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After the breakthrough in the treatment of rheumatoid arthritis and
numerous related disorders with biological therapies targeting TNFa at
the Kennedy Institute in London

Millions of patients have tremendously benefitted. However, we cannot
cure these diseases yet and have to search for additional therapeutic
targets.

Since it was shown that synovial fibroblasts (SF) are not only effector cells
responding to inflammatory stimuli, but appear endogenously activated
and potentially involved into spreading the disease [1], we searched for
the epigenetic modifications leading to the activated phenotype of these
cells.

Epigenetics in its scientific definition “is the study of all heritable and
potentially reversible changes in genome function that do not alter the
nucleotide sequence within the DNA”, but might be considered in simpler
terms as the regulation of gene expression.

Epigenetic modifications include:

Acetylation,

Methylation,

Phosphorylation,

Sumoylation,

miRs or microRNAs.

Our laboratory is studying these processes and we have found that RASF
reside in a hyperacetylated synovial tissue and appear hypomethylated
[2]. Hypomethylation leads to the activated phenotype of RASF which is
characterized by the production of matrix-degrading enzymes and of
potent chemokines induced by Toll-like receptor signalling. Current
strategies are designed to methylate these cells to deactivate and
“normalise” them again.

miRs are about 20 nucleotide long smallRNAs acting to destroy specific
mRNA.

In the race to identify specific miRs as novel targets we have identified
for example, that interleukin-6 modulates the expression of the Bone
Morphogenic Protein Receptor Type Il through a novel STAT3microRNA
cluster 17/92 pathway, which helps to explain the loss of the BMPR2 in
the vascular cells in pulmonary hypertension [3]. Moreover, miR-203 is
regulating the production of IL-6 [4].

( BioMVed Central

Most interestingly, epigenetic therapy is also on the horizon [5].
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Rheumatology has pioneered in the study of autoantibodies by showing
that they are not only involved in pathogenesis but are also highly useful as
diagnostic biomarkers. The diagnostic biomarker aspect of autoimmunity
has gained increasing importance in cancer and many of the insights gained
in Rheumatology have contributed to understanding the significance of
autoantibodies in cancer.

Features of autoantibodies in rheumatic disorders: In rheumatic
diseases no individual autoantibody-antigen system has sufficient
combination of sensitivity and specificity to serve as a useful diagnostic
biomarker. Instead, several antigen-antibody systems constructed as
profiles of biomarkers are highly effective in distinguishing one disorder
from another. In lupus, anti-double strand DNA and anti-Sm distinguishes
it from scleroderma, where the profile is anti-DNA topoisomerase 1 and
anti-centromere proteins. The autoantigensare cell components involved
in universal and basic gene expression pathways, such as Sm in precursor
mRNA splicing and DNA topoisomerase 1 in DNA replication and
transcription [1].

Features of autoantibodies in cancer: Autoantibodies in cancer target
intracellular molecules referred to as TAAs (tumor-associated antigens). As
in rheumatic disorders, no individual autoantibody-antigen system has
sensitivity and specificity to serve as a stand-alone diagnostic marker [2].
Most tumors show multiple antibody specificities and with panels of TAA-
anti-TAAs (analogous toprofiles) the cumulative sensitivity and specificity
reaches diagnostic significance. Different tumorigenesis pathways are
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activated in similar cell-type tumors from the same organ and are the

driving mechanisms behind the autoantibody response. The immune

responses are directed to products of oncogenes and tumor-suppressor
genes such as p53 and other proteins that regulate and modulate the

functions of p53 [3-5].

Protein phosphatase 2A (PP2A) is an important tumor suppressor

protein. It is a serine/threonine phosphatase and is a trimeric complex.

The B subunit is recruited from several intracellular proteins and the

type of B subunit determines the substrate of its tumor suppressor

activity. One of the B subunits, p90, was identified in our laboratory
with autoantibody from a patient with hepatocellular carcinoma [6]. It

was found to co-immunoprecipitate with other subunits of PP2A [7]

and was shown to function as an inhibitor of the tumor-suppressor

activity of PP2A.

The immune system is capable of sensing dysregulation of tumorigenesis

pathways. The goal of continuing research is in developingTAA-anti-TAAs

for detecting cancer in individual patients and profiles which are
common to specific types of tumors.
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Understanding etiology and molecular pathogenesis of rheumatoid
arthritis is key to the development of precise prevention and curative
therapy for this disease. Recent progress on how genes and environment
interact in causing immune reactions that may induce arthritis in humans
as well as in mice, have provided a conceptual basis for the development
of new prevention and treatment strategies which need to be different for
different subsets of RA. In order to bring this emerging knowledge to the
level where basic and clinical academic science can collaboratewitj
industry for rapid development of the potential new therapies, there is a
need for closer collaboration between basic and clinical scientists from
many centers, and for increased collaboration between industry and
academia in translational medicine.

In Europe, both the EU-funded framework programs and the EU and
industry funder Innovative Medicine Initiative (IMI) funder programs in
rheumatology are geared to accomplishing these goals. This presentation
will be concerned both with the scientific basis of these programs and with
a descriptions of the challenges and potential promises that these new
collaborative programs offer to rheumatology.
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Background: Acute isolated neurological syndromes, such as optic
neuropathy or transverse myelopathy, may cause diagnostic problems
since they can be the first presentations in a number of demyelinating
disorders including multiple sclerosis (MS) and collagen diseases.
However, clinical presentation and lesions evidenced by magnetic
resonance imaging may be similar. Collagen disease coexists in
demyelinating disorders and frequently various collagen disease related
autoantibodies are positive in daily practice.

Hence, the algorithm to overcome these diagnostic and therapeutic
issues should be clarified.

B cell immunity in demyelinating disorders: In primary demyelinating
disease, MS, a renewed interest in the role of humoral immunity in the
pathophysiology has been investigated because oligoclonallgG band in
the CSF and increased intrathecallgG synthesis are used as an auxiliary
diagnosis measure. Moreover, in the secondary progressive MS, meningeal
B-cell follicles are associated with early onset of the disease and severe
cortical pathology. B cell but not plasma cell depletion therapy with single
treatment by Rituximab in MS showed reduced inflammatory brain lesions
and clinical relapses.

Oligodendropathy and astrocytopathy in demyelinating disorders:
Neuromyelitisoptica (NMO) was previously considered to be a variant of MS
but is now recognized as an astrocytopathy and secondary demyelinating
event mimicking MS characteristics occurring due to autoantibody mediated
mechanisms. Advancement of molecular biology makes it possible to
differentiate MS by measuring abnormal autoantibody to aquaporin 4 (water
channel). Interestingly, collagen diseases coexist more frequently with NMO
than with MS. B cell depletion therapy with Rituximab has showed the same
benefits, although, plasma exchange therapy is more effective with NMO
than with MS.

TNF therapy and demyelinating event: A report indicates that adverse
events such as the demyelinating lesion in the brain, optic neuritis, and
neuropathy occurred after treatment with anti-TNF alpha therapy in
collagen disease, and TNF antagonizing therapy showed worsening in a
clinical trial with MS. Pathogenesis of these events such as primary or
secondary demyelination are still in enigma.

In this presentation, | will decode the temporal and spatial demyelinating
processes in collagen diseases and show practical approaches and
treatments.
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Epidemiology: Fibromyalgia (FM) is found worldwide, with an estimated
prevalence of 1% to 4% of the general population. In Japan epidemiological
surveillance showed number of the patient up t01.66% in population-based
studies in 2003, following 2.04% by internet surveillance in 2011. 3,500
Japanese patients with our FM data base, frequent age of onset is 35 to
55 years, estimated prevalence of FM, reaching 40% in woman of age 30 to
50 years old. FM occurs in children and adolescents, although only a few
epidemiologic studies.

Pathogenesis: FM was initially one the kind for inflammatory muscle pain.
Following this concept FM was classified so called soft-tissue rheumatism.
Now FM is recognized CNS sensitization following functional pain caused by
neuroendocrine system and stress. The abundant neuroendocrine and pain
regulation descending pathway and sensitization of pain receptor target
molecules such as a6 ligand, LPA and collapsing response mediator, where
currently protein (CRMP) family have been revealed.

New diagnosis, provisional ACR 2010 criteria: 1990, ACR proposed FM
criteria based on 18 tender point sites on digital palpation with exclusive
differential diagnosis. In 2010, provisional criteria is score based on total
score of severity for pain and somatic symptom (2010 ACR criteria). Based


http://www.ncbi.nlm.nih.gov/pubmed/2646863?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2646863?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18364012?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18364012?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20300207?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20300207?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19776744?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19776744?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17457049?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17457049?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12118381?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12118381?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17632056?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17632056?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18703007?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19628820?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19628820?dopt=Abstract

Arthritis Research & Therapy 2012, Volume 14 Suppl 1
http://arthritis-research.com/supplements/14/S1

on 2010 ACR criteria, we proposed the assessment of FM severity termed
“FAS31". Here, we would like propose the assessment of FM severity
score termed FAS31.

FDA approved of pregabalin in FM by double-blind, multicenter and
randomized study. Both studies enrolled patients with a diagnosis of FM
using the ACR criteria. Each of these studies showed a significant
reduction in pain compared with placebo. In addition, improvement
demonstrated based on FIQ. In Japan, this clinical trial has been
developed. Sooner or later, excellent result will be revealed.

In other medication, gabapentin practical efficacy for reduced pain with
FM patient. Several anti-dispersants (SSTIs, SNRIs. TCAs) NSAIDs, muscle
relaxant, anti epileptics and pilocarpine hydrochloride also reduced the
pain and an associated symptom. Based on with multivariant statistical
analysis based on 3,500 patients, we will present several associated
somatic symptoms influencing on drug response for pain and prognosis
with FM.

In conclusion, FM is one the most important scientific field to understand
the pain neurology and rheumatology in near.
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Lysophosphatidic acid (LPA) receptor (LPA1) signaling plays the key role
in initiation of nerve injury-induced neuropathic pain [1-4]. LPA, which
is produced in the spinal cord following the sciatic nerve injury causes
a calpain-mediated demyelination of dorsal root fibers and sprouting
through LPA1 receptor, leading to an induction of synaptic
reorganization underlying allodynia. The LPA1 signaling also initiates
the up-regulation of Ca,a,8; in DRG, leading to an enhancement of
spinal pain transmission underlying hyperalgesia. Similar LPA1-mediated
chronic abnormal pain and underlying mechanisms are observed in
mouse models with Meth-A sarcoma surrounding sciatic nerve (cancer
model) or with chemotherapy (paclitaxel). Central neuropathic pain
following spinal nerve injury is now recently found to include the LPA1-
mediated mechanisms. In contrast, (arthritic) inflammatory pain
following Complete Freund Adjuvant treatment fails to show the
involvement of LPA1 signaling. Thus it seems that many models of
neuropathic pain, but not inflammatory pain model include LPAT-
mediated mechanisms.
Recent studies revealed that another subtype LPA3 receptor plays a crucial
role in neuropathic pain mechanisms in terms of LPA biosynthesis. Nerve
injury and intrathecal administration of LPA increased the levels of
lysophosphatidylcholine (LPC) and LPA in the spinal dorsal horn and dorsal
root with peaks at 1 - 2 h. We obtained the evidence for in vitro LPA
biosynthesis in spinal dorsal horn and dorsal root as well as in vivo one. In
these studies we successfully identified the species of LPC and LPA
molecules by use of Mass Spectrometery. Major species are the molecules
with lipid chain 16:0, 18:0 or 18:1, and their contents were all time-
dependently increased by nerve injury. Interestingly, there was an LPA-
induced amplification of LPA biosynthesis through an activation of LPA3
receptor and microglia. The microglial involvement was found to play key
roles as an initiation of neuropathic pain mechanisms including LPA3-
mediated amplification of LPA biosynthesis.
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The innate immune system is an evolutionally conserved host defense
mechanism against pathogens. Innate immune responses are initiated by
pattern recognition receptors (PRRs), which recognize specific structures
of microorganisms. Among them, Toll-like receptors (TLRs) are capable of
sensing organisms ranging from bacteria to fungi, protozoa and viruses,
and play a major role in innate immunity. Individual TLRs recognize
different microbial components, and give rise to different patterns in
gene expression.

We are now focusing on the role of genes induced in response to TLR
stimulation, particularly the genes that are rapidly induced in a MyD88-
dependent manner within 30 min after LPS stimulation. Among them, we
have recently identified a novel gene named Zc3h12a which has a CCCH-
type zinc finger domain. The knockout mice developed spontaneous
autoimmune diseases accompanied by splenomegaly and lymphadenopathy.
Subsequent studies showed that Zc3h12a is a nuclease involved in
destabilization of IL-6 and IL-12mRNA. We renamed it Regulatory RNase-1
(Regnase-1) based on the function.

We recently found that the IKK complex controls //6 mRNA stability by
phosphorylating Regnase-1 in response to IL-1R/TLR stimulation.
Phosphorylated Regnase-1 underwent ubiquitination and degradation.
Regnase-1 re-expressed in IL-1R/TLR-activated cells exhibited delayed
kinetics, and Regnase-1 mRNA was found to be negatively regulated by
Regnase-1 itself via a stem-loop region present in the Regnase-1 3’
untranslated region. These data demonstrate that the IKK complex
phosphorylates not only IkBalpha, activating transcription, but also
Regnase-1, releasing the “brake” on /6 mRNA expression.
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The FasL/Fas system is critical for deletion of autoreactive and antigen-
activated T and B cells. Accordingly, mutations in these proteins result in
lymphadenopathy and autoimmunity in g/d and Ipr mutant mice, which
lack functional FasL or Fas, respectively. Upon antigenic stimulation of
T cells, FasL is sythesised, directed to and stored in secretory lysosomes
followed by extrusion at the immunological synapse where it is rapidly
downregulated by a metalloprotease, shedding the extracellular portion
(sFasL) to prevent non-specific killing. It is unclear whether the pathology
observed in gld mutant mice is due to the loss of the membrane-bound
or the secreted form of FasL or both.

We have produced a panel of mutant FasL knock-in mice to address this
question. In the first mutant strain the cytoplasmic and trans-membrane
domains of FasL were replaced with the signal peptide from G-CSF.
Activated T cells from these mutant mice can produce cytoplasmic but no
membrane bound FasL and, interestingly, they are defective in FasL-
mediated cytotoxic function and undergo significantly less activation-
induced cell death upon re-stimulation with anti-CD3 antibodies than wt
T cells. The extent of these defects is similar to that seen in FasL mutant gld
T cells. With age these FasL mutant knock-in mice develop lymphadenopathy
and splenomegaly and CD3*B2207CD4'CD8" T cells accumulate, similarly to
what has been observed in gld and [pr mutant mice. In contrast to gld mice,
the FasL mutant knock-in mice on the C57BL/6 background develop
haemopoietic tumours and reticular cell sarcomas, suggesting that while
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membrane-bound FasL is the guardian against autoimmunity, secreted FasL

may play a critical role in tissue damage and tumour suppression.
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Molecular definition of cancer specific antigens recognized by T cells
opened an approach to develop cancer specific immunotherapy. Through
a series of key findings in cancer immunology, for development of
effective therapy major effort has been directed to how to induce T cells
with fine specificity, sufficient quantity and high quality in hosts.

We intended to integrate immunobiological strategy of T cells with two
technologies, nanogel technology and retroviral vector technology for
translational research of cancer immunotherapy. Cholesterol-bearing
hydrophobizedpullulan (CHP), physically cross-linked nanogels by self-
assembly, form nanoparticle complex with protein in water.We found that
antigen protein with multiple T cell epitopes, when complexed with CHP,
was efficiently transported to lymph nodes and well captured by antigen
presenting cells such as dendritic cells and macrophages leading to cross
presentation. Hence, CHP-antigen protein complex may become excellent
cancer vaccine to induce both CD8" killer T cells and CD4* helper T cells of
high quality.

Intrinsic weakness of insufficiency in number of cancer specific T cells in
hosts, prompted us to develop adoptive T cell therapy withlymphocytes
engineered to possess cancer specificity. For this purpose, we developed
novel retroviral vectors to highly express exogenously transduced cancer
specific T cell receptor (TCR), yet suppressing expression of endogenous
polyclonal TCR. This approach allowed us to prepare T cells with finer
specificity of expressed TCR. In addition, use of RetroNectin®, a recombinant
fragment of fibronectin opened a way to ex vivo prepare T cells of sufficient
quantity and good quality for clinical use.
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Translational clinical trials of these cancer vaccine and adoptive T cell
therapy are now on-going.

An open innovation to promote fusion of different fields of science and
technology played an essential role in our development of cancer
immunotherapy.
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SKG mouse is a murine model of autoimmune arthritis. A spontaneous
point mutation of the gene encoding an SH2 domain of the (-associated
protein of 70 kDa gene (ZAP-70), a key signal transduction molecule in
T cells, causes chronic autoimmune arthritis in SKG mice that resembles
human RA in many aspects. Altered signal transduction from T-cell antigen
receptor through the aberrant ZAP-70 changes the thresholds of T cells to
thymic selection, leading to the positive selection of otherwise negatively
selected autoimmune T cells.

Based on the finding that the skg-mutation of ZAP-70 causes autoimmune
arthritis, we then examined how attenuated TCR signaling affects the
spectrum of autoimmune diseases. In a set of mice with the mutation, the
amount of ZAP-70 protein as well as its tyrosine phosphorylation upon TCR
stimulation decreased from +/+, skg/+, skg/skg, to skg/— mice in a stepwise
manner. The reduction resulted in graded alterations of thymic positive
and negative selection of self-reactive T cells and Foxp3™ natural regulatory
T cells (Tregs) and their respective functions. Consequently, skg/— mice
spontaneously developed autoimmune arthritis even in a microbially clean
environment, whereas skg/skg mice required stimulation through innate
immunity for disease manifestation. After Treg depletion, organ-specific
autoimmune diseases, especially autoimmune gastritis, predominantly
developed in +/+, at a lesser incidence in skg/+, but not in skg/skg BALB/c
mice, which suffered from other autoimmune diseases, especially
autoimmune arthritis. In correlation with this change, gastritis-mediating TCR
transgenic T cells were positively selected in +/+, less in skg/+, but not in
skg/skg BALB/c mice. Similarly, on the genetic background of diabetes-prone
NOD mice, diabetes spontaneously developed in +/+, at a lesser incidence
in skg/+, but not in skg/skg mice, which instead succumbed to arthritis. Thus,
the graded attenuation of TCR signaling alters the repertoire and the
function of autoimmune T cells and natural Tregs in a progressive manner. It
also changes the dependency of disease development on environmental
stimuli. These findings collectively provide a model of how genetic anomaly
of T cell signaling contributes to the development of autoimmune disease.
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Background: Haemophilic arthropathy (HA), which shares some clinical
and biological injury characteristics with rheumatoid arthritis (RA), is
characterized by chronic proliferative synovitis and cartilage destruction.
Anti-Fas mAb specifically targets the Fas molecule, which is expressed
and activated on the cell surface of inflammatory synovial cells and plays
a key role for induction of apoptosis. Caspases are the final executioners
of apoptosis and their activation requires proteolytic processing of
inactive zymogen into activated fragments.
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Aim: To evaluate the effects of anti-Fas mAb on HA synoviocytes and its
capacity of inducing apoptosis analysing caspase 3 activity.

Methods: HA synoviocytes were incubated with IgM 1000 ng/ml (control),
TNFalpha 10 ng/ml, FGF 10 ng/ml, CH11 100 ng/ml (positive control of
apoptosis) with or without anti-Fas mAb at different concentrations (from
0,1 to 1000 ng/ml) for 24 h. RA and healthy synoviocytes were used as
controls. To measure cell proliferation/citotoxicity, the WST-1 assay has
been performed. Caspase 3 activity has been evaluated with ELISA kit and
western blot.

Results: Anti-Fas mAb induced a citotoxic effect in HA (p < 0,001 for any
dose), healthy (p < 0,001 at 100 and 1000 ng/ml) and RA synoviocytes (p <
0,05 for any dose) reaching a maximum effect at 1000 ng/ml. After
stimulation with anti-Fas mAb combined with TNFalpha, there was a
citotoxic effect on healthy (p < 0,001 at 10, 100, 1000 ng/ml anti-Fas mAb),
RA (p < 0,001 for any dose) and HA synoviocytes (p < 0,005 at 1, 10, 100
and 1000 ng/ml anti-Fas mAb). After stimulation with anti-Fas mAb
combined with FGF, there was a citotoxic effect on healthy, RA and HA
synoviocytes (p < 0,001 for any dose). Caspase 3 levels were increased in
HA synoviocytes after anti-Fas mAb treatment in a dose-dependent
manner, even after co-stimulation with TNFalpha (p < 0,001 for
any stimulus). CH11 induced an increase of caspase 3 levels in HA
synoviocytes more than RA synoviocytes. Western blot showed that HA
synoviocytes had higher levels of activated caspase 3 compared to
RA synoviocytes after stimulation with Anti-Fas mAb, CH11 and co-
stimulation with TNFalpha.

Conclusion: Anti-Fas mAb has a dose-dependent citotoxic effect on HA
synoviocytes, even when associated with TNFalpha and FGF. Anti-Fas mAb is
effective in increasing caspase 3 levels in HA synoviocytes in a dose-
dependent manner. HA synoviocytes show higher levels of activated
caspase 3 compared to RA synoviocytes. Our results suggest that anti-Fas
IgM mAb may favour the induction of apoptosis in HA synoviocytes.
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The interaction between the immune and skeletal systems has long been
acknowledged, but molecular mechanisms linking the two systems have
not been demonstrated until recently. Investigation into autoimmune
arthritis as well as the various bone phenotypes found in mice deficient in
immunomodulatory molecules has highlighted the importance of the
dynamic interplay between the two systems and brought about a rapid
evolution of the field of osteoimmunology [1]. In bone loss in autoimmune
arthritis, IL-17-producing helper T (Ty17) cells play a major role by inducing
RANKL [2]. Maintenance and mobilization of hematopoietic cells are
regulated by bone cells. In addition to cellular interactions via cytokines,
the immune and skeletal systems share various molecules, including
transcription factors, signaling molecules and membrane receptors. RANKL
stimulates osteoclastogenesis through NFATc1 in cooperation with
immunoglobulin-like receptors. Here | will discuss emerging topics in
osteoimmunology including the mechanisms underlying bone cell
communication: osteocyte RANKL [3] and inhibition of bone formation by
osteoclast Sema4D [4].
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Disuse osteoporosis, which occurs commonly in prolonged bed rest and
immobilization, is becoming a major problem in modern societies;
however, the molecular mechanisms underlying unloading-driven bone
loss have not been fully elucidated. Bone adjusts its shape and strength
against mechanical stress. Osteocytes are the most abundant cells in
bone and comprise the communication system through the processes
and canaliculi throughout bone. The osteocyte network is considered to
be an ideal mechanosensor and mechanotransduction system. We found
that overexpression of BCL2 in osteoblasts reduces the number of
osteocyte processes, probably due to the function of Bcl2 that modulates
cytoskeletal reorganization, and induces the apoptosis of osteocytes, in
which the transgene expression was reduced, presumably caused by an
insufficient supply of oxygen, nutrients, and survival factors due to the
reduced osteocyte processes. Our BCL2 transgenic mouse with
accumulated dead osteocytes is a useful model to analyze the function of
osteocytes, because a repair process, which replaces dead osteocytes with
new osteocytes by bone resorption and formation, was not evident in the
mice irrespective of the massive accumulation of dead osteocytes
We searched for the molecules responsible for disuse osteoporosis using
BCL2 transgenic mice. Pyruvate dehydrogenase kinase isozymes (Pdk1,
Pdk2, Pdk3, and Pdk4) are negative regulators of pyruvate dehydrogenase
complex (PDC), which converts pyruvate to acetyl-CoA in the
mitochondria, linking glycolysis to the energetic and anabolic functions of
the tricarboxylic acid (TCA) cycle. Pdk4 was upregulated in femurs and
tibiae of wild-type mice but not of BCL2 transgenic mice after tail
suspension. Bone in Pdk4”” mice developed normally and was maintained.
At unloading, however, bone mass was reduced due to enhanced
osteoclastogenesis and Rankl expression in wild-type mice but not in
Pdk4”~ mice. Osteoclast differentiation of Pdk4”~ bone marrow-derived
monocyte/macrophage lineage cells (BMMs) in the presence of M-CSF and
RANKL was suppressed, and osteoclastogenesis was impaired in the
coculture of wild-type BMMs and Pdk4”~ osteoblasts, in which Rank!
expression and promoter activity were reduced. Further, introduction of
Pdk4 into Pdk4”” BMMs and osteoblasts enhanced osteoclastogenesis and
Rankl expression and activated Rankl promoter. These findings indicate
that upregulation of Pdk4 expression in osteoblasts and bone marrow cells
after unloading is, at least in part, responsible for the enhancement of
osteoclastogenesis and bone resorption after unloading [1].
Reference
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Background: Arthritis is characterized by progressive cartilage erosion,
inflammation of adjoining soft tissues and collapse of subchondral bone
due to enhanced osteoclastic resorption. Human joints are complex
structures formed by synovial tissues, articular cartilage and subchondral
bone tissue. Believing on the similarities of normal joints in humans and
monkeys, we have employed a model of collagen-induced arthritis in
Macaca fascicularis (or crab-eating monkey) in an attempt to evaluate the
histological alterations caused by such condition in the extracellular matrix
of the articular cartilage.

Materials and methods: Intermediate phalangeal proximal joints of six
Macaca fascicularis suffering from collagen-induced arthritis were extracted
and fixed with 4% paraformaldehyde solution. Samples were also taken
from disease-free animals as controls. Tissues were embedded in paraffin or
epoxy resin for histochemical and ultrastructural observations. Paraffin
sections were used for alkaline phosphatase (ALP), tartrate-resistant acid
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phosphatase (TRAP), cathepsin K, MMP-1, type Il collagen, CTX-Il (fragmented
type Il collagen) and fibronectin staining assessments.

Results: Control monkeys showed faint immunoreactivity against
cathepsin K and MMP-1 in cells covering the articular cartilage and
synovial tissues, indicating physiological levels of collagenous degradation.
In arthritic animals, more intense cathepsin K and MMP-1 staining was
observed in similar locations. ALP-positive osteoblasts and TRAP-reactive
osteoclasts were abundant at the subchondral bone in arthritic samples,
while control ones depicted fewer osteoclasts and weakly-stained ALP-
positive osteoblasts, suggesting stimulated bone turnover in the arthritic
group. Interestingly, a thick cell layer covered the articular cartilage with
arthritis, and cellular debris overlaid this thick cell layer; nonetheless,
articular chondrocytes seemed intact (Figure 1). In arthritic joints, the
synovial tissues displayed cellular debris in abundance. CTX-Il was seen in
the superficial layer of the articular cartilage in arthritic samples, but it was
virtually absent in the control group. Fibronectin also accumulated on the
surface of the arthritic cartilage.

Conclusion: Based on the evidence provided, it is possible that matrix
degradation starts not from the adjacent subchondral bone, but from the
most superficial region of the arthritic cartilage.
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Background: Active rheumatoid arthritis (RA) is characterized by
continuous progression of the inflammatory process, eventually affecting
the majority of joints. Thus far, molecular and cellular pathways of disease
progression are largely unknown. One of the key players in this destructive
scenario are synovial fibroblasts (SF) which actively attach to, invade into
and degrade articular cartilage. As RASF are able to migrate in vitro, the
current series of experiments were designed to evaluate the potential of
RASF to spread the disease in vivo in the SCID mouse model of RA.

Methods: Healthy human cartilage was co-implanted subcutaneously into
SCID mice together with RASF. At the contralateral flank, simulating an
unaffected joint, cartilage was implanted without cells. To analyze the
route of migration of RASF, the cells were injected subcutaneously,
intraperitoneally or intravenously before or after implantation of cartilage.
In addition, whole RA synovium and normal human cartilage were
implanted separately in order to analyze the effects of matrix and other
cells on the migratory behavior of RASF. To evaluate potential influences of
wound healing, either the primary RASF-containing implant or the
contralateral implant without RASF, respectively, was inserted first,
followed by implantation of the corresponding other implant after 14 days.
After 60 days, implants, organs and blood were removed and analyzed. For

the detection of human cells, immunohisto- and -cytochemistry were
performed with species-specific antibodies.

Results: RASF not only invaded and degraded the co-implanted cartilage,
they also migrated to and invaded into the contralateral cell free
implanted cartilage. Injection of RASF led to a strong destruction of the
implanted cartilage, particularly after subcutaneous and intravenous
application. Interestingly, implantation of whole synovial tissue also
resulted in migration of RASF to the contralateral cartilage in one third of
the animals. With regard to the route of migration, few RASF could be
detected in spleen, heart and lung, mainly located in vessels, most likely
resulting from an active movement to the target cartilage via the
vasculature. With respect to functional aspects, growth factors and
adhesion molecules appear to influence significantly the migratory
behavior of the synovial fibroblasts.

Conclusions: The results support the hypothesis that the clinically
characteristic phenomenon of inflammatory spreading from joint to joint
is mediated, at least in part, by a transmigration of activated RASF,
regulated by growth factors and adhesion molecules.
Acknowledgements: Supported by a grant of the German Research
Foundation (DFG).
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Bone remodeling is a frequently observed phenomenon in musculoskeletal
diseases such as rheumatoid arthritis (RA) and osteoarthritis (OA). The level
of imbalance between bone resorption/deposition is responsible for the
morphological changes osteopenia/bone erosion/osteosclerosis observed in
these arthritic conditions.

In RA, increased osteoclastic activity is responsible for the development of
focal osteopenia/erosion and systemic osteoporosis. The increased
osteoclast activity in RA has been demonstrated to be linked to a
dysregulation of pathways including cell-cell interactions, cytokines, and the
receptor activator of nuclear factor kB (RANK)/RANK ligand (RANKL) system.
Recent studies have shown that joint erosion in RA is linked to a decrease in
long-term physical function.

Under OA conditions, the subchondral bone is the site of numerous dynamic
morphological changes. These changes are associated with a number of
local abnormal biochemical pathways related to the altered metabolism of
osteoblasts and osteoclasts. At the early stages of the disease process,
increased bone loss and resorption is observed with subchondral bone
associated with local production of catabolic factors including cathepsin K
and MMP-13. Moreover, OA osteoblasts present an abnormal phenotype
resulting in increased production of growth hormones and catabolic factors.
In addition, factors such as osteoprotegerin (OPG) and RANKL have been
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found to be expressed and modulated over time in human OA subchondral
bone. Their synthesis varies from being reduced in early OA to being
increased in the late stages of the disease. This finding may explain that in
the early stages of OA, bone remodeling favors resorption and in the more
advanced stages of the disease, bone formation is predominant.

Magnetic resonance imaging (MRI) studies in knee OA patients have shown
that the subchondral bone is frequently the site of signal alterations-bone
marrow lesions (BML) - indicative of a great variety of morphological
changes. BML and cartilage loss have been linked in several studies.
Moreover, studies have identified, in OA patients, a number of risk factors
for total knee replacement including BMLs.

The paradigms regarding the role of bone lesions in arthritic diseases raise a
number of important questions. A comprehensive understanding of the
factors that contribute to these changes will provide us with better
knowledge of the pathophysiology of the diseases and the role of these
structural alterations in patient symptoms and prognosis, as well as guiding
the development of new therapeutic strategies.
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The activation threshold of cells in the immune system is often tuned by
cell surface molecules. Among these, Fc receptors expressed on various
hematopoietic cells constitute critical elements for activating or down-
modulating immune responses.
IgGFc receptors (FcyRs) were originally identified as B cell surface
molecules. For more than 40 years, FcyRs have continued to attract the
interest of many basic researchers and clinicians due to their intriguing
1gG binding ability, which provides a critical link between the humoral
and cellular branches of the immune system.
Several activating-type FcyRs, which associate with homodimeric Fc
receptor common vy subunits, are crucial for the onset and exacerbation of
inflammatory diseases. In contrast, a unique inhibitory FcyR, FcyRIIB, plays a
critical role in keeping immune cells silent. Murine models for allergic
responses and autoimmune diseases including RA illustrate the
indispensable roles of activating-type FcyRs and the inhibitory FcyRIIB in
the initiation and suppression of inflammation, respectively [1-5].
The ultimate goals of FcyR research are to accomplish our understanding of
this molecular family and to delineate novel therapeutic strategies toward
the conquest of allergic and autoimmune diseases, infectious diseases,
immunodeficiency, transplantation-associated immune disorders, and
malignant tumors. Although many lines of evidence indicate that a part of
the intravenous Ig (IVIg)-mediated anti-inflammatory effects can be
attributable to the blocking of activating-type FcyRs, recent studies have
pointed out an indispensable role of FcyRIIB in therapeutic benefits of IVig in
several murine models of inflammatory diseases including RA [6]. In this
session, we will give a brief summary of recent knowledge on antibody
biomedicine including IVIgto you, in light of exploiting FcyRs as potential
therapeutic targets for various inflammatory diseases, along with the
comparison withnon-FcyR-mediated mechanisms of IVIg.
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We have generated two RA models, human T-cell leukemia virus type |
(HTLV-I) transgenic mice and IL-1 receptor antagonist (Ra)-deficient (KO)
mice, to elucidate the pathogenic mechanisms of the disease. Both
models spontaneously developed arthritis closely resembling that of RA
in humans. We found that TNF-, but not IL-6-, deficiency suppressed
development of arthritis in IL-1Ra KO mice, while IL-6 but not TNF was
involved in the HTLV-I transgenic mouse model [1]. IL-17 was important
in both models. These observations suggest that pathogenic roles of IL-6
and TNF are different and both TNF, IL-6, and IL-17 are good targets for
therapeutics.
We found that the expression of C-type lectin receptor (CLR) genes was
augmented in the affected joints of these models using DNA microarrays.
Dendritic cell immunoreceptor (DCIR) is one of such CLRs with a
carbohydrate recognition domain in their extracellular carboxy terminus and
an ITIM in its intracellular amino terminus. Because human shared syntenic
locus containing the Dcir gene is linked to several autoimmune diseases
including RA and SLE, we have generated Dcir KO mice to examine the roles
of this gene in the immune system. We found that aged Dcir KO mice
spontaneously developed sialadenitis and enthesitis associated with
elevated serum autoantibodies [2]. DCs were excessively expanded in Dcir
KO mice after aging. Dcir KO mouse-derived bone marrow cells (BMCs)
differentiated into DCs more efficiently than did wild-type BMCs upon
treatment with GM-CSF, owing to enhanced STAT-5 phosphorylation. These
findings indicate that DCIR is crucial for maintaining the homeostasis of the
immune system, suggesting that Dcir is one of novel targets for the
treatment of RA.

We have also found that the expression of Muratin1, which encodes

uncharacterized and secreted protein, is specifically up-regulated in affected

joins of both models. Interestingly, the development of collagen-induced
arthritis was markedly exacerbated in Muratin1 KO mice. | would like to
discuss the roles of Muratin-1 in the development of arthritis.
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Background: Clinical and in vitro studies suggest that subchondral bone
sclerosis due to abnormal osteoblast (Ob) functions, is involved in the
progression and/or onset of osteoarthritis (OA). Human OA subchondral Ob
show a differentiated phenotype, however they fail to mineralize normally.
The canonical Wnt/b-catenin signaling pathway (cWnt) plays a key role in
osteogenesis by promoting the differentiation and mineralization of Ob.
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Dickkopfs (DKKs) are potent antagonists whereas R-spondins (Rspo) are
newly described agonists that play key roles in cWnt signalling. However,
the regulation of DKKs and Rspos in OA Ob remains unknown.

Materials and methods: We prepared primary human subchondral Ob
using the sclerotic medial portion of the tibial plateaus of OA patients
undergoing knee arthroplasty, or from tibial plateaus of normal individuals
at autopsy. DKK1, DKK2, SOST and Rspo-1 and -2 expression and production
were evaluated by qRT-PCR and WB analysis. The regulation of their
expression was determined in response to transforming growth factor-81
(TGF-B1) and as a function of the growth of OA Ob. Selective inhibition was
performed using siRNA techniques. cWnt signaling was evaluated by
measuring target gene expression using the TOPflash Tcf/lef luciferase
reporter assay and intracellular B-catenin levels by WB. Mineralization was
evaluated by Alizarin red staining. TGF-B1 levels were determined by ELISA.
Results: DKK2 expression and production were elevated in OA Ob
compared to normal whereas DKK1 was similar. Rspo2 expression was
reduced in OA Ob whereas Rspo1 was similar. TGF-BTmRNA expression and
protein levels were high in OA Ob. TGF-b1 stimulated DKK2 expression and
production in Ob whereas it inhibited Rspo2 expression. cWnt signaling was
reduced in OA compared to normal Ob. This inhibition was due in part to
elevated DKK2 levels and to reduced Rspo-2 levels since correcting DKK2 by
siRNA or the addition of Rspo-2 increased cWnt signaling using the TOPflash
reporter assay. These treatments also increased B-catenin levels in OA Ob.
Mineralization of OA Ob was reduced compared to normal Ob and was also
corrected in part by inhibiting DKK2 or by Rspo2 addition. Both elevated
DKK2 and reduced Rspo2 levels contributed to abnormal expression of bone
markers by OA Ob.

Conclusions: These studies demonstrate that elevated antagonist or
reduced agonist levels of cWnt signalling interfere in normal Ob function
and lead to abnormal mineralization. Since these are secreted soluble
proteins, this could lead to potential new avenues of treatment of OA to
correct their abnormal bone phenotype and mineralization.
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Fas ligand (CD 178) and its receptor Fas (CD 95) are members of the TNF
superfamily of ligands and receptors involved in the activation of apoptosis.
Our research group demonstrated that Fas and Fas ligand were expressed
during osteoblast and osteoclast differentiation, and their expression may
be modified by various cytokines. The lack of functional Fas signaling in
murine models leads to altered endochondral ossification, increase of the
bone mass in adult mice, and resistance to ovariectomy-induced bone loss.
We also showed that mice with a Fas gene knockout lose less bone during
antigen-induced arthritis. These changes seem to be, at least in part,
mediated by increased expression of osteoprotegerin (OPG), another
member of the TNF superfamily, which acts as a decoy receptor for receptor
activator for nuclear factor xB (RANK) ligand (RANKL). The bone phenotype
of mice lacking Fas signaling may be related to the immunological
disturbance rather than intrinsic bone disorder. To address this question at
molecular level, we performed a set of parabiotic experiments in mice with
non-functional Fas ligand mutation (gld mice). Mice were kept in parabiosis
for 1 to 4 weeks, and for 2 weeks after separation from 4-week parabiosis.
We also analyzed OPG levels in the peripheral blood of patients with
autoimmune lymphoproliferative syndrome (ALPS). Joined circulation
between gld and wild-type mice led to increased expression of bone
protective OPG in the wild-type animal, both at the gene and protein level
at 4 weeks of parabiosis. This effect was sustained even after the separation
of parabiotic mice. At the same time, double-negative T lymphocytes
transferred from gld into wild-type member of a parabiotic pair rapidly
vanished from the periphery of both gld and control mice in parabiosis.
Patients with ALPS had increased OPG mRNA level in peripheral blood
mononuclear cells, as assessed by real-time PCR, in comparison to age- and
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sex-matched controls. These findings show that bone and immune changes
are uncoupled during Fas ligand deficiency. Under the assumption that OPG
also acts as a molecular brake in the immune system, downregulation of
OPG in gld mice during parabiosis with wild-type mice could be considered
as a molecular marker of remission. Increased expression of OPG in children
with ALPS leads to the hypothesis that a similar mechanism might be at
play in humans.
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IL-27, a member of the IL-6/IL-12 family of cytokines, induces early helper T
(Th)1 differentiation and generation of cytotoxic T cells and IL-10-producing
type 1 regulatory T cells, while it suppresses the production of inflammatory
cytokines and inhibits Th2 and Th17 differentiation [1,2]. The receptor
activator of NF-kB ligand (RANKL), which is expressed by not only
osteoblasts but also activated T cells, plays an important role in bone-
destructive disease rheumatoid arthritis (RA). Recently, IL-17-producing Th17
cells were identified as the exclusive osteoclastogenic T-cell subset. This is
because Th17 cells express RANKL, and that IL-17 not only induces RANKL
expression on osteoblasts, but also increases the production of various
inflammatory molecules. It was previously reported that IL-27 is detected in
RA synovial membranes and that treatment with IL-27 attenuated
inflammatory responses in collagen-induced arthritis (CIA), one of mouse RA
models.
We have been investigating the role of IL-27 in the regulation of
inflammatory responses leading to the development of bone destructive
autoimmune disease. We first demonstrated that osteoclastogenesis from
bone marrow cells induced by soluble RANKL is inhibited by IL-27 with
reduced multinucleated cell numbers [3]. Then, other group further clarified
that IL-27 directly acts on osteoclast precursor cells and suppresses RANKL-
mediated osteoclastogenesis through STAT1-dependent inhibition of c-Fos,
leading to amelioration of the inflammatory bone destruction. We recently
investigated the mechanistic role of IL-27 in the pathogenesis of CIA and
found that local injection of adenoviral IL-27 transcript into the ankles of CIA
mice attenuates joint inflammation, synovial lining thickness, bone erosion
and leukocyte migration [4]. IL-27 reduced the production of IL-1b and IL-6,
and suppressed Th17 cell differentiation as well as IL-17 downstream target
genes, which leads to decreased IL-17-mediated monocyte recruitment and
angiogenesis possibly through the reduction of neutrophil and monocyte
chemokines. We also elucidated that IL-27 inhibits cell surface expression of
RANKL on naive CD4" T cells activated by T cell receptor ligation and
secretion of its soluble RANKL as well [5]. The inhibitory effect was mediated
in part by STAT3 but not by STAT1 or IL-10. In differentiated Th17 cells, IL-27
much less but significantly inhibited the RANKL expression after
re-stimulation.
Taken together, these results suggest that IL-27 regulates inflammatory
immune responses leading to the development of bone destructive
autoimmune disease through multiple mechanisms as described above
(Figure 1), and that IL-27 may be a promising target for therapeutic
intervention to control disease in RA patients.
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arthritis development in CAIA, as demonstrated by using muMT mice which
lack B cells. On the other hand, Syk-deficient macrophages produced less
MCP-1 and IL-6 than Syk-sufficient cells after FcR ligation, which can account
for the absence of a pronounced accumulation of neutrophils and
macrophages in the joints of iSyk KO mice. Our results demonstrate that Syk
in macrophages is likely a key player in antibody-induced arthritis,
mediating the release of pro-inflammatory cytokines and chemokines after
macrophages bind anti-collagen antibody, and indicate that Syk is a
promising target for arthritis therapy.
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Spleen tyrosine kinase (Syk) is a cytoplasmic protein expressed mainly in
immune cells including macrophages and neutrophils and is associated with
receptors containing an immunoreceptor tyrosine-based activation motif
(ITAM), such as Fcy receptors. As Syk-mediated signaling plays an important
role in activation of immune responses, to investigate whether specific
interruption of Syk-mediated signaling can affect the development of
rheumatoid arthritis (RA), we used tamoxifen-induced conditional Syk-KO
mice (iSyk KO) to evaluate the importance of Syk on disease development.
Using a collagen antibody-induced arthritis model (CAIA), iSyk KO mice
showed significantly attenuated disease severity compared to Syk non-
deleted mice (Figure 1). Although iSyk KO mice contained reduced B cell
numbers after deletion of Syk in adulthood, B cells are not required for

023

Synoviolin meets metabolic disorders

Naoko Yagishita'", Satoko Aratani?, Daisuke Hasegawa', Yoshihisa Yarano',
Kusuki Nishioka®, Toshihiro Nakajima*

TInstitute of Medical Science, St Marianna University School of Medicine,
Kawasaki, Kanagawa 216-8512, Japan; “Institute of Medical Science, Tokyo
Medical University, Shinjuku-ku, Tokyo 160-8402, Japan; *Bayside Misato
Medical Center, Kochi 781-0112, Japan

Arthritis Research & Therapy 2012, 14(Suppl 1):023

Rheumatoid arthritis (RA) is consists of multiple processes such as chronic
inflammation, overgrowth of synovial cells, joint destruction and fibrosis. To
clarify the mechanism of outgrowth of synovial cells, we carried out
immunoscreening using anti-rheumatoid synovial cell antibody, and cloned
‘Synoviolin’ [1]. Synoviolin is endoplasmic reticulum (ER)-resident E3
ubiquitin ligases, and is involved in ER-associated degradation (ERAD).
Synoviolin is highly expressed in synoviocytes of patients with RA.
Overexpression of synoviolin in transgenic mice leads to advanced
arthropathy caused by reduced apoptosis of synoviocytes [1]. We postulate
that the hyperactivation of the ERAD pathway by overexpression of
synoviolin results in prevention of ER-stress-induced apoptosis leading to
synovial hyperplasia [2]. In addition, Synoviolin ubiquitinates and sequesters
the tumor suppressor p53 in the cytoplasm, thereby negatively regulating
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its biological functions [3]. Therefore Synoviolin regulates, not only apoptosis

in response to ER stress, but also a p53-dependent apoptotic pathway.

These studies indicate that Synoviolin is involved in overgrowth of synovial

cells through its anti-apoptotic effects. Further analysis showed that

Synoviolin is also involved in fibrosis among the multiple processes [4].

Therefore, it was suggested that Synoviolin is thought to be a candidate for

pathogenic factor for arthropathy through its involvement of multiple

processes.

As for the treatment of RA, biological agents are approved for clinical use,

and these drugs have dramatically changed the treatment of RA during the

past decade. However, in some cases patients fail to respond to the biologic
treatment or adverse effects develop such as; an increased risk of infections.

It was reported that elevated Synoviolin levels were identified in circulating

monocytes and were associated with nonresponse to infliximab treatment.

Moreover, these agents are associated with high costs and discomfort

arising from subcutaneous or intravenous administration. Thus, there is a

clear need for the development of cheaper, orally administrated therapies

with fewer side effects. Then, we successfully discovered Synoviolin
inhibitors. We are now proceeding with the optimization of small

compounds, and we hope our research will lead to the development of a

new therapy for RA and serve as an example of the therapeutic benefit of

developing E3 ligase inhibitors.

In addition, to clarify the physiological function of Synoviolin in adult, we

recently generate synoviolin conditional knockout mice using tamoxifen

inducible Cre transgenic mice under CAG promoter. In today’s session, I'd

like to introduce the preliminary data of synoviolin conditional knockout

mice.
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Background: The use of cytokine inhibitors has been a major progress in
the treatment of chronic inflammation. However, not all patients respond
and response will be often lost when treatment is stopped. These clinical
aspects indicate that other cytokines might be involved and we focus here
on the role of IL-17. In addition, the chronic nature of joint inflammation
may contribute to reduced response and enhanced chronicity. We had
previously observed that patients not responding well to TNF inhibition had
higher blood expression of synoviolin, an E3 ubiquitin ligase previously
shown to be implicated in synovial hyperplasia in human and mouse
rheumatoid arthritis (RA). Therefore we studied the capacity of IL-17 to
regulate synoviolin in human RA synoviocytes and in chronic reactivated
streptococcal cell wall (SCW)-induced arthritis.

Materials and methods: Chronic reactivated SCW-induced arthritis was
examined in IL-17R deficient and wild-type mice. Synoviolin expression was
analysed by real-time RT-PCR, Western Blot or immunostaining in RA
synoviocytes and tissue, and p53 assessed by Western Blot. Apoptosis was
detected by annexin V/ propidium iodide staining, SS DNA apoptosis ELISA
kit or TUNEL staining and proliferation by PCNA staining. IL-17 receptor A
(IL-17RA), IL-17 receptor C (IL-17-RC) or synoviolin inhibition were achieved
by small interfering RNA (siRNA) or neutralizing antibodies.

Results: IL-17 induced sustained synoviolin expression in RA synoviocytes.
Sodium nitroprusside (SNP)-induced RA synoviocyte apoptosis was
associated with reduced synoviolin expression and was rescued by IL-17
treatment with a corresponding increase in synoviolin expression. IL-17RC or
IL-17RA RNA interference increased SNP-induced apoptosis, and decreased
IL-17-induced synoviolin. IL-17 rescued RA synoviocytes from apoptosis
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induced by synoviolin knockdown. IL-17 and TNF had additive effects on
synoviolin expression and protection against apoptosis induced by
synoviolin knowndown. In IL-17R deficient mice, a decrease in arthritis
severity was characterized by increased synovial apoptosis, reduced
proliferation and a marked reduction in synoviolin expression. A distinct
absence of synoviolin expressing germinal centres in IL-17R deficient mice
contrasted with synoviolin positive B cells and Th17 cells in synovial
germinal centre-like structures.

Conclusions: IL-17 induction of synoviolin may contribute in part to RA
chronicity by prolonging the survival of RA synoviocytes and immune
cells in germinal centre reactions. These results extend the role of IL-17
to synovial hyperplasia.
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In osteoarthritis (OA), despite major progress regarding the identification
and roles of catabolic mediators, further knowledge about factors regulating
their expression is needed. In this line of thought, one recently identified
class of molecules, the microRNA (miRNA), has been found to add another
level of regulation to gene expression by down-regulating its target genes.
miRNAs are 20-23 nucleotides (nt)-long single-stranded non-coding RNA
molecules that act as transcriptional repressors by binding to the 3’
untranslated region (UTR) of the target messenger RNA. Recently, miR-140
has emerged as being implicated in OA by modulating genes involved in
the pathogenesis of this disease. The miRNA-140 gene is located between
exons 16 and 17 in one intron of the WW domain containing the E3
ubiquitin protein ligase 2 (WWP2) gene [1]. The miR-140, originally found in
cartilage [2], has recently been linked more specifically to the OA process
[3,4]. The miRNA-140 decreases the expression of some genes known to
play detrimental roles in OA cartilage. Those genes include histone
deacetylase 4 (HDAC4) [2,5], ADAMTS-5 [6,7], Smad3 [8,9], and IGFBP5 [3].
On human chondrocytes, the expression level of miR-140 was found to be
significantly decreased in OA compared to normal [3,4], thus favouring an
increased expression of its target genes and consequently a role in OA
progression. Interestingly, further investigation of the transcriptional
regulation of miR-140 showed that in human OA chondrocytes miR-140 also
has a WWP2-independent regulation. This occurs through the miR-140
intronic regulatory sequence in which the transcription factor NFAT3 acts
directly and NFATS indirectly through the growth factor TGF-$1/Smad3.
These data are of importance as they can provide a new basis for the
rationalization of a therapeutic strategy for this disease.
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Osteoclasts, the multinucleated cells that resorb bone, originate from cell
cycle-arrested quiescent osteoclast precursors [1]. Mesenchymal
osteoblastic cells are involved in osteoclast differentiation. Osteoclast
precursors express RANK (a receptor of RANKL), recognize RANKL
expressed by osteoblasts through cell-cell interaction and differentiate into
osteoclasts in the presence of M-CSF. OPG, produced mainly by
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osteoblasts, is a soluble decoy receptor for RANKL. Deficiency of OPG in
mice induces osteoporosis caused enhanced bone resorption. Elevated
osteoblastic activity was suppressed by bisphosphonate administration in
OPG-deficient mice. These results suggest that bone formation is
accurately coupled with bone resorption. Collagen sponge disks containing
BMP-2 were implanted into the dorsal muscle pouches in OPG-deficient
mice. TRAP-positive osteoclasts and ALP-positive osteoblasts were
observed in BMP-2-disks preceding the onset of calcification for one week.
OPG and soluble RANK inhibited BMP-2-induced osteoclast formation but
not the appearance of ALP-positive cells in OPG-deficient mice. We then
examined how osteoblasts are involved in osteoclastogenesis other than
RANKL expression, using RANKL-deficient mice. RANKL-deficient mice
showed severe osteopetrosis due to loss of osteoclasts. Injection of RANKL
into RANKL-deficient mice induced many osteoclasts in bone but not soft
tissues [2]. These results suggest that osteoblasts determine the place of
osteoclastogenesis from haemopoietic stem cells in bone. We next
explored roles of osteoclasts in ectopic bone formation induced by BMP
using op/op and c-fos-deficient osteopetrotic mice. The ectopic bones
formed in op/op mice showed extremely rough surfaces, whereas those in
wild-type mice showed smooth ones. Bone mineral density of BMP-
induced ectopic bone in op/op mice was about 2-times higher than that in
wild-type mice. TRAP-positive osteoclasts exhibit in outer of the ectopic
bone in the wild-type mice. In op/op mice, although osteoclasts strongly
exhibit in inside of the BMP-induced ectopic bone, TRAP-positive
osteoclasts did not exhibit in outer of the BMP-induced ectopic bone.
Furthermore, the accentuation of the BMP-induced ectopic bone formation
did not exist in osteopetrotic c-Fos-deficient mice. In c-Fos-deficient mice,
which are completely osteoclasts deficiency, the accentuation of the BMP-
induced ectopic bone formation did not exist. Furthermore, there is no
RANK-positive osteoclast progenitors in bone derived from c-Fos-deficient
mice. These results suggest that RANK-positive osteoclast progenitors are
positively regulate the signal of bone formation. In summary, osteoclastic
bone resorption directly activates osteoblast function and osteoclasts are
involved in normal bone morphogenesis.
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Repair of cartilage injury with hyaline cartilage has been a challenging clinical
problem. Articular cartilage damage sometimes heals with fibrocartilage,
which is different from hyaline cartilage. Fibrocartilage is a type of scar tissue
that expresses types | and Il collagen. In contrast, hyaline cartilage does not
express type | collagen. When aiming to induce hyaline chondrogenic cells
directly from dermal fibroblasts, in addition to activation of cartilage-specific
matrix genes, elimination of expression of type | collagen is needed for
generation of hyaline cartilage. Otherwise, the presence of type | collagen
impairs cartilage extracellular matrix architecture, which leads to formation of
fibrocartilage. The generation of induced pluripotent stem cells has provided
a tool for reprogramming dermal fibroblasts to an undifferentiated state by
ectopic expression of reprogramming factors. We found that retroviral
expression of two reprogramming factors (c-Myc and KIf4) and one
chondrogenic factor (SOX9) induces polygonal chondrogenic cells directly
from adult dermal fibroblast cultures. Induced cells expressed marker genes
for chondrocytes but not fibroblasts; the promoters of type | collagen genes
were extensively methylated. Transduction of c-Myc, KIf4, and SOX9
produced two types of cells: chondrogenically reprogrammed cells and
partially reprogrammed intermediate cells. Chondrogenically reprogrammed
cells generated stable homogenous hyaline cartilage-like tissue without
tumor formation when subcutaneously injected into nude mice. Hyaline
cartilage-like tissue expressed type Il collagen but not type | collagen. On the
other hand, partially reprogrammed intermediate cells expressed type |
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collagen and produced tumor when injected into nude mice. Induced
chondrogenic cells did not undergo pluripotent state during induction from
dermal fibroblast culture, as time-lapse observation did not detect GFP
reporter expression during induction from dermal fibroblasts prepared from
transgenic mice in which GFP is inserted into the Nanog locus. These results
suggest that chondrogenic cells induced by this approach are free from a
risk of teratoma formation which associates with cells prepared through
generation of iPS cells followed by redifferentiation into the target cell type.
The dox-inducible induction system demonstrated that induced cells are able
to respond to chondrogenic medium by expressing endogenous Sox9 and
maintain chondrogenic potential after substantial reduction of transgene
expression. This approach could lead to the preparation of hyaline cartilage
directly from skin, without going through pluripotent stem cells, in future
regenerative medicine.
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Materials and methods: We created a whole-mount in situ hybridization
database, termed EMBRYS http://embrys.jp/embrys/html/MainMenu.html,
containing expression data of 1520 transcription factors and cofactors
expressed in E9.5, E10.5, and E11.5 mouse embryos —a highly dynamic stage
of skeletal myogenesis. This approach implicated 43 genes in regulation of
embryonic myogenesis, including a transcriptional repressor, the zinc-finger
protein RP58 (also known as Zfp238) [1].

Results: Knockout and knockdown approaches confirmed an essential role

for RP58 in skeletal myogenesis. Cell-based high-throughput transfection

screening revealed that RP58 is a direct MyoD target. Microarray analysis
identified two inhibitors of skeletal myogenesis, Id2 and Id3, as targets for

RP58-mediated repression. Consistently, MyoD-dependent activation of the

myogenic program is impaired in RP58 null fibroblasts and downregulation

of 1d2 and 1d3 rescues MyoD's ability to promote myogenesis in these cells.

Conclusions: Our combined, multi-system approach reveals a MyoD-

activated regulatory loop relying on RP58-mediated repression of muscle

regulatory factor inhibitors. We applied our systems approaches to other
locomotive tissues research including cartilage and tendon, and revealed
novel molecular network regulating joint cartilage development and

homeostasis via microRNA-140 [2,3] and tendon development by Mkx [4].
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In rheumatoid arthritis (RA), targeting the vasculature may be beneficial
to control the disease. Endothelial cells lining blood vessels are involved
in a variety of functions in inflammation, including recruitment of
leukocytes and cellular adhesion, antigen presentation, coagulation,
cytokine production and angiogenesis. Angiogenesis, the growth of new
vessels, is important for the proliferation of the rheumatoid synovial
tissue pannus where these vessels also serve as a conduit for cells
entering the inflamed synovium from the blood.

We have shown before that the endothelial adhesion molecule E-selectin,
in soluble form, mediates angiogenesis via its endothelial receptor sialyl
Lewis* on adjacent endothelium [1]. We have used human RA synovial
tissues to produce an antibody detecting related molecules, Lewis’/H-5-2,
which are mainly known as blood group antigens but are also found on
endothelium in select organs such as skin, lymph node and synovium, but
not most other endothelium. This antigen is rapidly upregulated on
endothelium in vitro in response to stimuli such as tumor necrosis factor-
alpha, that is present in the RA joint. Additionally, this antigen is
upregulated on RA vs. normal synovial endothelial cells, and in soluble
form is upregulated in RA synovial fluid vs. osteoarthritic synovial fluid. In
soluble form, Lewis’/H-5-2 mediates angiogenesis, cell adhesion via
intercellular adhesion molecule-1, and monocyte recruitment.

Fucosyl transferases (fut1 and fut2) are enzymes that control the synthesis of
Lewis’/H-5-2. We have examined fut1 deficient mice to determine if
fucosylation is important in angiogenesis and arthritis. Fut1 gene deficient
mouse endothelial cells did not form endothelial sprouts on Matrigel in vitro
to the same extent as wild type mouse endothelial cells. Moreover, the fut1
gene deficient mice were resistant to the development of angiogenesis in
the Matrigel plug and sponge granuloma angiogenesis models in vivo. In
terms of arthritis development, the Lewis’/H-5-2 gene deficient mice were
resistant to development of K/BxN arthritis. Moreover, the harvested joints
of these mice had decreased monocyte chemoattractant protein-1/CCL2
and interleukin-1 compared to wild type littermates, indicating that some
inflammatory mediators were downregulated when fut1 was absent. These
experiments suggest that futs may be important in the development of
angiogenesis and inflammatory arthritis and that they may serve as novel
targets in RA therapy.
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Rheumatoid arthritis (RA) affects approximately 0.5% of the world
population, yet the mechanisms underlying the development and
progression of RA remain poorly understood. We are investigating the role
of citrullinated fibrinogen as a pathogenic antigen in RA. Using arthritis
antigen arrays we demonstrate that citrullinated fibrinogen is one of the
earliest targets of the autoantibody response in RA, with autoantibodies
against citrullinated fibrinogen appearing up to 10 years prior to the
development of clinical arthritis. We further demonstrate that approximately
50% of CCP+ RA patients possess circulating immune complexes containing
citrullinated fibrinogen, and that citrullinated fibrinogen containing immune
complexes are deposited in human RA synovial tissues. To determine
whether citrullinated fibrinogen can induce inflammatory arthritis in mice,
we immunized mice with citrullinated fibrinogen and demonstrated that an
inflammatory arthritis results and that both T cells and serum can transfer
arthritis to naive mice. Fibrinogen is an endogenous ligand for the innate
immune receptor TLR4, and to determine whether citrullination might alter
the ability of fibrinogen to bind TLR4 we performed in vitro macrophage
stimulation assays with native and citrullinated fibrinogen. We found that
citrullinated fibrinogen was ten-fold more potent than native fibrinogen at
stimulating macrophage TNF release. Further, macrophage derived from
mice deficient for TLR4 or MyD88 did not produce TNF in response to
citrullinated fibrinogen. Thus, our results demonstrate a novel mechanism
by which anti-citrullinated protein antibodies (ACPA) specifically targeting
citrullinated fibrinogen may directly stimulate macrophage TNF production,
via co-ligation of TLR4 and Fc-gamma-R. Our findings demonstrate a role for


http://embrys.jp/embrys/html/MainMenu.html
http://www.ncbi.nlm.nih.gov/pubmed/20059953?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20059953?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20059953?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20466812?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20466812?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19714579?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19714579?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20498044?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20498044?dopt=Abstract

Arthritis Research & Therapy 2012, Volume 14 Suppl 1
http://arthritis-research.com/supplements/14/S1

citrullination both in creating neoantigens targeted by the adaptive immune
response in RA as well as by increasing the potency of fibrinogen as an
endogenous innate immune ligand. These results provide insights into the
mechanisms by which anti-citrulline autoimmunity, and specifically the
citrullination of fibrinogen, may contribute to both the onset and
propagation of inflammation in RA.
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Regulatory T cells (Tregs) are engaged in the maintenance of immunological
self-tolerance and immune homeostasis. IL-10 has an important role in
maintaining the normal immune state. We showed that IL-10-secreting
Tregs can be delineated in normal mice as CD4*CD25 Foxp3™ T cells that
express lymphocyte activation gene-3 (LAG-3), an MHC class ll-binding CD4
homolog. CD4*CD25LAG3* Tregs characteristically express early growth
response gene-2 (Egr-2), a key molecule for anergy induction. Retroviral
gene transfer of Egr-2 converts naive CD4" T cells into IL-10-secreting and
LAG-3-expressing Tregs. Moreover, CD4*CD25LAG3™ Tregs show B cell-
dependent development. CD4*CD25LAG3™ Tregs, but not CD4*CD25*
Tregs, strongly suppressed the antibody production in B cells co-cultured
with helper T cells. Thus, IL-10-secreting Egr-2"LAG3*CD4" Tregs are closely
related to B cells and can be exploited for the treat ment of autoimmune
diseases.

Systemic lupus erythematosus (SLE) is a multisystem chronic inflammatory
disease that affects many organs, and the immunological disorders are
accompanied by autoantibody production. Recent case-control association
study revealed that polymorphisms in the Egr-2 influence SLE susceptibility
in humans. Interestingly, adoptive transfer of CD4*CD25LAG3* Tregs from
MRL/+ mice suppressed autoantibody production and the progression of
nephritis in MRL//pr lupus prone mice. In contrast, CD4*CD25" Tregs from
MRL/+ mice exhibited no significant therapeutic effect upon transfer to
MRL/Ipr mice. These results indicate that CD47CD25LAG3™ Tregs play key
roles in the regulation of humoral immunity by the strong suppressive
activity for B cell antibody production.
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Under steady state conditions, billions of dead and dying cells are
removed by extrusion from epithelial surfaces as well as by phagocytosis.
Cells such as macrophages and dendritic cells have specialized receptors
that directly recognize altered protein or lipids on apoptotic cells or
opsonins that bind to the dying cell. Once engulfed, phagosomes
containing apoptotic cells are rapidly acidified and the contents degraded
by proteases and nucleases in lysozymes. During necrosis, cellular
material is released prior to engulfment and extracellular nucleases as
well as intracellular sensors dictate the inflammatory potential of the
cellular debris. The outcome may be release of TNF-a, IL-1-b or interferon
(IFN)-a depending upon the type of phagocyte, molecular nature of the
cellular particle and the intracellular sensor engaged.

In addition to responses by cells of the innate immune system, we have
recently defined a link between processing of apoptotic cells and their
debris to T cell activation [1]. MFG-E8 is an opsonin (bridging protein)
that binds to phosphatidylserine on apoptotic cells and facilitates their
removal through interaction with integrins on phagocytes. Mice deficient
in MFG-E8 develop lupus like autoimmunity associated with accumulation
of apoptotic cells in vivo. We observed that older MFG-8-/- mice
spontaneously developed a dermatitis associated with CD8 T cell
infiltration and striking activation of effector memory CD8 T cells. T cell
responses to both exogenous and endogenous apoptotic cell associated
antigens were enhanced in MFG-E8 deficient mice and transfer of
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ovalbumin (OVA) reactive OT-1 CD8 T cells caused accelerated diabetes in
MFG-E8-/- RIP-mOVA mice and skin disease in kmOVA transgenic mice.
The enhanced CD8 T cell response was attributed to increased cross-
presentation by dendritic cells (DCs) associated with increased detection
of antigen peptide MHCI complexes. Investigation of intracellular
trafficking revealed that, whereas intact apoptotic cells ingested by wild
type DC rapidly fused with lysosomes, in the absence of MFG-E8, smaller
apoptotic cell fragments persisted in endosomal compartments and failed
to fuse with lysosomes.
These observations suggest that in addition to altering the rate of
clearance of apoptotic cells, MFG-E8 deficiency promotes immune
responses to self antigens by altered intracellular processing leading to
enhanced antigen presentation. Thus, handling of dead and dying cells
impacts both innate and adaptive immune responses to self antigens.
Reference
1. Peng Y-F, Elkon KB: Autoimmunity in MFG-E8-deficient mice is associated
with altered trafficking and enhanced cross-presentation of apoptotic
cell antigens. J Clin Invest 2011, 121:2221-2241.

033

From discovery of RANKL to clinical application of anti-human RANKL
antibody

Hisataka Yasuda'", Yuriko Furuya?, Kohji Uchida®

'Bioindustry Division, Oriental Yeast Co Ltd, Tokyo, Japan; “Nagahama
Institute for Biochemical Science, Oriental Yeast Co Ltd, Shiga, Japan
Arthritis Research & Therapy 2012, 14(Suppl 1):033

Osteoporosis is a common bone disease characterized by reduced bone
and increased risk of fracture. In postmenopausal women osteoporosis
results from bone loss attributable to estrogen deficiency. Receptor
activator of nuclear factor-B ligand (RANKL) is a pivotal osteoclast
differentiation factor [1]. Discovery of RANKL has opened a new era in the
understanding of mechanisms in osteoclast differentiation over the last
decade. The discovery also results in the development of a fully human
anti-RANKL neutralizing monoclonal antibody (called denosumab) and
denosumab has been approved for the treatment of osteoporosis in
Europe and the US.
Here | report a novel rapid bone loss model with GST-RANKL as the first
topic [2]. Pharmacologic studies o