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Background
Aromatase inhibitors (AIs) are a novel adjuvant endocrine treatment

for oestrogen receptor (ER)-positive breast cancer in

postmenopausal women. They inhibit the conversion of androgens

to oestrogens. In the clinic, AIs have been shown to be superior to

tamoxifen (a selective ER modulator), with improved tolerability and

increased disease-free survival.1,2 However, prolonged use of AIs can

lead to acquired resistance characterised by aberrant ER signalling

and crosstalk with growth factor pathways.2 An AI-resistant breast

cancer cell line, Let-R, is currently being investigated and

demonstrates differential oestrogen regulation of target genes. In

resistance, classical genes such as pS2 become

oestrogen-independent. However, cyclinD1 remains

oestrogen-regulated and appears to be modulated through

oestrogen signalling to c-jun N-terminal kinase (JNK) in addition to

the ER. This study aims to characterise the Let-R cell line created in

the lab and to optimise an ER-α knockdown in Let-R cells.
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Methods
The hMSCs used in the study were obtained from the iliac crests

of healthy donors and donated by the Regenerative Medicine

Institute (NUI, Galway). 

PEI-DNA polyplexes containing green fluorescent protein (GFP)

were fabricated at a range of N/P ratios and doses. Similarly, CaP

nanoparticles containing GFP were formed at a range of DNA

doses. 

The transfection efficiency of these vectors was subsequently

investigated using the osteogenic gene bone morphogenic

protein 2 (BMP2), and calcium production was evaluated using

Alizarin Red staining. PEI-GFP polyplexes were then combined

with collagen nanohydroxyapatite (nHA) scaffolds to explore

their potential in a 3D environment.

Results
The maximal transfection efficiency of these complexes without

compromising cell viability was determined to be 24% (PEI) and 

6% (CaP) with transfection parameters at N/P7, and 2µg and

3µg DNA, respectively. hMSCs transfected with the PEI and CaP

complexes containing BMP2 exhibited increased calcium

production in osteogenic media compared to controls (Figure 1).

PEI-DNA collagen-nHA GAMs seeded with hMSCs exhibited

transient GFP expression over a 14-day period (Figure 2).

Conclusion
This study thus demonstrates that PEI and CaP are efficient hMSC

transfection agents for use in monolayer cultures. PEI was shown

to be a more efficient transfection agent and was subsequently

found to also be effective in the 3D scaffold environment. 

The further development of PEI and CaP vectors for use in GAMs

could have immense potential for promoting bone tissue

regeneration.
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Methods
Endocrine-sensitive parental MCF-7, AI-sensitive MCF-7-Aro and

MCF-7-AroR-Let (Let-R) breast cancer cell lines were used to

investigate protein expression levels of ER-α, cyclinD1, JNK and

c-jun using western blotting. Cells were transfected with

100pmol of ER-α small interfering RNA for 48 hours to optimise

the knockdown in Let-R cells.

Results
Let-R cells have higher levels of ER-α, JNK and c-jun compared

to MCF-7-Aro cells (Figure 1). CyclinD1 basal levels are elevated

in MCF-7-Aro cells compared to Let-R cells (Figure 2). An

effective ER-α knockdown in Let-R cells was optimised (Figure
3).

Conclusion
The significant ER-α knockdown achieved in the Let-R cells

enables further examination of knockdown effects on protein

levels and mRNA expression. 

Elevated expression of ER-α  in the Let-R cells observed is

consistent with the association between AI resistance and ER

hypersensitivity.3 In resistant cells, the decrease in basal levels of

cyclinD1 may be partly responsible for the lack of regulation of

classical genes like pS2, previously detected in the laboratory.4

The elevated levels of JNK and c-jun observed in Let-R cells

support the theory of crosstalk between the ER and growth

factor pathways in resistance.2 It would be of interest to

accompany AI treatments with growth factor inhibitors to

further our understanding of endocrine resistance.

Understanding such resistance mechanisms will help to create

novel biomarkers and therapies to predict and overcome AI

resistance.
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FIGURE 1: Western blot demonstrating relative ER-α, JNK and c-jun expression

in endocrine-sensitive MCF-7, AI-sensitive Aro and AI-resistant Let-R cell lines.

FIGURE 3: Western blot demonstrating ER-α knockdown in Let-R cells using

RNA interference.

FIGURE 2: Western blot demonstrating relative cyclinD1 expression in

AI-sensitive Aro and AI-resistant Let-R cell lines.


