailed in section 2.3.8 above after 24 hours, to assess the magnitude of blocking.

Table 2.6 Clustering blocking antibodies

Specificity Clone Source**) Isotype

C D lla G43-25B (G25.2) BD mouse IgG2a

C D llb ICRF44 BD mouse IgGl

CD18 6.7 BD mouse IgGl

CD54 HA54 BD mouse IgGl

CD86 FUN-1 BD mouse IgGl

HLA-DR G46-6 BD mouse IgG2a

a) Becton Dickinson (BD), R and D systems (RD).
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3.1 Introduction

Antigen presentation is central to the induction of immune responses, yet little is known 

about the age-related maturation or functional ontogeny of the central antigen 

presenting cell, the dendritic cell (DC). Immature DC’s capture and process antigens 

with high efficiency. In-vivo, these DC’s reside in tissues interfacing the external 

environment to permit maximal potential antigen encounter. Maturation is a vital 

process, whereby the DC s gain an antigen presentation capacity, and are able to 

migrate from non-lymphoid organs to lymph nodes to allow efficient antigen 

presentation to effector cells (reviewed in Banchereau et al, 1998).

No single surface marker can distinguish DC’s from other cell types. DC are generally 

identified by strong expression of C D llc , MHC class I, MHC class II and the absence 

of lineage markers such as CD3, CD4, CD 14, CD 19 and CD56 (Sallusto et

al, 1994). DC maturation induces changes in the expression of many of these 

molecules, which plays an important role in modulating function during the DC life 

cycle (see section 1.2.1).

Adult derived DC s are readily activated by inflammatory stimuli, such as LPS, the 

major antigenic component of the gram-negative bacterial cell wall and have been 

shown previously to mature under such a stimulus (Hart, 1997, Verhasselt et al, 1997). 

In addition, bacterial DNA (Akbari et al, 1999), double stranded RNA (Celia et al, 

1999), the balance between pro-inflammatory and anti-inflammatory cytokines in the 

microenvironment, and T cell derived signals can affect DC maturation. Maturation is 

associated with up-regulation of MHC molecules, to facilitate the presentation of 

antigen to T cells (Celia et al, 1997b), and increased adhesion and co-stimulatory 

molecules to enhance T cell stimulation (reviewed in Lenschow et al, 1996). In
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addition, LPS has been shown to promote DC survival, by preventing apoptosis and 

arresting progression of the cell cycle (Rescigno et al, 1998).

Little is known about the capacity of neonatal DC’s to mature, and their ability to 

respond to inflammatory stimuli. Therefore, the aims of the experiments presented in 

this chapter were to investigate and compare the phenotype of adult and cord dendritic 

cells, to examine their ability to activate and gain a mature phenotype, and to evaluate 

their survival capability after stimulation.

3.2 Optimisation Of Dendritic Cell Generation

Dendritic cells were generated from monocytes, with modification and optimisation of 

the originally devised methods (Romani at al, 1994; Sallusto at al, 1994). DC’s have 

two distinct differentiation stages; immature and mature, with each associated with 

different functional roles in-vivo. It was therefore essential to gain as homogenous 

population of immature DC’s as possible in-vitro, to ensure that both stages of DC 

differentiation could be fully investigated. To gain an immature population, 

optimisation of the length of culture, source of tissue culture reagents, and minimisation 

of cell handling was required to reduce the extent of DC activation.

3.2.1 Duration of culture

Culture of adherent monocytes with IL-4 and GM-CSF showed decreased CD 14 and 

increased HLA-DR and C D llc  expression over time. By day five to six of culture, the 

cells displayed a CD 14 C D llc^  HLA-DR^ immature DC phenotype, with low 

expression of activation markers CD40, CD80, CD83 and CD86. Prolonged culture
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beyond seven days, lead to partial upregulation of co-stimulatory and activation 

markers, resulting in a heterogeneous population, with decreased yield of viable cells.

3.2.2 Limitation of activation stimuli

Endotoxins, including LPS, are key DC activators, therefore it was essential to remove 

any sources of endotoxin to allow the generation of immature DC’s. Specialised low- 

endotoxin PCS was used to limit activation and co-stimulatory marker expression. 

Endotoxin-free disposable labware was also utilised to minimise further contamination 

and hence activation. Pipetting and excessive handling of DC’s can also cause 

activation (Gallucci et al, 1999), therefore any non-essential manipulation of these cells 

was omitted to assist in gaining and maintaining their immature phenotype.

3.3 Immature Adult And Cord Dendritic Cells

DC’s were generated from 10 cord blood samples and 10 adult samples by the method 

described in section 2.2.2. The cord samples were gained from the umbilical cord and 

placenta from caesarian sections of normal full-term infants. The samples were 

processed within 1 hour of sample collection to reduce deterioration and activation of 

the blood samples. The generated cord and adult immature DC’s were then phenotyped 

using a large panel of directly labeled antibodies to allow comparison (section 2.3.2).

3.3.1 Adult immature DC phenotype

As expected, immature DC s derived from adult peripheral blood monocytes expressed 

very high levels of CDl Ic, with no CD 14 expression. Surface expression of CD86 was 

moderate, with a high percentage of positive events, but with a low MPI of 9.5 ± 2.0 

(figure 3.3A). HLA-DR surface expression was highly positive with a moderate median
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fluorescent intensity (MFI) of 23.0 ± 7.4 (figure 3.3B). There was little/no expression 

of maturation markers CD25 and CD83. As expected, non-DC lineage markers 

including CD3, CD 14, CD 19, CD20 and CD56 were not expressed. Representative 

plots of immature adult DC phenotype are shown in figure 3.1 A (red filled plots), with 

the percentage of positive events shown in table 3.1.

3.3.2 Cord immature DC phenotype

Immature DC’s derived from cord blood showed comparable marker expression levels 

to those from adult DC’s, with no CD14 expression and high C D llc  expression. The 

expression of CD86 was again moderate, with a high percentage of positive events 

associated with a low MFI of 7.0 ± 0.9 (figure 3.3A). HLA-DR surface expression was 

also highly positive with a moderate MFI of 20.2 ± 6.7 (figure 3.3B) in similarity to 

adult immature DC s. In similarity to immature adult DC’s, there was little/no 

expression of activation markers CD25 and CD83, as well as non-DC lineage markers 

CD3, CD 14, CD 19, CD20 and CD56. Representative plots of immature cord DC 

phenotype are shown in figure 3. IB (blue filled plots), with the percentage of positive 

events shown in table 3.1.

3.4 LPS Stimulation Of Adult And Cord Dendritic Cells

Cord and adult immature DC’s were re-plated into two identical wells. The DC’s in one 

well were stimulated with 0.5|ig/ml LPS, the other well left was left unchallenged 

(section 2.3.1). After 24 hours incubation, the DC’s were phenotyped using a large 

panel of directly labelled antibodies, to enable comparison of DC activation (section 

2.3.2). The process of re-plating DC’s can induce some up-regulation of activation

82



Chapter 3__________________________________________ Cord and adult DC phenotype

markers (Gallucci et al, 1999), therefore it was important that this control was run in 

parallel, ensuring that the differences observed were due to the activation stimuli.

3.4.1 Adult DC’s maturation

LPS had no effect on CDl Ic expression in adult DC’s, which remained highly positive. 

As expected, stimulation of adult DC’s with LPS caused strong up-regulation of 

activation and co-stimulatory molecules, and induced a mature phenotype. Strong up- 

regulation of HLA-DR expression (MFI 45.7 ± 9.8) and CD86 (MFI 52.1 ± 16.2) was 

observed (figure 3.3). LPS stimulation also caused increased expression of CD25 and 

CD83. CD40 expression also increased dramatically after LPS stimulation. Expression 

of non-DC lineage markers remained negative. As expected, LPS potently stimulated 

immature adult DC’s, which gained a mature phenotype. As little as Ing/ml LPS was 

sufficient to up-regulate activation markers on adult DC’s, with comparable mature 

phenotypes gained whether 1-lOOOng/ml was used (data not shown). Representative 

plots showing the shifts in phenotypic expression of adult DC’s after 24 hours of LPS 

stimulation are shown in figure 3.2A, with the percentage of positive events shown in 

table 3.1.

3.4.2 Cord DC’s inability to mature

In contrast to adult DC s, the addition of LPS to immature cord DC’s did not up- 

regulate HLA-DR expression, with little change to the percentage of positive events and 

MFI, which was significantly (p=0.04) lower than the up-regulation observed with adult 

DC s. CD86 MFI did marginally increase, which was significant (p=0.008), but the 

magnitude of this increased expression was significantly (p=0.007) lower than that 

observed with adult DC’s (table 3.1 figures 3.2B and 3.3).
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A similar attenuation of cord DC activation was observed with CD25 and CD83 

expression (table 3.1, figure 3.2B). CD40 expression also remained unchanged after 

LPS addition. LPS had no effect on C D llc  expression, which remained highly 

positive. However, the expression of CD 14 was partially increased after LPS 

stimulation, which was investigated further in section 3.5.2. Therefore, cord DC’s 

responded poorly to LPS and remained phenotypically immature. Comparable mature 

phenotypes were gained with adult DC’s whether 1-lOOOng/ml was used, however the 

failure of cord DC’s to mature after LPS stimulation was maintained after stimulation 

with a range of increasing LPS concentrations, highlighting that the abrogated response 

was not simply due to an increased LPS requirement for activation. Representative 

shifts in phenotype expression of cord DC s after the addition of 0.5p,g/ml for 24 hours 

are shown in figure 3.2B. The mean MFI results are shown in figure 3.3, and 

percentage of positive events are shown in table 3.1.

Table 3.1 Percentage of positive expression of DC surface markers ± LPS

Surface marker Adult Cord

Immature + LPS Immature + LPS

C D llc 95.6% ±2.7") 99.4%  ±0.1 93.5% ±4 .6 94.5% ± 3.2

HLA-DR 89.5% ± 3.4 96.9% ± 1.7 86.5% ±8.1 75.3% ± 6.4

CD25 0.7% ± 0.2 32.3% ± 10.9 0.5% ± 0.2 8.3% ±3.6

CD83 10.4% ± 1.9 59.2% ± 6.8 5.5% ± 2.2 17.8% ±5.8

CD86 77.1% ± 5 .4 98.8% ±0.3 90.5% ± 3.0 93.6% ±1.7

a) DC s were re-plated, left unchallenged and cultured for 24 hours.
b) DCs were stimulated with 0.5pg/ml LPS for 24 hours.
c) Values are stated as the mean of ten independent experiments ± 1 sem.
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Figure 3.3 Phenotypic analysis of adult and cord dendritic cells 
response to LPS. The filled bars represent the mean MFI of adult (red) 
or cord (blue) unchallenged immature DC’s surface expression of CD86
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after stimulation of these DC’s with 0.5pg/ml LPS for 24 hours. The 
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experiments ±lsem, *p=0.04 and **p=0.007.
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3.5 DC Survival And Maintenance Of Maturation Phenotype

To compare the survival of cord and adult DC’s after prolonged stimulation, immature 

adult and cord DC’s were stimulated with 0.5pg/ml LPS for 24, 48 or 72 hours, or left 

unchallenged (section 2.3.1). The DC’s were phenotyped to compare the surface 

marker expression, with gating on alive cells (section 2.3.2), and stained with annexin 

V/PI (section 2.3.3) to determine the proportion of cells undergoing cell death.

3.5.1 Prolonged LPS stimulation of adult DC’s

The immature adult DC s displayed moderate expression of HLA-DR and CD86 as 

expected (figure 3.4A). After 24 hours of LPS stimulation the adult DC’s gained a 

mature phenotype, characterised by increased high HLA-DR and CD86, with negative 

CD 14 expression (figure 3.4B). This mature phenotype was maintained after 48 hours 

(figure 3.4C) and 72 hours (figure 3.4D) of LPS stimulation, with comparable 

expression of HLA-DR, CD86 and other markers to that observed after 24 hours. These 

results provide evidence that adult DC’s reach a stable mature phenotype after 24 hours 

of LPS stimulation, which is maintained to beyond 72 hours of stimulation.

3.5.2 Prolonged LPS stimulation of cord DC’s

Immature cord DC s were also stimulated with 0.5pg/ml LPS for 24, 48 or 72 hours, 

and phenotyped, with gating on the alive cells. Immature cord DC’s had comparable 

expression of surface markers as immature adult DC (figure 3.5A). As expected, LPS 

stimulation for 24 hours caused little up-regulation of activation markers HLA-DR and 

CD86 (figure 3.5B), and the cord DC’s remained phenotypically immature. 

Interestingly, after 48 hours LPS stimulation (figure 3.5C), HLA-DR and CD86 

expression had decreased, which was associated with increased CD 14 expression. After 

72 hours (figure 3.5D), further down-regulation of all markers was observed.
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The down-regulation of HLA-DR and CD86, and up-regulation of CD 14 expression 

during prolonged LPS stimulation of cord DC’s suggests that the DC’s were reverting 

back towards their monocytic origins. The surface marker expression in this set of 

experiments was only determined for alive cells. The loss in surface marker expression 

on cord DC s after 72 hours of stimulated indicated the possibility of increased cells 

death, possibly due to the inability of the cord DC s to gain a stable mature phenotype. 

Therefore comparison of the levels of cells death in adult and cord DC cultures after 

prolonged LPS stimulation was examined in section 3.5.3 below.

3.5.3 DC survival after prolonged LPS stimulation

Adult DC s maintained a stable mature phenotype after prolonged LPS stimulation, 

whereas cord DC’s appeared to lose their DC phenotype. The failure of the cord DC’s 

to reach a stable mature phenotype in response to LPS is likely to have important 

implications on survival. Therefore, comparison of cell survival of both adult and cord 

DC’s was undertaken, by staining the DCs with annexin V-FITC and propidium iodide 

(PI), which stain apoptotic and necrotic cells respectively (section 2.3.3).

The proportion of alive (annexin V" PT) adult DC’s remained above 80% after 24 

(figure 3.6B, red plots), 48 (figure 3.6C, red plots) and 72 (figure 3.6D, red plots) hours 

of LPS stimulation. In contrast, cord DC’s had an increased proportion of dying cells at 

each time point. Approximately 60% of the cord DC s remained alive (annexin V PI ) 

after 24 to 48 hours of LPS stimulation (figure 3.6B-C, blue plots). The most striking 

differences were observed after 72 hours of LPS stimulation, where the number of alive 

cord DC’s had decreased to below 50% (figure 3.6D, blue plots). This time point 

corresponded to the loss of DC phenotype described in section 3.5.2 above.
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In general, a proportion of cells in culture will undergo spontaneous cell death, probably 

due to manipulation and incubation in a simulated environment. However, significant 

differences in the proportions of adult and cord DC’s undergoing cell death were 

observed. These results suggest that cord DC’s appear to lose their DC phenotype and 

undergo increased cell death after prolonged LPS stimulation, whereas adult DC’s 

maintain a stable mature phenotype.

3.6 Activation With Other Stimuli

To investigate whether the inability of cord DC’s to fully activate, thereby remaining 

phenotypically immature was not just an LPS phenomenon, the activation of cord DC’s 

by other stimuli known to activate adult DC s were investigated. Immature adult and 

cord DC’s were stimulated with either 0.5|Xg/ml LPS, 150ng/ml TN Fa or 20pg/ml Poly 

I:C, or left unchallenged (section 2.3.1). Poly I:C is a double stranded polynucleotide 

chain that can potently activate and mature adult DC’s. TN Fa is an inflammatory 

cytokine that is widely reported to activate DC’s.

Comparison of the ability of each stimulus to induce up-regulation of activation marker 

expression was then determined by flow cytometry using a panel of directly labelled 

antibodies (section 2.3.2). Interestingly, the activation of adult DC’s with TN Fa was 

observed to have slower kinetics of DC activation than LPS, therefore the DC s were 

stimulated for 48 hours to allow maximal levels to be reached of all markers, as only 

partial up-regulation of most surface markers was observed after 24 hours.
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3.6.1 TNFa stimulation

TN Fa stimulation of adult DC’s induced a mature phenotype, characterised by 

increased surface marker expression of activation markers CD25, CD40, CD83, CD86 

and HLA-DR (figure 3.7B). CD86 and HLA-DR MFI significantly increased (p=0.008 

and p=0.03 respectively) after TN Fa stimulation, which was associated with increased 

percentage of positive events (table 3.2). Expression of CD25, CD40 and CD83 was 

also observed to increase (figure 3.7B).

However, the increased expression of these markers with TN Fa was of a lower 

magnitude than that observed with LPS activation of the same samples (table 3.2). 

These results indicate that TN Fa is a poorer stimulator of adult DC’s than LPS, 

however it has sufficient stimulatory capacity to induce adult DC’s to gain a mature 

phenotype.

Table 3.2 Comparison of TNFa and LPS stimulation of adult and cord DC s.

Marker

Immature®̂

Adult

TNFa*’̂ LPS^ Immature®^

Cord

TNFa^ LPS^

CD86 MFI 

HLA-DR MFI

5.8 ±1.9̂ ^̂  

22.9 ±7.5

9.7 ± 2.2 

66.3 ± 2.4

30.9 ±5.8 

96.1 ±3.8

5.0 ± 1.5 

32.4 ±7.0

6.9 ± 2.5 

40.4 ±13.5

12.6 ±5.3 

46.1 ±17.6

CD86 % 

HLA-DR %

78.5 ±6.1

91.5 ±5.0

92.4 ±3.1

94.4 ± 2.9

94.6 ±4.0 

94.9 ± 2.3

83.9 ±4.2 

87.0 ±3.5

83.3 ±5.3

83.4 ±7.2

79.7 ±8.8 

83.1 ±6.7

a) DC’s were re-plated, left unchallenged and cultured for 48 hours,
b) DC s were stimulated with 150ng/ml TN Fa for 48 hours.
c) DCs were stimulated with 0.5|Xg/ml LPS for 48 hours.
d) Values are stated as the mean of six independent experiments ± 1 sem.

In contrast to adult DC’s, TNFa stimulated cord DC’s had little/no change in surface 

marker expression in comparison to the immature cord DC’s. HLA-DR expression
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remained low with no change of either the percentage of positive events or MFI. A 

similar pattern was observed with CD86 expression, which also remained relatively 

unchanged after TN Fa addition. The expression of the other activation markers CD25, 

CD40 and CD83 also did not change with TNFa addition (figure 3.8B, table 3.2). 

These results indicate that cord DC’s also remained phenotypically immature after 

TN Fa stimulation.

3.6.2 Poly I:C stimulation

Addition of Poly I:C for 48 hours to adult DC’s induced a mature DC phenotype, 

characterised by high CD86 and HLA-DR expression, with increased expression of 

activation markers CD25, CD40 and CD83. The mature phenotype gained with Poly 

I:C appeared comparable to LPS stimulation (figure 3.7C).

Cord DC s, however, had an attenuated up-regulation of activation markers after Poly 

I:C addition, in similarity to their inability to mature in responsive to LPS. There was 

little/no up-regulation of HLA-DR, with attenuated upregulation of CD25 and CD83 

was also observed with no upregulation of CD40. CD86 expression did marginally 

increase, but the magnitude of this increased expression was significantly lower than 

that observed with adult DC’s (figure 3.8C).

3.7 Discussion

LPS is a potent stimulator of adult DC’s, therefore this was used as a model stimulus to 

compare the ability of neonatal and adult DC’s to activate and gain a mature phenotype. 

Adult DC’s were observed to dramatically up-regulate HLA-DR and CD86 expression 

following LPS stimulation, and adopted a characteristic mature DC phenotype. In
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contrast cord DC’s failed to mature as evidenced by their failure to up-regulate HLA- 

DR and only minimally increase CD86 expression. Abrogated up-regulation of CD25, 

CD40 and CD83 expression on cord DC’s was also observed in response to stimulation. 

The abrogated LPS response of cord DC’s did not appear to be due to an increased 

stimulatory requirement, as the failure of cord D C’s to mature was maintained after 

stimulation with a range of increasing LPS concentrations. Cord DC’s were also unable 

to activate with other stimuli such as TN Fa and Poly I:C, therefore the immaturity 

observed was not simply an LPS phenomenon.

Our findings are consistent with a recent study, which showed that immature cord 

monocyte-derived DC s have comparable phenotypes to immature adult DC’s (Goriely 

et al, 2000). However, a further study reported decreased HLA-DR expression, but 

comparable CD86 and CDl ICexpression on immature cord DC s (Liu et al, 2001a). 

The differences observed may be explained by the alternative serum-free culture 

conditions used by the group, equally the increased CD 14 expression observed may 

indicate reduced monocyte to DC differentiation in their system (Liu et al, 2001b). In 

addition to cord blood DC studies, phenotypic and functional immaturity of cord blood 

monocytes has also been described (Liu et al, 2001b).

Interestingly, DC s directly isolated from cord blood had lower surface expression of 

MHC and co-stimulatory molecules than DC’s isolated from adult blood (Hunt et al, 

1994).

This was consistent with our results, and suggested that the phenotypic differences 

observed after in-vitro differentiation of monocyte-derived DC’s was a good 

representation of the physiological situation. The phenotypic immaturity of neonatal
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DC’s was also apparent during in-vivo studies. Murine neonatal DC’s expressed low 

levels of MHC II, C D llc  and CD86, which were found to significantly increase with 

age, reaching adult levels by 4 weeks (Muthukkumar et al, 2000).

Up-regulation of MHC molecules on the surface of DC s is essential for efficient 

antigen presentation. Stimulation by inflammatory stimuli that triggers DC maturation, 

induces class II synthesis and increases their half-life by 10 fold, resulting in the rapid 

accumulation of long-lived peptide loaded MHC II molecules capable of stimulating T 

cells (Celia et al, 1997b). Equally, the up-regulation of co-stimulatory molecule CD86 

is vital to enable naïve T cell stimulation. CD86 engagement with CD28 on naïve T 

cells causes amplification of TCR signalling and facilitates activation (reviewed in 

Lenschow et al, 1996). Therefore the inability of cord DC s to effectively up-regulate 

HLA-DR and CD86 was likely to have important consequences on their ability to 

stimulate T cells, which is examined further in chapter 5.

Adult DC s maintained a stable mature phenotype after prolonged LPS stimulation, 

with the proportion of alive cells remaining constant. In contrast, prolonged LPS 

stimulation of cord DC’s induced a loss of DC phenotype with increased CD 14 

expression evident, possibly indicating a reversion back towards their monocytic 

origins. However, by 72 hours of stimulation, a total reduction in all surface marker 

expression was observed. In addition, the proportion of alive cord DC’s decreased with 

time, and was significantly lower than adult DC’s at all time points. Murine studies 

(Rescigno et al, 1998) have identified that stimulation of DC’s with LPS caused 

activation of extracellular signal-regulated kinase (ERK), which was shown to promote 

cell survival, as specific inhibition lead to increased apoptosis. Therefore, one possible 

explanation for the increased cell death of cord DC’s could be due to ineffective LPS
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signalling and activation of ERK or other signal transduction pathways. In-vivo, 

maturation appears to be the terminal stage of DC differentiation (reviewed in Rescigno 

et al, 1999). Another possibility is that the inability of cord DC’s to mature and reach 

this terminal stage of differentiation causes reversion to the monocytic lineage and cell 

death during cytokine deprivation.

These experiments demonstrate that cord and adult monocyte-derived DC’s behave in 

distinct ways following stimulation, even though they have comparable expression of 

surface markers and morphology in their immature state. The immaturity of the cord 

DC s may have important consequences on their ability to mount effective immune 

responses, which is further examined in the subsequent chapters.
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4.1 Introduction

As shown in chapter 3, the response of cord DC’s to activation with stimuli such as 

LPS, TN Fa and Poly I:C was consistently abrogated, with little or no change in marker 

expression characteristic of maturation. The full effects of this immaturity on the ability 

of cord DC’s to mount effective immune responses remains unknown. DC function 

comprises three distinct parts; sentinel function to capture, process and present antigen, 

migratory function to enable recruitment to T cell areas, and adjuvant function to enable 

T cell activation (reviewed in Steinman, 1991).

Initially, it was of importance to establish whether the abrogated response of cord DC’s 

to LPS and other stimuli was simply due to a deficiency of specific receptors. A family 

of mammalian homologues termed toll-like receptors (TLR) have been discovered, 

which appear to be involved in the innate recognition of pathogens (reviewed in Wright, 

1999). The structure of TLR family members are similar, consisting of a divergent 

extracellular domain comprising of multiple leucine rich repeats, a transmembrane 

domain, and a cytoplasmic domain similar to that of the IL-IR (Rock et al, 1998). DC s 

express TLRl, TLR2, TLR3 and TLR4 (Muzio et al, 2000), with TLR4 implicated in 

the transduction of signals following LPS binding, by mediating NFkB activation and 

inducing subsequent cellular events (Chow et al, 1999). TLR4-deficient mice have 

been demonstrated to be unresponsive to LPS (Qureshi et al, 1999; Hoshino et al, 

1999), and missense mutations in the extracellular domain of TLR4 in humans were 

found to result in blunted responses to inhaled LPS (Arbour et al, 2000). However, the 

levels of expression of this molecule in adult and cord DCs had not been previously 

investigated. As cord DC’s have a decreased response to LPS than adult DC’s, it was 

possible that there could be a difference in their TLR4 expression.
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Immature DC’s are highly endocytic and efficiently uptake antigens by 

macropinocytosis and receptor-mediated endocytosis (Sallusto et al, 1995; reviewed in 

Austyn, 1996). Maturation with inflammatory stimuli induces a dramatic inhibition of 

endocytosis, with the DC’s functioning instead to present antigens to T cells (Sallusto et 

al, 1995; reviewed in Austyn, 1996). It was therefore of interest to determine whether 

the immaturity of cord DC’s would effect their endocytic capacity. Macropinocytosis is 

mediated by membrane ruffling, driven by changes in the organisation of the actin 

cytoskeleton (reviewed in Nobes et al, 2000). The Rho GTPase family are major actin 

cytoskeleton regulators, with family members Racl and Cdc42 implicated in the 

endocytic capacity of DC s (Garrett et al, 2000; West et al, 2000). Due to the 

contrasting literature published it still remains inconclusive as to the relative 

contributions from Cdc42 and Racl in the regulation of endocytosis in dendritic cells, 

therefore this was investigated in cord and adult DC s.

The expression of chemokines and their receptors play a fundamental role in the 

migratory capacity of DC s. DC maturation induces a switch in chemokine receptor 

expression from inflammatory to homing, to allow movement away from sites of 

antigen encounter to T cell areas within lymph nodes to facilitate efficient antigen 

presentation (Lin et al, 1998; Sallusto et al, 1998a; Sallusto et al, 1999b; Sozzani et al, 

1998). Recent studies have investigated the expression of chemokines and their 

receptors in adult DC s, yet their expression remains unexamined in neonatal DC.

Activated DC s produce cytokines, when are essential to prime/activate T cells and to 

interact with other cells of the immune system. Adult DC’s produce IL-12, which has 

important implications in T cell differentiation (Macatonia et al, 1995), IL-10, IL-8, IL- 

6 and TN Fa (Verhasselt et al, 1997). DC s produce cytokines in response to
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stimulation by various activation stimuli including LPS. Due to the deficiency in cord 

DC’s to fully activate, the ability of cord DC’s to produce cytokines, and the kinetics of 

this cytokine production was investigated.

The immaturity of cord DC s may have important consequences regarding their 

function competence. Therefore the aims of the experiments in this chapter were to 

examine and compare the functional capacity of cord DC s, by investigating 

endocytosis, cytokine secretion, and their expression of migratory molecules.

4.2 Toll-Like Receptor 4 Expression

Initially, adult and cord DC’s were re-plated and either stimulated with 0.5pg/ml LPS 

for 24 hours or left unchallenged. The DC s were then either stained with anti-TLR4 

antibody to assess surface TLR4 by flow cytometry (section 2.3.4), or lysed (section 

2.3.5) to allow western blotting of TLR4 protein.

4.2.1 TLR4 surface staining

The surface expression of adult and cord, immature and LPS-activated DC s was 

measured by flow cytometry, and mean values were gained from four independent 

experiments. Immature adult DC’s were 28.9% ±6.1  positive for surface TLR4. After 

stimulation of these DC s for 24 hours with LPS, significantly decreased TLR4 

expression was observed (p=0.05), with only 10.2% ± 3.5 positive DC’s (figure 4.1 A). 

Immature cord DC s expressed TLR4 levels comparable to immature adult DC s, with 

35.5% ± 4.0 DC’s positive for TLR4. The expression of TLR4 again significantly 

(p=0.02) decreased to 14.1% ± 3.5 TLR4 positive DC’s after stimulation with LPS for
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Figure 4.1 TLR4 expression in cord and adult DCs. Percentage of TLR4 
surface expression (A) of adult (red) and cord (blue) DC’s. The filled bars 
represent unchallenged immature DC’s, the hatched bars represent DC’s 
stimulated with 0.5pg/ml LPS for 24 hours. The values represent the mean 
of four independent experiments, ±lsem, *p<0.05. Western blot of TLR4
(B) shows presence of TLR4 protein in both adult and cord, immature and 
24h LPS-activated DC lysates, lower panel shows p-actin control.
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24 hours (figure 4.1 A). There were no significant differences of TLR4 expression in 

adult and cord DC’s, with an equivalent decrease of TLR4 surface expression observed 

after LPS stimulation. These results indicate that the poor responsiveness of cord DC’s 

to LPS did not appear to involve a deficiency in surface expression of TLR4.

4.2.2 TLR4 protein detection

Western blots were performed as a secondary method to confirm the presence of TLR4 

protein in cord and adult DC’s, using an alternative source of TLR4 antibodies to the 

surface staining experiment to probe the nitrocellulose membranes. Lysates from adult 

and cord DC s, both immature and LPS stimulated were used. All samples showed a 

band at approximately 80 kDa, which corresponds to the TLR4 protein. Quantitative 

comparison of the density of the bands could not be achieved, as the lysates were not 

loaded equally, as shown by the variations on p-actin expression. The blots were 

stripped after TLR4 staining and stained with p-actin, as a control. These western blots 

support that the TLR4 protein was present in both the adult and cord, immature and 

LPS-activated DC s (figure 4. IB).

4.3 Endocytosis

In the following experiments, FTTC-conjugated dextran was used to compare the 

endocytic capacity of adult and cord DC s. Although dextran may not be totally 

representative of all antigen types, it can be efficiently captured by DC’s and is readily 

available, therefore providing a useful model to investigate endocytic capacity. To 

compare the endocytic capacity of adult and cord DC s were re-plated and either 

stimulated with 0.5}Xg/ml LPS for 24 hours or left unchallenged. For flow cytometric 

analysis, FITC-dextran of molecular weight 42 kDa was used, as this was rapidly
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uptaken into the DC cytoplasm. DC’s were incubated with FITC-dextran for 30 

minutes, surface bound FITC was quenched and the fluorescence analysed immediately. 

A 4°C control was run in parallel to allow correction of passive uptake/non-specific 

staining. For confirmation of endocytic capacity, confocal analysis was also performed, 

using FITC-dextran of molecular weight 500 kDa, which was observed to localise to the 

endosomes, with little general leaching into the cell cytoplasm, ideal for imaging.

4.3.1 Endocytic capacity of adult DC’s

As expected, immature adult DC’s were able to efficiently uptake dextran as shown by 

the high number of cells positively labelled for FITC (figure 4.2A). After 24 hours of 

LPS stimulation, the number of FITC positive cells was markedly decreased (figure 

4.2B). The location of the negative gate during analysis was gained with the 4°C 

control tubes that showed the background levels of non-specific FITC staining. These 

results were confirmed by confocal microscopy, with the DC’s counterstained with 

TRTTC-phalloidin which specifically binds to actin, with representative cell images 

shown in figure 4.3. Immature adult DC s were able to uptake FTTC-conjugated 

dextran efficiently (figure 4.3A). The LPS stimulated DC s were not FITC labelled 

(figure 4.3B), indicative of their loss of endocytic capacity. The distribution of FITC- 

dextran in the immature DC s was within the cell, indicating that these results were not 

simply due to the non-specific binding of the dextran to the surface of the DC s.

4.3.2 Endocytic capacity of cord DC’s

Immature cord DC’s were able to efficiently uptake dextran as shown by the high 

number of cells positive for FITC (figure 4.2C). After 24 hours LPS stimulation, the 

number of FITC positive cells remained constant (figure 4.2D), indicating that cord 

DC s retain their endocytic capacity after LPS stimulation. In comparison to immature
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Figure 4.2 Flow cytometric analysis of FITC-conjugated dextran 
uptake by adult and cord DC’s. Adult (red) and cord (blue) DC’s were 
either left immature (A,C) or activated with 0.5pg/ml LPS (B,D) for 24 
hours. FITC-conjugated dextran of molecular weight 42kDa was added for 
30 minutes, and the ability of these DC’s to uptake the dextran was assessed 
by flow cytometry.
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Immature + LPS (24 hours)

+ LPS (24 hoursImmature

Figure 4.3 Confocal imaging of FITC-conjugated dextran uptake by adult 
and cord DC’s. Adult (top) and cord (bottom) DC’s were either left immature 
or stimulated with 0.5pg/ml LPS for 24 hours. FITC-conjugated dextran 
(green) of molecular weight was 500kDa was added to the DC’s and incubated 
for 2 hours. The DC s were transferred to fibronectin coated coverslips and 
counterstained with TRITC-phalloidin (red). The ability of these DC’s to 
uptake dextran was assessed by confocal microscopy at x200 magnification.
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adult DC’s, the endocytic capacity of cord DC’s appeared to be reduced, as shown by 

decreased FITC positive cord DC’s. As with the adult DC s, the location of the 

negative gate during analysis was gained by comparison to the 4°C control tubes which 

showed the background levels of non-specific FITC staining. Again, these results were 

confirmed by confocal microscopy with counter-staining of the cord DC’ with FITC- 

Phalloidin. Both the immature cord DC’s (figure 4.3C) and LPS stimulated (figure 

4.3D) were able to uptake FITC-conjugated dextran efficiently, indicated by the 

presence of FITC labelling. The distribution of FITC was intracellular, indicating that 

these results were not caused by non-specific binding of the dextran to the DC s surface.

4.3.3 Morphology changes with LPS stimulation

Changes in DC morphology were also observed with LPS stimulation when examined 

by confocal microscopy. Immature adult DC s were large and irregular in shape with 

many membrane ruffles and projections. LPS stimulated DC’s gained a compact and 

stellate morphology (figure 4.3). Interestingly, changes in cord DC morphology were 

also observed with LPS stimulation. In similarity to adult DC’s, immature cord DC’s 

were large and irregular in shape with many membrane ruffles and projections. With 

LPS stimulation, similar morphology changes as adult DC s was observed, with the 

cord DC’s gaining a compact and stellate morphology with many spiky projections 

(figure 4.3). This presents further evidence that cord DC’s are not totally unresponsive 

to LPS, as it appears that LPS can induce morphology changes in cord DC’s.

4.3.4 Mechanism of endocytosis

The Rho family GTPase members Cdc42 and Racl have been implicated in the 

endocytic capacity of DC s (reviewed in Nobes et al, 2000; West et al, 2000; Garrett et 

al, 2000), therefore comparison of the expression of these activated GTPases in cord
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and adult DC’s was performed to determine if the differences in endocytic capacity 

could be explained by variation in the expression and activation of these molecules. 

Initially 5x10^ cord and adult DC’s were either left unchallenged or activated with 

0.5|ig/ml LPS for 24 hours. The DC’s were lysed, and the levels of activated Cdc42 

and Racl in these samples was determined by their binding to p21 activated kinase 

(PAK) and subsequent western blotting, as described in section 2.3.8.

Cord and adult DC’s were observed to have comparable expression of both activated 

and total Cdc42 (figure 4.4A). Interestingly, the levels of activated Racl in cord DC’s 

was consistently higher than that observed in adult DC’s (figure 4.4B). No significant 

differences were observed in the expression of Cdc42 or Racl after LPS stimulation 

with either cord or adult DC s (figure 4.4A-B). Interestingly, a stronger second band at 

lOOkDa was observed in all Cdc42 and Racl blots, potentially representing a tetramer. 

The intensity of these bands appeared proportional to the monomeric Cdc42 and Racl 

bands, but was of greater intensity. For both adult and cord DC’s, the consensus from 3 

experiments was that levels of activated Cdc42 and Racl essentially remained the same 

whether the DC’s were stimulated with LPS or left unchallenged.

4.4 Chemokine Receptor Expression

Comparison of the expression of inflammatory chemokine receptor CCR5, and homing 

chemokine receptors CXCR4 and CCR7 were investigated in cord and adult DC s either 

stimulated with LPS for 48 hours or left unchallenged. DC s were stimulated for 48 

hours with LPS to ensure that the DC’s had sufficient time to effectively switch 

chemokine receptor expression from inflammatory to homing, as the kinetics of 

down/up-regulation of each receptor was different (Sallusto et al, 1999b). Comparison

111



Chapter 4____________________________________________Cord and adult DC function

of the surface expression of chemokine receptors on these DC’s was then performed by 

flow cytometry (section 2.3.9).

4.4.1 Adult DC’s chemokine receptor expression

To enable comparison of cord DC’s chemokine receptor expression, the expression of 

adult DC chemokine receptor expression was initially established. As expected, 

immature adult DC s expressed CCR5, which was decreased after LPS stimulation 

(figures 4.5A, 4.6A), and had low/no expression of CXCR4 or CCR7. Following 24 

hours of LPS stimulation, expression of both CXCR4 and CCR7 was increased (figures 

4.5A, 4.6B-C). The level of expression of each of these chemokine receptors showed 

variability between different individuals, however the trend of decreasing CCR5 with 

increasing CXCR4 and CCR7 was observed for all samples (figures 4.5A and 4.6). 

Investigation of CCRl and CCR2 expression remained inconclusive, with only 1/5 

samples showing positive expression, which was not observed to change with LPS 

addition (data not shown).

4.4.2 Cord DC’s chemokine receptor expression

As observed with adult DC’s, immature cord DC’s had moderate CCR5 expression 

(figures 4.5B and 4.6A). Interestingly CXCR4 and CCR7 expression was higher than 

for immature adult DC’s, and appeared to be similar to the levels observed after LPS 

stimulation of adult DC s rather than immature DC’s (figures 4.5B and 4.6B-C). 

Little/no change in CCR5, CXCR4 and CCR7 expression was observed after 48 hours 

of LPS stimulation, probably due to their inability to gain a fully mature phenotype. 

Variability of chemokine receptor expression was also observed between different cord 

samples in likeness to adult samples.
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Figure 4.6 Inability of cord DC’s to switch chemokine receptor 
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Interestingly, in contrast to the adult DC’s, expression of CCRl and CCR2 was 

observed in all three samples investigated, while there were no changes in CCR2 

expression after LPS addition. A partial decrease in CCRl expression was observed in 

two out of three samples (data not shown). This apparent dual expression of 

inflammatory (CCR5) and T cell homing (CXCR4, CCR7) chemokine receptors may 

have serious implications in the ability of cord DCs to migrate from the site of antigen 

encounter to T cell areas, to mount effective immune responses.

4.5 DC Cytokine Production

To compare the production of cytokines and their kinetics, immature DCs from both 

cord and adult were plated into 7 identical wells at a concentration of 3xlO^/ml. 

0.5p,g/ml LPS was added to 6 of the wells. After various durations of culture with LPS, 

the supernatant was carefully removed from one well at each different time point (4h, 

8h, 12h, 18h, 24h, 48h), and stored in small aliquots at -80°C. The 7^ well to which 

was not stimulated with LPS was incubated in parallel, with the supernatant collected 

after 48 hours, to assess the residual level of cytokine production. The supernatants 

were then analysed by ELISA to determine IL-12p70, IL-10 and TN Fa production, by 

the method described in section 2.3.10. The DC supernatants were diluted to 1:10 and 

1:30 in assay diluent to ensure that their concentrations fell within the linear region of 

the standard curve.

4.5.1 IL-12p70

Adult DC’s demonstrated a characteristic increase in IL-12p70 production after 8 to 12 

hours of LPS stimulation, with a peak of total IL-12p70 levels at approximately 18 

hours which still remained constant at 48 hours (figure 4.7A). Peak mean IL-12p70
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production by adult DC’s was 1.58ng/ml (range 1.28-1.86). Interestingly, cord DC’s 

failed to produce IL-12p70, at all time points, with a peak mean IL-12p70 of only 

0.08ng/ml (range 0.07-0.11) (figure 4.7A). This value was equivalent to the lowest 

detection limit of the IL-12p70 ELISA. Mean and range (L* to quartile) values were 

gained from 4 independent experiments.

4.5.2 IL-10

The production of IL-10 by both adult and cord DC s stimulated with LPS was 

comparable, with similar peak levels and kinetics observed. IL-10 could be detected 

after 8 hours of LPS stimulation of both adult and cord DC s, with total IL-10 levels 

increasing linearly over time, with production sustained up to 48 hours (figure 4.7B). 

Peak mean IL-10 production was 1.60ng/ml (range 0.68-2.27) for adult DC s and 

1.41ng/ml (range 1.06-1.85) for cord DC’s (figure 4.7B). Mean and range (L ‘ to 3"̂  ̂

quartile) values were gained from 4 independent experiments.

4.5.3 TNFa

The production of TN Fa by both adult and cord DC’s stimulated with LPS was also 

comparable, with similar peak levels and kinetics observed. TN Fa could be detected 

after 4 hours of LPS stimulation of both adult and cord DC s. TN Fa production peaked 

at 8 hours followed by a steady reduction/degradation of levels (figure 4.7C). Peak 

mean TN Fa production was 12.25ng/ml (range 6.58-16.06) for adult DC’s, and 

10.39ng/ml (range 4.84-14.42) for cord DC’s (figure 4.7C). Mean and range (F^ to 3"̂  ̂

quartile) values were gained from 4 independent experiments.
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4.6 Discussion

As shown in chapter 3, the response of cord DC’s to LPS stimulation is consistently 

abrogated, with little or no change in marker expression characteristic of maturation. 

As far as we can determine this failure to mature does not appear to be linked to an 

inability to respond to LPS, as TLR4, initially identified as an important receptor for 

activation of cells by LPS (reviewed in Wright, 1999) appeared to be expressed on cord 

and adult DC’s at equivalent levels, and was equally down-regulated after LPS 

stimulation.

' >, In similarity to

our findings, decreased TLR2, TLR3 and TLR4 mRNA expression was observed after 

adult DC s were stimulated with LPS for 24 hours (Visintin et al, 2001). The surface 

expression of other TLR’s (in particular TLR2) and their accessory proteins remains 

unidentified on cord DC’s, and their expression requires examination to determine their 

involvement, if any, with the immaturity of the neonatal DC s.

Endocytosis is one of the most important pathways for DC’s to uptake antigens. DC’s 

capture antigens by two distinct mechanisms; macropinocytosis, and receptor-mediated 

endocytosis via mannose receptors (Sallusto et al, 1995; reviewed in Steinman et al, 

1995). Both cord and adult immature DC’s were found endocytose FITC-dextran, 

however cord DC’s were less efficient that adult DC s, as shown by the reduced 

percentage of FITC-positive cord DC’s observed. This finding was consistent with a 

recent study, which suggested that the decreased endocytic capacity of immature cord 

DC’s was related to reduced mannose receptor expression (Liu et al, 2001a). As 

expected, maturation of adult DC s caused a dramatic reduction of macropinocytosis,
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with less FITC-dextran uptake observed. This loss of endocytic capacity is likely to 

have importance in determining the spectrum of antigens presented to T cells, thereby 

limiting presentation to only antigens that were encountered at the inflammatory site. In 

addition, maturation is likely to assist in maintaining and stabilising the peptide-MHC II 

complexes in the DC surface, for subsequent antigen presentation (Celia et al, 1997b).

Strikingly, cord DC’s maintained their endocytic capacity after LPS stimulation, with 

similar levels to immature cord DC’s. This is likely to have important consequences on 

the ability of cord DC s to effectively present antigen. This could potentially have both 

detrimental and beneficial effects. The continual internalisation and recycling of MHC 

class n  molecules, caught in endocytic vesicles during endocytosis (Celia et al, 1997b) 

may lead to poor antigen presentation due to the shorter half-life of the antigen-MHC 

class II complexes on the surface. However, the maintenance of antigen capture with 

cord DC s in all situations may potentially be beneficial for the induction of tolerance.

Endocytosis is regulated by actin cytoskeletal rearrangement, which appears to be 

dependent on the activity of the Rho GTPases Cdc42 and Racl (reviewed in Nobes et 

al, 2000). Early microinjection studies showed the involvement of Racl in forming 

membrane ruffles and stimulating pinocytosis in various cell lines (Ridley et al, 1992), 

with more recent studies focussing on DC’s. Injection of dominant negative Racl or 

Cdc42 into immature murine DC s was found to block macropinocytosis, and injection 

of constitutively activated Racl or Cdc42 able to restore endocytic function in mature 

DC’s (Garrett et al, 2000). A second study however found that only dominant negative 

Racl could block macropinocytosis, and were unable to restore endocytosis in mature 

DC s with either activated GTPase (West et al, 2000). The use of alternative DC 

sources by these two groups may assist in explaining some of the differences reported.
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It was expected that decreased endocytic capacity would be associated with decreased 

levels of the activated GTPase mediating endocytosis, however our results cause further 

complication as we did not detect any significant differences in the expression of Cdc42 

or Racl in immature DC’s compared to LPS stimulated DC’s. Cord and adult DC’s 

were observed to have comparable expression of both activated and total Cdc42. 

However, the level of activated Racl in cord DC s was consistently higher than that 

observed in adult DC’s. The significance of the increased activated Racl expression in 

cord DC’s remains unexplained, Racl is required for constitutive macropinocytosis in 

dendritic cells, and is strongly implicated in membrane ruffling (West et al, 2000). 

However, cord DC s do not appear to have any obvious differences to adult DC’s in 

terms of morphology or actin localisation, however this may still assist cord DC’s in the 

maintenance of their endocytic capacity after LPS stimulation.

Immature DC s express inflammatory chemokine receptors and are rapidly recruited to 

peripheral tissues undergoing inflammatory reactions. DC s capture antigens at these 

sites, in addition they are stimulated to mature by bacterial products or inflammatory 

cytokines. DC maturation is associated with a switch in chemokine receptor expression 

to homing chemokines to enable migration to secondary lymphoid organs to facilitate T 

cell encounter (Lin et at, 1998; Sallusto et al, 1998a; Sallusto et al, 1999b; Sozzani et 

al, 1998). The switch in chemokine receptor expression from inflammatory to homing 

was not observed in cord DC’s after LPS stimulation. Interestingly, the expression of 

homing chemokine receptors CXCR4 and CCR7 appeared to be comparable to the 

levels observed after LPS stimulation of adult DC s. This co-expression of 

inflammatory and homing chemokine receptors is likely to cause significant migratory 

dysfunction. One potential outcome of the co-expression of homing and inflammatory 

chemokine receptors could be the recruitment of cord DC s into non-inflamed tissues.
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thereby playing a role in tolerance induction. An alternative opposing outcome could be 

the “trapping” of cord DC’s in the periphery, thereby further limiting their capacity to 

present antigen to T cells. It is possible that the inability of cord DC’s to switch their 

chemokine receptor expression in response to stimulation could simply be related to 

their phenotypic immaturity, however the involvement of other factors cannot be 

discounted. The production of chemokines in cord DC’s still remains unexamined, with 

the effect of these chemokines on their receptor expression unknown.

As expected, cord DC’s displayed almost a complete failure to produce IL-12p70. As 

had been shown previously, the mechanism for repressed IL-12 production was likely to 

be due to repressed expression of the IL-12p35 subunit gene (Goriely et al, 2001). 

However, LPS stimulation of cord DC s did result in the production of IL-10 and TNFa 

at similar levels and with similar kinetics to adult DC’s. The inability of cord DC s to 

produce IL-12 may therefore be fundamental to the establishment of the Th2-like bias, 

perhaps through the action of other dominantly acting Th2 cytokines such as IL-10.

Autocrine IL-10 can limit the maturation of DC’s and their capacity to initiate Thl 

responses (Corinti et al, 2001). DC’s treated with neutralising antibodies to IL-10 were 

observed to produce increased TN Fa and IL-12, and had an increased capacity to 

activate T cells to a more prominent Thl polarisation (Corinti et al, 2001). Addition of 

IL-10 in conjunction with LPS to adult DCs has also been shown to inhibit the down- 

regulation of inflammatory chemokine receptors (CCRl, CCR2 and CCR5) by blocking 

the maturation-induced switch in chemokine receptor expression (D’Amico et al, 2000). 

Furthermore, these receptors were unable to elicit migration, and may therefore be 

acting as functional decoys. Unbalanced expression of IL-10 in cord DCs may therefore
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contribute to the failure of CCR5 down-regulation after LPS stimulation, and facilitate 

neonatal DC immaturity.

Cord DC’s were also observed to produce adult levels of TN Fa after LPS stimulation. 

However, studies of cultured neonatal monocytes showed decreased TN Fa production 

in response to LPS stimulation (Burchett et al, 1988), which did not appear to be 

sustained after DC differentiation. In-vivo, TN Fa produced by activated DC’s may 

function to activate other DC s and immune cells to further amplify the immune 

response. As demonstrated in chapter 3, cord DC s remained phenotypically immature 

after TN Fa stimulation. The inability of other neonatal DC’s in the periphery to mature 

under the influence of TN Fa produced by activated DC may prevent further 

amplification of the immune response, thereby contributing to the relative immaturity of 

the neonatal DC in-vivo.

Functional comparison of cord and adult DC’s has indicated fundamental deficiencies in 

cord DC function, in addition to their phenotypic immaturity. Cord DC’s were 

observed to maintain their endocytic capacity after stimulation, thereby continuing to 

capture antigens after inflammatory insult, and failed to switch chemokine receptor 

expression required to facilitate migration to lymphoid organs to enable T cell 

encounter. Imbalances in cytokine expression were also observed, with deficient IL-12 

production which is critical for Th differentiation, but with IL-10 and TN Fa production 

comparable to adults. The functional disparities observed with cord DC’s are likely to 

have fundamental consequences on their T cell stimulatory capacity and subsequent 

Thl/Th2 skew, which is investigated further in chapter 5.
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5.1 Introduction

DC’s have an essential role in the induction of immune responses to antigen by naïve T 

cells. T cell priming requires the activation of dendritic cells (reviewed in Banchereau 

et al, 1998). After DC stimulation, the newly activated CD4^ T helper (Th) cells 

commit to a pathway of differentiation that results in the formation of Thl and Th2 

cells, which differ in the cytokines they secrete (reviewed in Bottomly, 1999). 

Activation of the appropriate T cell subset is critical for providing protective immunity: 

Thl responses are thought to promote cell-mediated immunity and protect against 

predominately intracellular microbial pathogens, and Th2 responses mainly protect 

against extracellular pathogens such as helminths, but are also mediators of allergic and 

atopic manifestations (reviewed in Bottomly, 1999; reviewed in O’Garra, 2000, 

reviewed in Lanzavecchia et al, 2000). DC derived IL-12 selectively promotes the 

differentiation of CD4^ T cells to T hl, which are strong IFNy producers (Macatonia et 

al, 1995), and IL-4 selectively promotes the differentiation to Th2, which produce IL-4 

and IL-5 producers (Swain et al, 1990). In many experimental settings, neonates appear 

to be biased towards Th2 responses (reviewed in Adkins, 1999).

During DC-T cell interaction, DC not only provide the antigen for priming the T cells, 

but also determine the nature of the resultant lymphocyte effector type. The nature of 

the effector response appears to be determined by the antigen dose, duration of DC-T 

contact, state of DC maturation, and the environment in which an antigen is captured 

(reviewed in Lanzavecchia et al, 2000; lezzi et al, 1998; Langenkamp et al, 2000). The 

ability to prime naïve T cells constitutes a unique and critical function of D C’s (Inaba et 

al, 1990; Dubey et al, 1995; Constant et al, 1995; Mehta-Damani et al, 1995). Naïve T 

cells require prolonged TCR signaling in comparison to effector T cells, however they 

have the same ability to engage TCR’s with peptide-MHC complexes, therefore the
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lower responsiveness of naïve T cells appears to be due to a reduced capacity of naïve T 

cells to transduce activatory signals (lezzi et al, 1998).

Previous studies have found that stimulated neonatal T cells have decreased 

proliferation and cytokine production in comparison to adult T cells (reviewed in 

Adkins, 1999). The use of an autologous system to compare cord and adult DC 

stimulatory capacity was likely to cause difficulty in determining the relative 

contributions of the DC or the T cell to any differences observed, therefore an 

allogeneic system was used throughout the subsequent experiments to enable 

comparison of the cord and adult DC’s capacity to stimulate CD4^ T cells.

The aims of the experiments in this chapter were to compare the T cell stimulatory 

capacity of cord and adult DC’s, by investigating their ability to stimulate allogeneic 

CD4^ T cells to produce IFNy, and their capacity to induce T cell proliferation. To 

determine whether the immaturity of the cord DC and their inability to produce EL-12 

affected their T cell stimulatory capacity.

5.2 Optimisation of DC stimulation of CD4  ̂T cells

5.2.1 T cell population

During optimisation of this DC-T cell stimulation assay, comparison of DC’s 

stimulatory capacity on whole T cell, CD4^ T cell or “naïve” CD45R0 CD4^ T cell 

preparations were undertaken. CD8^ T cells are strong IFNy producers, and were of 

less interest in these experiments, therefore they were removed to allow investigation 

specifically of the interaction between DC’s and CD4^ T cells. DC stimulation of total 

CD4^ T cells or “naïve” CD45RO' CD4^ T cells were sorted and utilised. In general, a
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higher background of IFNy production, with less distinction between the different DC’s 

and conditions was observed using total CD4^ T cells, with clearer results gained when 

using naïve CD4^ T cells as a read-out of DC stimulatory capacity. Whatever the CD4^ 

T cell population used, the same trends and patterns emerged when comparing the 

ability of adult and cord DC’s to stimulate them, however a higher background was 

associated with less purified T cells preparations.

5.2.2 DC:T cell ratio

Langenkamp and colleagues have found that previous titration experiments showed an 

excess of DC’s could bias responses towards T hl, whereas a small number of DC’s 

favoured the development of Th2 and non-polarised T cells (Langenkamp et al, 2000). 

They found that a ratio of IDC to lOT cells was found to minimise the cell number 

related skewing, therefore it was decided to use this during the following experiments.

5.2.3 Duration of co-culture

Duration of DC-T cell co-culture was originally devised during T cell proliferation and 

antigen presentation studies. Optimal T cell proliferation of DC’s with either allogeneic 

T cells, or autologous T cells with tetanus toxin was found to be 5 days. Less than five 

days culture resulted in decreased proliferation probably due to decreased time for T 

cell amplification. Greater than five days culture resulted in exhaustion of the complete 

medium nutrients, leading to greater cell death, thereby decreasing total proliferation. 

In similarity to the findings with proliferation, optimal IFNy production was also found 

to be after 5 days of co-culture, and was used throughout the subsequent experiments. 

To enhance IFNy intracellular staining, the proliferating T cells were further expanded 

for 3 days with IL-2. This caused increased separation of the IFNy positive and
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negative populations, and was therefore used throughout the following intracellular 

cytokine staining experiments.

5.3 Immature DC stimulation of allogeneic CD4  ̂T cells

Immature cord or adult DCs were co-cultured with allogeneic total or naïve CD4^ T 

cells (depending on the experiment) from either adult or cord, at a ratio of 1DC:10T 

(approximately 1x10^ DC: 1x10^ T in 0.5ml complete medium). The DC-T cells were 

cultured for five days in complete medium, in 24 well plates. These co-cultured cells 

were then analysed by intracellular cytokine staining (see methods section 2.3.11) and 

ELIS POT (see methods section 2.3.12) to assess the DC stimulatory function by the 

production of IFNy by activated T cells in this system.

5.3.1 DC stimulation of adult CD4^ T cells

Immature adult DCs were able to stimulate 13.2% ± 2.7 allogeneic total adult CD4^ T 

cells to produce IFNy. Cord DCs were poorer stimulators of the same T cells, with 

significantly (p=0.01) lower IFNy production observed, with only 8.1% ± 2.4 of the T 

cells producing IFNy (figure 5.1). The pattern of decreased T cell stimulatory capacity 

of cord DC’s remained apparent if allogeneic naïve adult CD4^ T cells were used, 

shown by both decreased intracellular IFNy staining (figure 5.2A) and IFNy ELISPOT 

(figure 5.2B).

5.3.2 DC stimulation of cord CD4'*’ T cells

As expected, allogeneic total cord CD4^ T cells produced less IFNy than the equivalent 

adult T cells when stimulated by adult DCs, with only 4.6% ± 1.8 cell positive for IFNy.
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Figure 5.1 Decreased stimulation of total adult CD4 T cells by 
immature cord DC s Immature adult (red) and cord (blue) DC’s 
stimulation of total CD4^ T cells to produce IFNy was measured by 
intracellular cytokine staining. The values represent the means of five 
independent experiments ± 1 sem (*p<0.02).
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Interestingly, despite the poor IFNy production by cord T cells, cord DCs were still less 

efficient in stimulating cord T cells, with only 0.7% ± 0.2 of these T cells producing 

IFNy (p=0.02, figure 5.1). The pattern of decreased T cell stimulatory capacity of cord 

DC’s remained apparent if allogeneic naïve cord CD4^ T cells were used, shown by 

both decreased intracellular IFNy staining (figure 5.2A) and IFNy ELISPOT (figure 

5.2B). Therefore, the cord D C’s were still significantly less efficient in stimulating cord 

T cells to produce IFNy than adult DC s.

5.4 LPS activated DC stimulation of allogeneic T cells

Cord or adult DCs were either activated with LPS for 8 or 24 hours, or left 

unchallenged. To these DCs, naïve CD4^ T cells isolated from either allogeneic adult or 

cord samples were added at a ratio of 1DC:10T (approximately 1x10^ DC: 1x10^ T in 

0.5ml complete medium), and cultured for five days in complete medium, in 24 well 

plates. These co-cultured cells were then analysed by intracellular cytokine staining 

(methods section 2.3.11) and ELISPOT (methods section 2.3.12) to assess the DC 

stimulatory function by the production of IFNy by activated T cells in this system. In 

parallel, the proliferation of the T cells in response to DC stimulation was determined 

(see section 5.5).

5.4.1 DC stimulation of adult naïve CD4^ T cells

Addition of LPS for 8 hours to allogeneic naïve adult CD4^ T cells induced a greater 

production of IFNy by these T cells than when stimulated with immature adult DC s. 

After 24 hour LPS stimulation, the adult DC’s displayed an even greater capacity to 

stimulate T cells, as shown by further increased IFNy production by intracellular
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staining and ELISPOT (table 5.1, figure 5.2). These results suggest that LPS stimulated 

adult DC’s have a greater capacity than immature adult DC’s to stimulate naïve 

allogeneic adult CD4^ T cells to produce IFNy.

Immature cord DC s were found to stimulate less allogeneic naïve adult CD4^ T cells to 

produce IFNy than adult DC’s. Cord DC s stimulated with LPS for either 8 or 24 hours 

demonstrated an increased capacity to stimulate T cells than the immature

cord DC s (table 5.1, figure 5.2). However, in all conditions, adult DC’s were observed 

to have a greater capacity than cord DC’s to stimulate naïve allogeneic adult CD4^ T 

cells to produce IFNy. The results from both the intracellular IFNy staining and IFNy 

ELISPOT showed comparable patterns of stimulatory capacity.

Table 5.1 DC stimulation of adult allogenic naïve CD4^ T cells

Adult Cord

IFNy Intrastain IFNy ELISPOT IFNy Intrastain IFNy ELISPOT

Immature 9.0% ± 6.0") 13.1 sfc^) ± 0.8 7.4% ± 4.2 8.2 sfc ± 3.2

ShLPS 20.4% ± 6.4 69.2 sfc ± 2.6 13.4% ±4 .2 10.7 sfc ±1.2

24h LPS 24.4% ± 1.3 95.1 sfc ±29.8 14.1% ±2 .2 43.1 sfc ±0.7

a) Percentage of positive IFNy producing cells
b) IFNy spot forming cells

5.4.2 DC stimulation of cord naïve CD4^ T cells

As expected, allogeneic naïve cord CD4'*’ T cells produced less IFNy than the equivalent 

adult T cells. In similarity to the results in section 5.4.1 above, LPS stimulated adult 

DC’s were found to be better stimulators of naïve cord CD4^ T cells than immature 

adult DC’s. The decreased stimulatory capacity of cord DC s was also still apparent
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Figure 5.2 DC stimulation of allogeneic naive CD4^ T cells to produce 
IFNy. Adult (red) and cord (blue) DCs were either stimulated with 
0.5pg/ml LPS for 8h (dotted bars) or 24h (hatched bars), or left 
unchallenged (filled bars). DC’s were then co-cultured with allogenic naïve 
CD4^ T cells for 5 days. IFNy production was measured by intracellular 
cytokine staining (A) and ELISPOT (B). The values represent the means of 
three independent experiments ± 1 sem.
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when cord T cells were used, with consistently lower IFNy produced by the T cells in 

response to cord DC stimulation in comparison to adult DC stimulation (table 5.2, 

figure 5.2). These results indicate that cord DC’s have an intrinsically diminished 

ability to stimulate allogeneic CD4^ T cells to produce IFNy, regardless of whether they 

are from adult or cord sources. These results also suggest an intrinsic deficiency of cord 

T cells, with decreased IFNy production than adult T cells under the same stimulatory 

conditions.

Table 5.2 DC stimulation of cord allogenic naïve CD4^ T cells

Adult Cord

IFNy Intrastain IFNy ELISPOT IFNy Intrastain IFNy ELISPOT

Immature 3.0% ± 1.7"̂ 4.9 sfc^) ± 0.6 1.1% ±0 .2 6.0 sfc ±1 .4

8hLPS 5.7% ± 1.2 8.4 sfc ± 1.1 2.8% ± 0.7 6.9 sfc ± 0.4

24h LPS 7.6% ± 2.0 13.4 sfc ±4.1 2.9% ± 0.5 9.7 sfc ± 7.7

a) Percentage of positive IFNy producing cells
b) IFNy spot forming cells

5.5 T cell proliferation in response to DC stimulation

In parallel to the experiments performed in section 5.4, the proliferation of the T cells in 

response to DC stimulation was determined. Identical wells of DC-T cell co-cultures 

were set-up in triplicate in 96-well plates in parallel, which were co-cultured for 5 days. 

Proliferation of the T cells was determined by assessing the level of [^H]-thymidine 

incorporation, which is integrated into the DNA of proliferating cells (see section 

2.3.13).
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High variability was observed between independent experiments, with differences in the 

background count, however the trends remained the same. Averaging of multiple 

experiments caused large variation, therefore results from one representative experiment 

from a total of three are shown in figure 5.3.

Using allogeneic naïve adult CD4^ T cells, immature adult DC’s were able to induce 

greater T cell proliferation than immature cord DC’s. As with IFNy, LPS stimulated 

adult DC s were able to induce significantly greater T cell proliferation than immature 

adult DC’s (figure 5.3, red bars). Cord DC’s stimulated with LPS also induced greater 

T cell proliferation than immature cord DC s, however this was of lower magnitude 

than that observed with LPS stimulated adult DC’s (figure 5.3, blue bars). Using 

allogeneic naïve cord CD4^ T cells, the same patterns were observed, but the magnitude 

of cord T cell proliferation was notably decreased (figure 5.3). Therefore, the T cell 

proliferation results mirrored the intracellular IFNy (figure 5.2A) and IFNy ELISPOT 

(figure 5.2B) results gained in section 5.4.

5.6 Discussion

Cord DC s exhibited a decreased capacity to stimulate naïve allogeneic adult CD4^ T 

cells to produce IFNy, when compared to adult DC’s. Activation of the DC s with LPS 

significantly increased the T cell stimulatory capacity of adult DC s. LPS addition to 

cord DC s also increased their T cell stimulatory capacity, however, to a much lower 

extent than observed for adult DC’s. Cord T cells stimulated in the same system 

produced lower amounts of IFNy compared to their adult counterparts, but the decreased 

stimulatory capacity of cord DC’s was still apparent.
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Figure 5.3 DC stimulation of allogeneic naïve CD4 T cell proliferation.
Adult DCs (red) or cord DCs (blue) were either activated with LPS for 8h 
(dotted bars), 24h (hatched bars) or left unchallenged (filled bars). The DC’s 
were co-cultured with allogeneic naïve CD4^ T cells for 5 days. pH]-Thy 
was added for the final 8 hours of culture, and the incorporated was used 
as a measure of T cell proliferation. Representative results from one of three 
experiments is shown.
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These results were echoed with the capacity of cord and adult DC’s to induce T cell 

proliferation, with greater induction of T cell proliferation observed with adult DC’s. 

LPS stimulation of cord DC’s did marginally enhance their capacity to induce T cell 

proliferation, but to a significantly reduced extent to adult D C’s. As with IFNy 

production, cord T cells proliferated less than adult T cells, however cord DC’s still 

induced less T cell proliferation than adult DC’s. These findings are consistent with 

other studies, which have showed that cord DC’s were less effective at supporting the 

proliferation of both adult and cord T cells in response to antigenic or allogeneic 

stimulation (Hunt et al, 1994; Petty et al, 1998; Liu et al, 2001a). Mechanisms 

responsible for the diminished dendritic cell stimulatory capacity is unclear, but reduced 

expression of MHC antigens and accessory molecules by cord blood DCs make it likely 

that their ability to present antigen is limited (Petty et al, 1998).

The kinetics of DC activation has been previously shown to have a profound influence 

on the capacity of DC s to induce Thl and Th2 polarisation (Langenkamp et al, 2000). 

Stimulation of DC’s with LPS for 8 hours was sufficient to increase their T cell 

stimulatory capacity, which was further increased after 24 hours. LPS stimulation for 8 

hours was not sufficient time to allow the up-regulation of surface expression of co

stimulatory and MHC class II molecules (data not shown). However, as demonstrated 

in chapter 4, detectable cytokine production was observed after 8 hours of LPS 

stimulation (except for deficient IL-12 production by cord DC’s), therefore cytokine 

production by the DC s was likely to be a key influence of their T cell stimulatory 

capacity at this 8 hour time point. The added contribution of increased expression of 

co-stimulatory molecules after 24 hours of LPS stimulation may participate in the 

further increased stimulatory capacity observed.
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Both Thl and Th2 responses are required for comprehensive immune function. 

Neonatal mice and humans show a strong bias towards Th2 polarisation (reviewed in 

Adkins, 1999), which is observed at all phases from the generation of primary effectors 

to memory responses (Adkins et al, 2001). However, both mouse and human neonatal 

T cells retain the ability to mount protective Thl responses under specified conditions 

(Adkins et al, 1998; Adkins et al, 2001; Somasse et al, 1996; Ridge et al, 1996). For 

example injection of male adult DC at birth results in the generation of CTL activity 

directed against the male H-Y antigen, whereas injection of male spleen cells which 

contain very few professional antigen presenting cells, results in the induction of 

specific tolerance (Ridge et al, 1996).

The ability of neonatal animals to deviate from the Thl responses that lead to 

autoimmunity/rejection, and expand Th2 immune responses, may at least in part be 

explained by reduced expression of IL-12 (Min et al, 1998). Cord DC’s have a 

selective defect in the synthesis of IL-12, which appears to be due to repressed IL- 

12p35 gene expression (Goriely et al, 2000). Addition of IL-12 during vaccination of 

mice at birth enhanced survival after lethal antigenic challenge (Arulanandam et al, 

2000). Newborn mice were co-injected with allogeneic spleen cells and IL-12, 

administration of IL-12 resulted in the emergence of anti-donor cytotoxic T cell 

responses, although at lower levels than in control mice. Early administration of EL-12 

therefore prevents Th2 polarisation of the newborn immune response to alloantigens 

(Donckier et al, 1998).

The inability of cord DC’s to produce IL-12 may therefore be fundamental to the 

establishment of a Th2 bias, perhaps through the action of other dominantly acting Th2 

cytokines such as IL-10. For example, DC’s treated with neutralising antibodies to IL-
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10 produce increased amounts of TNFa and IL-12, and have an increased capacity to 

activate T cells to a more prominent Thl polarisation (Coriniti et al, 2001).

IL-4 and IL-5 production was undetectable during these experiments (data not shown). 

Only one study of human DC’s in an allogeneic system has been able to demonstrate 

IL-4 production, but that was only after addition of neutralizing antibodies against IL-12 

(Celia et al, 1999). However, studies using autologous antigen presentation system 

have detected IL-4 or IL-5 (Ohshima et al, 1997; Chipeta et al, 2000; Langenkamp et 

al, 2000), as have numerous mouse studies (Forstuber et al, 1996; Adkins et al, 1998; 

Adkins et al, 2000; Adkins et al, 2001). Additionally, characterisation of Th2 responses 

is therefore likely to require the use of an alternative autologous system, however the 

involvement of cord T cells would complicate analysis of the contributions to any 

differences observed. The nature of the maturation stimuli has been shown to affect the 

Thl/Th2 skew (Celia et al, 1999), with dominant Thl responses gained after stimulation 

with LPS or Poly I:C stimulation, and mixed Thl and Th2 responses gained after TNFa 

stimulation (Celia et al, 1999).

In summary, cord DC’s were found to have a decreased capacity to stimulate T cells 

proliferate and produce the characteristic Thl cytokine IFNy. Taken in association with 

their phenotypic immaturity and deficient IL-12 production, these results indicate that 

cord DC’s are intrinsically less able to direct Thl polarisation.
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6.1 Introduction

Homotypic clustering of DC’s has been reported, with clustering observed in-vivo of 

langerhans cells in the dermis after the addition of skin sensitisers (Lukas et al, 1996; 

Weinlich et al, 1998). In addition, DC-DC clustering has been reported in-vitro in rats 

(Delemarre et al, 2001) and in adult monocyte-derived DC’s (Corinti et al, 1999). The 

physiological relevance of homotypic clustering currently remains unanswered, but has 

been proposed as a mechanism to stimulate DC function, by the mutual delivery of 

maturation signals and by the transfer of antigen between cells (Knight et al, 1998; 

Delemarre et al, 2001). Cluster formation may also be associated with the maturation 

status of the DC (Delemarre et al, 2001), therefore it is of interest to investigate the 

capacity of cord DC’s to effectively cluster, in relation to their observed immaturity.

Aggregation of DC’s with T cells has been described in-vivo, ex-vivo and in-vitro (Inaba 

et al, 1984; Inaba et al, 1986; Inaba et al, 1987; King et al, 1989; Vakkila et al, 1989; 

Saiki et al, 2001). It has been demonstrated that T cells form cell clusters in the early 

phases of autologous and allogeneic mixed lymphocyte reaction (Inaba et al, 1984; 

Vakkila et al, 1989). The initial binding of DC’s and T cells is thought to occur via an 

antigen independent mechanism (Inaba et al, 1986) to enable T cell priming by the DC. 

Clustering was not just restricted to DC and T cells, other APC’s such as macrophages 

and B cells can also mediate clustering with T cells (Inaba et al, 1986; Kushnir et al, 

1998), however DC’s were the most efficient (Inaba et al, 1986). This DC-T cell 

interaction, both in-vivo and in-vitro appeared to be primarily dependent on adhesion 

molecules, with the ICAM-l/LFA-1 pathway playing a central role (King et al, 1989; 

Scheeren et al, 1991).
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Integrins and adhesion molecule on the surface of DC’s play an important role in cell

cell interactions, with involvement in both adhesion and migration (reviewed in Bleijis 

et al, 2001). Previous studies have investigated the surface expression of integrins and 

adhesion molecules on adult DC’s (McCarthy et al, 1997; Ammon et al, 2000; Puig- 

Kroger et al, 2000), yet their expression remains unexamined in neonatal DC’s.

The aims of the experiments presented in this chapter were to determine the ability of 

adult and cord DC s to form homotypic DC-DC clusters and heterotypic DC-T cells 

clusters. In addition, comparison of integrins and adhesion molecules surface 

expression on adult and cord DC’s were investigated, to determine the mechanism of 

the DC-DC and DC-T interactions.

Table 6.1 Integrin and adhesion molecule nomenclature

CD Number Alternative Name

C D lla aL

C D llb oM

C D llc aX

CD18 p2

CD29 pi

CD49d a3

CD49e a4

CD50 ICAM-3

CD54 ICAM-1

CDlla/CD18 LFA-1
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6.2 DC-DC Clustering

Immature DC’s were generated from 8 cord and 8 adult samples to enable analysis of 

DC-DC clustering and blocking. The immature DC’s were re-plated out a concentration 

of 2xlO^DC/ml in 48 well plates. The DC’s were stimulated with 0.5|ig/ml LPS for 4, 8 

or 24 hours or left unchallenged, then imaged (section 2.3.14) to assess the magnitude 

of clustering, and to determine the effects of LPS on DC morphology. Clustering in 

response to stimulation with 150ng/ml T N Fa or 20|ig/ml Poly I:C were also 

investigated, with the samples imaged (section 2.3.14) after 24 hours incubation.

6.2.1 Adult DC-DC clustering

Immature adult DC s were large irregular shaped cells, with many projections. They 

were loosely adherent to the well, but did not form clusters (figure 6.1). After 4 hours 

of LPS stimulation, the majority of these adult DC’s had polarised and were adherent to 

the well. After 8 hours, the number of polarised cells had increased, with the formation 

of large complexes of overlapping projections coming from multiple DC’s. After 24 

hours of LPS stimulation, the DC’s had formed very large tightly packed homotypic 

DC-DC clusters. The adult DC s gained a characteristic stellate mature morphology 

with a more compact and rounded appearance with many spiky projections (figure 6.1).

6.2.2 Cord DC-DC clustering

Immature cord DC’s had a comparable morphology to immature adult DC’s, with many 

large irregular shaped cells observed, which did not form clusters (figure 6.2). After 4 

hours of LPS stimulation, the cord DC s also became polarised and were tightly adhered 

to the well. However, after 8 hours of LPS stimulation, obvious differences between 

adult and cord DC s were apparent. The cord DC’s remained adherent to the well, but
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they appeared more flattened/spread out. The polarised shape was less apparent, and 

the DC’s were not overlapping or forming complexes. After 24 hours of LPS 

stimulation, the cord DC’s did not exhibit the characteristic stellate shape of mature 

DC’s, and did not form homotypic DC-DC clusters (figure 6.2). Therefore, in contrast 

to adult DC s, cord DC s appear unable to form DC-DC clusters after LPS stimulation.

6.2.3 DC-DC clustering after activation with other stimuli

With adult DC s both TN Fa and Poly I:C caused DC-DC clustering in similarity to that 

observed with LPS (figure 6.3). Interestingly, in the presence of TNFa, adult DC-DC 

clustering was present after 24 hours but appeared to be reduced in comparison to LPS 

and Poly I:C. TN Fa has slower kinetics of DC stimulation, requiring 48 hours to reach 

maximal levels (see section 3.6.1). Therefore the decreased adult DC-DC clustering 

observed at 24 hours was probably due to insufficient stimulation time. However, after 

48 hours, the clusters had increased in size and complexity and were comparable to 

those observed after LPS stimulation.

In similarity to LPS, TN Fa did not induce cord DC-DC clustering (figure 6.3). Partial 

cord DC-DC clustering however did occur with Poly I:C stimulation, with a few small 

clusters observed, comprising of approximately 3-8 DC each (figure 6.3). Cord DC s 

were observed to partially up-regulate activation marker expression after stimulation 

with Poly I:C (see section 3.6.2). Therefore, the presence of these small clusters was 

likely to be associated with the DC phenotype.

In conclusion, DC-DC clustering appeared to be associated with the activation status of 

the DC. Adult DC s readily formed DC-DC clusters after activation with various 

stimuli, whereas the cord DC’s failed to form DC-DC clusters.
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6.3 Adhesion Molecule Surface Expression

To determine whether the failure of cord DC’s to form clusters was due to differences in 

the surface expression of integrins and adhesion molecules, quantitation of these surface 

molecules on cord and adult DC’s, with and without LPS stimulation. Cord and adult 

DC’s were re-plated and either stimulated with 0.5pg/ml LPS or left unchallenged. 

After 24 hours incubation, the surface expression of integrins and adhesion molecules 

was determined by the method described in section 2.3.15.

6.3.1 Immature DC adhesion molecule expression

Immature adult DC s (figure 6.4A, filled plots) and immature cord DC’s (figure 6.4B, 

filled plots) showed comparable high expression of C D lla , C D llb , C D llc , CD18, 

CD49e, CD50 and CD54 with > 95% of the cells showing positive expression 

associated with a high MFl. Comparable moderate expression of CD29 and CD49d 

expression was also observed.

6.3.2 LPS stimulated DC adhesion molecule expression

The surface expression of the adhesion molecules C D lla , C D llb , C D llc , CD18, 

CD29, CD49d, CD49e and CD50 did not alter following LPS stimulation of both adult 

(figure 6.4A, open plots) and cord (figure 6.4B, open plots) DC s, with expression 

remaining similar to those of immature DC’s and comparable between adult and cord 

DC’s. However, stimulation of adult DC’s with LPS did cause upregulation of CD54 

(figure 6.4A), as shown by an increase in MFl from 19.1 ± 2.9 to 54.6 ± 2.1 (calculated 

from 5 independent experiments). However, cord DC’s failed to up-regulate CD54 in 

response to LPS stimulation, with little change in MFl (8.9 ± 4.4 to 9.7 ± 2.1) observed 

(figure 6.4B).
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Figure 6.4 DC surface integrin and adhesion molecule expression. Adult (A, 
red) or cord (B, blue) DC’s were either left unchallenged (filled plots) or stimulated 
with 0.5pg/ml LPS for 24 hours (open plots), then surface stained with antibodies 
against various integrins and adhesion molecules and analysed by flow cytometry.
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6.4 Mechanism of DC-DC Clustering

Blocking antibodies against functional epitopes of the integrins and adhesion molecules 

CD54, CD 18, C D lla  and C D llb  were used to examine the mechanism of DC-DC 

clustering induced by LPS. The DC’s were cultured in the presence of LPS and the 

relevant blocking antibodies at a dilution of 1:100 (section 2.3.16) for 24 hours, then 

imaged to determine the magnitude of DC-DC clustering. DC’s, both with and without 

LPS stimulation were cultured in parallel as controls. In addition, blocking antibodies 

were added to immature DC’s without LPS to determine whether they would induce any 

clustering.

6.4.1 DC-DC clustering was dependent on CD54 binding to CD18

Addition of CD54 blocking antibodies completely abolished the DC-DC clustering 

(figure 6.5). C D l8 appeared to be the counter receptor for CD54, as addition of 

functional anti-CD 18 antibodies also abolished DC-DC clustering (figure 6.5). 

However, no abolition of clustering was observed with antibodies against either C D lla  

or CDl lb, which are known to associate with CD 18, or with irrelevant isotype matched 

antibodies (figure 6.5). As controls, the addition of the above blocking antibodies to 

immature adult or cord DC s did not induce any clustering. Therefore, CD54 appears to 

play a vital role in DC-DC clustering, and the inability of cord DC’s to form these 

clusters may be associated with their failure to up-regulate CD54 in response to 

activation stimuli.

6.4.2 Anti-HLA-DR functional antibodies induced clustering

The addition of the above blocking antibodies to immature adult or cord DC s did not 

induce any clustering. Interestingly, addition of functional anti-HLA-DR antibodies did 

induce clustering of both inunature adult (figure 6.6A) and cord (figure 6.6B) DC’s.
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Figure 6.5 DC-DC clustering is mediated by CD54 binding to CDl8. Immature adult DC’s were re-plated at a 
concentration of 2xlO^DC/ml. Blocking antibodies against functional epitopes of CDl la, CDl lb, CD 18 and CD54 were 
added to relevant wells, and the DC’s were stimulated with 0.5pg/ml LPS. As controls, DC s in the presence or absence 
of LPS without blocking antibodies or with non-blocking antibodies were run in parallel. DC s were imaged after 24 
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Figure 6.6 Generation of DC-DC clusters with anti-HLA-DR 
antibodies. Immature adult (A) or cord (B) were re-plated at a 
concentration of 2xlO^DC/ml. Functional anti-HLA-DR antibodies were 
added to the DC’s and incubated for 24 hours. As a control, unchallenged 
DC’s were run in parallel. The DC s were imaged after 24 hours 
incubation at x20 magnification.
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Adult DC’s formed large DC-DC clusters, similar in size to those observed with LPS. 

Cord DC’s however formed much smaller clusters, each comprising of approximately 

3-8 DC’s. These results suggest an involvement of HLA-DR in DC-DC clustering, 

possibly indicating association between HLA-DR expression and clustering capacity.

6.5 DC-T Cell Clustering

To determine whether the inability or cord DC’s to form homotypic DC-DC clusters 

would translate to an inability to form DC-T cell interactions, the capacity of cord and 

adult DC s to cluster with CD4^ T cells was investigated. DC s were co-cultured with 

either autologous or allogeneic T cells at a ratio of 1DC:4T (10,000DC:40,000T) in 96 

well plates. The method of T cell isolation is described in section 2.2.3. Where 

required, lOOng/ml toxic shock syndrome toxin-1 (TSST-1, Toxin Technologies) was 

also added to certain DC samples prior to co-culture with T cells. The DC-T cell 

clustering was imaged (section 2.3.8) after 24 hours of co-culture to assess the 

magnitude of clustering. In addition, blocking experiments were performed in 

similarity to section 6.4 above to examine the mechanism of DC-T clustering. Blocking 

antibodies against functional epitopes of CD54 and CD 18 were added at a dilution of 

1:100 immediately after the DC and T cells were combined in the co-cultures, then 

imaged after 24 hours to assess the magnitude of blocking.

6.5.1 DC clustering with autologous CD4^ T cells

Adult D C’s were able to form interactions and cluster with autologous CD4^ T cells. 

Multiple T cells appeared to interacting with the DC’s, with few T cells in non-DC 

areas of the well (figure 6.7A). As expected, the addition of the super-antigen toxic 

shock syndrome toxin-1 (TSSTl), which links MHC Class II molecules to the T cell
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receptor (TCR) outside of the antigen binding groove, increased clustering (figure 

6.7A). In contrast, cord DC’s did not form clusters with autologous CD4^ T cells, even 

in the presence of TSSTl (figure 6.7A-B).

6.5.2 DC clustering with allogeneic CD4^ T cells

To determine whether the failure of cord DC’s and autologous CD4'*’ T cells clustering 

was not simply due to a deficiency of the cord T cells, clustering of adult or cord DC’s 

to allogeneic adult CD4^ T cells was investigated. Allogeneic adult CD4'*’ T cells were 

able to cluster with adult DC’s to a similar extent as observed with autologous T cells 

(figure 6.7A). However, cord DC’s were unable to cluster with the same allogeneic 

adult T cells, suggesting that the failure of the cord DC-T cell clustering was due to a 

deficiency of the cord DC’s (figure 6.7B).

Adult DC also formed clusters with allogeneic cord CD4^ T cells, but the clusters were 

smaller than those observed with allogeneic adult T cells, cord DC’s were again unable 

to form clusters with allogeneic cord T cells (data not shown). The addition of LPS 

enhanced clustering between adult DC s and both autologous and allogeneic CD4^ T 

cells, but did not induce clustering between cord DC s and T cells (data not shown). As 

controls, wells containing only adult or cord DC’s or CD4^ T cells were plated out at 

the same concentrations used in the co-cultures and imaged after 24 hours incubation. 

DC’s and CD4^ T cells alone from both cord and adult samples did not cluster, 

highlighting that the interaction of DC and T cells was responsible for the clustering 

observed (figure 6.7C).
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Figure 6.7 Cord DC’s failed to cluster with autologous or allogeneic CD4+ T 
cells. Adult (A) or cord (B) DC’s were co-cultured with either autologous or 
allogeneic CD4^ T cells at a ratio of 1DC:4T. Where required, toxic shock 
syndrome toxin 1 (TSSTl) was added at lOOng/ml. As controls, wells containing 
only DC or CD4^ T cells were run in parallel (C). The samples were then imaged 
after 24 hours incubation with x20 magnification.
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6.5.3 DC-T cell clustering involves CD54 and CD18

Addition of CD54 blocking antibodies reduced DC clustering with both autologous 

CD4^ T cells (figure 6.8A), autologous CD4^ T cells with TSSTl (figure 6.8B) or adult 

allogeneic CD4^ T cells (figure 6.8C). A similar reduction in DC-T cell clustering was 

observed with CD 18 blocking antibodies with all T cell combinations (figure 6.8). 

Non-blocking isotype matched control antibodies did not cause any abolition of 

clustering. DC-T cell clustering was not totally abolished by the addition of CD54 or 

CD 18 blocking antibodies in contrast to DC-DC experiments (see section 6.4). DC’s 

and T cells express multiple molecules to allow interaction and adherence (described in 

section 1.7). Therefore, as only one pathway was blocked during these experiments, 

this was insufficient to fully abolish clustering.

6.6 Discussion

Adult DC’s stimulated for 24 hours in the presence of LPS formed large homotypic DC- 

DC clusters. Interestingly, cord DCs under the same stimulatory conditions exhibited a 

markedly reduced tendency to form homotypic cell clusters. DC-DC clustering was not 

simply an LPS phenomenon, as stimulation of adult DC’s with TN Fa or Poly I:C also 

caused clustering, and the failure of cord DC’s to cluster was still apparent.

DC-DC clustering has been proposed as a mechanism to stimulate DC function 

(Delemarre et al, 2001). A study of murine DC s demonstrated that antigen-pulsed DC 

are able to transfer their antigen to un-pulsed DC (Knight et al, 1998), therefore DC-DC 

clustering could potentially be important for the mutual delivery of maturation signals
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and the transfer of antigen between cells. Cluster formation was also observed to be 

disturbed in DC’s derived from patients with type-1 diabetes, which may be related to 

the defective maturation and function observed with diabetic DC’s (Jansen et al, 1995). 

The physiological importance of DC-DC interaction/clustering however still remains 

unanswered. Cluster formation maybe associated with the maturation status of the DC 

(Delemarre et al, 2001), therefore the inability of cord DC s to form stable cell-cell 

clusters may therefore be related to their immaturity, and is likely to contribute 

significantly to the decreased immune responsiveness and T cell stimulatory capacity 

observed.

Investigation of B cell activation showed that B cells also formed homotypic clusters in- 

vitro (Cliff et al, 2000). In addition, rat B cells have been observed to form clusters 

with DC in-vitro, which was stimulated by cross-linking of surface MHC class II 

molecules (Kushnir et al, 1998). Interestingly, our results showed that functional 

antibodies against HLA-DR also appeared to induce DC-DC clustering of both 

immature adult and cord DC s, indicating that MHC class II interaction may also be 

important in homotypic clustering. However, the cord DC clusters generated appeared 

smaller, which might be related to their inability to fully up-regulate HLA-DR surface 

expression when stimulated.

In similarity to adult DC’s, the development of langerhans cells from cord blood CD34^ 

haematopoetic progenitor cells in response to TGF-pl was also associated with 

homotypic cluster formation, which appeared to be mediated by E-cadherin as well as 

CD 18 and CD31 (Rield et al, 2000). Therefore the inability of cord DC’s to cluster was 

unlikely to be caused by unidentified suppressive factors present in the cord blood, as 

clustering in other cell systems utilising cord blood can occur.
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Comparative analysis of integrins and adhesion molecules on cord and adult DC’s 

demonstrated equivalent surface expression of C D lla , C D llb , C D llc , CD18, CD29, 

CD49d, CD49e and CD50, regardless of whether the DC’s were immature or stimulated 

with LPS with 24 hours. Interestingly, surface CD54 expression was observed to 

increase on adult DC s following LPS stimulation, which did not occur on cord DC’s. 

Functional studies, performed using blocking antibodies against these integrins and 

adhesion molecules, found that adult DC-DC clustering appeared to be dependent on 

CD54 binding to its co-receptor CD18. Therefore, the inability of cord DC s to form 

homotypic clusters could potentially be associated with their failure to up-regulate 

CD54 in response to activation stimuli.

In addition to the failure of homotypic DC clustering, cord DC s were also found to be 

deficient at efficiently forming clusters with either autologous or allogeneic CD4^ T 

cells. DC-T clustering appears vital for the generation of stable interactions essential 

for effective MHC-antigen-TCR triggering and subsequent T cell stimulation. To 

enable efficient antigen presentation, the DC must form a synapse with the T cell, 

stabilised by adhesion and co-stimulatory molecules (reviewed in Banchereau et al, 

1998). Phenotypic analysis of directly isolated DC cultured with autologous or 

allogeneic T cells showed the expression of co-stimulatory molecules was greater on 

clustered DC’s than non-clustering DC’s (McLellan et al, 1999). Cord DC’s were 

found to have decreased up-regulation of co-stimulatory molecules after stimulation 

(see chapter 3), which may therefore also be involved in the deficiency of cord DC-T 

cell clustering.

Investigation of the mechanism of DC-T clustering, highlighted a requirement for CD54 

and CD 18, as shown by reduced DC-T cell clustering in the presence of blocking
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antibodies, which was consistent with other earlier studies (King et al, 1989; Scheeren 

et al, 1991). Therefore, the inability of cord DC’s to up-regulate CD54 upon LPS 

stimulation, could potentially be involved in their inability to form clusters with T cells, 

and is likely to have significant consequences in their ability to effectively activate T 

cells. Interestingly, blocking antibodies against the chemokine receptors CCRl and 

CCR3 have also been found to inhibit DC-T cell clustering (Sato et al, 1999). The 

expression of chemokine receptors on cord DC’s was found to be divergent from adult 

DC’s. Potentially, these differences in cord DC chemokine receptor expression could 

be involved in the failure of cord DC’s to cluster, however further extensive 

investigation is required to determine any connection.

In summary, cord DCs stimulated for 24 hours in the presence of LPS exhibited a 

markedly reduced tendency to form both homotypic DC-DC clusters, and heterotypic 

DC-T clusters, indicating that there are fundamental differences in adhesive 

characteristics of these cells.
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7.1 Immaturity Of Neonatal DC’s

The experiments presented in this thesis demonstrate the intrinsic differences between 

cord and adult monocyte-derived DC’s. Despite their comparable expression of surface 

markers and morphology in the immature state, cord and adult DC’s displayed divergent 

phenotypic and functional capacities throughout their life-cycle, which are likely to 

have fundamental consequences on their ability to mount effective immune responses.

Upon stimulation with LPS or other activation stimuli, the characteristic mature DC 

phenotype of increased surface MHC and co-stimulatory molecules expression observed 

with adult DC s, was significantly attenuated on cord DC’s. This relative immaturity of 

the cord DC’s was not simply due to LPS unresponsiveness, as LPS stimulation of both 

adult and cord DC s induced similar morphological changes, with the DC’s becoming 

more compact and stellate in appearance. In addition, a partial upregulation of certain 

activation markers and the secretion of XL-10 and TN Fa were detected with cord DC’s 

after LPS stimulation. The expression of TLR4, an important receptor for LPS 

(reviewed in Wright, 1999), was equivalent between cord and adult DC’s. However the 

involvement of other surface TLR’s, particularly TLR2, and their accessory molecules 

in the deficient LPS response of cord DC remains to be elucidated. Cord DC s also 

remained phenotypically immature when stimulated with various other maturation 

stimuli, indicating the immaturity was not simply an LPS phenomenon.

In-vivo studies with neonatal murine DC s (Muthukkumar et al, 2000)

identified similar patterns of 

phenotypic divergence between neonates and adults, suggesting that the phenotypic 

differences observed after in-vitro differentiation of monocyte-derived D C’s were likely 

to be representative of the physiological situation.
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Investigation of chemokine receptor expression identified further diversity between cord 

and adult DC’s. In addition to the expression of inflammatory chemokine receptors 

such as CCR5 which facilitate recruitment of DC’s to inflamed tissues, high expression 

levels of the lymphoid homing receptors CCR7 and CXCR4 were also detected, which 

are restricted to mature DC s in adults. In-vivo, the consequence of the co-expression of 

both homing and inflammatory chemokine receptors on neonatal DC migration remains 

unknown. It may facilitate recruitment of cord DC’s into lymphoid tissues without the 

need for maturation, which could assist in tolerance induction. Alternatively, the co

expression could result in “trapping” cord DC’s in either the periphery or lymphoid 

tissues. By using neonatal murine models and injection of labelled DC s, these 

questions regarding neonatal DC location and migratory capacity might be answered.

In contrast to adult T cells, which express multiple chemokine receptors on their 

surface, only CXCR4 was detected on cord blood T cells (Sato et al, 2001b). The 

predominant expression of CXCR4 on both cord DC and T cells may assist in 

facilitating DC-T co-localisation, or perhaps mediating migration to the lymph nodes 

for enhancing an immune response or for tolerance induction. CXCR4 appears to be of 

importance during embryogenesis and haematopoiesis. Investigation of murine 

embryonic chemokine receptor mRNA reported that CXCR4 was predominant during 

early development (embryonic day 7.5), with the mRNA of other chemokine receptors 

undetectable until later in development (McGrath et al, 1999). CXCR4 is also vital for 

the engraftment of repopulating stem cells by facilitating their migration to the bone 

marrow (Peled et al, 1999), and has been found to participate in cerebellar development 

(Zou et al, 1998), and vascularisation of the gastrointestinal tract (Tachnibana et al, 

1998). These studies indicate an importance contribution of CXCR4 and cell migration 

during organogenesis and development.
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Chemokine receptors CCR5 and CXCR4 also appear to be involved in HIV infection, 

due to their capacity to function as co-receptors for the entry of HIV into DC’s and T 

cells (Ayehunie et al, 1997; Rubbert et al, 1998). HIV exploits DC chemotaxis by 

inducing DC recruitment towards the HIV molecules present on T cells, the subsequent 

DC-HIV-T interactions were found to promote viral production, thereby inducing the 

destruction of both DC and CD4^ T cells (Lin et al, 2000). The expression of both 

CCR5 and CXCR4 on cord DC’s, and the predominant CXCR4 expression on neonatal 

T cells may feasibly cause consequences on the efficiency of HIV infection in the 

neonate, and would be of interest to investigate.

Defective motility and migration have been observed in DC s derived from patients 

with Wiskott-Aldrich syndrome (WAS), an X-linked immunodeficiency (reviewed in 

Thrasher et al, 2000). The defective motility and subsequent trapping of WAS DC’s in 

the periphery was proposed to contribute to the chronic eczema and immunodeficiency 

observed in these patients (S. Bums, personal communication). Although defects in 

WAS are not related to divergent chemokine receptor expression, this still provides 

useful information on potential consequences of DC migratory dysfunction.

Adult DC’s have all the features essential for the initiation of T cell immunity. We have 

shown that cord DC’s have a decreased ability to stimulate allogeneic T cells to produce 

IFNy relative to adult DC s, which is supported by the findings of other studies (Hunt et 

al, 1994; Petty et al, 1998; Liu et al, 2001a). Examination of the functional capacity of 

cord DC’s in this thesis has indicated a number of factors that could potentially 

contribute to the decreased stimulatory capacity of cord DC’s, and the observed bias 

away from Thl responses. The reduced surface expression of MHC and co-stimulatory
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molecules, failure to form stable cell-cell contacts, and unbalanced cytokine production 

observed are likely candidates for the decreased immune responsiveness of infants.

Adult and cord immature DC’s can efficiently capture antigens by endocytosis. 

However in contrast to adult DC’s, the endocytic capacity of cord DC’s persisted after 

LPS stimulation. During endocytosis, antigen-MHC class II complexes on the surface 

of DC’s exhibit a shorter half-life due to the continual internalisation and recycling of 

MHC class n  molecules (Celia et al, 1997b), which may provide an explanation for the 

reduced surface MHC Class II expression on cord DC’s. However, the maintenance of 

cord DC s to capture antigens in all situations and the constant recycling of MHC 

molecules ready for new antigens may be beneficial to the neonate, perhaps assisting by 

expanding the repertoire of antigenic encounter (in particular self-antigens), and reduce 

the magnitude of TCR signalling, and enhancing the induction of peripheral tolerance.

In contrast to adult DC’s, cord DC s failed to form DC-DC or DC-T cell clusters, 

potentially due to their failure to up-regulate CD54 which appears to be a key molecule 

in DC-DC and DC-T clustering in adults. DC-DC clustering has been proposed as a 

mechanism to stimulate DC function, by the mutual delivery of maturation signals and 

the transfer of antigen between cells (Knight et al, 1998; Delemarre et al, 2001). DC-T 

clustering appears vital for the generation of stable interactions essential for effective 

MHC-antigen-TCR triggering and subsequent T cell stimulation. Cluster formation 

may be associated with the maturation status of the DC (Delemarre et al, 2001), 

therefore the inability of cord DC’s to form stable cell-cell clusters may be related to 

their immaturity, and is likely to contribute significantly to the decreased immune 

responsiveness and T cell stimulatory capacity observed.
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Cord DC’s have a selective deficiency in their production of IL-12p70, due to their 

repressed gene expression of the IL-12p35 subunit (Goriely et al, 2001), however they 

are capable of producing adult-like levels of IL-10 and TNFa. DC derived IL-12 also 

induces differentiation of naïve B cells into IgM secreting plasma cells (Dubois et al,

1998), can regulate the activity of NK cells (reviewed in Banchereau et al, 2000) and 

induce effective CTL responses (Donckier et al, 1998). Therefore the unbalanced 

cytokine production detected in cord DC’s, with deficient IL-12 in association with 

adult-like IL-10, is likely to have fundamental consequences on the Thl/Th2 skew and 

through interactions with other cells reduce the magnitude of the overall immune 

response. A small study investigating the production of IL-12 by stimulated PBMC’s 

from children and adults, expectedly found than children produced significantly less IL- 

12 (Stefanovic et al, 1998). However more importantly, the children in this study 

ranged in age from 4 to 13 years (mean age 7 years), indicating that deficient IL-12 

production identified at birth may persist throughout childhood.

To assess the DC stimulatory capacity an allogeneic system was used, which allowed an 

identical T cell read-out to compare adult and cord DC’s. The use of autologous T cells 

from cord samples added further complications to dissecting the relative contribution of 

the DC in an immune response, as cord T cells have also been observed to exhibit 

phenotypic and functional limitations in comparison to adults. Unfortunately in the 

allogeneic system, the investigation of the actual presentation of “real” antigens was 

impossible. Initial studies of antigen presentation with cord and adult DC s were 

abandoned, as gaining measurable responses to antigens, although easy in the adult 

appeared impossible with cord samples due to the nature of the immaturity of the 

neonatal immune system. A further limitation of cord T cells is their naivety. Unlike 

adult T cells, cord T cells do not possess a memory component, and therefore cannot be
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used to assess recall antigen responses. Through the use of MHC-antigen complex 

tetramers to probe for antigen specific T cells, valuable comparisons between neonatal 

and adult antigen presentation capacity and therefore immune responsiveness may be 

revealed.

Throughout the experiments presented in this thesis, cord blood monocyte-derived DC’s 

were used to investigate the function of DC’s in early-life. There are potential 

limitations with using in-vitro monocyte-derived DC’s to investigate DC function, as 

their relationship to “real” human DC s can only be speculated. Isolation of DC s from 

human tissues is challenging, with difficulties in gaining an immature population due to 

DC maturation during the isolation procedure. In addition, acquiring sufficient fresh 

human tissue for the purposes for these types of experiments is problematic. Unlike the 

isolated DC s, in-vitro monocyte-derived DC s present characteristics consistent with 

immature DC (Chapuis et ai, 1997), allowing full investigation of each stage of the DC 

life-cycle. The in-vitro DC s provide an excellent model to allow the thorough 

investigation and dissection of human DC functional capacity, which in conjunction 

with information gained from in-vivo murine studies give a valuable indication of DC 

functional capacity in the human body.

Cord blood was an excellent source of neonatal immune cells, which unlike infant 

samples, were readily available and in sufficient volumes (usually 50-80ml) to allow 

comprehensive experimentation. However, the relationship between the responses 

observed with cord blood derived DC s and T cells compared to similar cells derived 

from infants and children of different ages remains unanswered. Cord blood represents 

only a brief snapshot of the ontogeny of the immune system, with the newborn 

completely naïve to foreign antigen encounter. The use of peripheral blood from
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healthy newborns and infants of different ages would provide important answers 

regarding the maturation of the immune system and help define the point at which DC 

function becomes analogous to that seen in adults. Assessment after natural antigen 

encounter or immunisation would give a clearer indication of the limitations of early- 

life immunity. However, the poor availability of infant blood samples and their low 

volume highlights the importance of using cord blood to establish trends, which can 

subsequently be confirmed using infant samples in the future.

7.2 Tolerance

Whether the immaturity of the neonatal DC is developmentally beneficial to enable 

tolerance or simply a detrimental consequence of neonatal inexperience remains a 

mystery, and is unlikely to be answered in the near future. Immaturity in early life 

could potentially assist in tolerance induction, but also leaves the infant susceptible to 

infection. Neonates appear to be highly susceptible to tolerance, however it has been 

argued that immune deviation rather than true tolerance may actually be occurring 

(Forsthuber et al, 1996).

Throughout pregnancy, the foetus exists in a semi-allogeneic environment, with half of 

the genetic information derived from the allogeneic father. The demonstrated 

impairment of cord blood DC function could be of importance in understanding the 

immunological relationship between the foetus and mother. Survival of the foetus in 

this semi-allogeneic environment may be facilitated by a relatively weak foetal immune 

system (Hunt et al, 1994). Clinical and experimental evidence has indicated maternal 

immune responses are biased towards antibody production and away from cell-mediated 

immunity, with evidence suggesting a Th2 type response in the mother with IL-4, IL-5
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and IL-10 readily detectable in placental cells throughout murine pregnancy (Lin et al, 

1993). Protective maternal antibodies can be transferred transplacentally to the foetus, 

and can be detected in the newborn infant (reviewed in Kovarik et al, 1998). The 

maternal influence on the immaturity of the newborn's immune system remains 

unidentified, but in theory could contribute to the observed immaturity.

The nature of the antigen presenting cell and the conditions of antigen presentation 

appear to coordinate whether tolerance or immune responsiveness occurs, with evidence 

indicating antigens presentation by DC’s in the absence of co-stimulation leads to 

tolerance (reviewed in Sallusto et al, 1999a; Ridge et al, 1996). The inability of 

neonatal DC’s to up-regulate key molecules such as MHC and in the absence of co

stimulation might generate weakened signals to T cells, thereby creating conditions that 

favour tolerance.

The unbalanced cytokine production and Th2 bias observed in neonates may also 

enhance their tolerogenic capacity. Immature DC’s treated with IL-10 were found to 

prevent DC maturation, and induced a state of alloantigen-specific anergy in T cells 

(Steinbrink et al, 1997). Deficient IL-12 production by neonatal DC’s in conjunction 

normal IL-10 production enhances the establishment of Th2 responses. The Th2 

polarisation appears to facilitate the induction of tolerance to foreign grafts through 

suppression of specific Thl effector functions (Forsthuber et al, 1996). Co

administration of IL-12 and allogeneic cells into neonatal mice was found to inhibit Th2 

responses to the alloantigens, causing promotion of anti-donor CTL responses, and 

preventing the establishment of transplantation tolerance (Donckier et al, 1998).
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7.3 Vaccination

By gaining a deeper knowledge and understanding of the immune system in childhood, 

improvements to the design of vaccines for use in early-life can be accomplished. The 

immaturity of the DC is likely to affect vaccine effectiveness, therefore manipulation of 

neonatal DC function in conjunction with antigen administration may improve vaccine 

efficacy and enhance pathogenic protective in early life. Co-administration of antigens 

with adjuvants and/or cytokines may permit adjustment of the neonatal DC cytokine 

balance and allow re-direction of the Th2 skew, thereby reversing their immaturity and 

promoting subsequent effective T cells responses.

The deficient production of IL-12 appears to be a key target for neonatal DC 

manipulation. Neonatal mice primed at birth with co-administration of antigen and IL- 

12 exhibited a Thl-like cytokine response (Arulanandam et al, 1999), and enhanced the 

protective efficacy of antiviral vaccines (Arulanandam et al, 2000). Deficient IL-12 

production was due to repressed gene expression of the IL-12p35 subunit (Goriely et al, 

2001), however the exact molecular mechanism remains to be elucidated, and may 

provide an excellent target for more specific molecular modification in the future. In- 

vitro, IFNy in combination with LPS has been demonstrated to restore the capacity of 

cord DC’s to form IL-12 (Goriely et al, 2001). If these findings translate to in-vivo 

situations, then the use of either IFNy or adjuvants inducing IFNy may facilitate 

efficient Thl response generation in neonates, and may be extremely valuable for 

improving early-life vaccination.

The conditions favouring mature Thl responses have been well characterised in mice, 

but little is currently known regarding humans, especially infants. In murine studies, 

complete freunds adjuvant (CFA) was found to be a strong Thl inducer. Neonatal mice
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or adults injected with antigen plus incomplete freunds adjuvant (IFA) were dominated 

by Th2 responses, however co-administration of antigen with CFA resulted in Thl 

dominated responses (Forsthuber et al, 1996). Unfortunately, CFA contains a 

mycobacterial component and is highly inflammatory, so is restricted to animal use. 

The current approved human adjuvant is alum, but this is a poor stimulator of Thl 

responses (Gupta et al, 1995), therefore not ideal for use in early-life vaccination.

Immunisation within the first week of life with DMA plasmids containing viral or 

bacterial vaccine antigens can induce adult-like Thl vaccine responses (Martinez et al, 

1997). The unmethylated CpG motif content of the DNA vaccine appeared to be 

instrumental in the Thl responses observed after DNA immunisation (Chu et al, 1997). 

Co-administration of CpG with antigen appeared to activate murine neonatal DC’s to 

produce IL-12 in-vitro, and induce adult-like Thl responses in-vivo (Kovarik et al,

1999). DNA immunisation appears to have a great potential for use in early-life 

vaccination, and would be worthwhile to investigate further to determine its safety and 

suitability for use in infants.

Thl responses in early life have been suggested to require prolonged exposure to low 

doses of antigen, this can be achieved with either DNA or with infectious agents 

displaying prolonged replication patterns, however due to the immaturity of the immune 

system the use of DNA rather than live replicating agents would appear safer (Martinez 

et al, 1997). However, Th2 polarisation following neonatal exposure to conventional 

vaccines cannot be reverted by Thl driving DNA vaccines (Martinez et al, 1997). 

These findings indicate that the timing of vaccination may be important, to ensure that 

Thl-skewing vaccines were administered prior to exposure to wild-type antigens or 

conventional Th2 inducing vaccines.
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LPS is a component of whole cell vaccines against pertussis, cholera and typhoid. LPS 

is thought to function in adults as a crude adjuvant to enhance the responsiveness 

towards these vaccines (reviewed in Gupta et al, 1995). In light of the data presented in 

this thesis, the failure of cord DC’s to mature in the presence of LPS indicates a serious 

limitation of the effectiveness of these vaccines in early life.

Through the use of adjuvants and cytokine co-administration, immune deviation may be 

achieved to enable effective immune responses to be generated in infants. The 

enhancement of Th 1 and loss of Th2 responses may allow the induction of effective and 

protective immunity. However, manipulation during vaccination could feasibly shift 

away from tolerance to immune responsiveness, therefore the right balance must be 

struck to minimise any with potential detrimental effects on the development of the 

neonatal immune system. Ideally, manipulation of neonatal DC’s should enhance DC 

maturation to generate effect immune responses against harmful pathogens, but equally 

retaining the capacity tolerise to self, otherwise autoimmune and atopic manifestations 

may arise. Some specific Thl driving adjuvants have been observed to cause local 

toxicity in newborn and young mice, whereas only mild reactions occurred in adults 

(Barrios et al, 1996b), which should be taken into consideration during developing of 

early-life vaccines to ensure their safety.

7.4 Therapeutic Applications

Currently, over one thousand cord blood transplants have been performed for the 

treatment of haematological diseases including leukaemia and lymphoma (reviewed in 

Sirchia et al, 1999; Cohen et al, 2000). Cord blood transplantation represents an 

encouraging alternative to bone marrow transplantation, due to its wide availability and
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potential for reduced graft-versus-host (reviewed in Gluckman et al, 2000). Graft- 

versus-host disease (GVHD), an allogeneic immune attack on host tissues mounted by 

donor T cells, occurs when immunocompetent lymphocytes are injected into allogeneic 

recipients with compromised immune systems. Host-derived antigen presenting cells 

appear to initiate GVHD (Shlomchik et al, 1999), by their capacity to activate the 

grafted lymphocytes that subsequently attack the host. Therefore the immaturity of the 

cord DC and may provide an explanation as to why the cord blood transplants are better 

tolerated with less reactivity. Cord blood also represents a unique source of 

transplantable haematopoietic progenitor cells, which in association with the relative 

immaturity of the immune cells present, holds considerable potential for expansion and 

transplantation in adult recipients for the long-term treatment of immune disorders or 

cancer (reviewed in Paloczi et al, 1999).

DC’s are thought to play a major role in the establishment of transplantation tolerance. 

Bone marrow derived DC progenitors from mice, which display MHC class II 

molecules but are CD86 negative, were observed to induce alloantigen-specific anergy 

in naïve T cells in-vitro. In-vivo, these co-stimulatory-deficient DC progenitors 

administered systemically prolong the survival of mouse allografts (Thomson et al, 

1995). These murine DC progenitors appear somewhat analogous to cord DC’s, hinting 

that similar transplantation tolerance effects might be realised in infants. Children are 

observed to tolerate more HLA mismatches than adults during transplantation (reviewed 

in Sirchir et al, 1999), which may also be associated with the immaturity of the infant 

immune responses. Transplantation patients usually require continual suppression of 

their immune system to prevent rejection, however the natural immaturity of immune 

system during early-life may reduce the risk of rejection during transplantation, and 

reduce the need for such harsh immunosuppressive regimes. The immaturity of the
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immune system, in particular DC’s, may provide a window of opportunity for safer 

transplantation. The duration of this immaturity in childhood remains to be determined.

Due to the nature of DC’s and the role they play in immunity, DC s have the potential 

for use to either induce immunity (required for cancer and infectious diseases) or 

tolerance (required for allergy, autoimmunity, and transplantation). Autoimmunity is 

the consequence of an inappropriate response to self-antigens, with CD4^ responses 

identified as the primary mediators of autoimmune disease. Aberrant MHC expression 

or distribution may also serve to sensitise to self-antigens, which may be involved in the 

pathogenesis of Graves’ disease and insulin-dependent diabetes mellitus. Cytokine 

imbalance may be key to the induction of autoimmunity, with Thl cells playing a 

central role in the pathogenesis of a number of autoimmune diseases. The Th2 skewed 

responses in neonates is unlikely to result in autoimmunity, with tolerance prevailing. 

Potentially, through using of neonatal vaccination against typical autoimmune antigens, 

the tolerant immunity generated may protect against immune disease (reviewed in Min 

et al, 2000). This may be of use to individuals with a genetic history of particular 

autoimmune diseases, but would be of limited use in the population as a whole.

Allergy also appears to involve cytokine imbalance, with Th2 responses enhancing 

Type I allergic responses. These allergic responses are mediated by IgE, which 

normally functions to protect against parasitic and helminth infections by enhancing 

localised tissue immune responses. Th2 cytokines induce class switching to IgE, and 

enhance mast cell production and eosinophil maturation and accumulation. Thl cells 

contrastingly reduce Type I allergic reactions through the effects of IFNy, by inhibiting 

Th2 polarisation and thereby decreasing IgE production. Therefore, manipulation of the 

Thl/Th2 skew could be advantageous in the treatment of allergy and autoimmunity.
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DC-based immunotherapy of cancer has been investigated, with some promising results 

showing induction of immunological and clinical responses in selected patients with 

advanced cancer (reviewed in Nestle et al, 2001). The removal of DC’s from the 

patients body, then manipulating them in-vitro and providing tumour antigens results in 

dendritic cells capable of initiating potentially tumour responsive T lymphocytes in-vivo 

when re-injected. However, due to the immaturity of the DC in early-life, this form of 

treatment may be ineffective in these patients. To enable effective immunotherapy of 

childhood cancers, further manipulation to enhance DC maturation whilst loading with 

tumour antigens will be essential in generating functional immune responses

7.5 Conclusions and Future Directions

To conclude, the inability of cord DCs to respond to maturation stimuli highlights their 

phenotypic immaturity, with their reduced expression of MHC and co-stimulatory 

molecules and inability to effectively cluster with T cells is likely to limit their T cell 

stimulatory capacity and their ability to effectively present antigens. The divergent 

chemokine receptor expression is likely to affect neonatal DC migration, and the 

persistence of endocytosis after LPS stimulation likely to reduce the efficiency of 

antigen presentation. The reduced T cell stimulatory capacity with decreased IFNy 

production by allogeneic naïve CD4^ T cells after stimulation with cord DC’s, in 

addition to their inability to produce IL-12p70, suggests that cord DC’s are intrinsically 

pre-programmed against Thl immune responses.

When taken together, these results have lead to the hypothesis that antigen presentation 

and subsequent T cell stimulation is compromised by the relative immaturity of the 

neonatal DC, which in-vivo may contribute to the susceptibility of infants and young
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children to infection. In addition, these results provide information on potential 

therapeutic uses and targets for modification, for exploitation of DC function in-vivo.

Whilst generating answers to the original questions regarding the DC function in 

childhood, further fundamental questions were revealed. These would be of interest to 

answer, and could potentially give advantageous results for the exploitation of DC 

function:

• What is the time-frame for immune immaturity in childhood? What factors during 

childhood trigger the development of fully functional DC’s?

• What are the molecular and cellular events controlling neonatal DC immaturity?

• Can neonatal DC’s be manipulated to mature to generate effective immune responses? 

Would this manipulation lead to detrimental effects on tolerance?

• Could the reactivity of adult DC s be reduced/switched-off by suppression of the same 

targets identified for neonatal DC immaturity, for the treatment of autoimmune diseases 

or to facilitate transplantation tolerance?
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