Joint Bone Spine 70 (2003) 483–485
www.elsevier.com/locate/bonsoi

Research lectures
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1. Introduction
Mesenchymal stem cells are progenitors for several connective tissue cell lineages including bone, cartilage, muscle,
fat, and bone marrow cells [1]. Stem cells are found in
adulthood in many tissues and may be involved in the pathogenesis of some autoimmune diseases. As mesenchymal
stem cells can target diseased organs, they may hold potential
as vehicles capable of expressing and secreting proteins with
therapeutic effects. In addition, stem cells exhibit immunologic properties that may have beneficial effects in autoimmune diseases. Improved knowledge of the pathophysiology
of immunologic diseases such as rheumatoid arthritis (RA)
or Crohn’s disease has opened up new avenues for immunotherapy, the most striking example to date being the demonstration of a role for TNF [2]. Administration of agents that
antagonize this cytokine receptor has proven therapeutic efficacy in RA. The rule of mesenchymal cells will be discussed.

2. Characteristics of mesenchymal stem cells
The mesenchymal stem cells found in bone marrow are
identified by the expression of surface markers such as
CD90, endoglin CD105, VCAM1, and hyaluronan receptors
[3]. The generation of mesenchymal stem cells requires
conditions based on adhesion properties, with culturing for
10–14 days in a medium supplemented with calf serum and a
growth factor such as bFGF or PDGF [4]. Recent data, show
that these mesenchymal cells originate from a common
progenitor, the multipotent adult progenitor cell, which gives
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rise to an array of lineages including the endothelium,
endoderm, and ectoderm. Mesenchymal stem cells should be
distinguished from hematopoietic stem cells. They are not
blood cell progenitors and do not express CD34, CD45 or
CD14. However, mesenchymal stem cells promote the
growth of hematopoietic progenitors by secreting numerous
cytokines such as MCSF, IL-6, IL-11, IL-15, and LIF.
Mesenchymal stem cells can also attract hematopoietic
cells by expressing chemokine receptors and secreting
SDF-1 [5].

3. Immunologic properties of mesenchymal stem cells
Mesenchymal stem cells are not rejected by the immune
system, even after allogeneic transplantation, because they
are not recognized by T cells. They express little or no class II
MHC molecules or costimulation factors such as B7 1, B7 2,
or CD 40. In addition, mesenchymal stem cells have been
shown to suppress the T-cell response in mixed lymphocyte
reactions [6] in a dose-dependent manner, the effect being
greatest when the ratio of mesenchymal stem cells over T
cells is equal to 1. Under these culture conditions, adding
IL-2 abolishes the ability of mesenchymal stem cells to
suppress the mixed lymphocyte reaction. It as been suggested
that the immunosuppressive effects of mesenchymal stem
cells may be mediated by cytokines such as tumor growth
factor (TGF) or hepatocyte growth factor (HGF) but IL-10
and IL-11 do not seem involved [7]. In vivo, mesenchymal
stem cells have proved to be able of inducing immune tolerance. Thus, xenogeneic mesenchymal cells colonized and
divided in rat myocardium after experimental coronary artery ligation [8]. Intravenous injection of mesenchymal cells
prolonged the survival of an allogeneic skin implant to the
same extent as done in cyclosporine therapy.
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4. Migration of mesenchymal stem cells
Mesenchymal stem cells adhere to the extracellular matrix
and migrate preferentially to the bone and lungs, as well as to
the cartilage. One month after intravenous injection of mesenchymal cells carrying a marker gene, 8% of bone cells and
5% of lung cells expressed the label [3]. In baboons, labeled
mesenchymal cells were found in the bone marrow more than
500 days after the injection [9]. In a clinical study of osteogenesis imperfecta, injection of mesenchymal cells was followed by growth of osteoblasts, which accounted for 1–2%
of bone marrow cells [10]. After 3 months, an increase in
bone mineral density was noted. No adverse effects were
seen after in vivo injection of mesenchymal stem cells in this
study. Taken in concert, these experimental and clinical data
strongly support a major therapeutic role for mesenchymal
stem cells.

5. Presence of mesenchymal cells within the synovial
tissue
Mesenchymal cells are present within joints affected with
arthritis and may contribute to the disease process. Early
migration of mesenchymal stem cells from the bone marrow
to the synovial membrane occurs in animals with collageninduced arthritis [11] and is abolished by pretreatment with
an anti-TNF antibody. Within the rheumatoid synovial membrane, mesenchymal cells expressing receptors for BMP and
CD44 (the hyaluronan receptor) represent up to 25% of
synovial cells [12]. In addition, the chondrogenic potential of
synovial mesenchymal cells has been abundantly documented in various models.
Precursor cells found within synovial tissue have been
shown to express morphogenesis genes such as wnt. Overexpression of wnt 5a genes may result in secretion of proinflammatory cytokines, which may result in chronic inflammation [13]. The persistence of immature progenitors within
the synovial tissue may impair the regulation of cytokine
secretion. The exact role for these cells in the genesis of
arthritis has not been clearly determined. The wnt genes are
also protooncogenes that promote cell division and phenotype transformation, resulting in functional impairment of
the p53 protein [14]. Thus, overexpression of these morphogenes within the synovial tissue may explain the proliferation, transformation to an invasive phenotype, and inflammation that characterize the rheumatoid synovium.

that target inflammatory tissues [15]. Furthermore, mesenchymal stem cells have reparative properties. For instance,
mesenchymal stem cells in the presence of BMP-2 may
differentiate into bone or cartilage after implantation within
muscle or inside a joint cavity [16]. Thus, therapy mediated
by mesenchymal cells may allow both expression of a therapeutic agent and repair of tissue damage caused by chronic
inflammation. In one study, mesenchymal stem cells expressing a cytokine, such as IL-3, were seeded into ceramic cubes
and implanted in vivo in mice with severe combined immunodeficiency [17]. The cells underwent differentiation within
the cubes, inducing bone formation and systemic IL-3 secretion that stimulated hematopoiesis for 12 weeks. Mesenchymal cells have been successfully used to express therapeutic
genes such as erythropoietin and anti-hemophilia factors,
with effects that lasted more than 3 months [18]. Preliminary
results show that mesenchymal cells genetically engineered
to express a soluble TNF receptor can be used to express this
receptor in the serum and to inhibit the production of TNFa
[19]. In MLR lpr mice, characterized by spontaneous development of lupus, immunosuppressive effects of mesenchymal stem cells have been documented. In these animals, bone
marrow transplantation ensured survival for longer than
12 months and was followed by a decrease in anti-DNA
titers. However, when bone marrow previously subjected to
mesenchymal cell depletion was used, 75% of the animals
died within 90 days of transplantation [20]. Reinjecting mesenchymal cells associated with hematopoietic cells ensured
effective treatment of the autoimmune disease, confirming
the key therapeutic role for mesenchymal stem cells.
In conclusion, mesenchymal cells hold promise for the
treatment of autoimmune diseases. Their therapeutic effects
are mediated by immunosuppressive properties, which have
been abundantly documented in xeno-allogeneic graft experiments. In addition, these cells can be used to achieve
targeted expression of anti-inflammatory molecules such as
cytokines or TNF receptor within diseased tissues. Finally,
the ability of mesenchymal cells to regenerate bone or cartilage tissue opens up exciting prospects for treatment, although much work will have to be done before use in clinical
practice can be considered.
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