MSCs inhibit Fibrosis after Radiation Therapy

While radiotherapy is effective for the treatment of solid tumours, the use of ionizing radiation (IR) has several debilitating side-effects, including dermal thickening due to collagen accumulation (Sivan et al andZhao and Robbins). Why this fibrosis occurs is not definitively known, although the dysregulation of immune cell activity has been implicated (Gallet et al). Mesenchymal stem cells (MSCs) are thought to have a potent immunomodulatory role (Abumaree et al) with several clinical trials underway (Kaplan et al,Kuzmina et al and Wang et al). Now, the group of Deborah E. Citrin at the National Cancer Institute, Bethesda, Maryland, USA report in Stem Cells on their research into whether a systemic infusion of bone marrow MSCs (BMSCs) can be used to inhibit the progression of radiation-induced fibrosis using a well-characterized murine model (Horton et al).

BMSCs used were Sca-1+CD29+CD106+CD44+ and CD45-CD11b- and were multipotent, having the ability to differentiate into adipogenic, osteogenic, and chondrogenic cell types. While BMSC infusion did not have any significant effect during the acute phase of IR injury (up to 66 days post-irradiation), skin contracture, as measured by hind limb extension, was significantly improved at 120 and 150 days in mice receiving BMSC cells 6 weeks after irradiation leading to a reduction in leg contracture of 37% and 34%, respectively. Dermal thickening and collagen accumulation, which characterize fibrosis in the limb, was also significantly reduced as were irradiation-associated inflammation, epidermal hyperplasia and hyperkeratosis.

PCR-based analysis found that BMSCs persisted in the skin after systemic infusion in 75%, 25% and 10% of skin samples at 14 days, 42 days and 108 days respectively, and were not found in the peripheral blood. Further expression analysis of 84 fibrosis-associated genes at 14 days after infusion found 10 genes with significant differences between irradiated control skin and BMSC infusion and, of these, IL-1β (pro-inflammatory) and Serpine1 were most downregulated by BMSCs infusion, and IL-10 (anti-inflammatory) and PDGFa were most highly upregulated. Additionally, immunoregulatory cytokines were assessed; finding that BMSC infusion led to a decrease in IL-1α and IL-1β (pro-inflammatory) and an increase in Interleukin-1 Receptor Antagonist (IL-1RN) and IL-10 (anti-inflammatory) compared to irradiated controls. IL-1β and IL-10 are known products of classically activated macrophages and regulatory inflammatory macrophages, respectively (Murray and Wynn), and indeed irradiated skin had higher levels of CD68+ pan- macrophages and CD80/B7.1+ classically activated macrophages compared to unirradiated skin.

To better understand the relationship between BMSC infusion and inflammation reduction, lipopolysaccharide-activated primary macrophages were co-cultured with BMSCs. LPS led to huge levels of TNF-α production (pro-inflammatory), as well as IL-10 and IL-1 IL-1RN which was amplified when BMSCs were co-cultured suggestive of a transition towards an anti-inflammatory phenotype. Co-culture also led to the increased expression of TNF-α but no significant change in TGF-β (pro-inflammatory) secretion compared to activated macrophages alone. In the presence of a tumor necrosis factor receptor 2 (TNF-R2) neutralizing antibody, IL-10 release in co-culture experiments was reduced to control levels, and when using TNF-R2 deficient cells IL-10 production was impaired. Supporting these in vitro findings, TNF-R2 was induced in irradiated skin of BMSC-treated mice compared to vehicle controls together suggesting that BMSCs suppress chronic inflammation by inducing IL-10 production by activated macrophages via a TNF-R2-regulated mechanism.

Overall, this study represents a positive step forward in the search for effective therapies to negate the adverse effects of ionizing radiation, utilizing BMSCs, which have been shown to be effective in healing of acute ulcerative radiation wounds after local injection (Agay et al, Akita et al, and Lataillade et al), but not fibrosis which occurs later in the development of the disorder. This more faithfully recapitulates the probable clinical use – treatment rather than prevention. While the complete resolution of fibrosis was not possible, the BMSCs seem to mediate their antifibrotic effect by altering the inflammatory environment of the wound. Increased knowledge of these pathways may allow synergistic treatment with BMSCs and small molecule drugs to increase the efficacy and efficiency in treating an unfortunate side-effect to an otherwise effective therapy.

