
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This file is part of the following reference: 
 

Jordan, Margaret Agnes (2011) Dissecting the genetics of 
autoimmune diseases. PhD thesis, James Cook 

University. 
 
 
 
 

Access to this file is available from: 
 

http://eprints.jcu.edu.au/18971/ 
 
 
 
 
 

The author has certified to JCU that they have made a reasonable effort to gain 
permission and acknowledge the owner of any third party copyright material 

included in this document. If you believe that this is not the case, please contact 
ResearchOnline@jcu.edu.au and quote http://eprints.jcu.edu.au/18971/ 

 

ResearchOnline@JCU 

http://eprints.jcu.edu.au/18971/�
mailto:ResearchOnline@jcu.edu.au�
http://eprints.jcu.edu.au/18971/�


 
 
 
 
 
 
 
 

DISSECTING THE GENETICS OF AUTOIMMUNE 
DISEASES 

 

 

 

 

 

Thesis submitted by 

Margaret Agnes JORDAN 

 

 

 

 

 

for the degree of Doctor of Philosophy 

in the School of Pharmacy and Molecular Sciences 

James Cook University 

April, 2011 



----------------------------------------------------------------------------------- 

Volume I 

----------------------------------------------------------------------------------- 

 

 

 



 ii 

TABLE OF CONTENTS 

 

VOLUME I 

 

STATEMENT--------------------------------------------------------------------xi 

ABSTRACT ---------------------------------------------------------------------xii 

ACKNOWLEDGEMENTS----------------------------------------------------xiv 

PUBLICATIONS ----------------------------------------------------------------xvii 

ABBREVIATIONS -------------------------------------------------------------xix 

LIST OF TABLES --------------------------------------------------------------xxvii 

LIST OF FIGURES -------------------------------------------------------------xxix 

 

CHAPTER 1: INTRODUCTION 

 

1.1  Preamble -----------------------------------------------------------------------1 

1.2  What is autoimmunity? ------------------------------------------------------1 

1.2.1 Systemic lupus erythematosis-------------------------------------------6 

1.2.2 Type 1 Diabetes-----------------------------------------------------------7  

1.2.3 Autoimmune gastritis-----------------------------------------------------9 

1.3  Genetics of Autoimmune disease -----------------------------------------10 

1.4  Development of congenic mouse lines -----------------------------------12 

1.5  Transgenic and knockout mice --------------------------------------------14 

1.6  The use of mouse strains in studying disease ----------------------------17 

1.7  Subcongenics and their importance ---------------------------------------18 

1.8  Genetic linkage maps -------------------------------------------------------20 



 iii 
1.9  Genetics of immunoregulatory T cells ------------------------------------25 

1.9.1 Immunoregulatory T cells -------------------------------------------------25 

1.9.2  Genetic control of immunoregulatory T cells --------------------------36 

1.9.2.1 Genetic control of Treg --------------------------------------------------36 

1.9.2.2 Genetic control of NKT Cells ------------------------------------------- 39 

1.10 A genetically simple autoimmune trait: Gastritis------------------------ 68 

1.10.1 Experimental Autoimmune Gastritis-------------------------------------69 

1.10.2 Genes associated with gastritis susceptibility---------------------------75 

1.11 Focus of the research --------------------------------------------------------77 

 

CHAPTER 2: MICE, MATERIALS AND METHODS 

 

2.1 Mice -----------------------------------------------------------------------------79 

2.2 DNA Preparation --------------------------------------------------------------85 

2.3 Genotyping ---------------------------------------------------------------------86 

2.4 Microarray analysis -----------------------------------------------------------87 

2.5  First strand  cDNA synthesis------------------------------------------------92 

2.6 Real time quantitative PCR---------------------------------------------------93 

2.7 Primer design and sequencing------------------------------------------------93 

2.8 Restriction digestion-----------------------------------------------------------94 

2.9 Ligation reactions--------------------------------------------------------------94 

2.10 Transformation of DNA into E.coli--------------------------------------- 95 

2.11 Production of transgenic construct-----------------------------------------96 

2.12 Cell suspension preparation-----------------------------------------------109 

2.13 Flow cytometric analysis--------------------------------------------------109 



 iv 
2.14 Proliferation assays--------------------------------------------------------110 

2.15 Cytokine measurement----------------------------------------------------111 

 

 

SECTION A: ANALYSIS OF NKT CONTROL GENES 

 

CHAPTER 3: NKT1 CONGENICS 

 

3.1 Microarray Analysis of Nkt1 

3.1.1Introduxction ---------------------------------------------------------------112 

3.1.2 Results ----------------------------------------------------------------------113 

3.1.2.1 Establishment NOD.Nkrp1b.Nkt1b Congenic Mice and  

          confirmation of increased NKT cell numbers. -----------------------113 

3.1.2.2 Microarray Gene Expression Analysis. -----------------------------116 

3.1.3 Summary of major findings ---------------------------------------------130 

 

3.2 Subcongenic Analysis of NOD.Nkrp1b.Nkt1b 

3.2.1 Introduction ----------------------------------------------------------------132 

3.2.2.Results ----------------------------------------------------------------------134 

3.2.2.1 Real-Time Quantitative PCR to validate microarray profling of         

CD247, Slamf1 andSlamf6 −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− 134 

3.2.2.2 Establishment of NOD.Nkrp1b.Nkt1b subcongenic lines ----------135 

3.2.2.3 Characterisation of the NOD.Nkrp1b.Nkt1b subcongenic  

            mouse lines-------------------------------------------------------------- 139 

3.2.3 Summary of major findings ---------------------------------------------143 



 v 
 

3.3 Slamf1 as candidate gene for Nkt1 

3.3.1 Introduction ---------------------------------------------------------------145 

3.3.2 Results ---------------------------------------------------------------------149 

3.3.2.1 Real-Time Quantitative PCR to validate Slamf1 isoforms--------149 

3.3.2.2 Characterisation of SLAM expression ------------------------------149 

3.3.2.3. Functional consequences of differential SLAM expression -----151 

3.3.2.4 Sequencing ------------------------------------------------------------- 155 

3.3.2.4.1 mRNA sequence comparison ---------------------------------------155 

3.3.2.4.2 Donor/Acceptor site comparison -----------------------------------162 

3.3.2.4.3 Promoter sequence comparison -------------------------------------163 

3.3.2.4.4 Transcriptional binding site comparisons -------------------------167 

3.3.3 Summary of major findings ---------------------------------------------169 

 

3.4 Slamf6 as candidate gene for Nkt1 

3.4.1 Introduction----------------------------------------------------------------171 

3.4.2 Results ---------------------------------------------------------------------172 

3.4.2.1 Testing the validity of Slamf6 as a candidate gene for Nkt1------172 

3.4.2.2 Sequencing --------------------------------------------------------------173 

3.4.2.2.1 mRNA sequence comparison ---------------------------------------173 

3.4.2.2.2. Donor/Acceptor site comparison ----------------------------------180 

3.4.2.2.3 Promoter sequence comparison ------------------------------------181 

3.4.2.2.4 Transcriptional binding site comparison --------------------------185 

3.4.3 Summary of major findings ---------------------------------------------188 

 



 vi 
3.5 Transgenic Manipulation of SLAM Expression 

3.5.1 Introduction -----------------------------------------------------------------192 

3.5.2 Results -----------------------------------------------------------------------195 

3.5.2.1 Production of transgenic construct ------------------------------------195 

3.5.2.1.1 hCD2 Construct Preparation -----------------------------------------195 

3.5.2.1.2 Slamf1 full length cDNA cloning -----------------------------------196 

3.5.2.1.3 Cloning of Slamf1 into hCD2/LCR cassette -----------------------196 

3.5.2.2 Genotyping of transgenic mice and establishment of the lines ----200 

3.5.2.3 SLAM expression and NKT cell numbers in  

      NOD.Nkrp1b.Tg(hCD2-Slamf1) transgenic mice  -----------------------202 

3.5.2.4 Functional analysis of NKT cells in Slamf1 transgenic mice ------207 

3.5.3 Summary of major findings----------------------------------------------- 212 

 

3.6 Concluding remarks about Nkt1 

3.6 Discussion on Nkt1-----------------------------------------------------------214 

 

CHAPTER 4: NKT2 CONGENICS 

 

4.1 Microarray Analysis of Nkt2b 

4.1.1 Introduction------------------------------------------------------------------228 

4.1.2 Results -----------------------------------------------------------------------229 

4.1.2.1 Establishment NOD.Nkrp1b.Nkt2b Congenic Mice and confirmation  

          of increased NKT cell numbers ------------------------------------------229 

4.1.2.2 Microarray Gene Expression Analysis of  NOD.Nkrp1b.Nkt2bb----235 

4.1.2.3  Real-Time Quantitative PCR to validate candidate genes within the  



 vii 
          Nkt2 region. -----------------------------------------------------------------238 

4.1.2.4  Pxmp4   as a candidate gene for Nkt2b.--------------------------------250 

4.1.2.4.1  Sequencing --------------------------------------------------------------250 

4.1.2.4.1.1  mRNA Sequence analysis of Pxmp4 ------------------------------250 

 4.1.2.4.1.2 Donor/Acceptor site comparison -----------------------------------250 

 4.1.2.4.1.3 Promoter sequence comparison ------------------------------------252 

 4.1.2.5  Sequence analysis of Pex19. -------------------------------------------258 

 4.1.2.5.1  mRNA Sequence analysis of Pex19 --------------------------------258 

 4.1.2.5.2 Donor/Acceptor site comparison-------------------------------------263 

 4.1.2.5.3 Promoter sequence comparison --------------------------------------264 

 4.1.2.6 Establishment of C57BL/6.Pex13 knock-out strain -----------------264 

 4.1.2.6.1 Comparative characterisation of the C57BL/6.Pex13 knock-out and  

  Wild-Type mouse strains -----------------------------------------------271 

 4.1.2.6.2 Background screen to determine genetic homogeneity of  

              C57BL/6.Pex13-LoxP and C57BL/6.Lck-Cre mice ----------------271 

4.1.2.6.3 Re-characterisation of the C57BL/6.Pex13 knock-out and Wild- 

               Type mouse strains------------------------------------------------------273 

 4.1.3 Summary of major findings -----------------------------------------------278 

 

4.2 Nkt2b concluding remarks 

4.2.1 Discussion of Nkt2b---------------------------------------------------------280 

 

4.3 Nkt2a and Nkt2e Microarray Analyses 

4.3.1 Introduction -------------------------------------------------------------------288 

4.3.2 Results -------------------------------------------------------------------------289 



 viii 
4.3.2.1 Microarray Gene Expression Analyses of  NOD.Nkrp1b.Nkt2eb and 

                NOD.Nkrp1b.Nkt2ab ----------------------------------------------------289 

4.3.2.2 NOD.Nkrp1b.Nkt2eb verses  NOD.Nkrp1b -----------------------------290 

4.3.2.3 NOD.Nkrp1b.Nkt2eb verses  NOD.Nkrp1b.Nkt2ab --------------------302 

4.3.2.4  Real-Time Quantitative PCR to validate candidate genes within the 

          Nkt2e (outside of Nkt2a) region ----------------------------------------- 306 

4.3.2.5 Gene expression exon array to determine differentially expressed  

              CD44 and Caprin1 spice products ------------------------------------309 

4.3.3.Summary of major finding -------------------------------------------------314 

 

4.4 Concluding remaks on Nkt2a and Nkt2e 

4.4.1 Discussion of Nkt2a and Nkt2e---------------------------------------------316 

 

 

SECTION B: ANALYSIS OF GASTRITIS GENES 

 

CHAPTER 5: GASA CONGENICS 

 

5.1 Congenic analysis 

5.1.1. Introduction -----------------------------------------------------------------325 

5.1.2 Results ------------------------------------------------------------------------326 

5.1.2.1 Establishment of facilitated methods for the prompt genotyping 

           of mice ----------------------------------------------------------------------327  

5.1.2.2 Establishment BALB.B6-Gasa Sub- Congenic Mouse Lines and  

         narrowing of Gasa1 and Gasa2 congenic regions ----------------------327 



 ix 
5.1.2.3 Phenotypic Analysis of the Gasa sub-congenic lines ----------------331 

5.1.3 Summary of major findings------------------------------------------------335 

 

5.2 Gasa Microarray Analyses 

5.2.1 Introduction ------------------------------------------------------------------336 

5.2.2 Results ------------------------------------------------------------------------337 

5.2.2.1 Gasa1 and 2 microarray gene expression analysis: Gene  

            expression profiling of 3 day old BALB/c.CrSlc and  

            BALB.B6-GasaA mice --------------------------------------------------337 

5.2.2.2 Gasa1 microarray gene expression analysis: Gene expression  

            profiling of 4 week old BALB.B6-GasaA and BALB.B6(rs27528755-

rs32503855) mouse thymi -------------------------------------------------------344 

5.2.2.2.1  Real-Time Quantitative PCR to validate candidate genes within 

 the Gasa1 region. --------------------------------------------------------346 

5.2.2.2.2  Cap1 as a candidate gene for Gasa1 --------------------------------359 

5.2.2.2.2.1  mRNA Sequence analysis of Cap1--------------------------------359 

5.2.2.3 Gasa2 microarray gene expression analysis: Gene expression  

            profiling of 4 week old BALB.GasaA and BALB.B6(rs13477931- 

            D4Mit343) mice ----------------------------------------------------------364 

5.2.2.3.1  Real-Time Quantitative PCR to validate Aire as a candidate gene  

  contributing to the gastritis phenotype -------------------------------373 

5.2.2.3.2  AIRE expression of BALB.B6-GasaA and  

  BALB.B6(rs13477931- D4Mit343) TECs. --------------------------375 

5.2.2.3.3  Real-Time Quantitative PCR to validate candidate genes  

              within the Gasa2 region.------------------------------------------------375 



 x 
5.2.3 Summary of major finding-------------------------------------------------378 

 

5.3 Discussion of Gasa genes 

5.3.1 Discussion of Gasa genes-------------------------------------------------380 

 

CHAPTER 6: GENERAL DISCUSSION 

 

6.1 Introduction ------------------------------------------------------------------388 

6.2 Identifying genes contributing to NKT cell number (Section A) -----389 

6.3 Analysis of Gastritis genes (Section B)-----------------------------------394 

6.4 Implications and applications----------------------------------------------397 

 

VOLUME II 

 

BIBLIOGRAPHY--------------------------------------------------------------399 

 

APPENDICES : 

 

APPENDIX A: PRIMER TABLES---------------------------------------------I 

APPENDIX B: DIFFERENTIALLY REGULATED GENE  

                           TABLES----------------------------------------------------XXVI 

APPENDIX C: CD2/SLAM CONSTRUCT INFORMATION-----CXCIV 

APPENDIX D: BUFFERS-------------------------------------------------- XCIII 

 

 



 xi 

STATEMENT 

 

The research contained within this study was performed in the Medical Genomics 

Laboratory in the Comparative Genomics Centre at James Cook University, 

Townsville, under the supervision of Professor Alan Baxter. All research procedures 

reported in the thesis received the approval of James Cook’s Animal Ethics 

Committee. The data presented is my own work, with all contributions from others 

clearly stated in the acknowledgements, methods and the body of the thesis. 

 

 

 

 

 

 

Margaret A Jordan 

BSc (Hons) 



 xii 

ABSTRACT 

 
 

Autoimmune diseases occur when the immune system mistakenly attacks its own 

healthy tissue. There are more than 80 different types of autoimmune diseases and they 

are classified as either systemic or tissue specific depending on the antigen/s targeted 

and the effector mechanism involved. Although not necessarily pathological, 

autoimmunity may lead to clinically relevant tissue damage in some individuals. 

Three-point-five percent of Western populations are afflicted, causing a huge burden 

on the country’s resources. Many of the diseases are related with members of a cluster 

commonly occurring in an individual or a family suggesting some commonality in 

inheritance.  Uncovering genes involved in one autoimmune disease may therefore 

also be relevant in other autoimmune diseases as well as in their underlying 

mechanisms. The “candidate gene” approach was for many years the only option for 

tackling the genetics of complex diseases but although biologically sound it led to 

initial elation at discovering a gene being turned to disappointment when it didn’t 

stand up to scrutiny and/or could not be replicated by independent researchers. As the 

effects of a single gene may be small and the disease or animal model often pleiotropic 

with overlapping phenotypes, family based linkage studies too have achieved only 

limited success, mainly due to limitations in identifying common variants with modest 

effects. In the course of this thesis, I have used mouse models of disease with 

previously identified linkage regions and the powerful tools of a positional cloning 

approach coupled with microarray gene expression analyses to identify genes 

contributing to an important immuno-regulatory cell type, NKT cell number, as well as 

genes contributing to experimental autoimmune gastritis. Candidate genes identified 

were subsequently validated by real time PCR and FACS analyses on new sample sets 



 xiii 
and polymorphic differences in gene structure were identified between strains positive 

for the phenotype compared to those phenotypically negative for it as a possible 

explanation for the observed differential expression patterns. To this end, thirty-nine 

sub-congenic mouse lines of the gastritis linkage region on chromosome 4 were 

produced and microarray gene expression analyses were carried out on the most 

informative of these to reveal at least four chromosomal regions contributing to the 

gastritis phenotype. Two of these regions contain a single candidate gene: Cap1 and 

Apitd1 that are both involved in apoptosis.  A subcongenic approach to identifying 

NKT cell genes revealed a minimum of four candidates, with at least one on 

chromosome 1 and three or more on chromosome 2. One of the candidate genes, 

Slamf1, was subsequently confirmed through transgenic complementation, while a 

previously unknown role for peroxisomes in NKT cell biology identified by 

microarray analyses and confirmed using a knock-out mouse system.    
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