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1) Purpose of the visit
State of the Art

The alteration of cellular functionality, termed reprogramming, is mediated through the forced expression of transcription factors (TFs), which define the target cell fate. Indeed, Takahashi et al. were the first to report that through the use of a combination of TFs, including Oct-4, Sox-2, c-Myc and Klf-4, the cell state could be reprogrammed from a mature somatic cell (fibroblast) to a pluripotent state similar to that of the embryonic stem cell (ESC), although termed iPS (induced pluripotent stem) cells [1]. This technology has been further exploited for direct reprogramming of fibroblasts to other functional adult somatic cells [2-4]. These reports provide us with proof of principle that the state of a cell is not irreversible. On the contrary, a cell can be reprogrammed to the desired phenotype through the forced expression of the correct TFs.

However, current technologies for cellular reprogramming use viral approaches and can therefore raise additional concerns and safety issues for clinical applications. This is due to potential tumorigenicity caused by random viral gene insertions. Therefore, footprint free methodologies are now being developed by the research group headed by Prof. Dr. S. Yamanaka and coworkers (founders of iPS technology) to minimize host genome interference.
Objectives

Current therapeutic strategies for skeletal repair are being hindered by the lack of robust and reproducible cell populations, which display favourable differentiation and proliferative properties for medicinal research and cellular therapy. Currently, most efforts have focussed on the use of adult stem cells with the major cell type of choice being the bone marrow MSC. However, despite apparent in vitro osteogenic differentiation [5], in vivo bone formation is limited in many cases. It is believed that the genetic variation, limited proliferative ability and poor engraftment may all lead to a poor clinical outcome [6]. Indeed it has been reported that proliferative capacity significantly decreased as a function of donor age [7], and in conjunction with this in vitro expanded MSCs have also been shown to lose their differentiation and proliferative ability [8]. As an in vitro cell expansion step is a critical part of any tissue engineering strategy, these factors currently hinder the clinical use of adult stem cells for bone augmentation. Fortunately, the investigation of cellular reprogramming has provided an alternative, and powerful strategy for the production of robust and synchronised cell populations. Herein, I propose the creation of clinically relevant, genomic integration free, functional osteochondro-progenitors for high efficacy in vivo tissue formation. These objectives will be achieved through investigation based on 3 work packages (WPs).

2) Description of the work carried out during the visit
WP1. Production of footprint free PRX1-GFP iPS cells.

Following optimization, postnatal dermal fibroblasts isolated from PRX1 (early marker for osteochondroprogenitors)-GFP (Green Fluorescent Protein) mice [9] were electroporated with episomal plasmids (pCE) encoding the pluripotency reprogramming factors: Sox-2, Klf-4, L-Myc and Oct-3/4. 21-days following transfection, iPS colony formation was observed throughout the culture. Subsequently, iPS colonies were isolated and were established as cell lines. The established cell lines will allow us to optimize differentiation protocols towards murine PRX1, GFP+ osteochondroprogenitors.

As a human equivalent does not exist we attempted to create a transgenic human iPS cell line carrying a reporter system that can be used for optimizing differentiation conditions. To achieve this, we amplified 1.5 kilobasepairs upstream (presumable promotor region) of the start codon of the human Prx1 gene. The resultant sequence was fused with a Piggybac based GFP-IRES-Puromycin sequence and was subsequently electroporated in a human iPS cell line. However, due to time restrictions, isolation and propagation of single cell derived colonies could no be carried out. These experiments will therefore be repeated and optimized at the Skeletal Biology and Engineering Research Center (KU Leuven).

WP2. Derivation of footprint free osteochondroprogenitors.

As a result of time restrictions, establishment of differentiation protocols of pluripotent stem cells towards PRX1 positive osteochondroprogenitors from the iPS lines established in WP1 could not be carried out. However, since skeletal development and repair is often preceded by cartilage formation and subsequent hypertrophic differentiation, a process known as endochondral ossification (EO), we attempted to apply these sequential steps of differentiation and maturation by using previously established human iPS cell lines. Human iPS cells were differentiated to hypertrophic cartilaginous aggregates by using differentiation factors including Insulin-Transferrin-Selenite and Bone Morphogenetic Proteins (BMPs). These stimulated aggregates were subsequently histological processed and stained with Safranin-O.
WP3. Direct reprogramming of dermal fibroblasts to osteochondro- progenitors.

WP3 was not carried out due to time restrictions. This section will be evaluated at the Skeletal Biology and Engineering Research Center (KU Leuven).


   
3) Description of the main results obtained

WP1. Production of genomic integration free iPS cells.

Postnatal dermal fibroblasts isolated from PRX1-GFP mice were successfully reprogrammed to iPS cells using episomal plasmids. 18 different colonies were isolated and expanded to establish different cell lines. These cell lines will be further characterized at the Skeletal Biology and Engineering Research Center (KU Leuven) prior to establishing differentiation conditions.

WP2. Derivation of footprint free osteochondroprogenitors.

Cartilaginous aggregates containing hypertrophic chondrocytes and matrix mineralization were obtained by stimulating human iPS cells with chondrogenic/hypertrophic growth factors. It is likely that these aggregates will trigger bone formation in vivo, as chondrocyte hypertrophy is required during endochondral ossification. As a result, in vivo tissue formation assays will be carried out at the Skeletal Biology and Engineering Research Center (KU Leuven) by using human iPS cell derived hypertrophic cartilaginous aggregates.
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Fig1. Safranin-O staining of human induced pluripotent stem cell derived cartilaginous aggregate. Mineralization was observed in the center of each stimulated aggregate.



4) Future collaboration with host institution (if applicable)

Further optimization and research regarding WP2 will be carried out as joint research between KU Leuven and CiRA - Kyoto University.
5) Projected publications / articles resulting or to result from the grant (ESF must be acknowledged in publications resulting from the grantee’s work in relation with the grant)

6) Other comments (if any)
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