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Abstract

Osteoarthritis is a slowly progressive disease which
includes the intervention of several cytokines, macro-
phage metalleinoproteinases reaction, leading to the
degradation of the local cartilage but also having an
impact on the serum acute phase proteins (APPs).
Subsequently, biomarkers seem to be essential to estimate
its progression and the need for any surgical intervention
such as total arthroplasty, but also can be used as
therapeutic agents. Recently, among APPs, fetuin A drew
attention regarding its possible anti-inflammatory role
in animal models but also as a therapeutic agent in the
inflammatory joint disease in clinical trials. In contrast with
other APPs such as C-reactive protein, fetuin A appears to
be lower in the serum of patients with degenerative joint
disease in comparison with the healthy ones, and also
acts as an antagonist of the anti-proliferative potential of
transforming growth factor-B (TGF-B) cytokines. Because
of its lower serum levels in arthritis, an unregulated
binding of TGF-B and bone morphogenetic proteins takes
place leading to further arthritic lesions. The purpose
of the present review is to assess the current evidence
regarding the multipotent role of the alpha-2-HS-
glycoprotein or as also known Fetuin-a in animal models
but also as a biomarker of the degenerative joint arthritis
in clinical trials.
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Core tip: Fetuin A, an acute phase glycoprotein, recently
drew scientific attention regarding its anti-inflammatory
role. In the case of arthritis, clinical studies have shown
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its therapeutic potential as well as its anti-inflammatory
role as it has been indicated by animal models. In this
manuscript, we intend to review the current evidence
concerning its anti-inflammatory and therapeutic role in
degenerative joint disease.
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INTRODUCTION

Osteoarthritis, which is also known as degenerative
arthritis, is a deteriorating musculoskeletal condition
that includes the decrease in the articular cartilage but
also leads to a progressive subchondral erosion of the
bone'™. It is assumed that the joint arthritis consists of
an inflammatory response which is introduced by several
cytokines which are produced by the local reaction of
macrophages, such as interleukin (IL)-1a, IL-8, IL-10 and
matrix metalleinoproteinases (MMPs). These agents are
measurable in the serum but also in the joint synovial
fluid and all lead to cartilage breakdown®. Additional
to the imbalance of the cytokines driven inflammatory
process, the collagen of type 1 is transformed to collagen
of type 2, while at the same time a decrease in the joint
chondrocytes also takes place. It is widely accepted
that the activity of IL-1 has a leading role in the arthritis
inflammatory process leading to the production of MMPs
which further leads to cartilage degradation. Acute phase
proteins (APPs), such as C-reactive protein, are also
elevated in patients with severe osteoarthritis™?.

Regarding APPs, fetuin A has recently draw attention
regarding its possible anti-inflammatory role!. The
complete structure of the complex oligosaccharides of
fetuin A has been established™. Thanks to ion exchange
chromatography following pronase digestion, identical
molar ratios of sialic acid, mannose and N-acetyl-
glycosamine of 3:3:3:5 was revealed (Figure 1).

Fetuin A is also known as alpha-2-HS-glycoprotein
(AHSG) for the human homologue and was first declared
as a fetus major plasma protein. During the fetus growth,
it is expressed in the liver, kidney, gastrointestinal tract,
skin and brain'®. Concerning the adults, among APPs,
fetuin A is produced by the liver and has recently drawn
attention regarding its possible anti- inflammatory role in
injury or infection, classifying it as a negative APP due to
a regulation of pre-inflammatory cytokines such as tumor
necrosis factor (TNF), IL-1, IL-6 and interferon (IFN)-y,
but also as a positive APP thanks to the mediation of
HMGB1".

The aim of this mini review is to investigate the
possible role of fetuin A in the inflammatory response, in
processes such as the joint osteoarthritis.
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ETIOPATHOLOGY OF ARTHRITIS

The joint homeostasis seems to take place due to a
balance between catabolic factors of the adult joint
cartilage (IL-1 and TNF) as well as the anabolic ones
[insulin like growth factor (IGF), bone morphogenetic
protein (BMP) morphogens such as BMP-7 and cartilage-
derived morphogenetic proteins (CDMPs)], transforming
growth factor-g (TGF-B) and fibroblast growth factors
(FGFs). CDMP-1 is expressed in the deeper damaged
areas of the cartilage of osteoarthritic joints where it
leads to an increase of the local chondrocytes but also
promotes the local production of proteoglycans®’.

Among the morphogens above, BMP-7 leads an
important role for the maintenance of the joint homeo-
stasis. Normally, BMP-7 emerges in the upper matrix
of articular cartilage adhering to the expression of BMP
receptors (BMPR-1A, I B, and II). BMP-7 has many
roles in the inflammatory disease of the joint, including
the preservation of surfaces of the articular cartilage by
promoting the expression of the chondrocyte phenotype
of dedifferentiated cells, increasing synthesis of tissue
inhibitor of metalloproteinase (TIMP). Moreover, leads
to the expression of IGFI, and cytoskeletal proteins of
the chondrocytes!'?.. It is also known that multipotent
mesenchymal stem cells (MSCs) that express BMPs and
BMPRs have been isolated from adult human synovial
membrane!'. So, it is assumed that morphogens from
the TGF-p family seem to be involved in the remodeling
of the arthritic cartilage. Components of synovial joints,
such as the bone marrow, the synovium and the
periosteum, contain MSCs that are capable of inducing
chondrogenesis. It is suggested that the unregulation
and likely the up regulation of the activity of TGF- and
BMP are likely to make MSCs in numerous joint sites
to form excessive amounts of tissues of cartilage, bone
and fibre, leading to fibrosis and osteophyte formation,
characteristics of joint osteoarthritis. So, any imbalance
between the factors above is likely to establish the
degenerative joint disease (DJD) which with further
progression may lead to the need of a total joint replace-
ment!*?l, However, the bone itself has a leading role in
the pathogenesis of osteoarthritis. The level of bone
remodeling plays a critical role under mechanical loading
conditions, as demonstrated by consistent experimental
studies. Yet, new clinical biomarkers have being de-
veloped to assess the bone phenotype of osteoarthritic
patients. This stratification strategy is likely to better
identify groups of patients who would benefit from
bone-acting drugs to decrease disease progression and
improve pain and disability"?’.

FETUIN-A (AHSG) IN DJD

As it was stated above, APPs such as C reactive protein
is mentioned to be elevated due to arthritis, depending
on the severity of the disease™*. Fetuin A protein is also
mentioned to be influenced by the inflammation as an
APP™>*®] in addition to other biomarkers which have
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Figure 1 Structure of fetuin A.

been recently studied. For example, serum cartilage
oligometric matrix protein was also found elevated in
cases of knee joint osteoarthritis™”*®), Interestingly,
recent research has shown lower serum levels of AHSG
in patients with DJD, accompanied with lower BMP
levels than the healthy ones™?,

Studies have shown that AHSG is a negative acute
phase reactant and its level is correlated with CRP
circulation in the serum inversely!'®. Further research
has also shown a close association between fetuin A and
metabolic syndrome”, obesity and dyslipidemia™,
or even blood pressure regulation®”. Additionally, it
has been linked closely with type 2 diabetes mellitus
and many authors have suggested that it may be an
independent risk factor for the expression of the disease.
Specifically, patients with high levels of serum AHSG
may have increased risk of incident diabetes!*?*. Mixed
results have been drawn regarding the role of fetuin A
in the cardiovascular disease. However, all studies have
shown a positive or negative effect of the circulating
levels and the presence of the disease!****. With no
exaggeration, one can admit that AHSG is indeed a
multifunctional proteint**!1

AHSG is an antagonist of the TGF-3/BMP, as it is
mentioned that it antagonizes the osteogenic as well as
the anti-proliferative actions of TGF-B cytokines in vitro.
More specifically, the 18-19 amino acid region in the AHSG
molecule is identical to the TGF-B receptor type 1 (TBRII)
and appears to be the BMP antagonist site. This domain is
also designated the TGF-f receptor 1 homology 1 domain
(TRH1), which is essential for the cytokine binding and as
a result leads to the non binding with the TBRII**”. So,
inflammatory diseases characterized by low serum AHSG,
such as DID, leads to an unregulated binding of TGF-8 and
BMP, having further fibrosis, osteophyte and ectopic bone
formation as a result'®®,

During the progression of the arthritis, a down
regulation of the liver production of AHSG leads to it
lower serum levels*?). Another explanation for that
is likely to be the elevated figures of MMPs which are
produced by the inflamed tissues, Especially, MMP-1, 3
and 9 are increased in inflamed joints. However, recent
studies suggest that AHSG can be eliminated by MMPs,
either systematically or locally in the joint'®. As a result,
this could lead to increased activity of the BMPs that
would also lead to further progression of the arthritis.

Regarding the prevention of DID, it is important to
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state that the therapeutic interventions and goals should
take place during the early stages of the arthritis, as
chondrocytes are still able to respond to the anabolic
factors™™, The existence of a therapeutic window should
be established regarding the concentration and the
exposure of BMP-7. Moreover, in order to maintain the
joint homeostasis it is important that other proteins such
as AHSG that are down-regulators of the BMPs, should
be available in order to enhance the protective role of the
cytokines above.

As for the therapeutic potential of AHSG in the DID,
Rittenberg et a/® described in 2005 the regulated
release of intrarticular injections on experimental level
of BMP7 by co-injection of its regulatory molecules
such as AHSG in dlinical trials. Moreover, besides to the
regulation of BMPs, therapeutic potential of AHSG is also
based on its ability to eliminate the inflammation and the
local tissue destruction. In 1998, Wang et al*! proved
through examination of murine cell cultures that AHSG
can be used by the local macrophages as an opsonin for
macrophage deactivating molecules. Furthermore, Wang
et al*? in 2010 established the protective role of AHSG in
the ischemic cerebral inflammation in animal models of
rats, as well as the the suppression of sepsis mediators
in late stages of sepsis in the same animal model.
Also, TNF increase from lipopolysaccharide stimulated
macrophages was inhibited significantly in an animal
model of inflammation which was carried out by Wang
et al*¥ in 1997. Consequently, the co-administration of
AHSG and BMPs is able to set a therapeutic intervention
for the degenerative bone disease, taking into account
the anti-inflammatory role of the agents above.

CONCLUSION

In conclusion, joint arthritis” diagnosis and treatment as
well as its pathophysiology have been studied during the
years. However, further research seems to be essential for
more effective prevention. The protein Fetuin A has the
potential to be used as a biomarker of the disease, as well
as a therapeutic agent for the DID. As a result, physicians
should be aware of the fetuin A as a marker of activity and
also to be informed in order to have a correct approach to
the patients disease and treatment, but also for additional
inflammatory diseases. Besides, additional clinical studies
are likely to validate the measurement of BMPs as well
as AHSG serum levels as a diagnostic means in the
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clinical entity of DJD. The identification of AHSG levels in
combination with the clinical evaluation of the patients, are
not only likely to diagnose the disease in even subcdlinical
stage but also to reduce the need for any further joint
salvage procedures, such as total arthroplasty.
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