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Chronic inflammation, characterized by elevated circulating
levels of inflammatory markers, appears to play a critical role in the
pathogenesis of arthritis and its associated complications, particularly
the autoimmune process that wreaks havoc on the joints can also affect
the eyes, lungs, skin, heart and blood vessels, and other organs [1].

Although articular injection of Hyaluronan (HA) is frequently
used in the treatment of arthritic conditions, the precise mechanism
by which HA suppresses degradation of cartilage or intra-articular
inflammation is still under vigorous investigation. A disease-modifying
effect of HA has been suggested by some in vitro studies; however, little
clinical evidence has been provided thus far. A better understanding
of the wide network of signalling pathways of anti-inflammatory
effects by HA will encourage novel anti-degradation strategies for both
inflammatory and degenerative arthritides [2,3].

The cluster determinant 44 (CD44) is a transmembrane glycopro-
tein widely distributed on T lymphocytes, granulocytes, monocytes,
fibroblasts, keratinocytes, chondrocytes and epithelial cells. Regula-
tion of the CD44 interaction with its ligands depends highly on Protein
Kinase C (PKC) which modulates the phosphorylation state of CD44
and the various anchoring proteins. Therefore, PKC has the potential
to modulate both the affinity of CD44 for its ligands as well as the local-
ization of the receptor over the cell surface [4]. It has also been reported
that the activation of the CD44 receptor by HA produced PKC activa-
tion, thus establishing a concatenated mechanism between the CD44
receptor and PKC [5]. In addition, these processes are to a large extent
mediated by the increased expression of pro-inflammatory cytokines
and other detrimental molecules such as nitric oxide (NO) and matrix
metalloproteinases (MMPs), which are in turn controlled by the activa-
tion of key transcriptional nuclear factor kB (NF-kB). NF-kB, in turn,
promotes the transcription of several genes with production of differ-
ent molecules, including cytokines and other inflammation products
that chronically damage tissue and organs [5].

Toll-Like Receptors (TLRs) are the family of trans-membrane
receptors involved in innate immunity and pathogen recognition. The
role of TLRs in both innate and adaptive immunity suggests that genetic
variations within genes encoding these receptors have an important
influence on the pathogenesis of inflammatory diseases [6]. One of the
central receptors of the innate immune response is the Toll-like receptor
4 (TLR4) which is expressed on a variety of cells and tissues. TLR4
plays an important role in the recognition of microbial components,
particularly Lipopolysaccharides (LPS) [7]. It also interacts with
endogenous ligands that are present during inflammation, e.g. oxidized
LDL, heat shock proteins 60 and 70, fibrinogen, fibronectin and HA
[8]. TLR4 stimulation activates the innate immune response via the
NEF-kB pathway and subsequent pro-inflammatory reactions [7].

Regulation of tissue injury and repair is a carefully orchestrated host
response which is designed to eradicate the offending agent and restore
tissue integrity. The mechanisms that regulate the response to tissue
damage are not fully understood. Abnormalities in the repair response
are associated with a variety of chronic disease states characterized by

inflammation, followed later by Excessive Extracellular Matrix (ECM)
deposition and finally by tissue fibrosis [9]. In concert with initiating
the inflammatory response, biochemical signals are also generated in
order to minimize the extent of cell damage. The ultimate outcome
depends on the balance between containment of injury, maintenance
of structural cell integrity, and activation of repair mechanisms [9]. The
dynamic turnover of ECM results in the net deposition of matrix in
the interstitium of the damaged tissue. An additional consequence of
the degradation of ECM components is the generation of fragments
from larger precursor molecules. A major component of the ECM that
undergoes dynamic regulation during tissue injury and inflammation
is the non-sulphated Glycosaminoglycan (GAG) HA [10]. HA is a
linear polymer composed of repeating disaccharides D-glucuronic acid
-N-acetyl D-glucosamine. HA may exist both as a soluble polymer as
well as in non-covalently linked complexes with proteins called HA-
binding proteins or hyaladherins. HA exists as a high-molecular-
weight polymer (10° D) under physiological conditions [10]. However,
under inflammatory conditions HA has been shown to be more
polydisperse in size, with a preponderance of lower molecular weight
forms, especially after tissue injury [11]. Several findings have shown
that HA functions are determined by the size of the molecule, in
addition to the structure and its interaction with HA binding proteins.
High molecular weight HA is suggested to play a structural role and
to promote tissue integrity, while low molecular weight HA may be a
signal of tissue injury [12].

Cell interaction with the surrounding extracellular matrix is
fundamental in many physiological and pathological mechanisms.
Proteoglycans (PGs) may influence cell behaviour through binding
events mediated by their GAG chains. The binding affinity of the
interaction depends on the ability of the oligosaccharide sequence to
provide an optimal charge and surface with the protein [13]. It has
been demonstrated that the interaction of HA degradation products
with CD44 provides signals to initiate inflammation [14]. Other data
support the idea that a balance between low molecular weight HA
and high molecular weight HA amounts may control the activation
of inflammation. In particular, high molecular weight HA is able to
maintain homeostasis and potentially down-regulate inflammation
[15]. We previously reported that high molecular weight HA was
able to limit inflammation CD44-activated stimulated by Phorbol-
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12-Myristate-13-Acetate (PMA) in mouse chondrocytes. By using
a specific CD44 blocking antibody it was demonstrated that CD44
receptor was not the HA target, while the target for HA action was
activated PKC [16]. We also reported that high molecular weight HA
was able to reduce TLR4- activated inflammation, stimulated by LPS in
mouse chondrocytes. In this case the use of specific blocking antibody
demonstrated that TLR4 was the target of high molecular weight HA
[17]. It is the number of active charged HA sites (carboxylic groups)
that are responsible for HA action. In fact, high molecular weight HA
containing many charged groups may completely envelop protein
structures such as PKC or TLR-4, thereby preventing their activation.
The mechanism could be similar to the well known lock and key model
that applies to all well-known effector-receptors interactions where
the effector is structurally and chemically highly specific so that a
similar molecule with equally distributed charged groups may block
the receptor. In this case, the larger size of HA molecule was able to
completely mask the active site of PKC or TLR-4. Therefore, the
inhibition of PKC or TLR4 produced a reduction in NF-kB activation
that in turn limited the transcription of the detrimental inflammatory
intermediates with a consequent reduction in cell and tissue injury.

Adenosine (ADO) is an endogenous mediator that typically
serves as a cytoprotective modulator in response to stress [18]. It is
a nucleoside formed by the enzymatic breakdown of ATP, especially
during tissue injury [18]. It has been reported that tissue damage and
inflammation are accompanied by the accumulation of extracellular
adenosine due to its release from non immune and immune cells [19].
The rapid release of ADO in response to tissue-disturbing stimuli
has a dual role in modulating homeostasis. First, extracellular ADO
represents a pre-eminent alarm molecule that reports tissue injury
in an autocrine and paracrine manner to surrounding tissue. Second,
extracellular ADO generates a range of tissue responses that can be
generally viewed as organ protective thereby mediating homeostasis.
ADO interacts with four different G-protein-coupled receptors: A,
A,,, A, and A The selective engagement of the A receptor by
ADO activates stimulatory G-proteins that activate adenylate cyclase,
leading to increased cAMP production [19]. Although the exact signal
transduction pathways used by ADO have not yet been fully elucidated,
elevated levels of cAMP have been associated with activation of protein
kinase A (PKA) and inhibition of NF-kB [20]. The anti-inflammatory
effects can be achieved by increasing intracellular or extracellular
ADO levels through the mechanism of either enhanced production or
inhibition of ADO catabolism. The ADO receptor system has evolved as
both a rapid sensor of tissue injury and the major ‘first-aid’ machinery
of tissues and organs. ADO receptor activation thus preserves tissue
function and prevents further tissue injury following an acute injurious
insult, such as reperfusion injury, actions in which the immune system
has a paramount role. This primordial protective function of the ADO
receptor system following acute insults can, however, be overshadowed
by its reduced ability to protect against chronic insults. The majority
of works has been focusing on inhibition of ADO catabolism or direct
activation of ADO receptors. ADO has been shown to limit systemic
inflammatory responses through the receptor-mediated regulation
of a great variety of cell types. One of the best documented anti-
inflammatory functions of ADO is its ability to regulate cytokine
synthesis. The production of pro-inflammatory cytokines, including
TNF-q, interleukin-8 (IL-8), macrophage inflammatory protein-1lalpha
(MIP-1a, interleukin-2 (IL-2) and IL-6, is suppressed by exposure
to ADO or ADO analogues [21]. Conversely, exposure to ADO
increases the synthesis of interleukin-10 (IL-10), a potent regulator of

macrophage function. Hence, strategies to stimulate A, R would seem
to be an interesting approach for reducing the inflammatory response.

The innovation of this scientific approach comes from the fact that
these pathways in arthritis are unexplored, although CD44, PKC and
TLRs involvement has been well-documented previously. In addition,
since HA is an endogenous molecule, by using high molecular weight
HA as modulator of these structures, its action could modulate
these structures in a physiological way more effectively than other
exogenous compounds. The expected findings of this new approach
could have several scientific implications, starting from the effects
on the course of arthritic pathologies, such as rheumatoid arthritis,
osteoarthritis and their complications in vivo that may result from
blocking CD44, PKCalpha, PKCbetal, PKCbeta2 and PKCdelta and
TLRs structures with specific antibodies. Furthermore, the expression
of inflammatory mediators after inhibition/modulation of CD44,
PKCalpha, PKCbetal, PKCbeta2 and PKCdelta and TLRs with HA
could provide fundamental information for the future development
of specific drugs, with a structure similar to HA, designed to curb the
complications of arthritis. Important information could also come
out by analysing the expression of other TLRs in addition to TLR-
4, such as TLR1, TLR2 and TLR3 which all seem to be implicated in
inflammatory processes. Another important finding of the present
study is that triggering of the adenosine A2A receptor may represent
a rational therapeutic strategy to achieve the goal of a complete
inhibition of the effect by several early and late inflammatory cytokines
involved in the pathogenesis of rheumatoid arthritis [22,23]. As well as
for HA, the anti-inflammatory mechanism exerted by adenosine needs
to be better elucidated in order to focus pharmacological strategies in
this direction. The intricate and complex inflammation mechanism
seems to be due to a delicate equilibrium in which pro-inflammatory
pathways, induced by agents such as HA oligosaccharides derived
from native HA degradation during inflammation, coexist with anti-
inflammatory pathways induced by molecules such as the extracellular
endogenous adenosine released during inflammatory diseases. The
modulation of these pathways could be a useful tool for modulating
inflammation. It has been suggested that the use of adenosine agonists
may reduce inflammation in different types of experimental models,
and that inhibition of the action of low molecular mass HA leads to
an inhibition of the inflammatory mechanism. Therefore, we believe
that by acting on degraded HA pathways with the appropriate tools,
together with the use of other opportune and specific tools on adenosine
pathways, would enable the intricate mechanism of inflammation to
be clarified and better understood. At the same time, this would allow
anti-inflammatory strategies to be developed to tackle inflammation
more effectively than currently available therapeutic drugs.
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