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Corrigendum Figure 1 Endogenous SATB1 expression is reduced by microRNAs 
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a) Figure 4.6a as it appears in this thesis. Expression of endogenous SATB1 mRNA is reduced 
when pre-miR-7 or pre-miR-155 is transiently expressed in BT549 cells. SATB1 levels in the 
parental cells (dark bars) and GFP-transduced control lines (grey bars) are reduced by the 
transfection of miR-7 or miR-155. Overexpression of FOXP3 alone (hatched bars) reduces 
SATB1 levels, compared with the control cell lines. Transient transfection of either pre-miR 
further reduces SATB1 in these cells. (Triplicate RNA analysis of n=3 transfection pools, 
*p<3.12x10-5, **p=1.03x10-12. b) Figure derived from an experiment performed after this thesis 
was submitted. Expression of endogenous SATB1 mRNA is reduced when pre-miR-155 is 
transiently expressed in BT549 (dark bars) and MDA-MB-231 (grey bars) breast cancer cell 
lines. Transient transfection of parental cells with a pre-miR control does not reduce SATB1 
levels, while transient transfection with pre-miR-155 result in significantly reduced SATB1 
levels. (Triplicate RNA analysis of n=1 transfection pool, *p<0.0002). 
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Corrigendum Discussion 
 

In this thesis, the quantitative RT-PCR analysis shown in Figure 4.6a (and in Corrigendum 

Figure 1a) demonstrates that transient transfection of microRNA precursors pre-miR-7 and pre-

miR-155 into the BT549 cell lines resulted in a significant reduction in the SATB1 mRNA 

levels when compared with the control pre-miR-transfected lines (35 to 38% 

reduction, p=6.35x10-5, and 35 to 45% reduction, p=1.4x10-9 respectively). These 

results were supported by luciferase assays, which demonstrated direct binding of the 

microRNAs to the SATB1 3’ UTR, and by western blot analyses, which demonstrated 

that transient transfection of the BT549 cell lines with pre-miR-7 or pre-miR-155 

resulted in a reduction in SATB1 protein levels. It was therefore concluded that these 

FOXP3-regulated microRNAs target endogenous SATB1, thus supporting the 

hypothesis of Chapter 4: “FOXP3 is able to regulate the expression of SATB1 by 

binding to the promoter region of SATB1 and also by regulating miRs that bind to the 

3'UTR of SATB1”. 

A similar quantitative RT-PCR experiment was performed after completion of this 

thesis, in which the BT549 and MDA-MB-231 breast cancer cell lines were both 

transiently transfected with pre-miR-155 (Corrigendum Figure 1b). As found in 

Figure 4.6a of this thesis, transient transfection of the BT549 cell line with pre-miR-

155 results in a significant reduction (~45%) of endogenous SATB1 message levels 

when compared with the un-transfected parental and control pre-miR-transfected 

lines. This miR-155-dependent downregulation of SATB1 is also seen in the MDA-

MB-231 cell line (~85% reduction in SATB1 message levels), once again supporting 

the hypothesis of this thesis that FOXP3-regulated microRNAs target SATB1.  



The raw Corbett Rotor-Gene data for this experiment can be found on this disc in the 

document entitled “NJM_corrigendum_Raw data.pdf”. The Microsoft Excel analysis 

of the data is also located on this disc in the document “NJM_corrigendum_Analysed 

data.pdf”, as are the calculations performed in Microsoft Excel in which the SATB1 

levels were determined relative to the parental controls 

(“NJM_corrigendum_Analysed data_relative.pdf”). Together, these documents show 

that no errors have occurred in the transfer of numbers from the original raw data to 

the analysed data for Corrigendum Figure 1b.  

Overall, it is clear that despite the possibility that there are minor errors in the analysis 

of the quantitative RT-PCR experiments performed for this thesis, significant 

evidence from other experiments performed both during and after completion of this 

thesis suggest that the original hypotheses and conclusions of this thesis are valid.  
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Abstract 

 

During their lifetime, 1 in 9 Australian women will be diagnosed with breast cancer, a 

disease that arises due to mutations and epigenetic modifications to tumour suppressor 

genes and cancer-promoting oncogenes. This thesis investigates the tumour suppressive 

role of a transcription factor called Forkhead box Protein 3 (FOXP3) in breast cancer. 

Little is known regarding its role in the breast and therefore identification of FOXP3-

sensitive pathways has the potential to highlight novel targets for breast cancer diagnosis 

and therapy. 

 

FOXP3 is a „master regulator‟ in immunosuppressive T regulatory cells, where it is 

essential for both cell development and function. It was previously thought that FOXP3 

expression was restricted to these immune cells, however recent studies have identified 

FOXP3 expression in breast epithelia, where it has potential tumour suppressor properties. 

FOXP3 is mutated or has reduced expression in a significant proportion of human breast 

cancer samples, and loss of FOXP3 has been linked to increased mammary tumour 

formation in animal models. Few targets of FOXP3 in the breast have been identified, but 

it is known to directly repress the HER2 and SKP2 oncogenes while maintaining 

expression of the p21 tumour suppressor gene.  

 

A number of groups have shown that in T regulatory cells, FOXP3 regulates a number of 

small, non-coding RNAs called microRNAs (miRs). Importantly, many studies have 

reported extensive microRNA deregulation in human diseases, including breast cancer, and 



x 

 

it was therefore hypothesised that similar regulation of miRs by FOXP3 occurs in breast 

epithelia.  

 

This thesis describes how FOXP3 induces two microRNAs, miR-7 and miR-155, in breast 

epithelial cells, with these miRs contributing to FOXP3-mediated tumour suppressive 

activity. One way this is achieved is through co-operation with FOXP3 in a feed-forward 

regulatory loop to suppress an oncogene called SATB1. SATB1 is highly overexpressed in 

late-stage breast cancers and promotes metastasis, the final and most fatal stage of breast 

cancer. This work has established that the SATB1 promoter is a direct target for FOXP3 

repression and that miR-7 and miR-155 target the 3'UTR of SATB1 for further suppression. 

Re-introduction of FOXP3 into breast cancer cells using lentiviral technology results in 

reduced cell proliferation and invasion potential, supporting a role for FOXP3 as a tumour 

suppressor.  

 

To further understand the physiological importance of FOXP3 loss in cancer development, 

this work also investigated the role of FOXP3 in normal and immortalised breast epithelial 

cells, with results suggesting that FOXP3 expression prevents the acquisition of a 

cancerous phenotype. One way that it may achieve this is by maintaining elevated levels of 

miR-7 and miR-155. After further investigation, it was found that FOXP3 and miR-7 both 

have the potential to reduce epidermal growth factor receptor signalling and reduce 

resistance to apoptosis.  

 

In summary, this work describes a role for FOXP3 and the FOXP3-regulated microRNAs 

miR-7 and miR-155 in preventing the transformation of healthy breast epithelium to a 



xi 

 

cancerous phenotype. One way this is achieved is through a novel feed-forward 

mechanism by which FOXP3 and FOXP3-regulated miRs work together to suppress the 

pro-metastatic oncogene SATB1. This thesis provides important insight into the tumour 

suppressive role of FOXP3 in breast epithelia and with further investigation, this new 

knowledge may form the basis for the development of a novel and effective targeted breast 

cancer therapeutic.  
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μM   microMolar 

Ab   Antibody 

APC   Antigen Presenting Cells 

ATF-2   Activating Transcription Factor 2 

BC   breast cancer 

BME   Basement Membrane Extract 

bp   base pairs 

BR   binding region 

Breg   Regulatory B cell 

BSA   Bovine Serum Albumin 

cDNA   complimentary DNA 

ChIP-on-chip combination of Chromatin Immuno-Precipitation and microarray 

technology 

cPPT   central polypurine tract 

CSC   cancer stem cell 

Ct   cycle threshold 

dH20   distilled water 

DMEM  Dulbecco‟s Modified Eagle Medium 

DMSO   Dimethyl sulfoxide 

DNA   Deoxyribonucleic acid 

dNTP   Dinucleotide triphosphate 

EDTA   Ethylene diamine tetra-acetic acid 

EGFR   Epidermal Growth Factor Receptor 
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EMT   Epithelial-to-mesenchymal transition 

ER   Estrogen Receptor 

ERBB2/HER2  Human Epidermal growth Factor Receptor 2 

FACS   Fluorescence activated cell sorter 

FCS   Foetal Calf Serum 

FL   full length 

FOXP3  Forkhead box Protein 3 

FKH   Forkhead 

g   gravitational force 

gDNA   genomic DNA 

GFP   Green Fluorescent Protein 

HAT   Histone Acetyl-Transferase 

HDAC   Histone deacetylase 

HER2   Human Epidermal growth factor Receptor 2 

HMEC   Human Mammary Epithelial cell line 

HoxD10  Homeobox D10 

IDC   Invasive ductal carcinoma 

IDC-NOS  Invasive ductal carcinoma not otherwise specified 

IFN   Interferon 

Ig   Immunoglobulin 

ILC   Invasive lobular carcinoma 

IPEX Immune dysregulation Polyendocrinopathy Enteropathy X-linked 

disease 

IRES   Internal Ribosome Entry Site 

IRS   insulin receptor substrate 

iTreg   inducible T regulatory cell 

Kb   Kilobase 

KO   knockout  

L   Litre 

LB   Luria broth 

LPS   Lipopolysaccharide 
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LV   lentivirus 

LZ    Leucine zipper 

M   Molar 

MaSC   mammary gland stem cell 

MCS   multiple cloning site 

MDSC   Myeloid-derived suppressor cell 

mg   milligram 

miR   microRNA 

mL   millilitre 

MOI   multiplicity of infection 

mRNA   messenger ribonucleic acid 

MRP   multidrug resistance-associated protein  

mTor   mammalian target of rapamycin 

MW    molecular weight 

n   sample size 

NaCl    sodium chloride 

NC   nitrocellulose 

NES   nuclear export sequences 

NFAT   Nuclear Factor of Activated T cells 

NFκB   Nuclear factor kappa B 

NLS   nuclear localisation sequences  

nM   nanoMolar 

ns   not significant 

nTreg   natural T regulatory cell 

o/n   overnight 

PAK-1   p21-activated kinase 

PARP-1  Poly ADP-ribose Polymerase 1 

PBS   Phosphate Buffered Saline  

PCR    Polymerase Chain Reaction 

PR   progesterone receptor 
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PRE   post-transcriptional regulatory element 

P/S   Penicillin/Streptomycin  

RISC   RNA-induced silencing complex  

ROR   Retinoic acid receptor-related orphan receptor 

rpm   revolutions per minute 

RPMI   Roswell Park Memorial Institute medium 

RRE   Rev-responsive element 

RSV   Rous sarcoma virus promoter 

RT   room temperature 

RT-PCR  Reverse transcription real time polymerase chain reaction 

SATB1   Special AT-rich binding protein 1 

SD   standard deviation 

SEM   Standard error of the mean 

shRNA  short hairpin RNA 

siRNA   small interfering RNA 

SKP2   S-phase Kinase Protein 2 

STAT3  Signal Transducer and Activator of Transcription 3 

TCF4   transcription factor 4 

TDLU   Terminal Ductal Lobular Units 

TGFβ   Tumour growth factor β 

Th   T helper cell 

TIP   Tat-interactive protein 

TLDA   Taqman Low Density Array 

TN   Triple negative 

Treg   T regulatory cell 

TSA   Trichostatin A 

VEGF   Vascular Endothelial Growth Factor 

WT    wildtype 

ZF   Zinc finger 
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