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Abstract
The interaction of dendritic cells (DCs) with the human microbiome, with distorted handling of the microbiota or its products via
the direct effect of HLA B27, probably represents the initial element in the chain of events leading to the development of clinical
axial spondyloarthritis. The mechanism of disease extension onto the skeleton and other tissues involved, such as uvea, may also
involve migratory DCs. Finally, the role of DCs in the initiation of the inflammatory tissue response with activation of the IL-17
axis has been demonstrated. Further, some initial data suggests the possible connection of DCs with disease-related new bone
formation.
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Introduction

Ankylosing spondylitis (AS) is a chronic rheumatic inflamma-
tory disease, primarily affecting sacroiliac joints (SIJ) and spine
and eventually manifesting with new bone formation and bony
ankylosis. The early phase of AS, with radiographic studies still
normal, diagnosed on the basis of characteristic clinical presen-
tation and sometimes supported by magnetic resonance imag-
ing (MRI) or HLA B27 testing is referred to as non-
radiographic axial spondyloarthritis (nrAxSpA). These two en-
tities, nrAxSpA and AS together, form the recently defined
nosologic entity of axial spondyloarthritis (AxSpA) [1].

The pathogenesis of AxSpA is not well understood.
Genetic association with HLA B27 has been known since
the 1970s, but the mechanisms derived from this association
have not been sufficiently elaborated [2, 3]. The central role of
gut bacteria in disease initiation was reported long ago in the
animal models of the disease, while further studies of the

human microbiome have mainly concentrated on a search
for a specific bacterial specie as a possible disease initiator
[4–6]. Recently, it was shown that gut dysbiosis is accompa-
nied by a change in the metabolic profile of the gut, including
alterations in microbial bioactive metabolites, which then
modulate host physiology and immune responses [7]. The role
of dendritic cells (DCs) in the handling of the microbiome is
believed today to be a critical factor in the pathogenesis of
many autoimmune and chronic inflammatory diseases, and
its role in AxSpA [8] has begun to be evaluated.

The first characteristic musculoskeletal manifestation of
AxSpA is typically sacroiliitis. At present, the earliest detect-
able lesion of sacroiliitis is bone marrow edema—termed os-
teitis—in the proximity of SIJ, seen on MRI. Further involve-
ment of SIJ manifests with erosions of adjacent bony margins
of the joint, local proliferation of mesenchymal tissue, and
exaggerated new bone formation. A similar process takes
place in other typical disease locations, such as vertebra, ster-
num, and entheses of calcaneus bones, leading sometimes to
pronounced ossification of the skeleton [1]. The cytokines
currently known to drive inflammation in AxSpA include tu-
mor necrosis factor (TNF)-α and interleukin (IL)-17, pro-
duced by the immune cells. DCs are known to function as a
major regulator of the immune response in general, and some
fascinating data on the functioning of DCs in AxSpA has
become available during the last decade.

Activity of DCs in AxSpA has been shown to be regulated
by a variety of intracellular factors and inter-cellular
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interactions [9, 10]. Also, the role for DCs in disease trans-
mission from the gut to SIJ and axial skeleton has been recent-
ly suggested [11].

Although substantial data on the functioning of DCs in
AxSpA is being constantly accumulated, a comprehensive
review on the topic has never been published. The aim of
the present manuscript is to collect, sort, and analyze the avail-
able published data connecting DCs and AxSpA.

Methods

1. Search strategy. A systematic and unlimited by time peri-
od search using the keywords Bdendritic cells^ and
Bankylosing spondylitis^ or Bspondyloarthritis^ was per-
formed in PubMed/Embase/Cochrane libraries.

2. All acquired abstracts were analyzed by the first author,
and full texts of relevant original manuscripts were ex-
tracted and studied. The data, pertinent to the subject of
this review, was critically assessed and summarized.

Results

One hundred ninety-five articles containing chosen keywords
were located by the search, while only 23 of reviewed articles
contained original data on the behavior and/or significance of
DCs in human AxSpA or spondyloarthritis-like disease in
relevant animal models and were used as a basis of this review.

HLA B27+ DC activation

Experiments performed on splenic DCs of HLA B27 trans-
genic rats, developing a spontaneous spondyloarthritis-like
disease, have demonstrated significant changes in the activa-
tion patterns and functioning of DCs ex vivo. Both CD103+

and CD103− splenic CDs, isolated by different methods, dem-
onstrated defective function of costimulatory molecules, in
particular CD86, with respective diminished ability to stimu-
late T lymphocytes. Of particular interest was the fact that
normal co-stimulation in these experiments was restored by
citric acid treatment, which removes mature HLA B27 mole-
cules from the cell surface. Based on the previous knowledge
that MHCmolecules co-cluster with costimulatory molecules,
the authors suggested that direct engagement of the latter by
HLA B27 may be a mechanism of the observed phenomenon
[12, 13].

Remarkably, both splenic DCs of HLA B27 transgenic rats
and, in a separate experiment, monocyte-derived DCs of pa-
tients with AS have demonstrated significantly lower baseline
expression of class II MHC molecules [14, 15].

The clinical significance of the aforementioned defective
capacity of DCs to activate other immune cells was also
shown in another series of experiments on HLA B27 trans-
genic rats [16]. In ex vivo studies, the capacity of splenic DCs
to prime CD4+ T cells well correlated with the clinical pheno-
type of different lines of transgenic animals, with more severe
impairment seen in lines frommore dramatic phenotypes [16].
Similarly, monocyte-derived CD14−CD40+HLA DR+CD86+

DCs from HLA B27+ patients with AxSpA had a markedly
decreased capacity to stimulate T cells, when compared to
healthy controls [17].

On the other hand, tolerogenic DCs, which contribute to
tolerance rather than immunity, by inducing T cell anergy and
generation of regulatory T cells, may also be affected in
AxSpA. As such, reduced ex vivo viability of tolerogenic
CD103+CD4− DCs and relative depletion of migratory
CD172alow DCs, responsible for triggering IL-10 production
by naïve CD4+ Tcells, have been found on analysis of subsets
of migrating intestinal DCs of transgenic rats, collected via the
cannulation of thoracic duct [14, 18]. Reduced numbers of
tolerogenic DCs were observed in experiments on ERAP−/−

mice [10]. Decreased IL-10 signature was reported in rats’
HLA B27+ DCs, as well, in a transcriptome-based study [19].

Remarkably, HLA B27, normally composed of a heavy
chain connected to β2-microglobulin, was shown to form ab-
normal heavy chain homodimers on the surface of activated
dendritic cells [20, 21]. These HLA B27 heavy chain
homodimers have been shown to bind to different groups of
immune receptors when compared with classical HLA B27
molecule, particularly KIR (killer cell immunoglobulin-like
receptor) 3DL2 receptor, expressed by natural killer (NK)
and NKTcells. Ligation to HLAB27 heavy chain homodimer
through KIR3DL2 has led to expansion of the pool of
KIR3DL2 bearing cells as well as diminished interferon
(IFN)-γ production [22]. Notably, splenic DCs of transgenic
rats andmonocyte-derivedmacrophages of AxSpA patients as
well demonstrated diminished interferon signature by them-
selves in another study [19].

DC migration

Migration of DCs from tissues to lymph nodes is essential for
initiation of specific immune responses. In ex vivo conditions,
splenic DCs of HLA B27 transgenic rats were found to have a
downregulated expression of some cytoskeletal proteins and
demonstrated diminished fibronectin-induced motility associ-
ated with formation of longer, more branched and less mobile
pseudopodia [14]. In another study, mentioned above, HLA
B27+ DCs of transgenic rats, collected from the mesenteric
lymph nodes and lymph duct and, presumably, representing
migratory DCs traveling after encounter with the pathogen
within the gut, were depleted of the CD103+CD172alow

tolerogenic subset, consisted mainly of CD172ahigh/intermediate
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phenotype, most effective in stimulation of the immune cells
[18]. The process of DCs trafficking from the gut to axial
skeleton in AxSpA has not been elaborated yet. And yet,
Berthelot and Claudepierre, in their recent critical analysis of
the available indirect evidence of such, formulated a very
plausible hypothesis of the connection between the immune
response in the gut and axial skeleton and proposed a central
role of DCs in this process [11]. In brief, the authors suggested
that in AxSpA, dead or dormant bacteria may migrate within
DCs, similar to that in reactive arthritis, from the gut via the
mesenteric lymphatic system and lymph nodes and further
through thoracic duct to the axial skeleton. The activated
DCs may then induce and maintain a specific chronic inflam-
matory response in the affected tissues. This hypothesis has
been built mostly on knowledge translated from studies in the
fields of infectious diseases, gastroenterology, and general
anatomy and has not been directly tested/supported by exper-
iments in the animal models nor patients with AxSpA, as yet.

DCs’ triggered immune response

DCs can exhibit their immune regulatory function in AxSpA
in the gut, circulation, and tissues involved in inflammation,
such as axial skeleton, entheses, or uvea. Circulating DC num-
bers, as well as frequencies, of majority of DC subsets, includ-
i n g CD141 + DC— t h e human a n a l o g o f r a t s ’
CD103+CD172alow subset—have been found to be similar
between patients with AS and healthy controls [23]. In one
study of interest, reduction in the frequency of circulating
CD1c+ DCs in AS patients was demonstrated [23]. Anti-
TNF-α treatment was associated with increased numbers of
circulating myeloid DCs in another report [24]. Of impor-
tance, DCs have been detected in affected tissues of AxSpA
patients, implicating the immune-regulating role of DCs at the
foci of disease-related inflammatory reaction. As such, CD1c+

as well as CD141+ DCs has been found in the synovial fluid,
and the metagene signature of DCs was overexpressed in the
synovial biopsies of patients with AxSpA [23, 25]. IL-
23+CD1a+ DCs have been demonstrated along with IL-23+

macrophages and IL-23+MPO+ myeloid precursors in the
bone marrow of facet joints of AS patients [26].

While the role of IL-17 in the pathogenesis of AxSpA is
well established, DCs of both animal models and patients with
AxSpA have been shown to trigger immune response polar-
ized towards excessive production of IL-17. Splenic and bone
marrow–derived DCs of HLA B27 transgenic rats induced
higher concentrations of IL-17 in in vitro conditions, com-
pared to DCs of non-transgenic animals in several studies
[18, 27]. Intriguingly, the mechanism of this preferential prim-
ing of T lymphocytes to Th17 phenotype by rats’DCs was not
dependent on the cytokine microenvironment, but rather on
the direct cell-to-cell contact involving particularly CD86. The
inhibition of CD86 via monoclonal antibody resulted in de-
creased Th17 cell proliferation [27].

BReverse^ IFN signature with upregulated genes under-
expressed and downregulated genes overexpressed was
shown in CD103+CD4+ DCs of HLA B27 transgenic rats in
a whole-transcriptome study [19]. Confirming these results
was a report of similar Breverse^ IFN signature in the macro-
phages of AS patients, supported also by data showing that
messenger RNA encoded by the IFN-γ gene was approxi-
mately twofold lower at baseline and was poorly responsive
to LPS in these patients, as compared with that in healthy
controls [28]. Autocrine and/or systemic significance of dis-
ordered regulation of IFN in antigen-presenting cells in
AxSpA has not been clarified as yet.

The presence of active DCs in the inflamed tissues in AS
patients may not only maintain the inflammation but also in-
fluence bone formation, typical for the disease. While proof-
of-concept studies in this field are still missing, at least two

Fig. 1 Possible role of dendritic
cells in the pathogenesis of axial
spondyloarthritis
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recent reports challenge the likelihood of this. In one study,
transcriptomic analysis revealed that monocyte-derived DCs
of patients with AxSpA had downregulated expression of
CITED2 and increased expression of ADAMTS15, genes
encoding a metallopeptidase and a transcription factor and
co-regulated with other genes of the wnt signaling pathway
of bone formation [17]. Another association study of genes
related to bone formation in AS patients revealed significant
association of rs8092336 SNP within RANK, which regulates
both osteoclast activation and DC-T cell interaction [29].
Possible interaction of DCs and mesenchymal stem cells in
spondyloarthritis was recently suggested as well [9].

Summary

There are several DC subsets, such as plasmacytoid DCs and
two subsets of myeloid DCs with their distinct markers, fea-
tures, and functions [30]. In humans, the total pool of circu-
lating DCs represents less than 1% of cells, which makes it
challenging to study. Human monocyte-derived DCs, easily
grown with IL-4 and GM-CSF and frequently used for in vitro
experiments as myeloid DC substitute, while producing a
spectrum of regulatory cytokines and able to activate T cells,
represent in vivo a subset distinct from myeloid DCs, for
example in its inability to migrate [30]. Of importance, and
similar to other immune cells, DCs change their phenotype
depending on the state of activation and during migration as
well [31, 32]. Moreover, DCs possess plasticity features and,
depending on conditions, can undergo transformation and ac-
quire, for example, a tolerogenic profile [33]. Our main body
of knowledge on DC function in AxSpA has been learned
from the experiments on HLA B27 transgenic rats.
However, while HLA B27 transgenic rats represent an excep-
tionally valuable animal model for the study of AxSpA, there
may be some important disparities in both the pathogenesis of
the disease and physiology of DCs in rats and humans. It is
also questionable to what extent rats’ splenic DCs, used for
experiments, reflect the features of circulating and tissue-
settled DCs.

Nevertheless, after acknowledging the potential limitations
of the published research on the role of DCs in AxSpA, the
progress in the field has to be appreciated (Fig. 1). The inter-
action of DCs with the gut microbiome with distorted han-
dling of the microbiota or its metabolic products, due to the
direct effect of HLA B27, represents probably the initial ele-
ment in the chain of events leading to clinical disease. The
mechanism of disease expansion onto the skeleton and other
tissues involved, such as uvea, plausibly also involves migra-
tory DCs, which have not been studied yet in the setting of
AxSpA. Hypothetically, migratory DCs can be attracted as
well to the sites of active hematopoietic marrow, the foci of
which almost perfectly overlap with the anatomical locations

of musculoskeletal inflammation in AxSpA https://en.
wikipedia .org/wiki /Haematopoies is#/media /Fi le :
Hematopoesis_EN.svg. The role of DCs in the initiation of
inflammatory tissue response with activation of IL-17 axis
has already been shown at the centers of inflammatory activ-
ity. Moreover, some initial data imply the connection of DCs
with disease-related new bone formation. Further research is
needed to show the real impact of the DCs on the development
of AxSpA, but the preliminary knowledge in the field,
reviewed herein, opens new horizons to this research.
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