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Regulation of BRCA-1 Gene Expression and Mammary Tumorigenesis 
by the Brn-3b POU Family Transcription Factor 

Grant Holder: Professor D. S, Latchman 

Staff employed: Dr T. Rafferty then Dr M. Syndos 

Introduction 

This project is based on our finding that the Bm-3b POU family transcription factor is over- 
expressed in breast cancer cells, compared to its expression in normal mammary epithelial 
cells. Moreover, prior to the start of the project, we demonstrated that over-expression of Bm- 
3b correlated with reduced expression of the BRCA-1 anti-oncogene in the breast tumour 
cells (1). The aim of this project was therefore to evaluate the role of Bm-3b in regulating the 
general growth and gene expression pattern of breast cancer cells and its role in particular, in 
regulating BRCA-1 gene expression. 

Body 

The project had two specific tasks. The research accomplishments associated with each task 
are described below. 

Task 1: Analysis of the mechanism by which Brn-3b inhibits the BRCA-1 promoter 

In our previous experiments we demonstrated that Bm-3b strongly represses the activity of 
the BRCA-1 promoter in co-transfection assays (1), This provides a mechanism for the 
inverse correlation between Bm-3b and BRCA-1 gene expression in mammary tumour cells 
(see above) and suggested that Bm-3b may play an important role in regulating BRCA-1 gene 
expression in mammary cells. 

To further characterise the effect of Bm-3b on the BRCA-1 gene promoter, we used 
progressively shorter BRCA-1 promoter constructs in co-transfeetion experiments. By this 
means we demonstrated that the repression of the BRCA-1 promoter by Bm-3b could be 
observed in co-transfection experiments with a construct containing only 500 bases of the 
BRCA-1 promoter, significantly extending our earlier observations which utilised a construct 
containing 3,500 bases of the promoter. 

However, despite its small size, this short promoter fragment contains two distinct promoters, 
the a and p promoters which can both independently drive BRCA-1 gene expression (2). We 
therefore tested constructs containing either the isolated a or the isolated P promoter in co- 
transfection experiments. In these experiments (see Appendix Fig.l) both the construct 
containing the isolated a promoter and the construct containing the isolated p promoter were 
strongly repressed by Bm-3b. Hence, repression by Bm-3b is a property shared by these two 
distinct BRCA-1 promoters. 

In our previous experiments, we had also tested the effect of the Bm-3a transcription factor 
which is closely related to Bm-3b. We found that the Bm-3a factor was also able to repress 
the large BRCA-1 promoter fi-agment and this effect was noted for the isolated a and P 
promoters also (see Appendix Fig.l). However, these experiments involved the short form of 
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Bm-3a and did not utilise the long form of Bm-3a which contains an additional 84 amino 
acids. In experiments where we tested the effect of the long form of Bm-3a for the first time, 
we were able to show that it was able to repress the isolated BRCA-1 P promoter but was able 
to activate the BRCA-1 a promoter (see Appendix Fig.l). 

These experiments therefore show for the first time that a specific form of a Bm-3 factor can 
activate a BRCA-1 promoter and moreover, that the two different BRCA-1 promoters respond 
differently to Bm-3a. These experiments involving a differential effect of the two different 
forms of Bm-3a are of particular interest since both these forms occur naturally and the 
alternative splicing event which generates them is regulated in different cell types and in 
response to different stimuH (3). 

The experiments carried out in this project have therefore defined a short region which is 
necessary for the response to Bm-3b and the closely related factor Bm-3a. Moreover, they 
have shown that Bm-3b and the short form of Bm-3a can repress both the a and p promotera, 
whereas the long form of Bm-3a can activate the a promoter whilst repressing the P 
promoter. These results therefore represent a considerable advance over our initial 
observation (1) that a large fragment of the BRCA-1 promoter was repressed by Bm-3b. 

Task 2: Characterisation of the effects of manipulating Brn-Sb expression on the 
expression of BRCA-1 and the proliferation of normal and malignant mammary cells 

In view of the over-expression of Bm-3b in breast cancer cells compared to normal mammary 
epithelium, we wished to observe the effects of manipulating Bm-3b expression in mammary 
cells on their growth rate and pattern of gene expression. To do this, the human breast cancer 
cell line MCF7 was transfected either with an expression vector capable of directing the over- 
expression of Bm-3b or with a vector containing the antisense strand of Bm-3b which should 
reduce the endogenous Bm-3b expression. Parallel samples of cells were also transfected with 
empty expression vector. Following transfection, stably transfected cells were isolated and 
cell lines grown. 

In these experiments, we identified two cell lines of each type which demonstrated the 
appropriate change in Bm-3b expression. Thus, cells transfected with the expression vector 
for Bm-3b showed approximately ten-fold over-expression of Bm-3b compared to control 
cells. Conversely, cells transfected with the antisense Bm-3b construct showed abolished Bm- 
3b expression (see Appendix Fig.2). 

In view of the potential importance of these cell lines in analysing the manner in which Bm- 
3b expression contributes to mammary tumorigenesis and the supportive comments on this 
aspect of the work obtained in reviews of our previous reports, we have devoted our major 
attention to the characterisation of these cell lines. 

In these experiments, the cell lines over-expressing Bm-3b showed both enhanced population 
doubling times as well as enhanced cellular density at the plateau phase compared to cells 
transfected with empty expression vector. Conversely, the cells with reduced Bm-3 levels due 
to transfection with the antisense plasmids showed a reduced growth rate and cellular density 
at plateau phase compared to the control cells (see Appendix, Figs.3 and 4). These results 
were confirmed by measuring the rate of cell division in each of the cell types by means of 
tritiated thymidine incorporation which demonstrated enhanced cell division in the cells over- 
expressing Bm-3b and reduced cell division in the cells with lower Bm-3b levels (see 
Appendix, Fig.5). 
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These results demonstrate therefore, that over-expression of Bm-3b (as occurs in mammary 
tumours) results in enhanced growth rate of the MCF7 cells, whereas reduced growth rate is 
observed in the antisense cells having reduced Bm-3b levels. 

In view of our previous observation that Bm-3b interacts with the oestrogen receptor and 
modulates its activity (4), we tested whether altered expression of Bm-3b also modulated the 
oestrogen responsiveness of MCF-7 cells. In these experiments (see Appendix, Fig.6) we 
observed the same differences in growth rate between the various cell lines independent of 
whether oestrogen was present. Hence, Bm-3b can modulate the growth rate of MCF-7 cells 
in the presence or absence of oestrogen. However, the strongest response to oestrogen was 
observed in the Bm-3b over-expressing cells in stripped serum lacking any endogenous 
oestrogen. Hence, as well as enhancing the growth rate of MCF-7 cells, Bm-3b also enhances 
their response to oestrogen. This is in agreement with our previous finding that Bm-3b 
interacts directly with the oestrogen receptor and enhances its ability to activate its target gene 
promoters (4). 

In experiments with the oestrogen antagonist tamoxifen (see Appendix, Fig.6), all the cell 
lines showed decreased growth, as expected. Importantly however, the differences in growth 
rate of the various cell lines were still maintained imder these conditions. Hence, Bm-3b both 
enhances the oestrogen responsiveness of cellular growth rate and stimulates cellular growth 
independently of oestrogen. 

These observations were forther extended by measuring the ability of the various cells to form 
colonies in soft agar. This is a measure of their ability to grow in an anchorage-independent 
manner which is predictive of tumour growth in vivo. In these experiments (see Appendix, 
Fig,7) the Bm-3b over-expressing cell line (Z) showed statistically significantly eiiianced 
ability to form colonies compared to the control cells. Most importantly, the antisense cell 
clone (Al) showed a very dramatically reduced ability to form colonies in soft agar. Hence, 
anchorage independence is dramatically reduced in the absence of high level expression of 
Bm-3b, indicating that the elevated levels of Bm-3b observed in mammary tumours cells may 
play a key role in their tumorigenic behaviour. 

As anchorage-independent growth is a predictor of the ability of tumour cells to grow in vivo, 
we inoculated our tumour cells into nude mice. This work clearly demonstrated that the over- 
expression of Bm-3b in MCF7 cells dramatically enhanced their ability to grow and form 
tumours in nude mice. Hence, enhanced Bm-3b levels not only enhance the ability to grow in 
vitro and the ability to grow in an anchorage-independent manner in culture but also enhance 
tumour growth in vivo. 

In view of the clear effects of altered expression of Bm-3b on tumour cell growth both in 
vitro and in vivo, we wished to examine the molecular mechanism of this effect. Thus, Bm-3b 
is a transcription factor and is likely to act by altering the expression of specific target genes. 
This analysis was regarded by the Grants Officer as an extension to Task 2, not requiring any 
change in the POW. 

In these experiments, we first examined the expression of a number of different genes which 
are of potential importance in human breast cancer. Expression was analysed both at the 
mRNA level by reverse transcriptase/polymerase chain reaction (RT-PCR) and then at the 
protein level by western blotting. As expected, enhanced expression of BRCA-1 was observed 
in the Bm-3b antisense cell lines, whereas reduced expression of BRCA-1 was observed in 
the Bm-3b over-expressing cell lines. In fijrther experiments we showed that Bm-3b over- 
expressing cells, in contrast to their reduced expression of BRCA-1 showed enhanced 
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expression of the oestrogen receptor (with which Bm-3b interacts: 4), human chorionic 
gonadotrophm and of the 27 kDa heat shock protein HSP27 all of which have been observed 
to be over-expressed in human breast cancer. As a control, we observed no change in the 
expression of other heat shock proteins HSP70 and HSP90. A typical result of this experiment 
is illustrated in Fig.8. 

These experiments therefore extend our initial observation of regulation of BRCA-1 by Bm- 
3b to show that the expression of several different genes known to be altered in human breast 
cancer is also altered in the cells with altered Bm-3b expression. To follow this up further, we 
wished to use a global analysis of gene expression in order to isolate novel genes whose 
expression was altered by changing Bm-3b levels in mammary cells, without making any a 
priori assxmiptions about their nature. 

We therefore used labelled cDNA prepared from mRNA of the Bm-3b over-expressing or 
under-expressing cells to probe the Atlas human cancer cDNA array which contains 
sequences from 1176 cancer-related genes arrayed on a filter. The results of this experiment 
(Table 1) showed clear alteration in the expression of 51 genes whose expression was either 
up or down-regulated in the Bm-3b over-expressing cells compared to the under-expressing 
cells. These potential target genes included a number whose protein products are know to 
have a role in cellular growth and differentiation and hence their identification as potential 
target genes for Bm-3b in mammary cells was of great interest. 

Accordingly therefore, we have further analysed these genes in two ways. Firstly, we have 
characterised their expression by real time RT-PCR and western blot analysis in our cell lines 
having respectively elevated, normal or reduced levels of Bm-3b. This experiment was 
intended to confirm the results of the initial filter screening assay. Secondly, to estabhsh the 
relevance of our results for human breast cancer, we have measured the levels of Bm-3b and 
of selected potential target genes in biopsy samples from human mammary tumours. 

In the real time RT-PCR experiments (Appendix, Fig.9) we obtained results which confirmed 
the filter screening. Thus, we showed, for example, that levels of cyclin-dependent kinase 4 
(edk4), p21 and RhoC were enhanced in the Bm-3b over-expressing cells (Z) compared to the 
antisense cells (A). Conversely, expression of c-wyc, fuse binding protein, c-jun, EGR-1 and 
zyxin was reduced in the over-expressing cells (Z) compared to the antisense cells (A). These 
results therefore, confirm the results of the initial filter screen and show that the expression of 
several oncogenes and of other genes involved in growth confrol such as cdk4, can be 
modulated by Bm-3b. 

Most interestingly, when we measured the expression of several of these genes in human 
breast cancer samples (Appendix, Fig. 10), they showed a clear correlation with expression of 
Bm-3b. This was particularly marked for cdk4 which showed a clear positive correlation with 
Bm-3b. This contrasted with the expected negative correlation for BRCA-1. Thus, genes 
isolated as potential targets in our gene array experiments may indeed be regulated by Bm-3b 
in human breast cancer. 

Hence, the global screening experiments have indicated that Bm-3b regulates a number of 
genes which may have critical roles in regulating the growth and behaviour of mammary 
cells. Taken together with our other data therefore, these findings indicate that Bm-3b is 
likely to be a key regulator of mammary tumour growth acting via the up or down regulation 
of cellular genes involved in this process. 
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Key research accomplishments 

■ Identified a short region of the BRCA-1 promoter which is necessary and sufficient to 
mediate its response to Bm-3b. Demonstrated that both the a and P BRCA-1 gene 
promoters are independently regulated by Bm-3b. 

■ Demonstrated that the long form of the related POU family transcription factor Bm-3a can 
activate the a but not the P BRCA-1 promoter, whereas the short form of Bm-3a or Bm- 
3b repress both these promoters. 

■ Isolated MCF7 human breast cancer-derived cell lines with enhanced or reduced levels of 
Bm-3b, compared to parental cells. 

■ Demonstrated that cells with enhanced Bm-3b levels show enhanced growth rates, 
saturation density and cell division, whereas cells with reduced Bm-3b levels show 
reduced growth rates, saturation density and cell division, thereby demonstrating for the 
first time the critical role of Bm-3b in regulating breast cancer cell growth in vitro. 

■ Demonstrated that cells over-expressing Bm-3b show enhanced anchorage-independent 
growth and growth in vivo to form tumours, whereas the opposite is true for the Bm-3b 
antisense cells, demonstrating the importance of Bm-3b for tumour growth in vivo. 

■ Demonstrated that the expression of specific genes such as BRCA-1 oestrogen receptor 
chorionic gonadotrophin and HSP27 is altered in the cells with altered Bm-3b expression. 
Used global analysis of gene expression to identify novel target genes whose expression is 
increased or decreased in response to altered Bm-3b expression. 

■ Demonstrated that in several genes identified in the global analysis, such as cdk4, 
expression of the gene correlates with that of Bm-3b in human breast cancer samples. 

Reportable outcomes 

■ A paper reporting the effect of manipulating Bm-3b expression on the growth rate of 
MCF7 cells has been published (5). 

■ A fijrther paper reporting the results of the global gene expression analysis of these cells is 
currently be prepared. 

■ MCF7 cells over-expressing Bm-3b or exhibiting reduced Bm-3b levels have now been 
extensively characterised and are available for use by other investigators. 

■ A number of genes whose expression is affected by altered Bm-3b levels in the MCF7 
cells have now been identified both by testing individual genes, known to show altered 
expression in breast cancer and by a global gene expression analysis which has identified 
novel potential targets for Bm-3b. 

Conclusions 

The major achievement of this project is the demonstration that over-expression of Bm-3b in 
human mammary tumour cells enhances their growth rate and ability to form tumours, as well 
as their oestrogen responsiveness, whereas a corresponding reduction in Bm-3b reduces this. 
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This establishes Bm-3b as a potential regulator of mammary tumour growth and when taken 
together with our earlier observation of its over-expression in human breast cancer (1) 
establishes it as a key regulator and potential therapeutic target in human breast cancer. 

As a transcription factor, Bm-3b is likely to act by regulating the expression of other target 
genes either positively or negatively. In agreement with this idea, we have demonstrated that 
several genes which are known to have altered expression in breast cancer, also show altered 
expression in the cell hnes with altered Bm-3b expression. These include the BRCA-1 gene 
which we previously demonstrated showed an inverse correlation in expression pattern with 
Bm-3b in human tumour samples (1). By further analysis of the BRCA-1 promoter, we have 
defined the short regions of the two promoters which mediate their response to Bm-3b. In 
addition, by using global gene expression analysis, we have identified novel target genes 
which are induced or repressed by altering Bm-3b expression and several of which are known 
to modulate cellular growth. In some cases such as cdk4, we have shown an appropriate 
correlation between Bm-3b expression and the expression of these target genes in himian 
breast cancere. 

Overall therefore, this project has demonstrated that manipulating Bm-3b in human breast 
cancer cells can alter their growth characteristics and the expression of specific genes and that 
moreover, the over-expression of Bm-3b in human breast cancers is paralleled by the altered 
expression of its target genes, Bm-3b is likely therefore, to play a significant role in the 
tumorigenic process in human breast cancer and may be a potential therapeutic target. 
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Table I. Results of the differential display of genes on the Atlas human cancer cDNA array 
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51    G43 1004 397 0.40 -607 2.5 cytoplasmte bete-acth {ACTS) 

  N/C = not cateiilated dua to manya%.detefmlned inconsistencies (signal Weeding, baci^ground, ete.) in sne or feotti spots 
Results generated by Atlaslmage f .5k (Final) 
To sort columns, cHck on column heading, ttmn Data/Sort 
hMD://ates.dontRch com/ 
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APPENDIX - FIGURES 

Figure 1 

Regulation of the BRCA-1 a and p promoters by Bm-3 factors in MCF-7 cells. Results of co- 
transfecting constructs in which the BRCA-1 a (Panel A) or BRCA-1 p (Panel B) promoters 
drive the expression of a luciferase reporter gene. The results are shown for co-transfections 
involving expression vector lacking any insert (LTR) or expressing Bm-3a long form, Bm-3a 
short form or Bm-3b. 

Figure 2 

Levels of Bm-3b in cell lines transfected with the indicated plasmid and assayed by Western 
blotting using an antibody to Bm-3b. The column headed densitometry shows the results 
obtained by densitometric scanning in each case with levels equalised for that of the actin 
control protein, whilst the Table headed fold-expression compares the expression in each cell 
line to that of control cells transfected with empty expression vector (p LTR). 

Figure 3 

Growth rate (Panel A) and saturation density limitation (Panel B), studies of MCF-7 stable 
clones. Two clones over-expressing Bm-3b (Z and Y) control clones (B and C) or anti-sense 
clones (Al and A2) were used in each of these experiments. The number of cells at each time 
point represents the mean of three independent experiments and the error bars indicate the 
standard deviation of the mean. * Represents statistically differences (p is< 0.05) when over- 
expressing or anti-sense cell lines were compared to empty vector controls. 

Figure 4 

Summary of the results illustrated in Fig.3 showing the cell nimiber obtained at the plateau 
phase in growth curve experiments and the saturation density of each cell line in saturation 
density limitation experiments. 

Figure 5 

Tritiated thymidine incorporation by clonal MCF7 cell lines with altered levels of Bm-3b. 
Cells were grown in Ml growth medium for 48 hours and subsequently treated with tritiated 
thymidine. After one hour stimulation, cells were trypsinised, harvested onto glass filters, and 
counts per minute from the glass filters were recorded by a scintillation counter. The counts 
per minute from each cell line represent the mean of three independent experiments counted 
in triplicate +/- the standard deviation of the mean "•" denotes p-value less than 0.05 resulting 
from a chi-squared test comparing all values at the indicated time point from the experimental 
(Bm-3b short or Bm-3b antisense) with the expected (pLTR confrol). 

Figure 6 

Endocrine characteristics of MCF7 stable clones as measured by cell counts. Two clones 
representing each of the over-expressing (3b02), confrol (VI and V2), and antisense (3bASl 
and 3bAS2) cell lines were used in each of these experiments. Cells were grown in Ml 
growth medium (FGM) or phenol-redless medium containing dexfran charcoal-stripped serum 
(SS) for 48 h and subsequently freated with 17-P esfradiol (200 ng/ml), ethanol vehicle, or 
Tamoxifen (200 ng/ml). Cells were trypsinised and counted on a haemocytometer at the end 

REPORTS/2002/Regulation of BRCA-1 
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of 2 days stimulation. The number of cells for each cell line represents the mean of three 
independent experiments ± the standard deviation of the mean, (a) Cells grown in full growth 
medium (FGM), (b) cells grown in phenol-redless medium containing dextran charcoal- 
stripped serum (SS). 

Figure 7 

Anchorage independent colony formation by clonal MCF7 cell lines with altered levels of 
Bm-3b. Cells were plated in Ml growth 0.3% agarose medium. After 21 days, colonies 
comprised of at least 32 cells were counted. The number of colonies from each cell line 
represent the mean of three independent experiments counted in triplicate +/- the standard 
deviation of the mean. "•" denotes p-value less than 0.05 resulting from a chi-squared test 
comparing all values at the indicated time point from the experimental (Bm-3b short or Bm- 
3b antisense) with the expected (pLTR control). 

Figure 8 

Western blot analysis of beta himian chorionic gonadotropin in clonal MCF7 cell lines with 
altered levels of Bm-3b. Immunoblots to detect the levels of beta-hCG were carried out using 
six clones: two over-expressing pLTR Bm-3b (Z and Y) each in duplicate, and two empty 
pLTR vector controls (B and C), Total cellular protein (60 micrograms per lane) was 
fractionated on a SDS/15% polyacrylamide gel, transferred to nitrocellulose, and probed with 
an anti-beta-hCG antibody. Expression levels were normalised to total protein densitometry of 
the Coommassie satined gel after western blotting. The level of beta-hCG antigen in extract 
from the pLTR over-expressing clones was 5.66 - 14.45 times the average endogenous level 
seen in the vector controls. 

Figure 9 

Real time RT-PCR assay measuring the mRNA levels of the indicated genes in MCF-7 cells 
over-expressing Bm-3b (Z) or with reduced expression (A). 

Figure 10 

Expression of BRCA-1, p21 and cdk4 in human breast cancer biopsies and its relation to the 
expression of Bm-3b in die same samples. 

REPORTS/2002/Regulation of BRCA-1 
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Figure 2 

CLONE DENSITOMETRY 
(arbitrary units) 

FOLD EXPRESSION 

Brn-3b Brn-3b 

pLTRBm-3bZ 
pLTRBm-3bY 
pLTRB 
pLTRC 
pJ4 Bm-3b antisense Al 
pJ4 Bm-3b antisense A2 

41149 
45958 
3670 
4072 

0 
0 

10.6 
11.9 
1.0 
1.0 
0.0 
0.0 
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Figures 

Growtfi curves of MCF7 stabte clones 
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Figure 4 

Growth parameters of MCF-7 stable clones 

Clone Plateau phase Saturation 
Density 

days to cell number 
(xlO^ per cm^) 

cell number 
(xlO^ per cm^) 

Bm-3b 
Bm-3b 
Control 
Control 
Anti-sense 
Anti-sense 

Z 
Y 
B 
C 
Al 
A2 

14 
14 
12 
12 
10 
10 

7.66 +/- 0.66 
7.43 +/- 0.66 
4.17+/-0.39 
4.25 +/- 022 
2.92 +/- 0.36 
2.12+/-0.24 

8.63 +/- 0.89 
8.81 +/-1.08 
3.95 +/- 0.82 
4.31+/-0.520 
3.83 +/- 0.81 
2.64+/-0.84 
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Figure 5 

Tritiated thymldlne Incoiporation of MCF7 stable clones 
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Figure 6 

Endocrine cliafacteristics of HCFTslafcreetenes 
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Figure 7 
Anchorage Independent growth of MCF7 stable clones 
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CLONE DENSITOMETRY(arbltrary units) FOLD EXPRESSION 
beta hCG    Commassle raw normalizeti 

pLTR Brn-3b short Z 1114033 551569 

pLTR Bm-3b short Z 1047134 453077 
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pLTRB 130236 217177 
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ReaNime RT-I'CR results using LightCycler (values nonnallsed with cyclophilin) 
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Figure 9 

Real-time RT-PCR results using LighttJycler (values normalised with cyclophilin) 

c-myc mRNA levels in MCF-7 overexpressing Brn- 
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Figure 9 

Real-time RT^CR results using LigMCycler (values normalised with cyciophllin) 
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Figure 10 

R^il-^hnc RT-PCR iwing HU OpHcon: Mtowi of all experiment 

BRCA-1 vs Bm3b short mRNA Levels in Breast Cancer 
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