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Mesenchymal stem cells provide novel insights into ankylosing
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Ankylosing spondylitis (AS), also known as Bechterew’s dis-
ease or Marie–Strümpell disease, is an inflammatory disease
primarily involving the joints of the spine and pelvis [1]. The
cause is unknown; however, genetic factors, environmental
triggers, and autoimmunity are all strongly implicated. The
condition belongs to the “seronegative” forms of arthritis,
since rheumatoid factor antibodies are not present. The disease
is fairly common since as many as 1.8% of people are affect-
ed, men more so than women. Symptoms and signs generally
begin in young adulthood. Pain and stiffness awaken the pa-
tients in the early morning hours. As the disease progresses,
spinal mobility and chest expansion become increasingly im-
paired. AS can occur in any part of the spine or the entire
spine, often with pain referred to one or the other buttock or
the back of the thigh from the sacroiliac joint. About half of
AS patients will also develop inflammation of the eye’s ante-
rior chamber, causing eye pain, redness, floaters, and sensitiv-
ity to light. This state-of-affair is believed to be due to the
association that both AS and uveitis have with the HLA-B27
antigen inheritance. Prostatitis occurs with increased frequen-
cy in men. Cardiovascular involvement may include inflam-
mation of the aorta, aortic valvular regurgitation, or distur-
bances of the cardiac electrical conduction system.
Pulmonary involvement is characterized by progressive fibro-
sis of the upper lobes. In advanced stages of AS, a “bamboo
spine” (Fig. 1 left) develops when the outer fibers of the inter-
vertebral disks’ fibrous rings ossify. This ossification causes

the formation of marginal syndesmophytes between the ad-
joining vertebrae (Fig. 1 right).

The pathogenesis of AS is unclear [2]. About 90% of pa-
tients express the HLA-B27 genotype, indicating a strong ge-
netic association, and individuals with the HLA-B27 genotype
contract the disease more commonly than noncarriers.
Specific autoantibodies have not been identified, although
AS patients more commonly develop antineutrophil cytoplas-
mic antibodies (ANCA). The participation of CD8 and CD4
lymphocytes has been proposed, particularly since HLA-B27
appears to have a number of unusual properties, including
possibly an ability to interact with T cell receptors in associa-
tion with CD8+ cytotoxic Tcells with HLAB antigen, as it is a
MHC class 1 antigen. Although the fundamental AS triggers
remain unknown, several lines of evidence implicate the cells
and molecules in the pathway involving interleukin-23 and
interleukin-17 [3, 4]. In mice, entheseal-resident (the connec-
tive tissue between the tendon or ligament and bone) T cells
that are negative for both CD4 and CD8 and that respond to
interleukin-23 by producing interleukin-17 and other proin-
flammatory cytokines were shown to mediate peripheral and
axial enthesitis, linking the interleukin-23–interleukin-17
pathway to the spondyloarthritis phenotype [5]. Dendritic
cells from spondyloarthritis-prone HLA-B27 transgenic rats
show numerous abnormalities, including impaired stimulation
of T cell responses, cytoskeletal alterations, reduced expres-
sion of class II MHC molecules, enhanced apoptotic death,
preferential induction of type 17 helper T cell expansion, and
alteration of regulatory T cell function. Finally, even the
microbiome is hypothesized to contribute to the pathogenesis
of AS. Recent studies in children support this theory and stud-
ies in animals suggest that HLA-B27 may play a role in shap-
ing the microbiome.

In this issue of J Mol Med, Xie et al. [6] present a novel
approach to explore the pathogenesis of AS further. The
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authors recruited 19 AS patients and 21 control subjects from
whom they harvested bone marrow-derived mesenchymal
stem cells (MSC) and peripheral blood mononuclear cells
(PBMC). MSC are multipotent stromal cells that can be dif-
ferentiated into a variety of cell types, including myocytes,
adipocytes, chondrocytes, and osteoblasts. The authors
showed earlier that because MSC secrete more bone morpho-
genic protein 2 (BMP2) but less Noggin, MSC from AS pa-
tients have greater facility for osteogenic differentiation than
MSC from normal donors. The authors speculated that this
state-of-affair could contribute to the underlying pathological
osteogenesis in AS [7]. MSC are capable of synthesizing and
excreting numerous substances, including monocyte
chemoattractant protein-1 (MCP-1), also known as the che-
mokine (C-C motif) ligand-2 (CCL2). MCP-1 exhibits a che-
motactic activity for monocytes and basophils. Important for
this discussion is the fact that in bone, MCP-1 is expressed by
mature osteoclasts and osteoblasts, under the control of nucle-
ar factor κB (NFκB). In human osteoclasts, MCP-1 and the
protein RANTES (regulated on activation, normal T cell
expressed and secreted) promote human osteoclast fusion
and rescue granulocyte macrophage colony-stimulating fac-
tor-induced suppression of osteoclast formation [8]. MCP-1
is implicated in pathogeneses of several diseases characterized
by monocytic infiltrates, such as psoriasis, rheumatoid arthri-
tis, and atherosclerosis. MCP-1 was identified as a biomarker
candidate, distinguishing AS from mechanical low back pain
with a sensitivity of 96% and a specificity of 83% in an earlier
study [9].

Xie et al. [6] observed that MSC from AS patients secreted
more MCP-1 during their abnormal osteogenic differentation
than MSC from normal subjects. They identified extracellular
signal-regulated kinase 1/2 (ERK1/2) pathway overactivation
that they suggest is responsible for these findings. As a result,
monocyte migration was increased, M1macrophage hyperpo-
larization was observed, and AS patient-derived MSC secret-
ed more MCP-1. Finally, abnormal osteogenic and tumor ne-
crosis factor-α (TNF-α) secretions were increased in the cells,

compared to those in controls. Both an ERK1/2 inhibitor and
the downregulation of MCP-1 in the MSC abrogated the ob-
served effects. The authors speculate that MCP-1 triggers
monocyte dysfunction during abnormal osteogenic differenti-
ation ofMSC fromAS patients and propose the novel hypoth-
esis that pathological osteogenesis leads to inflammation in
AS. How could these issues be pursued further? More clinical
studies would appear appropriate. Perhaps, when AS patients
must be operated upon, affected tissue could be harvested in
which MSC could be inspected while they are at work locally.
MCP-1 is likely to be operative at the tissue level rather than
functioning as a circulating cytokine. Perhaps such clinical
studies could be coupled with improved imaging capabilities
including 18F-fluoride PET/CT [10].

Not discussed by the authors is the potential of a specific
MCP-1-directed therapy. For instance, Emapticap pegol
(NOX-E36) i s an L-RNA aptamer ( t r ade name
Spiegelmer®—from German Spiegel “mirror”—by Noxxon
Pharma) that specifically binds and inhibits MCP-1. The com-
pound is an RNA-like molecule built from L-ribose units and
functions as an artificial oligonucleotide named for being a
mirror image of natural oligonucleotides. Due to their L-nu-
cleotides, they are highly resistant to degradation by nucle-
ases. Spiegelmers® are considered potential drugs and are
currently being tested in clinical trials. In a recent human trial
involving patients with type 2 diabetes mellitus and diabetic
nephropathy, beneficial effects on ACR and HbA1c were ob-
served in an exploratory study that were maintained after ces-
sation of treatment [11]. MCP-1 inhibition with emapticap
pegol was generally safe and well tolerated. Emapticap may
have disease-modifying effects in other MCP-1-driven condi-
tions, including AS. Investigators have described develop-
ment of spontaneous inflammatory disease in HLA-B27 trans-
genic mice expressing beta(2)m-free heavy chains on the cell
surface [12]. Thus, potential animal models are also available
to test the MCP-1 hypothesis.

Respectfully,
Friedrich C. Luft
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