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Due to the COVID-19 pandemic the lab work for this project finished prematurely. As 

a consequence, different experiments had been started to work towards the project 

aims but no experiment had sufficient experimental repeats for statistical analysis. 

After discussion with The Pathological Society it was decided that this report would 

be written in a way that explains what I have done this year but also my experience 

of the course and research during the lockdown period. I hope that this report and 

the lessons I learnt which I have shared may be useful to future students considering 

pathology research as part of their intercalated degree.  
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Introduction 
Breast cancer (BC) affects one in seven women in their lifetime (1). BCs are subtyped 

according to the expression of three receptors. These subtypes are used to stratify 

treatment (2). Tumours expressing the oestrogen or progesterone receptors are 

treated with Tamoxifen or aromatase inhibitors. Tumours expressing the Human 

epidermal growth factor receptor (HER2) are treated with Herceptin, a HER2 inhibitor 

(3).  

 

Triple negative breast cancer (TNBC) is an additional BC subtype which lacks 

expression of these receptors. TNBC is aggressive and accounts for 15-20% of BCs. 

Only the 10-15% of TNBC patients who have the BRCA1 or BRCA2 mutations may 

benefit from Poly (ADP-Ribose) Polymerase inhibitors. For the remaining patients no 

targeted treatments are available for early stage disease (4). Despite chemotherapy, 

residual disease remains for 60-80% of patients and these patients have a poor 

prognosis (5,6). A new treatment is urgently needed.  

The oestrogen and progesterone receptors are nuclear receptors (NR). NRs are 

ligand-activated transcription factors. Activation by a specific ligand results in 

regulation of expression of specific genes involved in cell fate, immunity, and 

metabolism (7,8). There are two main types of response mediated by NRs; Type I NRs 

translocate into the nucleus upon ligand binding whilst Type II NRs are constitutively 

bound to DNA but are only active upon ligand binding (Figure 1) (9,10). Nuclear 

receptors are highly druggable targets. Analysis of differentially expressed NRs in 

TNBC identified a strong metabolic signature (Figure 2) (Pfaender, unpublished). 

Within this signature, the glucocorticoid receptor (GR) and the Liver X Receptor (LXR) 

were differentially expressed suggesting that GR and LXR are potential drug targets 

for TNBC. Previously, high expression of GR showed association with worse 

prognosis in TNBC and antagonism of GR has shown some promise in early stage 

trials (11–13). 
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Figure 1: Two models of nuclear receptor (NR) action. Left: Type I NRs such as the 
oestrogen receptor (ER), progesterone receptor (PR) and the glucocorticoid receptor (GR) 
reside in the cytoplasm when they are not bound to a ligand. Upon ligand binding, the ligand-
receptor complex translocates into the nucleus, binds to DNA at the nuclear receptor response 
element (NRRE) and recruits coregulators (CoReg) to activate or inhibit gene transcription. 
Right: Type II NRs such as Liver X receptor (LXR) and Retinoid R receptor (RXR) are 
constitutively nuclear even when inactive, and bound directly to DNA. Figure was created from 
results described in (9) and (14). 
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Figure 2: Bioinformatic analysis of nuclear receptor networks in BC. String analysis of 
differentially expressed nuclear receptors was completed, and an additional two interactome 
layers included to predict protein interaction networks. A cell cycle network emerges for 
tumours containing Oestrogen (ER) and Progesterone (PGR) receptors (blue circle) whereas 
a cell metabolism network emerges for TNBC tumours that contain Glucocorticoid (GR) and 
Liver X (LXR) receptors (red circle). Profiling of nuclear receptor expression, the string 
analysis and the production of  this Figure was completed by Pauline Pfaender, as part of an 
Erasmus project (Pfaender, unpublished).  

Furthermore, a cholesterol-derived oncometabolite, 6-oxo-cholestan-3β,5α-diol 

(OCDO), is present at higher levels in TNBC tissue compared to normal breast tissue 

and high levels of OCDO are associated with worse prognosis (15).  The endogenous 

GR and LXR ligands (cortisol and 27-hydroxcholesterol) are also cholesterol-derived. 

OCDO drives GR-dependent proliferation and has been shown to bind to LXR 

however the role of OCDO in relation to lipid metabolism remains unexplored (15).  
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Hypothesis 

OCDO promotes GR and LXR activation and crosstalk in breast and promotes 

detrimental cell metabolism in TNBC. Modulation of GR and LXR activity/crosstalk 

may restore normal cell metabolism and therefore offer therapeutic benefit.  

Specific aims  

1. Determine the effect of OCDO on GR nuclear translocation, a marker of 

activation.  

2. Establish if OCDO can activate GR and LXR to drive transcription of reporter 

genes containing consensus response elements.  

3. Use existing data and bioinformatic tools to predict potential pathways and 

genes that are commonly regulated by GR and LXR cross-talk.  

Two further aims if the pandemic had not occurred were:  

1. Confirm GR and LXR regulation of a small panel of genes.  

2. Assess the outcome of using GR and LXR modulators on coregulated 

pathways.  

Does OCDO induce GR nuclear translocation? 

To determine the effect of OCDO on GR nuclear translocation MDA-MB-231 and 

MDA-MB-468 TNBC cells were treated with 100nM Dexamethasone (a positive 

control) or 10μM OCDO for 1, 4, and 24 hours. Cells were fixed and stained for GR, 

the nucleus and the actin cytoskeleton. Cytoplasmic and nuclear GR were imaged, 

quantified and the nuclear GR: cytoplasmic GR ratio determined using ImageJ and 

Cell Profiler. Two different microscopes were used to optimise the imaging process. A 

pipeline was produced using Cell Profiler which reliably identified nuclei and cytoplasm 

in the EVOS microscope images but this was not possible for the Widefield microscope 

images despite trying multiple different methods to identify cytoplasm outlines. 

Consequently only EVOS microscope images were used. This experience provided 

an opportunity to work through a computer-based problem systematically and judge 

when it is appropriate to continue with an issue and when to accept it is not working 

and move on.  
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For all time points Dexamethasone induced GR translocation in the nucleus in both 

cell lines compared to untreated cells. OCDO appeared to induce some GR 

translocation in MDA-MB-231 but not MDA-MB-468 cells, which was more evident at 

higher magnification (Figures 3-4, expanded fields Appendix Figures A-D). LXR is 

constitutively bound to DNA so activation by OCDO could not be assessed using 

immunofluorescence. 
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Figure 3: Quantification of ligand induced nuclear GR translocation in MDA-MB-468 and 
MDA-MB-231 cells after 1 and 4 hours.  (A) Higher magnification images from Appendix 
figures A and B. As indicated, green GR, red actin and blue DNA. White arrowheads highlights 
OCDO treated cells with nuclear GR. Scale bar, 10μm. (B and C) Scatterplots showing 
nuclear/cytoplasmic ratios of GR after 1 and 4 hour treatments with 100nM Dexamethasone 
(Dex) or 10μM OCDO in MDA-MB-468 and MDA-MB-231 cells, quantified using cell profiler. 
Higher values indicate more nuclear GR. Red bars show mean ratio. N=1.   
 
 
 



 10 

 
 

Figure 4: Quantification of ligand induced nuclear GR translocation in MDA-MB-468 
and MDA-MB-231 cells after 24 hours.  (A) Higher magnification images from appendix 
figures C and D. As indicated, green GR, red actin and blue DNA. White arrowheads highlights 
OCDO treated cells with nuclear GR. Scale bar, 10μm. (B and C) Scatterplots showing 
nuclear/cytoplasmic ratios of GR after 24 hours treatments with 100nM Dexamethasone (Dex) 
or 10μM OCDO in MDA-MB-468 and MDA-MB-231 cells, quantified using cell profiler. Higher 
values indicate more nuclear GR. Red bars show mean ratio. N=1.   
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Does OCDO activate GR and LXR to drive transcription? 
 

A reporter gene assay (a synthetic system designed to measure transcription factor 

activity) was used to investigate transcription. MDA-MB-231 and MDA-MB-468 cells 

were transfected with a specific response element that drives luciferase enzyme 

expression fused to the promoter region of a GR or LXR target gene (TAT3 and 

ABCA1 respectively). When the transfected cells are treated with a drug targeting the 

transcription factor that regulates that gene’s expression and luciferin substrate is 

added, light is produced (Figure 5). A luminometer measures the light output; the more 

light there is the more transcription factor activation there is. Cells were treated with 

OCDO and two positive controls, Dexamethasone and GW3965 (known GR and LXR 

agonists respectively).  

 
Figure 5: Diagrammatic representation of the GR and LXR reporters. (A) 
Transcription factor (TF) binding to the transcription factor response element (TFRE) 
activates luciferase production. When luciferin substrate is added light is produced. 
(B) The glucocorticoid receptor (GR) specific reporter which works as described in (A). 
Activation of the GR promoter of the TAT3 gene results in light production. (C) The 
Liver X Receptor (LXR) specific reporter which works as described in (A). Activation 
of the LXR promoter of the ABCA1 gene results in light production. TAT3-Luc was a 
generous gift from Dr J Iniguez-Lluhi (16). ABCA1-Luc was purchased from Addgene 
(#86442 (17)).  
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Dexamethasone-treated cells showed a dose response for both cell lines transfected 

with the GR reporter. In MDA-MB-468 and MDA-MB-231 cells the mean luciferase 

activity increased modestly as OCDO concentration reached 3μM (Figure 6). The 

response to OCDO was not as potent as Dexamethasone, indicated by the response 

to significantly lower concentrations of Dexamethasone compared to OCDO.  

 

 
Figure 6: Activation of the GR responsive TAT3-Luc reporter by OCDO. MDA-MB-468 
and MDA-MB-231 cells were transfected with a TAT3-Luc reporter plasmid then treated with 
serial dilutions of Dexamethasone or OCDO in charcoal stripped calf serum for 16 hours. Fold 
change in luciferase activity relative to luciferase activity in DMSO vehicle control treated cells. 
Error bars show standard error of the mean (A and B) and standard deviations from technical 
replicates (C and D). (A and B) n=2. (C and D) N=1. 
 

These preliminary data suggest that OCDO causes GR to translocate into the nucleus 

in MDA-MB-231 cells but possibly not in MDA-MB-468 cells. However, OCDO 

mediated GR-regulated transcription in both cells lines. Insufficient numbers of repeats 
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were completed for the immunofluorescence and luciferase assays due to limited time 

and hence no statistical analysis could be performed. Thus the hypothesis that 

Dexamethasone and OCDO cause GR translocation into the nucleus cannot be 

accepted nor rejected. The data so far is promising however in supporting the 

hypothesis. 

 

MDA-MB-231 and MDA-MB-468 cells transfected with the LXR reporter showed dose 

responses for GW3965 and OCDO (Figure 7). Thus the preliminary results suggest 

that OCDO can activate GR- and LXR-mediated transcription in MDA-MB-468 and 

MDA-MB-231 cells although there was a greater response to LXR in MDA-MB-231 

cells than MDA-MB-468 cells.  

 
Figure 7: Activation of the LXR responsive ABCA1-Luc reporter by OCDO. MDA-MB-468 
and MDA-MB-231 cells were transfected with an ABCA1-Luc reporter plasmid and treated 
with serial dilutions of GW3965 and OCDO in charcoal stripped serum for 16 hours. Fold 
change in luciferase activity relative to luciferase activity in DMSO vehicle control treated cells. 
Error bars show standard error of the mean for N=2 (A and B) and standard deviation of three 
technical repeats (C and D). (A and B) n=2. (C and D) N=1. 
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What endogenous genes to GR and LXR coregulate?  
 

To identify genes that OCDO may have an effect on via GR- and LXR-mediated 

transcription, available online Chromatin Immunoprecipitation-sequencing (ChIP-seq) 

datasets for GR and LXR were quality assessed during the lockdown period. Ideally 

we would have done ChIP-seq on our cells and the second best option would have 

been comparing datasets for GR and LXR in human breast. However, research on 

LXR is in its infancy so limited datasets were available. Other datasets had to be 

analysed to select the best possible comparison (Table 1). For me, this was an insight 

into potential limitations within research and how science can’t always use the gold-

standard methods but other methods may be available that, although aren’t ideal on 

their own, when used together they are a useful substitute. In this project that meant 

identifying possible important genes in TNBC coregulated by GR and LXR and 

confirming their regulation using PCR.  

 

No direct human tissue comparisons could be made because of poor quality datasets 

for either GR or LXR for any given available tissue (Table 1). As mouse datasets are 

commonly used to predict responses in humans, NR binding data in same tissue 

mouse datasets were considered as a possible proxy. However, when these were 

overlaid with GR in human normal and TNBC breast tissue there was negligible 

overlap possibly due to the complexity of human breast tissue and 5000 gene targets 

being too restrictive (Figure 8). Increasing the number of gene targets selected above 

5000 was an option but this risked including more constitutively activated genes that 

are not important to TNBC pathology. Therefore, it was next considered whether GR 

in human breast could be compared with LXR in another human tissue. The best 

comparison was between GR in normal and TNBC breast and LXRα in human adipose 

tissue which showed 243 genes coregulated by GR and LXRα specific to TNBC 

(Figure 9). 
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Table 1: List of available human LXRα, LXRβ, and corresponding GR gene target 
datasets available for analysis from the Cistrome database (18,19). A dash indicates that 
no datasets were available. Cistrome database ID, dataset reference. 

 
Tissue Species LXRa 

Quality, 

Cistrome ID (ref) 

LXRb 
Quality, 

Cistrome ID (ref) 

GR 
Quality, 

Cistrome ID (ref) 

Breast  

(normal and 
TNBC) 

Human - - 

 

Normal – good 
87683,  

(20) 
TNBC – moderate 

56103,  
(21) 

Colorectal 

adenocarcinoma 
Human 

 
Good 

69800, 
(22) 

 
Good 

69805, 
 (23) 

Poor 

38651, 
 (24) 

Monocytes Human - 

 

Poor 
8397, (25) 

 
Good 

50246,  

(26) 

Adipose Human 

 

Good 
41168, (27) 

- - 

Macrophage Mouse 
Good 

72544, 

 (28) 

 
Good 

2645,  
(29) 

Good 
82532,  

(30) 

Hepatocyte Mouse - 

 
Good 

5416,  
(31) 

 
Good 

37598,  
(32) 
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Figure: 8: Overlay of human and mouse ChIP-seq data for GR and LXRs. Publicly available 
ChIP-seq data for GR, LXR⍺ and LXRβ were analysed using the Cistrome database. For each 
dataset, the top 5000 peaks annotated to genes (note some genes had multiple peaks) were 
selected and then compared using BioVenn (33).  (A) Shows overlap between glucocorticoid 
receptor (GR) in normal human breast (MCF10A), human TNBC (MDA-MB-231), and mouse 
macrophages and for the Liver X Receptor (LXR⍺ and LXRβ) in mouse macrophages. (B) Shows 
overlap between GR binding sites in normal human breast, human TNBC, and mouse hepatocytes 
and LXRβ binding sites mouse hepatocytes. Numbers represent the number of gene targets (not 
the number of peaks). Details of datasets are presented in Table 1. 
 

 
Figure 9: Overlay of human ChIP-seq data for GR and LXRs. Publicly available ChIP-seq 
data for GR, LXR⍺ and LXRβ were analysed using the Cistrome database. For each dataset, 
the top 5000 peaks annotated to genes (note some genes had multiple peaks) were selected 
and then compared using BioVenn (33).  Figure shows overlap between GR binding sites in 
normal human breast (MCF10A), human TNBC (MDA-MB-231), and LXR⍺ binding sites in 
human adipose tissue. Numbers represent the number of gene targets (not the number of 
peaks). Details of datasets are presented in Table 1 . 
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Unbiased gene pathway analysis of those 243 genes using Enrichr (34,35) identified 

that lipid metabolism is likely to be an important point of GR and LXR crosstalk, which 

was consistent with the literature that outlines both NRs’ functions independently 

(Figure 10). To test that this was not just a result of using an adipose dataset the 

analysis was repeated using LXRα and LXRβ in colorectal adenocarcinoma instead 

of adipose and enrichment of fatty acid biosynthesis remained (not shown). Next, 

genes involved in these pathways were identified. Five lipid genes (FASN, ACACA, 

ADIPOR2, PRKAB1, and ABCA1) were consistently enriched in these pathways but 

these genes could be regulated in different ways (Figure 11). NR binding graphs were 

used to identify genes bound by GR and LXR in common sites (36). ABCA1 was 

excluded from further analysis as PCR analysis completed in the project but not 

discussed in this report suggested OCDO did not activate ABCA1 transcription. While 

the ACACA gene had binding sites for GR, LXRα and LXRβ, there were no clear 

regions where binding sites were aligned (Figure 12A) suggesting GR and LXR may 

regulate ACACA independently. Meanwhile binding sites were more closely aligned 

for ADIPOR2, FASN, and PRKAB1 suggesting they GR and LXR may regulate these 

genes by crosstalk (Figure 12B-D). Therefore, these genes would have been taken 

forward for further analysis if the Coronavirus pandemic had not occurred.  
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Figure 10: Gene ontology analysis of common gene targets for GR and LXRa. The list 
of 243 GR and LXR⍺	coregulated genes from figure 9, were input into Enrichr, a platform which 
searches a panel of ontology databases to predict altered pathways based on gene 
signatures. Graph shows significantly enriched pathways from three databases; 
Wikipathways, KEGG and Bioplanet. Bold font indicates pathways related to lipid metabolism. 
-log10 p value is plotted in each case, so higher values denote increased significance. 
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Figure 11: Clustergram analysis of the 243 GR and LXRa shared gene targets. The 
analysis from figure 10 was extended to visualise individual genes within the top 10 enriched 
pathways. Clustergrams shows significant regulation of genes that are enriched in the top 10 
ontologies (red squares) from all three databases; Wikipathways, KEGG and Bioplanet. Red 
font indicates candidate genes that were highlighted by multiple independent databases. 
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Figure 12: Mapping LXRa and GR, binding sites using data from the Cistrome database. 
Gene tracks for the three nuclear receptors were visualised in UCSC genome browser to 
identify common binding (peaks) at, or upstream of transcriptional start sites (28,31,32,36). 
The four candidate coregulated genes ACACA, ADIPOR2, FASN and PRKAB1 are shown. 
Arrows below indicate transcriptional start site and direction of transcription. Red dashed 
boxes highlights potential regions for coregulation. Y-axis shows peak/ binding score. Scale 
in kilobases (Kb) shown for each gene.  
 
Discussion 
Due to the Coronavirus pandemic there was not time to complete sufficient biological 

replicates for the wet lab experiments. This was a frustration, as I had received 

training, and gained confidence in a variety of techniques but was unable to build on 

my experience. Consequently, no statistical analysis could be completed on the data 

and hence it is not possible to determine if any differences seen between treatments 

are due to random chance or biologically meaningful effects. Future work should 

complete experimental repeats to enable statistical analysis, complete PCR to confirm 

GR and LXR regulation of ADIPOR2, FASN, and PRKAB1, and complete LipidTox 

assays to define the effect of OCDO on lipid accumulation.  

 



 

 21 

This study adds evidence that OCDO binds directly to GR and activates GR-mediated 

transcription. It also adds evidence that OCDO activates LXR-mediated transcription 

and identifies a point of crosstalk between GR and LXR relevant to metabolism.  

 

A COVID-affected course experience  
Despite lab work ending prematurely, during my six months in the lab I gained valuable 

experiences in the scientific techniques described above. I developed problem-solving 

skills from talking with my lab group to work out why a technique I had been trying for 

a number of weeks wasn’t working (which taught me why research can take a long 

time!) to deciding the best datasets to use from the limited number available. Through 

these experiments and being part of weekly lab group meetings I gained an 

appreciation for the number of variable factors in an experiment, for example the 

antibody quality. I learnt how to critically appraise a paper during paper criticism 

tutorials and 1:1 conversations with my supervisors and I developed academic writing 

skills whilst writing my literature review and project report. Together these experiences 

helped me appreciate the level of rigor research requires to demonstrate a theory. 

Informal lab meetings and seminars were excellent opportunities to hear about other 

research projects and techniques as well as present my work too.  

 

Whilst pre-COVID I was happy working quietly I found working from home during the 

lockdown period challenging, particularly when we could only exercise once a day, 

because it was harder to split the day into sections. However, the experience made 

me reflect on how I work best but also implement strategies to maintain productivity. 

Regular meetings with my supervisors were helpful for goal setting and kept the project 

progressing, plus, there was plenty of time for reading papers.  

 

There are so many unanswered questions in pathology. I look forward to using the 

skills which I developed this year in the future to help improve our understanding of 

diseases and new ways of treating them.  

 
Word count: 1,997 (excluding figure legends) 
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Appendix 

 
Figure A: Ligand induced GR translocation in MDA-MB-468 cells after 4 hours. 
Representative immunofluorescence images for MDA-MB-468 cells treated for one or four 
hours with 100nM Dexamethasone or 10μM OCDO, then fixed and stained for DNA, actin and 
GR. Left column: greyscale images of nuclei identified with DAPI staining. Middle column: 
greyscale image of location of GR. Right column: Colour images of three stains. Red indicates 
actin, blue indicates the nucleus and green indicates GR.  Scale bars indicate 50μm, 20x 
magnification. N=1. 
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Figure B: Ligand induced GR translocation in MDA-MB-231 cells after 1 and 4 hours. 
Representative immunofluorescence images for MDA-MB-231 cells treated for one or four 
hours with 100nM Dexamethasone or 10μM OCDO, then fixed and stained for DNA, actin and 
GR. Left column: greyscale images of nuclei identified with DAPI staining. Middle column: 
greyscale image of location of GR. Right column: Colour images of three stains. Red indicates 
actin, blue indicates the nucleus and green indicates GR.  Scale bars indicate 50μm, 20x 
magnification. N=1. 
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Figure C: Ligand induced GR translocation in MDA-MB-468 cells after 24hrs. 
Representative immunofluorescence images for MDA-MB-468 cells treated for 24 hours with 
100nM Dexamethasone or 10μM OCDO, then fixed and stained for DNA, actin and GR. Left 
column: greyscale images of nuclei identified with DAPI staining. Middle column: greyscale 
image of location of GR. Right column: Colour images of three stains. Red indicates actin, 
blue indicates the nucleus and green indicates GR.  Scale bars indicate 50μm, 20x 
magnification. N=1. 
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Figure D: Ligand induced GR translocation in MDA-MB-231 cells after 24hrs. 
Representative immunofluorescence images for MDA-MB-231 cells treated for 24 hours with 
100nM Dexamethasone or 10μM OCDO, then fixed and stained for DNA, actin and GR. Left 
column: greyscale images of nuclei identified with DAPI staining. Middle column: greyscale 
image of location of GR. Right column: Colour images of three stains. Red indicates actin, 
blue indicates the nucleus and green indicates GR.  Scale bars indicate 50μm, 20x 
magnification. N=1. 
 
 


