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Introduction: Mesenchymal stem cells (MSCs) are multipotent cells capable of differentiation into cartilage, bone, adipose, 

muscle, tendon, and ligament.  MSCs are a potential therapeutic option for bone repair due to their ease of isolation from the 

host, limited differentiation potential, and potential ability to evade the host immune response.  It is proposed that allogeneic 

MSCs inherently maintain an immunopriveleged status and can be used as progenitor cells for bone repair by evading 

rejection without host immunosuppression.  Most data of the immunopriveleged status of MSCs is in vitro, while there is 

much conflicting data in vivo.  If MSCs are truly immunopriveleged, MSCs can potentially be readily available in cell banks 

to aid in bone repair without immunosuppression.  A systematic investigation evaluating MSC survival and bone forming 

capacity in the allogeneic host is needed to clarify if in fact MSCs are immunopriveleged. 

Materials & Methods: A clonal population of MSCs (D1 cells) derived from Balb/c mouse bone marrow were expanded via 

cell culture.  Four mouse groups with distinct immunological properties were chosen for the study based on the competence 

of their immune system as well as matching of their major histocompatibility complex type I (MHC-I) to D1 cells derived 

from Balb/c mice.  The four groups of mice were: Balb/c (immunocompetent & syngeneic), C57BL/6 (immunocompetent & 

allogeneic), NCR Nude (T cell deficient & similar yet not identical MHC-I as D1 cells), C57BL/6 Pfp/Rag2 KO (NK, T, B 

cell function impaired & allogeneic).  6 mice from each group were used, for a total of 24 mice.  Each mouse was injected at 

4 different subcutaneous sites with Matrigel-D1 cell suspensions, for a total of 96 implants.  Matrigel is a commercially 

available gelatinous protein mixture that remains liquid when chilled, and forms a solid matrix at body temperature.  A subset 

of D1 cells was labeled with PKH26 fluorescent red dye to track D1 cell viability after implant retrieval.  Three time points 

post subcutaneous injection of cells at 1 week, 3 weeks, and 6 weeks were chosen for analysis.  Two mice from each group 

were sacrificed at each time point, and implants from one of the mice were used for radiographic, micro-CT, and real time 

PCR while implants from the remaining mouse were used for histology. 

Results: Radiographs and MicroCT: At 3 weeks, the radiographic density of implants from the allogeneic C57BL/6 group 

was decreased compared to syngeneic and immunocompromised groups (Balb/c*, NCR Nude, Pfp/Rag2 KO), and the 

radiographic density of implants from the syngeneic Balb/c group was increased compared to immunocompromised groups 

(NCR Nude, Pfp/Rag2 KO*).  By 6 weeks there was no difference in radiographic density of implants from the syngeneic 

Balb/c and immunocompromised groups (NCR Nude, Pfp/Rag2 KO), and radiographic density of implants from the 

allogeneic group C57BL/6 was significantly decreased compared to syngeneic and immunocompromised groups (Balb/c*, 

NCR Nude*, Pfp/Rag2 KO*).  Radiographic results were confirmed by microCT bone volume analysis: At 3 weeks, there 

was no quantifiable bone formation in the allogeneic group and the bone volume from the syngeneic Balb/c group implants 

was higher than that of allogeneic and immunocompromised groups’ implants (C57BL/6*, NCR Nude*, Pfp/Rag 2 KO*).   

At 6 weeks, there continued to be no quantifiable bone formation in the allogeneic group.  Furthermore, there was no 

significant difference in bone volume of syngeneic Balb/c implants and immunocompromised group (NCR Nude, Pfp/Rag2 

KO) implants.  Histology: At 1 week, the H&E sections show high cellularity in all mouse groups, and no evidence of 

formation of osteoid. At 3 & 6 weeks, H&E sections showed the presence of osteoid formation in syngeneic and 

immunocompromised mouse groups Balb/c, NCR Nude, and C57BL/6 Pfp/Rag2 KO, but no formation of osteoid in the 

allogeneic C57BL/6 mouse group.  The presence of red fluorescent PKH26 labeled D1 cells on frozen sections of retrieved 

implants 1 week confirmed the viability of D1 cells in syngeneic and immunocompromised mouse groups: Balb/c, NCR 

Nude, and C57BL/6 Pfp/Rag2 KO. There was minimal fluorescence in the allogeneic C57BL/6 group suggesting rejection. 

This result was also observed at 3 and 6 weeks.  Gene Expression: Real time PCR analysis of genes necessary for osteoblastic 

differentiation from MSCs including runx2, LRP-6, β-Catenin, and osterix showed trends of increased early expression of 

these genes in the syngeneic group, and increased late expression of these genes in the immunocompromised groups. Genes 

expressed by mature osteoblasts including collagen-I, alkaline phosphatase, bone sialoprotein, and osteocalcin also showed 

similar trends of increased early expression in the syngeneic group, and late expression in immunocompromised groups. 

Osteocalcin was not expressed in allogeneic C57BL/6 group indicating mature osteoblasts were not formed in this group. 

Discussion: Our results show that D1 cells are unable to cross MHC-I barriers in the allogeneic setting.  Osteoblastic 

differentiation is clearly impaired in the allogeneic setting as evidenced by lack of bone formation only in the allogeneic 

C57BL/6 group implants. Our data suggests that the findings are due to immune rejection as decreased viability of D1 MSCs 

based on relative absence of fluorescent cell tracking in the C57BL/6 group only.  Real time PCR confirms these findings, 

though also shows evidence of delayed bone formation in immunocompromised groups compared to the syngeneic group 

which is hypothesized to be a complex cytokine mediated effect on osteoblastic differentiation even in the setting of an 

impaired immune system with MHC-I mismatch.  The mechanism of rejection remains to be elucidated, though clarification 

remains an important next step if consideration of MSCs for orthopaedic applications is made.  Furthermore, D1 cells are not 

representative of all MSCs and it remains to be shown if a particular MSC population favors immune evasion. 

Conclusion: D1 MSCs are not inherently immunopriveleged from our results in a systematic mouse model.  

*Indicates statistical significance 


