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Osteoporosis (OP) is a metabolic bone disease characterized by loss of bone mass and disturbed bone architecture compromising bone strength and thereby predisposing for fractures. OP is today a major health problem of increasing concern in the European Community, the USA and in Asia. OP behaves as a “silent epidemic” until the first fracture occurs because the disease is recognized too late and grossly under-diagnosed in Western countries. Primary OP shows a strong gender bias in which the genetic predisposition is important. At least 4 out of 10 women after 50 years of age will sustain at least one fracture because of OP during their lifetime, while 1 out of 5 men will experience a similar fracture. Secondary OP e.g. due to metabolic diseases or medical treatments is also a prevalent disease in the European Community. The mechanisms behind and the etiology of primary OP are unknown, but somehow the dynamic processes of bone remodelling that comprise bone homeostasis have failed. 

The OSTEOGENE project had as a major objective to study and characterize the molecular mechanisms causing or leading to OP and to create substantial evidence based knowledge for early diagnosis, prevention and improved treatment of the disease. 

1. Project execution 

i) Project objectives.

The project objectives consisted of scientific achievements and development and implementation of novel technology in addition to defined management tasks.

The basis and foundation of this work represented the inclusion of patients and healthy subjects who had been clinically expert evaluated in relation to post-menopausal OP in women and male OP, including a cohort of patients with secondary form of metabolic OP due to primary hyperparathyroidism. In addition, recruitment of young and adolescent healthy males represented an important task for genetic studies. Biobank containing blood and tissue samples was established, functional genetics studies were complemented and extended with genetic linkage analyses in informative families. Genetic loci of importance for determination of bone mineral density, which is about 80% genetically dependent, were studied in healthy males of different age groups. A major objective was the study of the molecular mechanisms underlying primary OP in women. A summary of the objectives related to WPs and responsible contractors is shown in table form below.
ii) Contractors involved.

All the Contractors (Contractor 1-8) were early and increasingly involved in collaborative work. As a result of WP 1 management carried out by the Coordinator and Co-coordinator, an organization favouring early dissemination of knowledge and results was developed. Because the design of the study included both male and female OP patients, it was important to expand an early established bilateral WPs collaboration to an interaction engaging the whole consortium relating to research in both genders. Through frequent contact between all Contractors, a system for close interaction was developed (WP 1) to ensure early exploitation of relevant findings. Our early results suggested that both gender specific as well as common molecular mechanisms were involved in the pathogenesis of OP in men and women. A tabulated summary of contractors involved is given below. In brief, Contractor 1 (Coordinator), responsible for WP 2, recruited successfully according to the objectives, all the patient and control persons representing postmenopausal and age related female OP as well as secondary OP due to primary hyperparathyroidism. The recruitment of patients to male OP was a bit short in relation to number of persons recruited, but more than fulfilled the important requirements regarding numbers of bone biopsies and molecular analyses performed. The collection of blood and bone biopsies as described by Contractor 1 and 6 was carried out as planned, and bone biopsies were processed according to the schedule for RNA purification and quality testing (WP 3). The projected number of cDNA probes was constructed and used in microarray analysis (WP 3). The study branch related to secondary OP due to primary hyperparathyroidism, were completed in its entirety, and the results published in international high quality journals. Also, the number of microchip analysis regarding postmenopausal and age-related female osteoporosis was more than fulfilled (WP 4). A higher number of bone biopsies than scheduled from males and females was obtained through the work of Contractor 1 and Contractor 6 for global gene expression profiling (WP 3 and 4). Several “added value” studies were performed answering fundamental questions of e.g. molecular variation in different anatomical sites of trabecular bone. On the basis of the presented results, a flow of information was submitted from WP 3 and WP 4 to WP 5 and WP 6 (Contractor 3), for bioinformatics work and statistical analysis of the gene expression profiles, as well as initiating functional genomic studies. Furthermore, the biopsies were prepared for advanced proteomics analysis in WP 7 (Contractor 4) and imaging applications at the tissue, cell and ultrastructural levels in WP 11 (Contractor 2). In addition, Contractors 5 and 6, working on bone mass and OP in males, cooperated as planned involving Contractors 2, 3 and 7 in addition to Contractor 1. The results generated through WP 4, 5 and 6 and fed into WP 7 (Contractor 4), activated collaboration with WP 10 (Contractor 7), WP 11 (Contractor 2) and WP 12 (Contractor 8) to carry out in vitro analysis and animal model studies in relation to these discoveries. Thus, the results generated in WP 4, 5, 6, 7, 8 and 9 resulted in a direct application of the technology systems developed in WP 10 (Contractor 7) and 11 (Contractor 2), performing functional studies in tissue and complex cell culture systems, developed for this purpose. After implementation of a state-of-the-art imaging system, WP 11 (Contractor 2) used results from work in WP 4, 5, 6 and 10. The discoveries obtained in WP 4, 5 and 6, were also suited to become tasks in WP 12 and exploited further (Applications, Contractor 8). Thus, Contractor 8 (IDS, Immuno Diagnostics Ltd) gathered information and undertook laboratory work relevant to the field of IPR protection.
The results achieved in OSTEOGENE fulfilled all the listed objectives. For the first time a “molecular disease map” was created for important forms of osteoporosis in humans. These results take the project beyond the state of the art not only in terms of advancement of the knowledge base, but also because of its impact on front line research and industry. Thus, the work uncovered novel disease related gene products which lent themselves to commercial exploitation as evidenced by submitted patent application carried out by WP12. The original idea, which turned out to be successful, was to examine osteoporotic trabecular bone as the site of manifest illness in comparison to healthy control bone and to analyse the data using state-of-the-art bioinformatics and statistics based on generated gene expression profiles. From these lists showing the differentially expressed transcripts between sick and healthy bone, osteoporosis candidate gene products were selected and tested in cell culture- and transgene animal models. 

Project objectives and Contractors involved

	Contractor
	Contractors name
	Objectives (see below)
	Contractors involved

	1
	Kaare M. Gautvik (Coordinator)
	1
	2, 3*, 4, 5, 6, 7*, 8



	1
	
	2
	5, 6*, 7

	1
	
	3
	3, 6*, 11

	1
	
	4
	2, 3*, 5, 6, 7*

	2
	Finn P. Reinholt
	11
	1*, 3*, 4*, 6, 7

	3
	Rune Jemtland
	5
	1*, 2, 6, 7

	3
	
	6
	1*, 2*, 4, 7, 8*

	4
	Dick Heinegard
	7
	1, 2*, 7*, 8

	5
	Rene Rizzoli
	9
	1, 2, 6*, 7

	6
	Harish Datta
	8
	1*, 3, 5*

	7
	Anna Teti (Co-coordinator)
	10
	1*, 2*, 3*, 4*, 5, 6

	8
	Roger Duggan
	12
	1*, 3*, 4, 7


Objectives:

1. Management to ensure collaboration and dissemination; set up and maintain technical quality control and to implement and maintain administrative and financial management. 

2. Registration and clinical evaluation of patients with primary female and male osteoporosis and a group with secondary osteoporosis due to primary hyperparathyroidism. 

3. Obtain blood and bone biopsies, RNA isolation and generation of cDNA.

4. Generate and compare global gene expression profiles from patients and controls.

5. Compilation, integration and assessment of microarray data and to identify the characteristics of osteoporosis candidate genes.

6. Investigation of functional properties of osteoporosis candidate genes

7. Characterisation of proteins from humans and rodents together with functional studies.

8. Register and clinically evaluate three genetically informative families with regard to male osteoporosis and genetic analyses. 

9. To study the relationship between bone mineral mass and bone density in relation to gene polymorphisms (LRP5, IL-6) in a cohort of boys and healthy males.

10. Development of organ and cell cultures to study how anabolic effectors influence bone homeostasis in vitro.

11.  Improve molecular imaging technology and to study microarchitecture in bone.

12. Development of novel diagnostic arrays with application in the field of bone and mineral metabolism. 
2. Disseminations and use.

The main elements of the publishable results were first channelled through the national and international Scientific and Public Health Communities for dissemination of the knowledge, always paying attention to protect IPR. These elements included abstracts, posters and lectures frequently held for The International Scientific Community and also addressing the public at large. E.g. OSTEOGENE and ANABONOS (another EU project in the field), held a joint Symposium at an international scientific meeting in May 2006, with participation of the International Osteporosis Foundation (a patient organization) representing a potent effort to disseminate knowledge not only to the scientific community, but also to health workers and the public. Our project logo is OSTEOGENE and we have an available updated public website through: TUhttp://folk.uio.no/sreppe/index.html/OSTEOGENE.htmlUT 

Scientific papers have been and are presently being produced and submitted to internationally high impact, refereed journals for publication. In several WPs papers have already been published or are “in press”.

