Targeting MSCs for Osteogenesis

Current therapeutic agents for the stimulation of bone formation in humans are limited (Black et al and Liet al), and the use of mesenchymal stem cells as agents of bone formation through their potential to differentiate into osteoblasts suffers due to the lack of control of their functionality (Pittenger et al). A major limiting factor is the inadequate homing of MSCs to the appropriate regions of the bone surface (Gao et aland Meyerrose et al). Researchers from the laboratory of Nancy E. Lane at the University of California at Davis Medical Center, California, USA have previously synthesised a hybrid compound (LLP2A-Ale) consisting of a ligand with high affinity and specificity for MSCs (LLP2A) (Peng et al) and alendronate (Ale), a bisphosphonate (a class of drugs that prevent the loss of bone mass) with high affinity for bone, which increase MSCs homing function and enhance osteogenic capabilities in mouse models (Guan et al). Their new report in Stem Cells (Yao et al) focuses on the role of the bone micro-environment and the application of LLP2A-Ale in clinically-relevant animal models of bone loss.

Bone-related extracellular matrix composition was first assessed for its effect on LLP2A-Ale-mediated MSC migration. This found that MSC migration through a coated transwell insert towards a hydroxyapatite microparticle-coated bottom well was enhanced with Collagen I (a bone matrix protein) and IV. Increased migration was also associated with the expression of large numbers of receptor tyrosine kinases (RTKs) as observed by an increase in phosphorylated Akt and S6 Ribosomal protein.

LLP2A-Ale was next assessed in ovariectomy-induced bone loss, a standard preclinical model for osteoporosis using Green Fluorescent Protein (GFP)-tagged MSCs to monitor homing. MSCs were observed either at the bone surface as osteoblast-like cells or embedded within the bone matrix as osteocyte-like cells. Treatment off the mice with LLP2A induced greater bone marker expression and a greater bone formation rate than parathyroid hormone (one of the few other therapeutic interventions regularly used) and PBS in ovariectomized-mice. MSC + LLP2A-Ale treated mice also demonstrated evidence of increased trabecular bone formation leading to complete restoration of vertebral trabecular bone loss induced by ovariectomy at 12 weeks and increased bone strength. This was compared to MSC treatment alone which failed to increase trabecular bone mass. A similar trend was observed also for endocortical bone; MSC + LLP2A-Ale increased bone formation and induced bone strength.

The study concluded by assessing the impact of aging, which may be associated with reduced numbers of MSCs and dysregulation of the bone microenvironment, by comparing mature (24-week-old) or aged (24-month-old) female C57BL/6 mice. As expected MSCs + LLP2A-Ale treatment in the mature mouse led to increased osteogenesis-associated markers, bone formation and strength compared to treatment with PBS, parathyroid hormone or MSCs alone and, excitingly, the researchers also observed a positive response to MSC + LLP2A-Ale in the aged mice which showed a 2000% increase in periosteal bone formation rate and a 30% increase in cortical bone strength compared to PBS-treated mice.

This follow up research demonstrates that LLP2A-Ale could be an innovative and important new tool in improving the osteogenic differentiation and targeted migration of MSCs during hormone loss and in normal aging. The addition of LLP2A-Ale significantly enhanced the therapeutic activity of MSCs with no undesired side effects observed; such as an inflammatory response or superfluous cellular growth. As the authors themselves suggest, this also gives an impetus for preclinical and potentially clinical studies in humans, where the problem of bone loss and bone disease is becoming increasingly important due to the increasing elderly proportion of the population. This could also represent a launch pad for related hybrid products; can MSCs or other therapeutically relevant stem/progenitor cells be targeted to specific parts of the body (heart, brain, bone marrow) or even to sites of disease, such as cancer where they have been shown to have some beneficial roles, or to act as carriers for anti-tumourigenic therapies? Future research involving these exciting hybrid products holds much promise.

