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INTRODUCTION

Erythropoietin (Epo) is the prime regulator of red blood cell production. It increases red cell
numbers principally by means of an “anti-apoptotic” action on erythroid progenitors.
Importantly, Epo also acts on other cells and tissues outside of the hematopoietic system,
including endothelium, central nervous system, reproductive system and gut (reviewed in [1]).
Epo receptors (EpoR) have also been identified on breast cancer (CaB) and other malignant
human cells, and there is an in vitro study suggesting that these EpoR on CaB cell lines may be
functional [2, 3]. EpoR on prostate cancer cells have been shown definitively to be functional [4]
The presence of functional EpoR on cancer cells is of particular concern since recombinant Epo
is used widely to correct the anemia associated with chemotherapy and to improve tumor
oxygenation for radiotherapy. This concern was heightened recently when a trial of Epo in CaB
patients was terminated early due to decreased survival in the Epo-treated group [5]. Given the
large number of CaB patients who receive Epo therapy, an anti-apoptotic effect of Epo on CaB
cells in vivo would have profound adverse consequences. Therefore, it is of vital importance to
determine the functionality of the EpoR on CaB cells in vivo.

BODY

We obtained several CaB cell lines form the American Type Culture Collection. They included
MCEF7, MCF10A (a control normal mammary epithelial cell line), SKBR, MDA-MB-231, HS
578T and T47D. After trying several sets of primers to identify the EpoR by RT-PCR, we settle
on a pair that gave reproducible results. As seen in Figure 1, each of the CaB lines expressed the
EpoR. Notably, the non-malignant MCF10A control normal mammary epithelial cell line did
not.

BaF3

BaF3/EpoR

MCF7

MCF10A (normal mammary epithelial cell line)
SKBR

MDA-MB-231
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Figure 1. Expression of EpoR by human breast cancer cell lines demonstrated by RT-PCR. M, molecular
weight markers; 1, BaF3 cells negative control; 2. BaF3/EpoR cells positive control; 3, 5-8, breast cancer cell
lines; 4, normal human mammary epithelial cell line.



The amount of EpoR mRNA expressed by each of the CaB cell lines was approximately 1 % of
that expressed by the positive control BaF3/EpoR cells [6]. Since BaF3/EpoR cells express
approximately 3000 EpoR/cell on their surface (determined by us using radiolabeled Epo
binding experiments), this would mean that CaB cells express about 30 EpoR/cell, below the
limits of detection of our binding assay. However, we still attempted radiolabeled Epo binding
experiments with the CaB lines (not shown). We were not able to detect specific binding to
EpoR above the non-specific binding curve for all lines tested. We have obtained similar results
when testing human ovarian and prostate cancer cell lines that we have shown, nevertheless, to
express functional EpoR [4, 7, §].

We tested the effect of short-term (48 hr) exposure to recombinant human Epo (rthEpo) on the
growth of CaB cells in liquid culture Figure 2. We found no significant effect of short term
rhEpo exposure on CaB growth at all concentrations tested. This result is identical to our
published results on ovarian cancer [7, 8] but is in contrast to the significant growth effect that
we observed on prostate cancer cells [4].
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Figure 2. Short-term (48 hr) exposure of MCF7 cells to rhEpo has no significant effect on
growth in liquid culture.

Though not proposed originally, we discovered that long-term (>30 days) exposure of CaB cell
to rhEpo results in a change in phenotype characterized by an increased growth rate even in the
absence of further add rhEpo. MCF7 cells were grown for 30 days in the presence of 5 U
rthEpo/ml or 35 U rhEpo/ml, results in derivative cell lines designated MCF7/+5 and MCF7/+35,
respectively. As seen in Figure 3, both MCF7/+5 and MCF7/+35 grew faster than did MCF7,
with MCF7/435 growing the fastest of the three.
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Figure 3. Long-term exposure of breast cancer cells to rhEpo results in an enhanced
growth phenotype.

In contrast to the lack of short-term rhEpo effect on growth in liquid culture (see Figure 2),
rhEpo did exhibit a modest but significant stimulatory effect on CaB cell colony formation in
soft agar (Figures 4 and 5), even at concentrations readily achieved in patients treated with
thEpo for cancer-related anemia. This effect was equivalent to that observed using 10 nM -
estradiol, a known growth stimulant for many CaB cell

lines.
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Figure 4. Treatment of breast cancer cells with rhEpo increases colony formation in soft agar.
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Figure 5. Effect of rhEpo treatment on MCF7 cell colony formation.

Importantly, long-term rhEpo-treated cells formed even more colonies in soft agar, even in the
absence of added rhEpo, consistent with a change in growth phenotype caused by long-term
rhEpo exposure (Figure 6).
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Figure 6. Long-term rhEpo treatment dramatically increases MCF7 colony formation.



In an effort to produce CaB cell lines with the EpoR down-regulated, we first attempted to use
antisense RNA technology, with which we have considerable experience[9-11] . However, after
many attempts over several months, we did not succeed in reliably down-regulating the EpoR
using antisense. Toward the end of the award period we developed an siRNA method for down-
regulating the EpoR in CaB cells. We first used transient transfection of MCF7 cells with an
siRNA expression vector. As seen in Figure 7, semi-quantitative RT-PCR shows reduced
expression of EpoR in the MCF7/EpoR-KD (knock-down) cells compared to MCF7 and MCF7
transfected with a non-targeting control vector. Quantitative real-time PCR confirmed a
significant down-regulation (knock-down) of EpoR expression in the MCF7/EpoR-KD cells.
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Figure 7. Quantification of EpoR expression in transient knock-down MCF7 cells.

Importantly, transient knock-down of EpoR leads to a reduced growth rate of the cells, even in

the absence of added rhEpo (Figure 8).
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Figure 8. Transient Knock-down of EpoR leads to a slower growth rate of MCF7 cells.



We next carried out stable transfection of MCF7 cells. As shown in Figure 9, we succeeded in
isolating two MCF7 clones with stably knocked-down EpoR expression. We plan to carry out
the in vivo mouse experiments proposed once new funding is available.
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Figure 9. Quantification of EpoR expression in stable knock-down clones of MCF7 cells.

This concludes the progress made during the project period.

KEY RESEARCH ACCOMPLISHMENTS

e Identified EpoR expression in all Cab cell lines examined.
e Found no EpoR expression by non-malignant breast epithelial cell line MCF-10A
e Showed that added rhEpo stimulates colony formation in soft agar

e Discovered that long-term exposure to rhEpo changes the phenotype and increases
growth rate and colony formation

e Succeeded in down-regulating (knocking-down) EpoR expression transiently using
siRNA

e Showed that EpoR knock-down cells grew more slowly

e Developed clones of MCF7 with EpoR stably knocked-down
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The erythropoietin receptor EpoR is expressed by human breast cancer cells. These EpoR are
functional and trigger a mitogenic response when activated by Epo. This has important clinical
implications for breast cancer patients receiving erythropoietin.
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