
IMBA Press Release

Institute of Molecular Biotechnology
Dr. Bohr-Gasse 3, 1030 Vienna, Austria

Tel: +43-1-790 44
Fax: +43-1-790 44/110
www.imba.oeaw.ac.at

Policy regarding use:
IMBA press releases may be freely reprinted and distributed via print and electronic media. Text, photographs and graphics are copyrighted by IMBA. They may 
be freely reprinted and distributed in conjunction with this new story, provided that proper attribution to authors, photographers and designers is made. High-
resolution copies of the images can be downloded from the IMBA web site: www.imba.oeaw.ac.at

IMBA
Institute of Molecular Biotechnology

of the Austrian Academy of Sciences

Picture Caption: 
Scientists have uncovered how hormone replacement therapy can increase the risk of breast cancer, 

according to new research published on Nature’s website today (Wednesday 29 September, 2010). 
They found that the link is a protein molecule RANKL, which is essential to regulate bone mass and 
which is also involved in milk production. The Austrian researchers have shown that a synthetic pro-
gesterone, frequently used in HRT and hormonal contraception, can switch on the activity of RANKL 

within breast cells, causing them to divide and multiply and preventing them from dying when they 
should. Moreover, stem cells in the breast become able to renew themselves, ultimately resulting in 

breast cancer. (Copyright: IMBA)

Researchers find how HRT and the Pill can lead to  
breast cancer and suggest possible treatment
Medical scientists have uncovered how hormone replacement therapy and contracep-
tive pills can lead to breast cancer, according to research published online by Nature 
today (Wednesday 29 September, 2010). The findings raise the hope that hormone 
induced breast cancer may be prevented in future using a new treatment for the bone-
loss disease osteoporosis.

Breast cancer is one of the most common cancers, affecting up to one in eight women during their lives in 
Europe, the UK and USA. Large population studies such as the Women’s Health Initiative and the Million 
Women Study have shown that synthetic sex hormones called progestins used in hormone replacement 
therapy, HRT, and in contraceptives can increase the risk of breast cancers.

Now medical researchers at the Institute of Molecular Biotechnology of the Austrian Academy of Sci-
ences in Vienna have identified a key mechanism which allows these synthetic sex hormones to directly 
affect mammary cells.

The research builds on previous work by Prof Josef Penninger, the IMBA director, who found the first 
genetic evidence that a protein called RANKL is the master regulator of healthy bones. In a complex sys-
tem that regulates bone mass, RANKL activates the cells that break down bone material 
when it needs to be replaced. When the system goes wrong and we make too much of 
the protein it triggers bone loss, leading to osteoporosis in millions of patients around the 
world every year.  Finding exactly the same molecule in breast tissues led the scientists 
to the new link between sex hormones and breast cancer.

In a scientific article published on Nature’s website today, the research team show that 
a synthetic female sex hormone used in HRT and contraceptive pills can trigger RANKL 
in breast cells of mice. As a consequence, these mammary cells start to divide and mul-
tiply and fail to die when they should. Moreover, stem cells in the breast become able to 
renew themselves, ultimately resulting in breast cancer. 

In a different set of mouse treatment tests, reported in a second Nature article also 
published today, researchers at Amgen have found that pharmacologic blocking of the 
RANKL system significantly delays mammary tumor formation leading to significantly 
fewer breast cancers in mice. In another mouse model, RANKL inhibition not only decre-
ased breast tumor formation but also reduced lung metastasis.
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“Ten years ago we formulated the hypothesis that RANKL might be involved in breast cancer and it took us 
a long time to develop systems to prove this idea”, says Prof Josef Penninger. ” I have to admit it completely 
surprised me just how massive the effects of the system were. Millions of women take progesterone derivatives 
in contraceptives and for hormonal replacement therapy. Since our results show that the RANKL system is an 
important molecular link between a synthetic sex hormone and breast tumors, one day women may be able to 
reduce their risk by taking blocking medicines in advance to prevent breast cancer”.

A monoclonal antibody, denosumab, that blocks RANKL has been recently approved in the US and the EU for 
the treatment of osteoporosis, and is currently under review for the treatment of bone metastases in patients 
with advanced cancer. “Further studies will be needed to prove the principle of our findings”, says Dr Daniel 
Schramek, who carried out the studies with Prof Josef Penninger at the Institute of Molecular Biotechnology in 
Vienna. “But we hope that medical trials using denosumab can be started in the near future to test whether the 
mouse studies can be directly translated to human breast cancer.”

This work was an international collaboration between lead researchers at IMBA and scientists at the Medical 
University of Vienna; the Garvan Institute of Medical Research, Sydney, Australia; the Ontario Cancer Institute, 
University of Toronto, Toronto, Canada; Harvard School of Public Health, Harvard Medical School and the 
Ragon Institute of MGH/MIT and Harvard, Boston, USA;  the Institute for Genetics, Centre for Molecular Medi-
cine (CMMC), and Cologne Excellence Cluster (CECAD), University of Cologne, Germany; University College 
London, UK; and the University of Erlangen-Nuremberg, Germany.
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Notes to News Editors:

(1) A high quality copyright-free colour image of the human body showing breast cancer cell activation is availa-
ble for free reproduction (with acknowledgement to IMBA) on request, or download directly from the website: 
http://www.imba.oeaw.ac.at/news-media/illustrations

(2) RANK = Receptor Activator of Nuclear Factor κ B, this receptor is a membrane protein
RANKL = Receptor Activator of Nuclear Factor κ B Ligand, this is a chemical messenger which binds to RANK 
and activates it.

(3) Nature Advance Online Publication, Sept. 29, 2010, DOI 10.1038/nature09387. Title: Osteoclast differentia-
tion factor RANKL controls development of progestin-driven mammary cancer (Schramek et al.) 

(4) About IMBA 
The IMBA – Institute for Molecular Biotechnology of the Austrian Academy of Sciences – opened in 2003.  It 
combines fundamental and applied research in the field of biomedicine.  Interdisciplinary research groups 
address functional genetic questions, particularly those related to the origin of disease.  The ultimate goal is to 
implement acquired knowledge into the development of innovative applications for prevention, diagnosis and 
treatment of disease. 
 
IMP - IMBA Research Center 
A cooperation contract links the Institute of Molecular Biotechnology of the Austrian Academy of Sciences 
(IMBA) to the Research Institute of Molecular Pathology (IMP), which has operated since 1988 and is sup-
ported by Boehringer Ingelheim.  Under the name of the “IMP – IMBA Research Center”, both institutes have 
access to a combined infrastructure in scientific and administrative areas.  Together, the two institutes employ 
around 400 staff from 30 nations and are members of the Campus Vienna Biocenter. 


