
 

The role of the atypical chemokine 

receptor CCX-CKR in thymocyte 

development and its influence on the link 

between innate and adaptive immunity 

through regulation of dendritic cell 

migration 

 

Mark Daniel Bunting, B.Sc. (Biomed Sc.) (Hons) 

 

Discipline of Microbiology & Immunology 

School of Molecular and Biomedical Science 

The University of Adelaide 

 

A thesis submitted to The University of Adelaide in fulfilment of 

the requirements for the degree of Doctor of Philosophy 

 

2012 

 

 

 

 

 

 



Preface 

i 

 

 

 

 

 

 

 

 

Declaration 

I, Mark Bunting certify that this work contains no material which has been accepted for the 

award of any other degree or diploma in any university or other tertiary institution and, to 

the best of my knowledge and belief, contains no material previously published or written 

by another person, except where due reference has been made in the text. 

 

I give consent to this copy of my thesis, when deposited in the University Library, being 

made available for loan and photocopying, subject to the provisions of the Copyright Act 

1968. 

 

I also give permission for the digital version of my thesis to be made available on the web, 

via the University’s digital research repository, the Library catalogue and also through web 

search engines, unless permission has been granted by the University to restrict access for 

a period of time. 

 

 

Mark Daniel Bunting, B. Sc. (Biomedical Sc.) (Hons) 

December 2011 

 

 

 

 

 

 



Preface 

ii 

Acknowledgements 

The first thanks goes to Professor Shaun McColl for taking me on as an honours student all 

those years ago then accepting me a PhD student. The knowledge, advice and guidance 

you have provided during this project has been invaluable. I would also like to thank you 

for the time you have taken to critically read this thesis and the manuscripts I have written 

and the instruction on scientific writing you have provided as a result. I know this will be 

priceless in my continuing scientific career. Many great thanks also for the brilliant lambs 

on a spit you have lovingly prepared over the years. 

 

Next I must thank Iain for his commitment as my co-supervisor since honours. From those 

early days being the recipient of a constant barrage of questions as I was learning the ropes 

to more recent times in providing advice and direction on this project. Also thanks for the 

careful and considered reading of the many drafts of this thesis and manuscripts and the 

invaluable feedback that has helped shaped the researcher that I am today. One could not 

ask for a better co-supervisor. 

 

I must also thank the chemokine lab. Adriana, for your incredible management skills, your 

ability to remember the location of the most obscure reagents and your advice on setting up 

new protocols. To Manuela and Marina, who have provided a different perspective on my 

work and for the wonderful conversations, both scientific and otherwise. Thanks to the 

other members of the lab, beginning with the old guard of Brock, Sharon, Sarah H, Leila, 

Wendel, Jane, Scott, Koi and Meizhi. To those that have undertaken their PhD with me, 

Yuka and Matt. Being able to experience this process with you has been fantastic. Thanks 

to the new guard of Michelle, Kevin, Carly, Ervin, Sarah B, Valentina, Cameron, Kerrie 

and Caitlin. All these people, past and present, have made the McCool lab such a great 

place to work. It really has been amazing working in this great environment, surrounded by 

people that provide both support and laughs. I have always looked forward to coming into 

the lab each day to spend time with this second family. 

 

On a professional level, thanks to Dr Robert Nibbs at the Institute of Infection, Immunity 

and Inflammation at the University of Glasgow for his collaboration and feedback on both 

the thymus and DC work. A thank you must also be extended to Professor Richard Boyd, 

Dr Natalie Seach and Maree Hammett at the Monash Immunology and Stem Cell labs for 

their direction and experimentation with regards to the TEC work. 

 



Preface 

iii 

Next to my great group of friends. Thanks for all the times spend sharing a pint at the pub 

and taking an interest in what I do, despite my feeble attempts to explain it properly. Your 

ability to take my mind off science and restore a bit of work/life balance has been great. 

 

I will also take this opportunity to thank some inanimate objects that have featured heavily 

over the last few years. Thanks to my Sony Vaio for performing flawlessly, particularly in 

the last couple of months while I’ve been writing up. Thanks to my Opera Bernini 

commuter bike that has faithfully transported me to work every day without fail in both 

freezing rain and 45
o
C heat. Thanks also to my BMC Team Machine weekend bike for 

letting me escape into the hills most weekends and allowed me to get away from the 

metropolis. The happiness and relaxation that you have brought me over the last four-ish 

years has been priceless. 

 

Finally, a massive thanks to my family. Mum and Dad, you have been exceptional in 

looking after me and putting up with my moods. To Allison, Scott and new niece Kayla, 

thanks for the support and giving me some perspective on life. To Karen and Peter, thanks 

for all the emails and Skype chats. It has been invaluable to have your scientific advice and 

to be able to vent frustrations with people who understand but also to the great many 

laughs we have shared. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



Preface 

iv 

Table of contents 
 

Declaration .............................................................................................................................. i 

Acknowledgements ............................................................................................................... ii 

Table of contents ................................................................................................................... iv 

List of tables .......................................................................................................................... xi 

Abbreviations ...................................................................................................................... xii 

Publications arising from this work .................................................................................... xiv 

Abstract ............................................................................................................................... xvi 

 

Chapter 1: Introduction .......................................................................................................... 3 

1.1 The immune system................................................................................................. 3 

1.2 Chemokines ............................................................................................................. 4 

1.3 Atypical chemokine receptors ................................................................................. 5 

1.3.1 DARC, D6 and CXCR7 ................................................................................... 6 

1.3.2 CCX-CKR ........................................................................................................ 8 

1.3.4 CCX-CKR: Key questions ............................................................................... 9 

1.4.1 T cells schooled by a journey through the thymus ................................................ 11 

1.4.2 Navigational cues: chemokines in the thymus ............................................... 12 

1.4.3 Precursor entry to the thymus ........................................................................ 13 

1.4.4 From medulla to the cortex: Double negatives on the move ......................... 14 

1.4.5 Cortex to medulla: On the home straight ....................................................... 16 

1.4.6 Signals controlling egress of mature thymocytes .......................................... 21 

1.4.7 Other candidate chemokine receptor axes in thymic function ....................... 22 

1.5 Dendritic cells........................................................................................................ 22 

1.5.1 Haematopoietic DC precursors in bone marrow and blood ........................... 24 

1.5.2 Skin DCs: Langerhan’s cells .......................................................................... 25 

1.5.3 Skin DCs: Dermal DCs .................................................................................. 26 

1.5.4 Skin-DC migration ......................................................................................... 26 



Preface 

v 

1.5.5 Skin-DC functions ......................................................................................... 27 

1.5.6 Conventional DCs .......................................................................................... 29 

1.5.7 Plasmacytoid DCs .......................................................................................... 30 

1.5.8 Tolerogenic functions of DCs ........................................................................ 31 

1.5.9 Migration of DCs to the lymph nodes ........................................................... 32 

1.5.10 Migration of DCs to the spleen ...................................................................... 35 

1.5.11 Non-migratory functions of chemokines on DCs .......................................... 36 

1.5.12 Functional outcomes of chemokine driven DC-T cell interactions ............... 36 

1.6 The research project .............................................................................................. 38 

 

Chapter 2: Methods and materials ....................................................................................... 53 

2.1 Mice ....................................................................................................................... 53 

2.2 Histology ............................................................................................................... 53 

2.2.1 Freezing / sectioning tissues .......................................................................... 53 

2.2.2 Haematoxylin and Eosin staining .................................................................. 53 

2.2.3 Immunofluorescence ...................................................................................... 54 

2.2.4 Whole mount immunofluorescence ............................................................... 54 

2.2.5 Epidermal sheets ............................................................................................ 55 

2.2.6 Apoptotic cell detection in thymus sections .................................................. 55 

2.3 In Vitro Techniques ............................................................................................... 55 

2.3.1 Flow Cytometry ............................................................................................. 55 

2.3.2 ELISA ............................................................................................................ 55 

2.4 In Vivo Techniques ................................................................................................ 56 

2.4.1 Adoptive leukocyte transfer ........................................................................... 56 

2.4.2 BrdU labelling ................................................................................................ 57 

2.4.3 AnnexinV labelling ........................................................................................ 57 

2.4.4 Fluorescein Isothiocyanate (FITC) Paint ....................................................... 57 

2.4.5 Complete Freund’s Adjuvant Immunisation .................................................. 58 



Preface 

vi 

2.5 Antibodies and general reagents............................................................................ 58 

2.5.1 Antibodies ...................................................................................................... 58 

2.5.2 Phosphate buffered saline (PBS) / Tris buffered saline (TBS) ...................... 58 

2.5.3 Diethyl Pyrocarbonate (DEPC) water ............................................................ 58 

2.5.4 DEPC 70% ethanol ........................................................................................ 58 

2.5.5 Murine Red Cell Removal Buffer (MRCRB) ................................................ 58 

2.5.6 Incomplete medium........................................................................................ 59 

2.5.7 Complete medium .......................................................................................... 59 

2.5.8 PBS/BSA/Azide ............................................................................................. 59 

2.5.9 PBS/Azide ...................................................................................................... 59 

2.5.10 1% Paraformaldehyde .................................................................................... 59 

2.5.11 Gill’s Haematoxylin ....................................................................................... 59 

2.5.12 Eosin............................................................................................................... 59 

2.5.13 1% Acid alcohol ............................................................................................. 60 

2.5.14 Scott’s tapwater substitute ............................................................................. 60 

2.6 Statistical Analysis ................................................................................................ 60 

 

Chapter 3: The effect of CCX-CKR-deletion on thymocyte development .......................... 69 

3.1 Introduction ........................................................................................................... 69 

3.2 Thymic CCX-CKR expression and thymus histology .......................................... 69 

3.3 Characterisation of thymocyte development ......................................................... 70 

3.4 Characterisation of DN subsets ............................................................................. 72 

3.5 Characterisation of thymic dendritic cell development ......................................... 73 

3.6 Lymphoid tissue inducer cells ............................................................................... 74 

3.7 Thymocyte proliferation and apoptosis ................................................................. 74 

3.8 Chemokine receptor expression ............................................................................ 75 

3.9 Analysis of thymic chemokines ............................................................................ 75 

3.10 Thymic epithelial cells .......................................................................................... 76 



Preface 

vii 

3.11 Spontaneous autoimmunity ................................................................................... 77 

3.12 Thymus characterisation of 8-10 month old WT and CCX-CKR
-/-

 mice ............. 78 

3.13 Summary ............................................................................................................... 79 

 

Chapter 4: The effect of CCX-CKR-deletion on secondary lymphoid organs and DC 

biology ............................................................................................................................... 121 

4.1 Introduction ......................................................................................................... 121 

4.2 Characterisation of LN and spleen at homeostasis ............................................. 121 

4.3 CCL21 distribution in LNs and spleen................................................................ 123 

4.5 Macrophages, NK and NKT cells in secondary lymphoid organs at homeostasis124 

4.6 DCs in secondary lymphoid organs at homeostasis ............................................ 125 

4.7 Skin derived DCs and associated skin CCL21 levels ......................................... 126 

4.8 DC migration under inflammatory conditions .................................................... 127 

4.9 Summary ............................................................................................................. 129 

 

Chapter 5: Discussion ........................................................................................................ 165 

5.2 The effect of CCX-CKR deletion on thymocyte development ........................... 166 

5.2.1 Thymic CCX-CKR expression and thymus architecture ............................. 166 

5.2.2 CCX-CKR in the regulation of thymocyte development ............................. 167 

5.2.3 CCX-CKR in the regulation of thymocyte precursor development ............ 170 

5.2.4 Thymic DCs and CCX-CKR ....................................................................... 172 

5.2.5 Chemokine regulation in the thymus by CCX-CKR ................................... 173 

5.2.6 Role of CCX-CKR in TEC biology ............................................................. 174 

5.2.7 Thymocyte development and associated spontaneous autoimmunity: role of 

CCX-CKR .................................................................................................................. 176 

5.2.8 Summary of the role of CCX-CKR in the thymus ....................................... 177 

5.3 The effect of CCX-CKR-deletion on the peripheral immune system ................. 177 

5.3.1 Impact of CCX-CKR-deletion on T and B cell homeostasis ....................... 178 

5.3.2 CCX-CKR regulation of DCs in SLO at homeostasis ................................. 181 



Preface 

viii 

5.5.3 CCX-CKR in regulation of skin DCs .......................................................... 182 

5.3.4 CCX-CKR in the regulation of DC migration during inflammation ........... 184 

5.3.5 Summary of the role of CCX-CKR in the peripheral immune system ........ 186 

5.4 Concluding remarks ............................................................................................ 187 

 

Chapter 6: References ........................................................................................................ 191 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Preface 

ix 

List of figures 

Figure 1.1: Chemokine receptor structure .......................................................................... 40 

Figure 1.2: CCX-CKR and its ligands. ............................................................................... 41 

Figure 1.3: A journey through the thymus. ......................................................................... 42 

Figure 1.4: Chemokines and chemokine receptors direct thymocyte migration. ............... 43 

Figure 1.5: Chemokines directing migration of alternate thymocyte populations and DCs.

 ............................................................................................................................................. 44 

Figure 1.6: Hematopoietic development of DCs ................................................................ 45 

Figure 3.1: CCX-CKR is expressed by cTECs. .................................................................. 81 

Figure 3.2: Altered thymic architecture of thymi from CCX-CKR
-/-

 mice. ....................... 82 

Figure 3.3: Altered thymocyte development in CCX-CKR
-/-

 thymi. .................................. 84 

Figure 3.4: Delayed development of mature SP cells in CCX-CKR
-/-

 mice. ...................... 86 

Figure 3.5: Expanded nTreg compartment in CCX-CKR
-/-

 thymi. ..................................... 87 

Figure 3.6: Increased frequency of peripheral CD4
+
 T cells in CCX-CKR

-/-
 thymi. .......... 88 

Figure 3.7: Egress of SP cells is not inhibited. ................................................................... 89 

Figure 3.8: Development of DN subsets is altered in CCX-CKR
-/-

 thymi. ........................ 90 

Figure 3.9: Altered localisation of DN cells in CCX-CKR
-/-

 thymi. .................................. 92 

Figure 3.10: CD25
+
CD44

+
 cells in the medulla are not mature T cells. ............................. 94 

Figure 3.11: Increased numbers of DCs in CCX-CKR
-/-

 thymi. ......................................... 96 

Figure 3.12: LTi cells are more abundant in young CCX-CKR
-/-

 thymi. ........................... 98 

Figure 3.13: Equivalent proliferation of thymocytes in CCX-CKR
-/-

 thymi. ..................... 99 

Figure 3.14: Increased apoptosis of DN4 cells in CCX-CKR
-/-

 thymi. ............................ 101 

Figure 3.15: Comparable expression of the chemokine receptors CCR7 and CCR9 by DN 

subsets and thymocytes from CCX-CKR
-/-

 thymi. ............................................................ 102 

Figure 3.16: Decreased levels of chemokines and disrupted CCL25 gradient in thymi of 

CCX-CKR
-/-

 mice. ............................................................................................................. 104 

Figure 3.17: cTECs fail to expand in CCX-CKR
-/-

 thymi. ............................................... 106 

Figure 3.18: Equivalent frequency but increased numbers of Aire
+
 TECs in CCX-CKR

-/-
 

thymi. ................................................................................................................................. 108 

Figure 3.19: 8-10 month old CCX-CKR
-/-

 mice display an increased prevalence of 

spontaneous autoimmunity. ............................................................................................... 112 

Figure 3.20: CCX-CKR
-/-

 thymi from 8-10 month old mice atrophy to a greater extent than 

WT thymi. .......................................................................................................................... 115 

Figure 3.21: CCX-CKR
-/-

 thymi from 8-10 month old mice maintain the cellular 

phenotype evident in 6-11 week old mice. ........................................................................ 116 



Preface 

x 

Figure 3.22: Reduced abundance of CD8
+
 DCs in 8-10 month old CCX-CKR

-/-
 mice. ... 118 

Figure 4.1: CCX-CKR
-/-

 LNs are smaller by weight than WT LN. .................................. 131 

Figure 4.2: Normal frequencies and numbers of LN and splenic T and B cells at 

homeostasis. ....................................................................................................................... 132 

Figure 4.3: Normal localisation of T and B cells in WT and CCX-CKR
-/-

 LN and spleen 

but not CCR7
-/-

 LN and spleen. .......................................................................................... 134 

Figure 4.4: Chemokine receptor expression by T cells is equivalent in WT and CCX-CKR
-

/-
 mice. ................................................................................................................................ 136 

Figure 4.5: CCL21 localisation in the LN and spleen is comparable between WT, CCX-

CKR
-/-

 and CCR7
-/-

 mice. ................................................................................................... 138 

Figure 4.6: Altered homing of adoptively transferred CD4
+
 T cells to the LN. ............... 141 

Figure 4.7: Macrophage frequency and numbers are comparable in WT and CCX-CKR
-/-

 

LN and spleen. ................................................................................................................... 142 

Figure 4.8: NK and NKT cell numbers are abrogated in the LN of CCX-CKR
-/-

 mice. .. 143 

Figure 4.9: Similar frequencies of MHC II
+
 DC subsets in LN and spleen at homeostasis.

 ............................................................................................................................................ 144 

Figure 4.10: Total numbers of pDCs are reduced in LN and spleen at homeostasis. ....... 146 

Figure 4.11: CD207
+
 DCs are less abundant in the LN of CCX-CKR

-/-
 mice at 

homeostasis. ....................................................................................................................... 148 

Figure 4.12: Equivalent expression of CCR7 and CCR9 by LN DCs. ............................. 150 

Figure 4.13: Epidermal LCs are equivalent in WT and CCX-CKR
-/-

 mice. ..................... 151 

Figure 4.14: Reduced abundance of CD207
+
 dermal DCs in CCX-CKR

-/-
 skin. ............. 152 

Figure 4.15: Increased levels of skin CCL21 in CCX-CKR
-/-

 mice. ................................. 153 

Figure 4.16: CCL21 distribution in WT and CCX-CKR
-/-

 ear skin. ................................. 155 

Figure 4.17: Skin derived DCs in CCX-CKR
-/-

 show reduced migration to the LN 

following FITC painting on ear skin. ................................................................................. 156 

Figure 4.18: Reduced numbers of CD207
+
 DCs in the LN following FITC painting. ..... 157 

Figure 4.19: Reduced numbers of MHC II
+
 DC subsets in the LN following CFA induced 

inflammation. ..................................................................................................................... 158 

Figure 4.20: All DC subsets are reduced in the LN following CFA induced inflammation.

 ............................................................................................................................................ 160 

Figure 5.1: Proposed model of thymocyte development in CCX-CKR
-/-

 thymi. .............. 188 

 

 

 



Preface 

xi 

List of tables 

Table 1.1: Atypical chemokine receptors and their ligands. ............................................... 46 

Table 1.2: Chemokine expression in adult thymi. ............................................................... 47 

Table 1.3: Effect of chemokine and chemokine receptor gene-deficiencies of the thymus.

 ............................................................................................................................................. 49 

Table 2.1: Primary antibodies used for flow cytometry ...................................................... 61 

Table 2.1: Primary antibodies used for flow cytometry continued ..................................... 62 

Table 2.2: Primary antibodies used for thymus DN population identification ................... 63 

Table 2.3: Secondary antibodies used for flow cytometry .................................................. 63 

Table 2.4: Primary antibodies used for IF ........................................................................... 64 

Table 2.5: Secondary antibodies used for IF ....................................................................... 65 

Table 3.1: Frequency of lymphocytic infiltrate in peripheral organs of 8-10 month old WT, 

CCX-CKR
-/-

 and CCR7
-/-

. .................................................................................................. 110 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Preface 

xii 

Abbreviations 

Ab    Antibody 

APC   Antigen presenting cell 

BM   Bone marrow 

BMDC   Bone marrow-derived dendritic cell 

BrdU   5-Bromo-2’-Deoxyuridine 

BSA   Bovine serum albumin 

CCL   CC chemokine ligand 

CFA   Complete Freund’s adjuvant 

CFSE   Carboxyfluorescein diacetate succinimidyl ester 

CHS   Contact hypersensitivity 

CMJ   Cortico-medullary junction 

cTEC   Cortical thymic epithelial cell 

CXC   CXC chemokine ligand 

DC   Dendritic cell 

dDC   Dermal dendritic cell (CD207
+
CD11b

+
, CD207

-
CD11b

hi
, CD207

-
CD11b

-
) 

DEPC   Diethyl pyrocarbonate 

DMSO   Dimethyl sulfoxide 

DN   Double negative (CD4
-
CD8

-
) 

DP   Double positive (CD4
+
CD8

+
) 

ELISA   Enzyme-linked immunosorbent assay 

FCS   Foetal calf serum 

FITC   Fluorescein isothiocyanate 

Flt3L   FMS-like tyrosine kinase 3 ligand 

FMO   Fluorescence minus one 

FRC   Fibrobalstic reticular cell 

GAG   Glycosaminoglycan 

GM-CSF  Granulocyte-macrophage colony-stimulating factor 

GPCR   G-protein coupled receptor 

H&E   Haematoxylin and eosin 

HBSS   Hank’s balanced salt solution 

HEV   High endothelial venule 

HRP   Horseradish peroxidise 

IF   Immunofluorescence 

IL   Interleukin 

IV   Intravenous 

LC   Langerhans cell (CD207
+
CD11b

+
) 

Lin   Lineage 



Preface 

xiii 

LPS   Lipopolysaccharide 

LTi cell   Lymphoid tissue inducer cell 

MHC   Major histocompatability complex 

mTEC   Medullary thymic epithelial cell 

NGS   Normal goat serum 

NMS   Normal mouse serum 

NRS   Normal rat serum 

nTreg   Natural regulatory T cell 

PBS   Phosphate buffered saline 

pDC   Plasmacytoid dendritic cell 

PCR   Polymerase chain reaction 

RTE   Recent thymic emigrant 

SCS   Sub-capsular sinus 

SCZ   Sub-capsular zone 

SLO   Secondary lymphoid organs 

SP   Single positive (CD4
+
CD8

-
 or CD8

+
CD4

-
) 

TBS   Tris buffered saline 

TCR   T cell receptor 

TCZ   T cell zone 

TEC   Thymic epithelial cell 

TNF   Tumour necrosis factor 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Preface 

xiv 

Publications arising from this work 

Manuscripts 

 

Bunting MD, Comerford I, McColl SR. Finding their niche: chemokines directing cell 

migration in the thymus. Immunol Cell Biol., 2011 Feb;89(2):185-96 

 

Bunting MD, Comerford I, Seach N, Hammett MV, Asquith DL, Korner H, Boyd RL, 

Nibbs RJB, McColl SR. CCX-CKR regulates CCL25 distribution within the thymus, 

promotes outward migration of DN thymocytes and reduces spontaneous autoimmunity.  

Submitted - Blood.(June, 2012) 

 

Bunting MD, Comerford I, McColl SR. CCX-CKR controls peripheral dendritic cell 

migration by regulating CCL21 in the skin. Manuscript in preparation 

 

Comerford I, Nibbs RJ, Litchfield W, Bunting MD, Harata-Lee Y, Haylock-Jacobs S, 

Forrow S, Korner H, McColl SR. The atypical chemokine receptor CCX-CKR scavenges 

homeostatic chemokines in circulation and tissues and suppresses Th17 responses. Blood, 

2010, Nov 18;116(20):4130-40 

 

Conference proceedings 

Australian Society for Immunology (SA / NT Branch) 4th Adelaide Immunology Retreat 

(2008): Oral Presentation entitled ‘Investigation of the role of CCX-CKR in dendritic cell 

function’ 

 

The Australian Society for Medical Research (ASMR) South Australian Meeting (2009): 

Poster entitled ‘Role of the atypical chemokine receptor CCX-CKR in dendritic cell 

function’ 

 

Gordon Research Conference: Chemotactic Cytokines in Lucca, Italy (2010): Poster 

entitled ‘The atypical chemokine receptor CCX-CKR regulates thymocyte development’ 

 

Australian Society for Immunology (SA / NT Branch) 6th Adelaide Immunology Retreat 

(2010): Oral presentation entitled ‘Role of the atypical chemokine receptor in thymic 

function’ 

 



Preface 

xv 

Australian Society for Immunology (SA / NT Branch) 7th Adelaide Immunology Retreat 

(2011): Oral presentation entitled ‘Deletion of the atypical chemokine receptor CCK-CKR 

disrupts the thymic CCL25 gradient, alters thymocyte development and leads to 

spontaneous Sjögren’s-like autoimmunity’ (Won best PhD presentation) 

 

Australasian Society for Immunology International Conference (2011): Oral presentation 

entitled ‘CCX-CKR: A novel regulator of thymic chemokines, thymocyte development and 

self-tolerance’ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Preface 

xvi 

Abstract 

The significance of chemokines in directing cell migration both during homeostasis and 

immune responses has been appreciated for some time. However, the mechanisms in place 

to post-translationally regulate cell migration through chemokine modulation are only 

recently becoming clear. CCX-CKR is a receptor that can scavenge and degrade the 

ligands of CCR7 and CCR9, two receptors that are crucial during instruction of T cell 

development in the thymus and dendritic cell migration for initiation of adaptive immune 

responses. 

 

Within the thymus CCL19, CCL21 and CCL25 direct CCR7- and CCR9-expressing 

thymocytes through distinct thymic compartments, enabling development of a self-MHC 

restricted and self-tolerant peripheral T cell repertoire. Yet mechanisms outside of 

transcriptional control that are involved in thymic chemokine regulation have not been well 

characterised. The aim of this study was to thoroughly investigate the role of CCX-CKR 

expression on chemokine regulation in the thymus and thymocyte development. 

Expression of CCX-CKR was detected primarily in cortical thymic epithelial cells, with 

modest contributions from other thymic stromal populations. Deletion of CCX-CKR led to 

thymic architecture alterations, reduced levels of CCL19 and CCL25 and a profound 

decrease in CCL25 (protein) within the cortex. These alterations in chemokine levels and 

distribution were associated with several defects in the frequency and localisation of 

thymocyte precursors. Specifically, in CCX-CKR
-/-

 thymi, precursor double-negative 2 

(DN2) cells accumulated in the medulla and reduced frequencies of DN3 cells were 

apparent, coincident with reduced numbers of DN3 cells in the cortex. These observations 

are likely to be the combined outcome of impaired expansion of cortical thymic epithelial 

cells and reduced outward migration signals in CCX-CKR
-/-

 thymi. Additionally, CCX-

CKR
-/-

 thymi contain increased numbers of CD4
+
CD8

+
 double-positive, CD4

+
 single-

positive and CD8
+
 single-positive cells. Together, these thymic defects were associated 

with enhanced incidence of inflammatory pathology resembling Sjögren’s syndrome, 

characterised by lymphocytic infiltrates in salivary glands and liver of 8-10 month old 

CCX-CKR
-/-

 mice. 

 

Previous work has implicated CCX-CKR as an important regulator of CCL19 and CCL21 

in vivo and deletion of CCX-CKR led to early onset of experimental autoimmune 

encephalomyelitis (EAE), a T cell mediated autoimmune disease. CCX-CKR was also 

implicated in promoting effective induction of adaptive immune responses in the LN as 
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evidenced by abrogated T cell proliferation. An important component of both peripheral 

tolerance induction and initiation of adaptive immune responses is CCR7-dependent 

migration of antigen-loaded peripheral dendritic cells and naïve T cells to secondary 

lymphoid organs where antigen presentation to T cells occurs. The contribution of CCX-

CKR to these processes was investigated in CCX-CKR
-/-

 mice. Short-term homing of 

CD4
+
 T cells to the lymph nodes of CCX-CKR

-/-
 mice was impaired yet homeostatic 

maintenance of T and B cells remained undisturbed. CD207
+
 skin-derived DCs were 

significantly less abundant in the lymph nodes of CCX-CKR
-/-

 mice during both steady-

state and inflammation which was associated with reduced numbers of CD207
+
 dermal 

dendritic cells and increased levels of CCL21 in the skin. Furthermore, during CFA-

induced inflammation, both migratory and lymph node-resident dendritic cell numbers 

were abrogated in the lymph nodes, but not spleen, of CCX-CKR
-/-

 mice. 

 

Together, these data identify a novel role for CCX-CKR in maintenance of the thymic 

cortical compartment that is associated with effective thymocyte development. Moreover, 

CCX-CKR is required to maintain the homeostatic and inflammatory migration of 

tolerogenic and activating dendritic cells, respectively, to the lymph nodes. Thus, the 

combination of thymic and skin/LN associated CCX-CKR establishes optimal conditions 

for central and peripheral tolerance induction leading to the development of self-tolerant 

adaptive immune responses. 
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