From Skin to Bone: Translational Perspectives on
Psoriatic Disease
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ABSTRACT. In recent years, translational research has provided fresh insights into the mechanisms that underlie
both skin and joint inflammation in psoriatic arthritis (PsA). Application of immunological and
molecular techniques to the study of involved tissues, combined with magnetic resonance imaging
and relevant preclinical models, has unveiled pivotal inflammatory cascades and cytokine networks
that lead to sustained inflammation and altered tissue architecture. In this brief overview of a pres-
entation from the 2007 Annual Meeting of the Group for Research and Assessment of Psoriasis and
Psoriatic Arthritis (GRAPPA) the key pathophysiologic events associated with inflammation in pso-
riatic plaques, synovial membranes, and soft tissues (entheses, tendons), and with abnormal bone

remodeling are discussed. (J Rheumatol 2008;35:1434-7)
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Psoriatic arthritis (PsA), an inflammatory joint disease char-
acterized by diverse phenotypes and a variable disease
course, was recognized as a distinct entity about 35 years
ago!. While initially perceived as a mild form of arthritis
with rare extreme phenotypes such as arthritis mutilans, it is
now appreciated that the majority of patients can experience
progressive joint destruction and new bone formation over a
relatively short period of time?>. Moreover, the concept of
psoriatic disease emphasizes that patients with psoriasis
may have involvement of a number of different tissues
including not only musculoskeletal structures but also the
eyes, the gut, and the cardiovascular system*>.

In recent years, translational research has provided fresh
insights into the mechanisms that underlie both skin and
joint inflammation in PsA. In this brief overview, the key
pathophysiologic events associated with inflammation in
psoriatic plaques, synovial membranes, and soft tissues
(entheses, tendons), and with abnormal bone remodeling are
discussed.

The Psoriatic Plaque

A central question regarding psoriasis pathogenesis centers
on the role of autoimmunity in the formation of psoriatic
skin lesions. In a recent study, Lande, er al demonstrated
that LL37, an endogenous antimicrobial peptide that is
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overexpressed in psoriatic skin, can form complexes with
self-DNA®. This complex of LL37 bound to self-DNA is
taken up by plasmacytoid dendritic cells where it engages
toll receptor 9 in the endocytic compartment and induces
interferon-o. production. Plasmacytoid dendritic cells
were found to infiltrate psoriatic skin and release interfer-
on in a mouse xenograft model, and this provides a mech-
anism to link cytokine release with T cell activation and
keratinocyte proliferation’. These studies form the basis
for understanding how self-DNA generated by apoptotic
keratinocytes can trigger an autoimmune response that
results in breakdown of tolerance and activation of
cytokine networks.

Recent evidence indicates that interleukin 23 (IL-23)
may be a master cytokine in psoriasis. Activation of the
Th17 T cell subset by IL-23 can trigger release of IL-17 and
IL-22, which promote inflammation and keratinocyte prolif-
eration®. In a recent clinical trial, antibody to the p40 sub-
unit, present in both IL-12 and IL-23, was remarkably effec-
tive for the treatment of moderate to severe psoriasis’.
Interestingly, the response was not so impressive in a phase
II trial of PsA patients'?. Studies in murine models have
shown that macrophages and most likely dendritic cells are
required for psoriatic plaque formation!!. In another pivotal
study, targeted knockout of the transcription factors ¢ Jun
and Jun B in murine keratinocytes resulted not only in pso-
riasiform skin lesions but also in an inflammatory arthritis
with features of joint destruction and new bone formation!2.
These studies provide evidence of a dynamic interplay
between keratinocytes in the epidermis and immune cells in
the dermis; future studies will examine the cellular and
cytokine interactions between these populations in greater
detail'3. Events that link skin and joint inflammation are
also of great interest.
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The Synovium

The unusual appearance of the psoriatic joint, namely the
absence of periarticular osteopenia, the tendency for a ray
distribution in an asymmetric pattern, and the presence of
large eccentric erosions, suggests a synovial pathology dis-
tinct from rheumatoid arthritis (RA). Detailed analyses of
synovial biopsy and surgical specimens have provided
intriguing insights into some unique features in psoriatic
synovial membranes. One of the most striking is a tortuous
macroscopic appearance of synovial blood vessels in psori-
atic but not rheumatoid synovium'!4. Similar vascular mor-
phology was also observed in psoriatic skin. In situ
hybridization studies revealed that psoriatic synovial vascu-
lature expressed higher levels of VEGF and angiopoietin
(Ang)2 compared to rheumatoid specimens!>. VEGF is of
particular interest because it can promote osteoclast forma-
tion when combined with nuclear factor-kB ligand
(RANKL) and paradoxically new bone formation in syner-
gy with transforming growth factor-8'%17, These apparently
antagonistic actions may account for the extensive erosions
and periostitis observed in some psoriatic joints.

Other studies have highlighted the presence of CD163-
positive macrophages in psoriatic tissue (also identified in
the colonic tissue from patients with Crohn’s disease) and a
relative decline in the number of infiltrating T cells coupled
with increased neutrophils in psoriatic compared to rheuma-
toid synovial membranes'®. Lastly, ectopic lymphoid neoge-
nesis was also identified in psoriatic membranes despite the
absence of antibodies to citrullinated proteins!®2, The
cytokine profile in psoriatic membranes is characterized by
Thl pattern (interferon-y and IL-2 but not IL-4, IL-5), and
monokines such as tumor necrosis factor-o. (TNF-o) and IL-
1 have also been identified?!. A prominent role for IL-17 in
the psoriatic joint has been proposed but is not yet proven.

Enthesitis and Dactylitis

Both enthesitis and dactylitis are cardinal clinical manifes-
tations associated with PsA, and investigators have begun to
unravel their pathological and anatomical basis. In magnet-
ic resonance imaging (MRI) studies and analyses of cadav-
er specimens, McGonagle, et al have proposed the concept
of the synovio-entheseal complex?2. In this model, the
mechanically stressed enthesis in the proper genetic back-
ground liberates danger signals that activate Toll receptors
and trigger subsequent inflammatory events. In addition, a
functional, anatomic, and physiologic interdependence
between the adjacent synovium and enthesis is proposed
that may result in more generalized inflammation presum-
ably initiated by a local stress response and microenviron-
mental responses. Tan, et al demonstrated that the extensor
tendon in the distal interphalangeal joint can bifurcate to
attach on the dorsal surface of the distal phalanx and also
ensheath the formative nail plate and nail matrix, which may
provide a link between enthesitis, distal joint inflammation,

and psoriatic nail disease?’. The DBA/1 mouse model,
which develops ankylosing enthesitis (discussed below),
provides evidence for a dominant entheseal response that
does not depend on synovitis. Elegant MRI studies of psori-
atic hands have demonstrated isolated flexor tenosynovitis
of the digits in subjects with dactylitis>*. Recent MRI stud-
ies, however, have shown bone marrow edema and synovitis
adjacent to flexor tenosynovitis?®. McGonagle and
Benjamin have proposed a leading role for enthesitis in
development of dactylitis, given the multiple attachment

sites in the fingerS.

Bone Remodeling

Any model of PSA must account for excess bone resorption
and new bone formation that is often present in radiographs
of peripheral joints and the axial skeleton. In normal bone,
ongoing bone resorption mediated by osteoclasts is closely
linked to new bone formation by osteoblasts?’. In psoriatic
synovium, high expression of RANKL by synovial fibrob-
lastoid cells coupled with diminished expression of osteo-
protegerin (OPG), a physiologic antagonist of RANKL, was
observed by immunohistochemistry?8. An elevated
RANKL/OPG ratio favors the differentiation of osteoclasts
from monocytes and tips the balance towards bone resorp-
tion. An increased frequency of circulating osteoclast pre-
cursors was also identified in the circulation and synovial
tissues of PsA patients. A gradient of increasing numbers of
these cells extended from vessels in the subsynovium to the
bone pannus junction, where large multinucleated osteoclasts
were observed in deep resorption pits. These precursors,
derived from circulating CD14+ monocytes, differentiate
into osteoclasts after exposure to monocyte colony-stimulat-
ing factor and receptor activator of RANKL expressed by
synovial lining cells in inflamed psoriatic synovium. The fre-
quency of osteoclast precursors in patients with PsA declined
rapidly following treatment with TNF antagonists?>.

Some factors that participate in osteoproliferation and
new bone formation have recently been identified. Bone
morphogenetic proteins (BMP) are pivotal molecules in
bony ankylosis as shown in the DBA/1 mouse model®.
Aging DBA/1 male mice, when caged together, become
extremely aggressive and develop an ankylosing enthesitis,
which has features that are similar to the pathology observed
in psoriatic joints3?. The BMP are required for the formation
of new bone, as shown by a significant decline in ankylosis
following treatment of these mice with the BMP antagonist
noggin. Increased expression of BMP signaling molecules
was also seen in bone obtained from the calcaneal bone
biopsy from a patient with ankylosing spondylitis (AS).
Another recently identified molecule, Dickkopf-1 (DKK-1),
is induced by TNF, and inhibits osteoblast function. DKK-1
is upregulated in RA, thereby providing a rationale for the
impaired bone repair mechanism that occurs in the rheuma-
toid joint®. Interestingly, serum DKK-1 levels were low in
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patients with AS, a situation that might contribute to the
osteoproliferation characteristic of this disorder; however,
the level of DKK-1 in PsA is not known. One might predict
that DKK-1 levels would be low in patients with ankylosis
or periostitis and elevated in patients with a predominance
of erosive disease. Of particular note are studies that docu-
mented the inability of TNF inhibitors to arrest bony pro-
gression in AS and raise the possibility that bone resorption
and pathologic new bone formation are not coupled
events>1-32,

Conclusion

Over a span of 10 years, translational research has greatly
increased our understanding of the pathophysiology of PsA.
Studies of human tissues and animal models have disclosed
a dynamic interplay between cells of innate immunity such
as monocytes, dendritic cells, and neutrophils, and those of
the acquired immune response, primarily T lymphocytes
with a dominant role proposed for the TH17 subset in the
skin. The pivotal cytokines TNF and IL-23 are at the apex of
the inflammatory response and thus are particularly effec-
tive therapeutic targets, although the importance of IL-23 in
the joint has not been established. The enthesis may be the
anatomic link between local biomechanical events and sys-
temic inflammation that ultimately results in altered skeletal
remodeling. The unusual bone phenotypes arise from
enhanced activity in the RANKL signaling pathway, and
both BMP and DKK-1 likely contribute to pathologic new
bone formation, although the details of these pathways have
not been fully elucidated. Collectively, the studies described
here provide a tantalizing glimpse of the molecular and cel-
lular pathways that lead to the varied clinical features of
PsA. Additional translational approaches, combined with
newly available sophisticated genetic analytic techniques,
will dramatically deepen and expand our knowledge of dis-
ease mechanisms in psoriatic skin and bone over the next
decade.
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