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Mesenchymal stem cells: A future for the treatment of arthritis?
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1. Background

Rheumatoid arthritis (RA) and juvenile idiopathic arthritis
(JIA) are chronic inflammatory diseases characterized by
destruction of cartilage and bone. The destructive lesions
result from both immune responses and non-antigen-specific
inflammatory processes. Strong evidence indicates that auto-
antigen recognition by specific T cells is crucial to the patho-
physiology of rheumatoid synovitis. Furthermore, in addition
to direct autoimmune attack by effector T cells, arthritis
may result from defective homeostatic control of immunity
by regulatory T cells [1]. Although an increasing number of
biologicals have been added to the therapeutic options of
a rheumatologist, there is still a category of patients that fails
them all and suffers from progressive disease. Recently, cellu-
lar therapy by means of autologous (haematopoietic) stem cell
transplantation became a treatment option for RA and JIA
patients with insufficient response to conventional treatment.
This requires, however a strong immune-ablative pre-treatment
with high morbidity and even mortality.

An immunosuppressive subset of the non-haematopoietic
mesenchymal stem cells also called mesenchymal stromal cells
(MSCs) would not require such a hazardous pre-treatment.
Since a few years these MSCs are a fast growing field of interest
for science: 3286 (72%) of the 4584 publications found with the
search term ‘‘mesenchymal stem cells’’ are written since 2005.

2. Mesenchymal stem cells

MSCs are adult (non-embryonic) stromal cells with multi-
potentiality, meaning that they have the ability to differentiate
into various mesodermal cell lineages which are also very
important in inflammatory arthritis. Recently, it has been
proved that a single-cell-derived population was capable of
differentiating into different mesenchymal cell types in vivo
[2]. By current definition, MSCs do at least express CD73,
CD105 and CD90, but lack the haematopoietic and endothelial
markers CD45, CD11b, CD31 and CD14. MSCs are capable of
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in vitro formation in colonies of fibroblastlike cells (CFU-F)
and the frequency of these colonies is accepted as a measure
of MSC-content. Since there is no uniformly accepted method
for prospective isolation of MSCs yet, their ability to adhere to
plastic and their differentiation in vitro into osteoblasts, chon-
drocytes and adipocytes is still needed for their profile. MSCs
are present in relatively low numbers in bone marrow, fat, mus-
cle and in lower numbers in many other tissues. BM-derived
MSCs (BM-MSCs) are part of the haematopoietic niche,
where they support haematopoiesis. The synovial membrane
has shown to be a great source for the functionality of MSCs
with highest multipotentiality for adipogenesis, osteogenesis,
chondrogenesis and myogenesis [3]. MSCs can be expanded
ex vivo up to a billion-fold without loss of their multipotent
properties and are excellent vehicles for gene therapy (e.g.
for specific homing or cytokine production) since they main-
tain the expression of transfected genes for up to 40 divisions.

MSCs are studied widely for regenerative purposes and it
has been shown that a single local delivery of adult mesenchy-
mal stem cells to injured joints stimulates regeneration of
meniscal tissue and retards the progressive destruction
normally seen in a caprine model of osteoarthritis [4]. Muscle
damage stimulates influx of MSCs into the muscle compart-
ment, the influx being commensurate with the damage. The
recruited MSCs differentiate into myoblasts thereby repairing
the damage [5]. MSCs tend to migrate to areas with local
damage. Systemic administration of syngeneic MSCs or allo-
geneic MSCs promoted the healing of fascial and cutaneous
incisional wounds. Labeling of the MSCs with iron oxides/
fluorescent dye revealed that systemically administered
MSCs engrafted to the wound [6]. Recently, specific homing
of MSCs to the bone marrow was accomplished without
genetic modification. Cellular recruitment to bone occurs
within specialized marrow vessels that constitutively express
vascular E-selectin. Human MSCs do not express E-selectin
ligands, but express a CD44 glycoform bearing a-2,3-sialyl
modifications. By enzymatic processes the native CD44
glycoform on MSCs was converted into haematopoietic cell
.
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E-selectin/L-selectin ligand (HCELL), which conferred potent
E-selectin binding without effects on cell viability or multipo-
tency. Real-time intravital microscopy in immunocompromised
mice showed that intravenously infused HCELLþMSCs
infiltrated marrow within hours of infusion, with ensuing rare
foci of endosteally localized cells and human osteoid genera-
tion [7]. The engraftment in tissues of MSCs seems to be low.
Only 0.1e2.9% of the human MSCs injected in the left ventri-
cle of diabetic NOD/SCID mice were found in the pancreas
after 32 days and in the kidneys this was up to 11.6% [8].
In a non-conditioned baboon however the transgene marker,
enhanced Green Fluorescent Protein (eGFP), could be detected
in the bone marrow 1 year after intravenous administration of
gene-marked autologous BM-MSCs [9].

Another very important and largely studied feature of MSCs
is the potent immunosuppressive and anti-inflammatory effects
they exert in vitro and in vivo. MSCs seem to regulate lympho-
poiesis and suppress the immune response as well. Bone mar-
row-MSCs participate in the developmental process of both T
lymphocytes and B lymphocytes through growth factors, cyto-
kines, adhesion molecules. Some crucial surface molecules
are expressed on both MSCs and thymic stromal cells, indicating
similarities between two different microenvironments of bone
marrow compartments and thymus. Moreover, MSCs mediate
immunoregulatory effects on both innate and adaptive immunity
through either indirect soluble factors or direct cellecell con-
tact. Numerous studies convincingly demonstrate that MSCs
are able to modulate the function of different immune cells in vi-
tro, particularly involving the suppression of T-cell proliferation
and the inhibition of dendritic cell maturation. This effect is dose
dependent and is exerted on T-cell responses to polyclonal stim-
uli or to their cognate peptide. The inhibition does not appear to
be antigen specific and targets both primary and secondary T-
cell responses. After co-culture with MSCs, the T cells exhibited
a regulatory phenotype. MSCs downregulated T cell responses
through direct contact and secretion of anti-inflammatory and
tolerogenic cytokines, which may involve the recruitment of
regulatory T cells. The general effects are to skew the immune
response towards anti-inflammatory/tolerant phenotypes,
including the shift from Th1 towards Th2, downregulation of
IFN-g production from NK and reduction in the antibody
productions of B cells [10]. Such immunosuppressive activity
does not seem to be spontaneous but requires MSCs to be
‘licensed’ in an appropriate environment. IFN-g has been
shown to be a powerful inducer of such activity [11].
Immunosuppression might not be confined to MSCs only, since
stromal cells (e.g. chondrocytes or fibroblasts) from different
human tissues were recently shown to inhibit the proliferation
of peripheral blood monocytes following polyclonal stimuli.
This was in marked contrast to parenchymal cells [12].

Moreover, MSCs express low levels of human MHC class I
and lack human MHC class II. In addition, MSC do not
express the CD40, CD80 or CD86 co-stimulatory molecules.
All these features make that MSCs are less immunogenic which
enables their transplantation in an non-immunocompromised
allogeneic host without rejection. However, under some
experimental conditions, MSCs infused into allogeneic,
MHC-mismatched mice have been rejected after some time
[13]. Thus, at least in some experimental conditions, the im-
mune privilege of MSCs is limited.

In vivo the immunosuppressive effect was first demon-
strated convincingly by the prolongation of skin graft survival
after systemic administration of allogeneic MSC in baboons.
The most significant results so far have been obtained by the
successful treatment of severe, treatment-resistant, graft-
versus-host disease (GvHD) with third party MSCs which
resulted in a two prospective randomized European phase III
studies to further explore the therapeutic usefulness of MSCs
for the treatment or prevention of acute GVHD following allo-
geneic stem cell transplantation [14]. Murine MSCs have been
demonstrated to ameliorate experimental autoimmune enceph-
alomyelitis (EAE), a model of human multiple sclerosis,
through the induction of peripheral T cell tolerance against
the pathogenic antigen [15]. The infusion of MSCs was only
effective at disease onset and at the peak of the disease, but
not after disease stabilization. Central nervous system pathol-
ogy showed decreased inflammatory infiltrates and demyelin-
ation in mice that received transplants of MSCs. T-cell
response to the specific antigen and mitogens from MSC-
treated mice was inhibited and restored by IL-2 administra-
tion. Gene-marked MSCs (eGFP) were detected in the
lymphoid organs of treated mice. Many phase I and II trials
with the use of MSCs are going on at the moment such as
for treatment of acute myocardial infarction, end-stage ische-
mic heart disease, or prevention of vascular restenosis through
stem cell mediated injury repair. Trials for treatment of osteo-
genesis imperfecta, amyotrophic lateral sclerosis, periodonti-
tis, heart failure, bone fractures, osteonecrosis and lysosomal
storage diseases. Unfortunately, some of these studies are
performed before the proper use of existing animal models
and most of them are without randomized controls.

3. Arthritis and MSCs

The frequency of MSCs in human synovial fluid (SF) of os-
teoarthritis (OA) patients is higher than in patients with early
or established RA [16]. MSCs with immunomodulatory capa-
bility are present in the SF of JIA patients as well. MSCs have
been shown to be capable of adhesion-independent survival
and expansion as floating single cells. Furthermore, individual
MSCs can survive in the viscous, antiadhesive medium of the
SF of RA patients in vivo and, in spite of their pathologic en-
vironment, can maintain their multipotentiality in vitro. It was
postulated that synovial fluid recruits mesenchymal progenitor
cells derived from the subchondral spongious bone marrow. In
collagen-induced arthritis there is an antigen-independent (in-
nate) prearthritic phase requiring the presence of TNFa which
involves the early arrival of marrow-derived mesenchymal
cells [17]. At the onset of antigen-induced arthritis MSCs
were attracted from the bone marrow to the joint, some of
which might form fibroblastlike synoviocytes (FLS) [18].
FLS and MSCs isolated from the joint and bone marrow of
RA patients provided survival factors to T and B cells in vitro.
So the role of MSCs in arthritis might be contributory to
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pathogenesis or the (failing) attempt to suppress the inflamma-
tory reaction [19]. The potential of SF of RA patients for re-
cruitment of the mesenchymal progenitor cells was impaired
when compared to SF from normal or OA donors [20].

Bone marrow-MSCs (BM-MSCs) from RA patients
(n¼ 26) and age-/sex-matched healthy individuals (n¼ 21)
were similar in frequency, differentiation potential, survival,
immunophenotypic characteristics, and protein profile. Patient
MSCs, however, had impaired clonogenic and proliferative
potential in association with telomere length loss. Previous
treatment with methotrexate, corticosteroids, anti-cytokine
and biological agents or other disease-modifying anti-
inflammatory drugs did not correlate with the clonogenic and
proliferative impairment of BM-MSCs [21]. In another study,
however, the same clonogenicity (CFU-F frequency) was found
between BM-MSCs from healthy donors and patients with RA.
BM-MSCs from both healthy donors as well as from patients
with an autoimmune disease reduced the proliferation of
autologous and allogeneic PBMCs by up to 90% in a cell
dose-dependent fashion. MSCs prevented the onset of the in
vitro immune response and also downregulated an ongoing im-
mune response. Furthermore it was independent of the clinical
activity of the autoimmune disease [22].

MSCs can produce matrix proteins such as type II collagen
(CII). Since CII is a major component of hyaline cartilage that
acts as an autoantigen in RA, it was necessary to prove that
MSCs are capable of suppressing T cells that specifically
respond to collagen. One recent study in which 18 of the 37 RA
patients (48.6%) had specific T-cell responses to CII in both pe-
ripheral blood and SF showed that MSCs from healthy donors sig-
nificantly suppressed CII-stimulated T-cell proliferation and
activation. Moreover, the MSCs inhibited production of IFN-g
and TNFa by both CD4þ and CD8þT cells, while they increased
the levels of IL-10 and restored the secretion of IL-4. TGF-b1 was
confirmed to play a critical role in the inhibition [23].

The first study describing collagen-induced arthritis treated
with mesenchymal stem cells showed that intravenously
administered MSCs from the murine C3H10T1/2 MSC line
(C3 MSC) did not confer any clinical, radiological or histolog-
ical benefit in the incidence or severity of arthritis [24]. MSCs
tended to worsen the clinical symptoms when injected at high
dosages (4 million) or later injection. Both the clinical and the
immunologic findings suggested that MSCs were associated
with augmentation of the Th1 response. Using luciferase-
expressing MSCs, they were unable to detect labeled cells in
the articular environment of the knee, suggesting that worsen-
ing of the symptoms was unlikely due to the homing of MSCs
in the joints. Experiments in vitro showed that the addition of
TNFa was sufficient to reverse the immunosuppressive effect
of MSCs on T cell proliferation, and this observation was
associated with an increase in interleukin-6 secretion. The
yet unpublished results from the same group using freshly cul-
tured MSCs instead of the use of the C3 mesenchymal stem
cell line are much more promising. Timing seemed to be
very important; a preventive systemic injection did suppress
arthritis, but when the first injection was administered at stages
of established arthritis no positive effect was seen (personal
communication with C. Jorgensen). Another study demon-
strated that preventive iv injections of MSCs three times
weekly for 24 days significantly decreased the onset and sever-
ity of collagen-induced arthritis in mice for IL-10 producing
MSCs only and not for normal MSCs [25]. A recent study
showed that a single intraperitoneal injection of high dose (5
million) allogeneic MSCs significantly reduced the incidence
and severity of collagen-induced arthritis and prevented the
occurrence of bone and cartilage erosions in the joints of
immunized mice [26]. Treatment with MSCs in established
arthritis also prevented exacerbation of the disease; the
incidence and disease score were comparable with those of
animals that received MSC therapy at the time of first immu-
nization. T cells from immunized mice that were treated with
MSCs showed significant reduction in in vitro proliferation,
mitogen-induced proliferation, and CII-recalled proliferation.
The serum concentration of TNFa was significantly decreased
in immunized mice treated with allogeneic MSCs. In contrast,
secretion of TNFa by in vitro stimulated CII-primed T lym-
phocytes was significantly increased when they were cocul-
tured with allogeneic MSCs. One week after intraperitoneal
injection of MSCs, they were found as ghost cells in the
spleen. At day 11 both the peritoneum and spleen were nega-
tive. MSC treatment in immunized mice induced proliferation
of antigen-specific clones of Tregs with a CD4þ, CD25þ,
CD27þ, FoxP3þ phenotype, suggesting that the immunosup-
pressive activity of MSCs could be prolonged by the action of
Treg clones that can be activated by an antigen-specific stim-
ulus. In another animal model of RA (proteoglycan induced
arthritis) we showed that a single injection of MSCs, espe-
cially high dose (5 million) intraperitoneal MSCs, decreased
progression of arthritis score in mice with established arthritis.
The MSCs that were injected in the right knee, remained
viable in the joint for at least five weeks and might have
exerted their immunosuppressive action in a paracrine manner.
Migration to sites of inflammation of MSCs injected intrave-
nously or intraperitoneally was not seen with Bioluminescence
imaging. Currently, we are investigating the effect of both
systemical and local repeated injections of MSCs on clinical
score and histology of proteoglycan induced arthritis.

4. Future directions

We conclude that patients with inflammatory arthritis have
functional MSCs in their bone marrow as well as in their sy-
novial fluid. The ongoing inflammation despite their presence
could be due to a low number of MSCs, the inhibitory effect of
the cytokine environment or a combination of both.

There is a definite need for standardized protocols for
isolation, culture and expansion of MSCs, since many groups
have their own which makes the results much harder to
interpret. It is nowadays possible to expand the MSCs in ani-
mal-protein-free media (e.g. platelet-lysate or autologous se-
rum) which is preferable because fetal calf serum is
immunogenic. Acute toxicity in humans appears to be minimal,
but there are no data on the long-term toxicity. Since MSCs
could become neoplastic after extensive culturing and



382 Editorial / Joint Bone Spine 75 (2008) 379e382
(karyotypic) abnormal cells might exist in the donor BM at rare
frequency there seems to be a need for karyotyping as a release
criterion for clinical use of MSC [27]. Uncontrolled differentia-
tion of MSCs (e.g. into invasive fibroblastlike synoviocytes or
osteocytes) might result in extra damage to the joint. It is con-
ceivable that allogeneic donor MSCs are safer since they are
likely to become rejected a few weeks after their immunomod-
ulatory action. The ideal source (bone marrow, fat or synovium)
of MSCs for treatment in RA remains to be elucidated.

In conclusion, MSCs are promising candidates for therapy
in inflammatory arthritis, but since it is not a life threatening
disease and there have been conflicting data, more animal
studies are needed before the use of MSCs in clinical trials
for patients with RA or JIA.
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