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Thesis Corrigendum

“A tumour suppressor role for FOXP3 and FOXP3-regulated microRNAs in breast
cancer cells”
Natasha Jacqueline Mclnnes

September 2012

A thesis submitted to the University of Adelaide as the requirement for the degree of Doctor of
Philosophy

This corrigendum has been included in this thesis due to errors identified in the analysis of
Quantitative Real-Time PCR experiments that were performed after this thesis was submitted.
These errors were typographical, and arose in the manual transfer of numbers from raw data
files (Rotorgene 6000 software) to data analysis files (Microsoft Excel software). It is therefore
possible that errors of a similar nature arose during the preparation of figures for this thesis.

Importantly, it should be noted that despite the potential minor errors present in the Quantitative
Real-Time PCR data presented in this thesis, this was not the only method used to investigate
the hypotheses. Additional experiments that support the results of the Quantitative Real-Time
PCR experiments include western blots, luciferase assays and growth assays. It is therefore
extremely unlikely that the presence of minor errors in the Quantitative Real-Time PCR
analyses would influence the overall significance and conclusions of this thesis.

Unfortunately, due to misplacement of the data files used to generate the figures in this thesis,
it is not possible to provide replacement figures for the Quantitative Real-Time PCR
experiments performed. However, one experiment relating to the work performed in Chapter 4
of this thesis was performed after thesis submission, and supports Figure 4.6a of this thesis.
The results of this additional experiment and a comparison with the results shown in Figure
4.6a are discussed in further detail on this disc.

Natasha Jacqueline McInnes

Date: 5/‘“/{%
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Profile

Cycle Cycle Point
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Quantitation data for Cycling A.Green
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5 10 15 20 3 5 40

Cycle
Standard Curve
No.|Colour|Name Type Ct Rep. Ct|Rep. Ct Std. Dev. [Rep. Ct(85% C)
34 Bt alone RPL Unknown|12.24|12.21 |0.02 [12.16, 12.27]
35 Bt alone RPL Unknown|12.19
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38 Bt+miR NC RPL |Unknown|11.45
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41 Bt+miR-155 RPL{Unknown|11.58
(Continued on next page)...
No.|Colour|{Name Type Ct Rep. CtiRep. Ct Std. Dev. |Rep. Ct (85% CI)
42 Bt+miR-155 RPL {Unknown|11.54
49 231 alone RPL Unknown{11.79{11.75 |0.05 [11.64, 11.86]
50 231 alone RPL Unknown|11.76
51 231 alone RPL Unknown}{11.70
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43-Bt+PNA NC RPL 44-Bt+PNA NC RPL 45-Bt+PNA NC RPL 46-Bt+PNA-155 RPL 47-Bt+PNA-155 RPL 48-
Bt+PNA-155 RPL 58-231+PNA NC RPL 59-231+PNA NC RPL 60-231+PNA NC RPL 61-231+PNA-155 RPL
62-231+PNA-155 RPL 63-231+PNA-155 RPL 73-Bt+PNA NC SAT 74-Bt+PNA NC SAT 75-Bt+PNA NC SAT
76-Bt+PNA-155 SAT 77-Bt+PNA-155 SAT 78-Bt+PNA-155 SAT 88-231+PNA NC SAT 89-231+PNA NC SAT
90-231+PNA NC SAT 91-231+PNA-155 SAT 92-231+PNA-155 SAT 93-231+PNA-155 SAT

Legend:
NEG (NTC) - Sample cancelled due to NTC Threshold.
NEG (R. Eff) - Sample cancelled as efficiency less than reaction efficiency threshold.
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Data Analysis
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Data Analysis

Mean of Triplicates

SE of Mean

ey g -Mean SE of Mean
Description “Normalized Normalized | Normalized
. | Expression Expression |Expressionin %
BT alone 3.91E-04 2.03E-05 519
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Cell line/treatment |Normalised expression Relative expression |Average |[Standard Deviation
0.000425385 1
0.000355122 0.834825725
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0.000449382 1.056413368
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231+miR NC 6.48805E-05 0.816799557| 0.894769 0.072030964
1.03604E-05 0.130430006
1.12161E-05 0.141202864

231+miR-155 1.42831E-05 0.17981439| 0.150482 0.025967036
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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 SATBT mRNA is reduced
when pre-miR-7 or pre-miR-155 is transiently expressed in BT549 cells. SATBT 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<3.12x105, **p=1.03x10-12. b) Figure derived from an experiment performed after this thesis
was submitted. Expression of endogenous SATBT 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).



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-135 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=6.35x107, and 35 to 45% reduction, p=1.4x10" 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 SATBI1 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 SATBI 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



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. SATBL 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

X



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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