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Ab Antibody

ANA Anti Nuclear Antibody

APC Antigen Presenting Cell

BSA Bovine Serum Albumin

CCL CC Chemokine Ligand

CCR CC Chemokine Receptor

CD Cluster of Differentiation

CDR Complimentarity Determining Region

CFA Complete Freud’s Adjuvant

CFSE Carboxyfluorescein Diacetate Succinimidyl Ester

CIA Collagen Induced Arthritis

CTL Cytotoxic T Lymphocyte

CTLA-4 Cytotoxic T Lymphocyte Antigen 4

CXCL CXC Ligand

DC Dendritic Cell

DMSO Dimethylsulphoxide

EAE Experimental Autoimmune Encephalitis

FACS Fluorescence Activated Cell Sorting

FCS Foetal Calf Serum

FITC Fluorescein Isothiocyanate

FOXP3 Forkhead box P3

g Gravity

G-CSF Granulocyte Colony Stimulating Factor

GFP Green Florescent Protein

GITR Glucocorticoid-Induced TNF-Receptor-Related Protein

GM-CSF Granulocyte Macrophage Colony Stimulating Factor

HLA Human Leukocyte Antigen
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ordered manner. There are several tens of V and J segments encoded in the germline of

both A and B loci, two BD gene segments, one or two C segments (Table 1.1). The TRA

locus is located on chromosome 14q11 in humans. The TRB locus is located on

chromosome 7q34 and incorporates 62 BV segments (including pseudo-genes) and two

BDJ clusters, each comprising 1 BD gene, 7 BJ genes and 1 BC gene segment.

Table 1.1 Gene segments at TRAV and TRBV loci

TR Locus Variable Diversity Joining Constant

Alpha 54 0 61 1

Beta 62 2 14 2

Variable, diversity, joining and constant TR gene segments at human TRA and TRB loci
(http://imgt.cines.fr, accessed 15/11/2010).
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1.4 Regulatory T cells and peripheral tolerance

In the thymus, central tolerance plays a key role in preventing immune responses to self

antigens. However this process is imperfect and auto-reactive T cells may escape to the

periphery, leading to autoimmune disease. One mechanism of tolerance that has evolved

to circumvent this problem is the active suppression of immune responses in the

periphery by a regulatory subset of T cells.

“Suppressor” T cells were described many years ago (Nishizuka & Sakakura 1969), but

their existence remained controversial for a long period. Mice thymectomized between 2

and 4 days of age develop organ-specific autoimmune disease, which can be prevented,

by adding back syngeneic T cells obtained from an adult thymus or spleen. These

suppressive cells were later characterized by Sakaguchi and colleagues as CD4+ T cells

expressing the alpha chain of the IL-2 receptor (CD25) and referred to as regulatory T

cells (Treg) (Sakaguchi 1995; Takahashi et al, 1998). In 1998, Treg were shown to

suppress the proliferation of CD4+ and CD8+ T cells in vitro when stimulated through

the TR in the presence of APC (Thornton & Shevach 1998). This assay, allowed Treg to

be identified in humans. Several studies showed that the fraction (5-10%) of human

CD4+ T cells expressing the highest level of CD25 have suppressive function (Baecher-

Allan et al, 2001; Jonuleit et al, 2002; Taams et al, 2001).

1.4.1 Foxp3 a regulatory T cell transcription factor

In 2003, a member of the forkhead family of transcription factors, Foxp3, was identified

as a key regulator of Treg cell development and function (Fontenot et al, 2003; Hori et

al, 2003). The importance of Foxp3 has been emphasised by the fact that both animals

(scurfy mice) and humans (males with the Immune dysregulation, polyendocrinopathy,

enteropathy, X-linked syndrome, IPEX) with mutations of FOXP3 do not develop

CD4+CD25+ T cells in the thymus and succumb to autoimmune disease early in life

(Baecher-Allan et al, 2004; Bennett et al, 2001). Indeed, the key function of Foxp3 in

Treg development was confirmed when transfection of Foxp3 in murine CD4+CD25-

cells converted them into functional suppressors (Fontenot et al, 2003; Shevach 2004),

and upregulated cytotoxic T Lymphocyte antigen 4 (CTLA-4) and glucocorticoid-
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1.5 Chemokine mediated T cell trafficking

Chemokines are small proteins that play a role in controlling leukocyte trafficking

through the body. Cellular migration mediated by chemokines is regulated by means of a

concentration gradient within tissues and also by changes in the expression of chemokine

receptors on leukocytes. Interplay between chemokines and their receptors, like other

parts of the immune systems, may become dysfunctional in the context of autoimmunity

and play a role in maintaining chronic tissue inflammation (Charo & Ransohoff 2006).

1.5.1 CC chemokine family

Human chemokines, of which there are now more than 50 types, are subdivided into

families according to structure and function (Zlotnik & Yoshie 2000). The largest family,

CC chemokines, is so named because the first two of the four cysteine residues in these

molecules are adjacent to each other (several members are described in greater detail in

Table 1.2).

1.5.2 CXC and CX3C chemokine families

A second family of chemokines consists of CXC chemokines, which have a single amino

acid residue interposed between the first two cysteine residues. CXCL8 is the prototype

chemokine of this family, and is a major effector chemokine upregulated epithelial cells

in response to IL-17. CXCL8 attracts polymorphonuclear leukocytes to sites of acute

inflammation and in combination with G-CSF, is the basis for the neutrophilic response

induced by IL-17 (Section 1.3.6.1). The third family is the CX3C family, of which

fractalkine (CX3CL1) is the only member.

1.5.3 Chemokine receptors

Chemokines act through specific surface receptors that have a seven-transmembrane–

domain coupled to a G-protein (Holmes et al, 1991). The binding of the chemokine to the

receptor activates signalling cascades that culminate in the rearrangement, change of

shape, and movement of cells. As well as directing leukocyte migration, chemokine

receptors play a role in T cell activation by being recruited to the immunological synapse
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and maintaining T cell-APC binding (Molon et al, 2005). There is significant redundancy

with the chemokine system that in most cases allows multiple ligands to bind a single

chemokine receptor and for some ligands to binds several receptors. In the case of CCR5,

there are several ligands including CCL3, CCL4 and CCL5, whilst CCL5 binds to

additional receptors CCR1 and CCR5.

Naïve T cells express CCR7 which helps maintain re-circulation of this population

within the lymphoid organs, in response to the ligands, CCL19 and CC21, expressed on

the high endothelial venule (Mori et al, 2001). This increases the chance of naïve T cells

meeting their cognate antigen. Following activation, T cells downregulate CCR7 and

upregulate a combination of other chemokine receptors, dependent on their master

transcriptional program which enables access to the peripheral organs, particularly at

sites of inflammation. Historically chemokines and their receptors have been considered

as either homeostatic or inflammatory (Schaerli et al, 2004). As discussed CCR7 and its

ligands play a central role in naïve T cell biology and so play a homeostatic role. In

contrast, other pairings, such as the ligand CCL5 and its receptor CCR5 are both

upregulated under inflammatory conditions, as found in childhood arthritis (section

1.6.2.6). In some cases, a chemokine can have both homeostatic and inflammatory roles,

such as CCL20 which is important in the formation of Peyer’s patches and also plays a

role in T cell trafficking to inflamed skin (see 1.5.5). A summary of chemokine receptors,

CCR1 to CCR7 is shown in Table 1.2.









51

1.6 Juvenile idiopathic arthritis

Juvenile idiopathic arthritis (JIA) is the most common rheumatic disease of childhood.

JIA is defined as arthritis in a child under the age of 16 years, affecting one or more

joints, lasting for at least 6 weeks and having no other known aetiology (Petty et al,

2004). The incidence of JIA assessed using the ILAR criteria is at a rate of 15/100,000

children/year (Berntson et al, 2003), whilst the prevalence of chronic arthritis in

childhood has been estimated as 40-80/10,000 children (Manners & Diepeveen 1996;

Moe & Rygg 1998).

1.6.1 Clinical spectrum of disease in JIA

Children with JIA can present as many different forms, each of which has a distinct

course and severity. In order to facilitate clinical and scientific research, JIA has been

classified into several subgroups. The current internationally agreed system of

classification was originally set out in 1996, with the aim of producing clearly

identifiable homogenous, mutually exclusive groups (Table 1.3) and was last modified in

2004 (Petty et al, 2004). Many of the sub-types of childhood arthritis have distinct

clinical features, and some of these features are rare in adult inflammatory arthritis. In

JIA, in contrast to RA, large joints such as the knees, wrists, and ankles are more

prominently involved than small joints. Subcutaneous nodules and rheumatoid factor

(RF) seropositivity are unusual, but antinuclear antibody (ANA) seropositivity is

frequent in some JIA subtypes. Patients with ANA seropositive arthritis are of a younger

age at disease presentation, have a female predilection, asymmetric arthritis, and are at

increased risk of chronic anterior uveitis (Ravelli et al, 2010).

Some JIA subtypes have a predilection for onset in young childhood. Examples include

the systemic onset and the oligoarticular subtypes of JIA. In contrast some JIA subtypes

tend to have a slightly older onset in children and have an adult disease counterpart, such

as psoriatic arthritis and RF+ polyarticular JIA. Differences in the age of onset of JIA,

may have an underlying biological basis, as gene expression profiles from patients with

onset <6years of age cluster separately to those with a later onset (Barnes et al, 2010).

Chronic anterior uveitis is linked with oligoarticular subtypes, and can occur in psoriatic
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fevers, stunted growth, anaemia (De Benedetti & Martini 1998). A polymorphism (-

174G/C) in the regulatory region of the IL-6 gene alters transcription of IL-6 in response

to IL-1 and LPS; SJIA patients have a significantly lower frequency of the protective CC

genotype (Fishman et al, 1998), and the IL-6 -174G allele is a susceptibility gene for

SJIA (Ogilvie et al, 2003). More recent analysis has confirmed a haplotype association

with SJIA (Fife et al, 2005). A polymorphism in the promoter region of the Macrophage

inhibitory factor (MIF) gene is associated with JIA (Donn et al, 2004). This

polymorphism (MIF -173*C) results in higher MIF production in the serum and

synovium of JIA patients and has been shown to be predictive of outcome in SJIA (De

Benedetti et al, 2003).

The anti-inflammatory gene IL-10 has been studied in oligoarticular JIA. The ‘ATA’

haplotype of three linked SNPs at the 5’ flanking end of the gene is associated with lower

production of IL-10 by PBMC, and was found more frequently in the more severe

subtype of JIA, extended oligoarticular JIA than the milder persistent oligoarticular JIA

(Crawley et al, 1999).

1.6.2.2 Specific T cell related genetic loci

Many of the genes associated with JIA have been linked with the immune system, but

more specifically several T cell related loci have come to light over the last few years. A

SNP in the STAT4 gene, previously associated with RA and type 1 diabetes, has been

linked to JIA in two independent cohorts (Hinks et al, 2010; Prahalad et al, 2009).

PTPN22, a negative regulator of T cell responses is associated with JIA (Hinks et al,

2005; Thompson et al, 2010). Unlike these studies using a candidate gene approach,

future novel genetic associations will be elucidated through whole genome scanning,

which requires large multi-centre case control cohorts.

1.6.2.3 Immunopathology

The pathological hallmark of JIA is the inflamed synovium. Histology of this tissue

shows thickened synovium which is highly vascular and shows marked hyperplasia of

synoviocytes in the lining layer as well as a dense infiltrate of inflammatory cells,

comprising T cells, macrophages, and in some cases B cells and NK cells (Bywaters

1977; Gregorio et al, 2007; Murray et al, 1996). The hypertrophied synovial layer is
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chemokine receptors expressed on synovial T cells, CCR5, CXCR3 and CCR7 closely

correspond to the ligands found within the joint, supporting a role for chemokines in

attracting and retaining inflammatory T cells within the JIA joint (Gattorno et al, 2005;

Wedderburn et al, 2000).

1.7 Project aims

In this thesis the following key questions/aims were addressed:

1) What are the key influences on the migration of Treg in JIA? (Chapter 3)

2) Characterisation of Th17 cells and their relationship to disease phenotype, in JIA.

(Chapter 4)

3) Does the synovial microenvironment drive Th17 plasticity in JIA? (Chapter 5)

4) Can Th1 cells with a Th17 ancestry be successfully identified in the inflamed joint?

(Chapter 6)
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2.1 Sample collection

Full informed consent was obtained from all individuals from whom samples were

collected in this study, in accordance with local research ethics committees (Great

Ormond Street Hospital/Institute of Child Health Research Ethics Committee). Healthy

volunteers were staff from within the Infection and Immunity Theme at the Institute of

Child Health, UCL, London. On recruitment, these individuals were each assigned a code

number to maintain anonymity. Aged matched healthy children would have been the

ideal control, but the lack of access to sufficiently large blood samples led to the use of

adult donors as healthy controls in this thesis.

A total of 65 patients, 23 male and 42 female, were included in this work. All patients

had a diagnosis of JIA in accordance with ILAR classification (Petty et al, 2004). A

description of disease subtypes is listed in Table 2.1. All patients are given an

anonymous code for sample storage which is used to indicate the patient. All synovial

fluid samples were taken at the time of therapeutic joint aspiration which was performed

when clinically indicated. Where blood was collected this was a small extra volume

taken when clinical blood tests were required. When paired peripheral blood and

synovial fluid samples were used from the same patient, this has been indicated in the

figure legend.

Disease subtype Number of samples

Oligoarthritis- persistent 18

Oligoarthritis- extended 28

Polyarthritis (RF negative) 7

Polyarthritis (RF positive) 1

Enthesitis related arthritis 3

Psoriatic arthritis 3

Systemic 4

Table 2.1: Summary of JIA patients included in this study.
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2.1.4 Freezing cells

Processed cells were cryo-preserved in liquid nitrogen for long-term storage. After

counting, cells were centrifuged and resuspended at a concentration of 1x107 cells/ml in

cooled freezing medium that contained filter sterilised FCS supplemented with 10% v/v

dimethyl sulphoxide (DMSO; Sigma). 0.5-1ml cell aliquots were transferred into

individual cryovials (NUNC, Roskilde, Denmark), which were placed into a freezing pot

with isopropanol coolant prior to being placed at -70oC for 24 hours and then into liquid

nitrogen storage.

2.1.5 Recovering frozen cells from liquid nitrogen storage

Cryo-preserved cells were removed from liquid nitrogen storage and rapidly thawed in a

37oC water bath. Cells were then transferred to 2ml FCS at 37oC in a drop-wise fashion.

The universal container was slowly filled up with warmed CM and centrifuged at 300g

for 10 minutes before being counted.

2.2 Fluorescent Activated Cell Sorting (FACS)

2.2.1 Buffers and Solutions

All reagents were from Sigma, unless otherwise stated.

FACS buffer: PBS, 1% FCS and 0.1% sodium azide.

Fix buffer: FACS buffer plus 1% formaldehyde.

Perm buffer: FACS buffer containing 0.1% saponin.

Paraformaldehyde (PFA): PBS with 4% PFA (dissolved by heating in fume hood to 65oC

for 45 minutes then cooled and frozen in appropriate aliquots).

Sort buffer : PBS, 2% FCS, 4µM EDTA.

Mini-MACS bead buffer: PBS pH 7.2, 0.5% BSA and 4 mM EDTA (degassed)

2.2.2 Antibodies

Monoclonal antibodies were used as direct conjugates with fluorescein isothiocyanate

(FITC), R-phycoerythrin (PE), cy-chrome (PERCP/PECy5), PE-CY7, PC-7,
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Allophycocyanin (APC), v450, Alexa Fluor 488, and Alexa Fluor 647. A list of

antibodies used is shown in Table 2.1.

Table 2.1 Antibodies used for flow cytometry.

(All antibodies were raised in mouse)

Antibody
specificity (or
reagent), and
fluorochrome

Company Clone Dilution

CD3 Pe-Cy5 Becton Dickenson

(BD), Oxford, UK

UCHT-1 1/10

CD3 PE BD UCHT-1 1/50

CD3 PE-CY7 Southern Biotech,

Birmingham, USA

UCHT-1 1/50

CD4 FITC Sigma Q4120 1/25

CD4 PERCP BD RPA-T4 1/50

CD4 APC Caltag-Medsystems,

Buckingham, UK

S3.5 1/100

CD4 PC7 Beckman Coulter,

High Wycombe, UK

SFCI12T4D1 1/100

CD8 PE DAKO, CA, USA DK25 1/100

CD14 PerCP BD MfP9 1/50

CD25 PE DAKO ACT-1 1/25

CD25 PE-CY5 BD M-A251 1/25

CD45RO-FITC Serotec, Oxford, UK UCHL1 1/25

CD161 PE Ebioscience,

Hatfield, UK

HP-3G10 1/25

CD161 PerCP Ebioscience HP-3G10 1/25

CCR4 pure BD 1G1 1/10

CCR5 pure BD 2D7/CCR5 1/10

CCR6 pure BD 11A9 1/10

CXCR6 pure R&D Systems,

Abingdon, UK

56811 1/10
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human immune system, it is still not clear if FOXP3 expression generated by this system

is sufficient for a regulatory phenotype (Wing & Sakaguchi 2010).

The active trafficking of Treg to the inflammatory site in response to local

chemoattractants, is an alternate mechanism by which Treg could become enriched

within the joint. In healthy adults, Treg express high levels of the chemokine receptor

CCR4 and display specific chemotaxis to the corresponding ligands CCL17 and CCL22

(Iellem et al, 2001). CCL22 and CCL17 are detectable within the joints of JIA patients

(Thompson et al, 2001) but it is not known if their Treg demonstrate chemotaxis to these

ligands or if the CCR4 axis plays a role in mediating effector T cell trafficking to the

joint. Previous work from the Wedderburn group demonstrated high levels of the ligands

CCL3, CCL5 and CXCL10 within synovial fluid (Pharoah et al, 2006) and expression of

the corresponding receptors, CCR5 and CXCR3 on SFMC T cells, suggesting a potential

role for these chemotactic axes in Treg migration (Wedderburn et al, 2000).

The aim of this Chapter was to test the hypothesis that the CCR4 and CCR5 ligands

CCL17, CCL22 and CCL5 may be instrumental in directing Treg trafficking to the

inflamed joint by :

(1) comparing the chemotactic responses of CD25hi Treg taken from PBMC and SFMC

of JIA patients to those obtained from PBMC of healthy controls.

(2) testing if CD25hi Treg taken from the joints of patients with JIA express a chemokine

receptor profile consistent with their chemotactic properties in vitro.

(3) asking if synovial Treg, as defined by the expression of high levels of CD25, have a

phenotype that is truly consistent with natural regulatory T cells.
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3.2 Results

In several published studies of Treg chemotaxis in vitro, cells are first enriched for CD4+

T cells, using a magnetic bead-based method before application to the transwell (Iellem

et al, 2001). As bead-based methods for CD4+ T cells enrichment have been optimised

for PBMC samples, these conditions may not be optimal for SFMC. There are several

reasons for this: the composition of SFMC is distinct from PBMC, such as a reversed

CD4:8 ratio (Hunter et al, 2010; Thompson et al, 2001), and SFMC are prone to cell

aggregation, perhaps due to high expression levels of adhesion molecules as observed on

highly activated cells (Black et al, 2002; Thompson et al, 2001; Wedderburn et al, 2000).

To test if magnetic bead based sorting of PBMC and SFMC samples led to comparable

purity, CD4+ T cells purity before and after enrichment was assessed by flow cytometry.

3.2.1 Magnetic bead based purification of CD4+ T cells

Figure 3.1A illustrates the gating strategy used to assess the proportion of CD4+ T cells

in unsorted PBMC. In this sample, CD4+ T cells made up 49.3% of live cells, which

were enriched to 96.3% after bead-based sorting (Figure 3.1B). The enrichment was

consistent with the expected purity suggested by the manufacturer.
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A) Unsorted

B) CD4+ enriched

Figure 3.1: CD4+ T cell enrichment by magnetic bead-based negative selection.

Flow cytometry plots from A) unsorted healthy control PBMC, ungated (left) and gated
on live cells showing expression of CD3 and CD4 (right). Similar plots for B) bead-
enriched CD4+ T cells are shown. Numbers in quadrants represent percentage of parent
population. Representative of n=3.
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Enrichment of CD4+ T cells from healthy control PBMC showed consistently high

purities (mean +/-SEM 94±1.6%, Figure 3.2A). In the case of JIA PBMC the results

were less consistent and showed a trend for lower post sort purity than healthy control

PBMC (81.6±6%, Figure 3.2B, p=0.09, unpaired t test). Sorting of SFMC to enrich for

CD4 + T cells led to significantly lower purity than the results of sorted PBMC from

healthy controls or patients (purity 56.5±5.3%, p<0.01 vs healthy control PBMC,

p=0.016 vs JIA PBMC, unpaired t test, Figure 3.2C,D). Enrichment of CD4+ T cells

from SFMC by flow cytometry would offer a greater purity, but in view of concerns over

poor sample yield and to avoid prolonged sample handling, bead based enrichment was

accepted as the method of choice for CD4+ T cell isolation for the following experiments

on chemotaxis.
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Figure 3.2: SFMC samples have reduced CD4+ T cell purity after magnetic bead-
based enrichment.

The percentage of CD4+ T cells gated on live cells in starting population and after
enrichment as assessed by flow cytometry as in Figure 3.1 for A) healthy control PBMC
samples (n=3) B), JIA PBMC (n=4) C), JIA SFMC (n=6). The results for all 3 sample
types are summarised in D, points represent mean + SEM.
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3.2.2 Chemotaxis of PBMC to the chemokine ligand CCL22

Initially, healthy control PBMC were used to study the chemotaxis of CD4+ T cells to

CCL22, using CD25hi CD4+ T cells as a surrogate for regulatory T cells. Intra-nuclear

staining for FOXP3, although more specific for Treg (see Figure 3.8), was not yet in

routine use when this work was initiated. The CD4+CD25hi fraction increased as a

proportion of the total migrated cells after chemotaxis to CCL22 when compared to

control medium (Figure 3.3).

A B

Figure 3.3: Migration of CD4+ T cells from healthy controls in response to the
CCR4 ligand, CCL22.

CD4+ T cells from healthy controls were assessed for chemotaxis in response to A)
control, 0.5% BSA, and B) 100ng/ml CCL22. Representative plots (1 of 4 independent
experiments) showing CD4 and CD25 expression on cells that migrated across the
transwell, as analysed by flow cytometry. All plot are gated on live T cells, numbers in
quadrants represent percentage of parent population.
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Iellem et al tested the chemotaxis of Treg from healthy adults to CCL22 at three

concentrations, 10, 100 and 1000ng/ml (Iellem et al, 2001). There is little Treg

chemotaxis at 10ng/ml CCL22 (chemotactic index = 2) whilst high levels of chemotaxis

are demonstrated to 100ng/ml (chemotactic index 15) but without a further dose response

to the highest concentration of 1000ng/ml. To test if a smaller increase in CCL22

concentration from 100ng/ml would lead to an increase in chemotaxis, 500ng/ml was

directly compared with 100ng/ml. Figure 3.4 shows results from three separate healthy

controls. Although there was considerable variation in the chemotactic index (defined in

Chapter 2) between individuals, for the same donor the higher chemokine concentration

did not show a significant enhancement in the chemotactic index. For the remaining

experiments therefore, 100ng/ml CCL22 was the concentration of choice.

Figure 3.4: Migration of CD4+ T cells from healthy controls to 100ng/ml and
500ng/ml of the CCR4 ligand, CCL22.

Migration of CD4+ T cells from healthy control PBMC in response to 100ng/ml and
500ng/ml CCL22 was quantified by flow cytometry. Chemotactic index was calculated
by dividing the number of CD4+CD25hi cells which migrated in response to CCL22 by
the number which migrated to control, 0.5% BSA. n=3.
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Figure 3.5: Comparison of CD4+CD25hi Treg migration from CD4+ T cell enriched
PBMC and SFMC.

CD4+ T cells from healthy control PBMC, JIA PBMC and JIA SFMC (indicated on X
axis) were assessed for chemotaxis to A) CCL22 (n=4 healthy controls, 7 JIA PBMC, 5
JIA SFMC), B) CCL17 (n=3 healthy controls, 3 JIA PBMC, 3 JIA SFMC), and C) CCL5
(n=3 healthy controls, 3 JIA PBMC, 5 JIA SFMC) all at 100ng/ml. The chemotactic
index was calculated based on the number of CD4+CD25hi cells which migrated to
chemokine compared to control medium. Lines represent means.
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3.2.4 Chemokine receptor expression on Treg from the inflamed joint

Since synovial Treg displayed enhanced chemotactic responses to CCL22 and CCL5

when compared to PBMC of either controls or patients (Figure 3.5), it was predicted that

synovial Treg would express higher levels of the specific chemokine receptors which

mediate these responses. Expression of CCR4 and CCR5 (one chemokine receptor for

CCL5, known to be highly expressed in SF effector T cells) was studied on CD25hi cells

from control PBMC, JIA PBMC and SFMC. In addition two other chemokine receptors

known to be involved in autoimmune arthritis, CXCR3, CXCR6 were also examined

(Bosco et al, 2008; Wedderburn et al, 2000). Expression of CCR1 and CCR3, alternate

receptors for CCL5 is not found on T cells from RA PBMC or SFMC and was not

examined in this thesis (Ruth et al, 2001).

The gating strategy used to analyse chemokine expression on CD25- and CD25hi cells is

illustrated in Figure 3.6, using CXCR3 expression as an example. Figure 3.7A shows that

CCR4 was enriched on CD25hi when compared to CD25- cells in both control and JIA

PBMC. In SFMC the differential expression of CCR4 between CD25- and CD25hi was

maintained and also CD25hi SFMC had significantly higher expression of CCR4 than

CD25hi cells from JIA PBMC. CCR5 expression was much lower in PBMC than SFMC

as previously noted (Wedderburn et al, 2000). CD25hi cells from SFMC had

significantly higher CCR5 expression than CD25- cells (Figure 3.7B). CXCR3 was also

enriched within SFMC but there were no differences between Treg and the CD25- pool

(Figure 3.7C). CXCR6 showed a similar pattern of results to CCR5, although the overall

levels of expression were lower in the case of CXCR6.

In summary, a larger proportion of Treg from SFMC expressed the chemokine receptors

CCR4 and CCR5 than from PBMC, results which are consistent with their increased

rates of chemotaxis to CCL22 and CCL5 (Figure 3.5).



92

CD25- CD25hi

CD25- CD25hi

A)

B)

CD4

CD3 CD25
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Figure 3.6: Gating strategy utilised to analyse chemokine receptor expression on
CD25hi Treg.

PBMC from healthy control were stained with CD3, CD4, CD25 and CXCR3, and
analysed by flow cytometry. A) (Left) Dot plot gated on live lymphocytes and (right)
gated on T cells showing gates for CD25- and CD25hi cells. B) Histogram of CXCR3
expression on (left) CD25- cells and (right) CD25hi gated as in A. Dotted line represents
isotype control. Numbers indicate percentage of parent population expressing CXCR3.


