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1. Introduction

The cholinergic system is of interest for the synovial tissue of joints and for arthritic processes,
including in osteoarthritis (OA). One aspect is that stimulation via the vagal nerve leads to
hampering of arthritic processes. Another is that there is evidence of local acetylcholine (ACh)
production within the synovial tissue of human joints, including joints in OA and rheumatoid
arthritis. There is furthermore a marked presence of the nicotinic acetylcholine receptor
AChRα7 (α7nAChR) in the synovial tissue. Influences on this receptor are known to have anti-
inflammatory and healing effects. Overall, the concept of a ”cholinergic anti-inflammatory
pathway” has emerged for various parts of the body. That includes the situation in arthritis.
This means that released ACh can have anti-inflammatory effects, in parallel with other
favourable effects including wound-healing effects, implying that increased ACh effects might
be of value in situations with arthritis. However, focus should further be made on the fact that
there is not only evidence of ACh production but also ACh degradation within the synovial
tissue. This is related to expressions of acetylcholinesterase (AChE). Of interest in this respect
is that reductions of AChE activity via use of AChE inhibitor drugs are used in other situations
(e.g. Alzheimer´s disease). The aspects concerning ACh production/degradation in the
synovial tissue, the fact that vagal stimulation decreases arthritic processes and the known
presence of the potent AChRα7 receptor in synovial tissue should be further considered
concerning arthritis in the future. That includes the situation in OA.

2. Why focus on the cholinergic system when discussing osteoarthritis

It can seem far-fetched to consider aspects related to the cholinergic system when discus‐
sing  arthritis,  including  osteoarthritis.  It  is  thus  namely  well-known  that  there  is  no
cholinergic innervation of the joints. They are on the other hand well-equipped with sensory
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and  sympathetic  innervations.  Nevertheless,  as  will  be  discussed  below,  cholinergic
stimulations (via the vagal nerve) have been shown to have effects for joints. It has actually
also been shown that the bones of mice are functionally innervated by the vagus nerve [1].
On the whole,  it  is  well-known that the vagus nerve plays an anti-inflammatory role in
various other parts of the body [2].

Another aspect concerning joint synovial tissue and the cholinergic system has evolved. That
is related to the existence of a so-called non-neuronal cholinergic system. Such a system is
nowadays well-known for different parts of the body [3]. New information on this system is
gradually attained. We have noticed the existence of a non-neuronal cholinergic system in the
synovial tissue of the knee joint of humans [4]. We have thus observed that immunoactive cells
as well as fibroblasts in the synovial tissue of patients suffering from severe arthritis [rheu‐
matoid arthritis (RA) as well as osteoarthritis (OA)] show expressions of the acetylcholine
(ACh)-synthesizing enzyme choline acetyltransferase (ChAT) at both mRNA and protein
levels [4]. This observation suggests that there is a local ACh production in the synovial tissue.
There is only little information on the other aspect of ACh metabolism, namely ACh degra‐
dation. This will be discussed below.

Another noteworthy aspect is the finding that there are marked expressions of the nicotinic
alpha7nACh receptor (α7nAChR) in the synovial tissue of arthritic patients. These observa‐
tions have been made in studies in our laboratory [5] and in studies by other researchers [6,7].
That includes patients with osteoarthritis and is related to α7nAChR expressions for the
fibroblast-like and inflammatory cells within the synovial tissue as well as for the synovial
lining [5,8]. This receptor is known to be involved in inflammatory and remodulation proc‐
esses, most notably having anti-inflammatory effects [9,10]. The findings have lead to sugges‐
tions that increased functions of ACh via effects on the α7nAChR can be positive for the
arthritic processes [8,11].

Based on the aspects described above, further considerations on the cholinergic system for
arthritis are here focused on. These relate to considerations on vagal effects for joint function,
possible interference of the ACh-degrading enzyme acetylcholinesterase (AChE) and the
possibility that increased ACh influences on the α7nAChR might be a promising strategy.

3. The vagus nerve in relation to arthritis

It has since several years been considered that effects via the vagal nerve can be of functional
importance for the synovial tissue, not least in situations with arthritis. Thus, stimulatory
effects on the vagal nerve have been show to be hampering for experimentally-induced
arthritic processes [6] and paw inflammation [12]. There is on the other hand an exacerbation
of the experimental arthritis after vagotomy [6,13]. The findings concerning the vagus nerve
and vagotomy are unexpected as there is no vagal, nor other cholinergic, innervation in
synovial tissue. One possibility that is discussed is that the effects are indirect, namely via vagal
effects on other sites such as the region of the spleen [14] (see also [6]). It is well known that
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there are communications between the vagal nerve and the splenic nerve via the celiac and
superior mesenteric ganglia (for a review, see [15,16]).

It is known that signaling via the vagus nerve that is leading to anti-inflammatory effects is
initiated in the brainstem nuclei of the vagus nerve, secondarily leading to effects on the
peripheral ganglia referred to above. This is part of the so-called inflammatory reflex whereby
peripheral afferent nerves are primarily sensed, secondarily leading to efferent effects [17], in
this case via the efferent part of the vagus nerve. It is well-known that the vagus nerve is a
main component in the neuro-endocrine homeostasis via effects through its afferent and
efferent neurons (for a review, see [2]).

From a functional point of view, it is of interest to note that ACh released from cholinergic
nerves like the vagus nerve has immunomodulatory effects. These effects are considered to be
anti-inflammatory [9,12]. The concept of a ”cholinergic anti-inflammatory pathway” has
hereby emerged [10,18], including for the synovial tissue [11]. In accordance with this, it is
shown that electrical stimulation of the vagus nerve leads to an attenuation in macrophage
activation [19].

It has been shown that subdiaphragmatic vagotomy in mice leads to reduced bone mass,
bearing in mind that the mouse skeleton normally has a vagal innervation [1]. In a recent sudy
it was shown that the severity of collagen-induced arthritis was reduced by electrical vagus
nerve stimulation using a cuff electrode [20]. The cuff electrode that was used is analogous to
the one used in treatment of drug-resistent epilepsy [21]. It was suggested that electrical
neurostimulation via use of implanted vagus nerve stimulation cuff electrodes can be useful
in treatment tests for various immune-mediated inflammatory disorders in man [20].

4. The α7nAChR in relation to arthritis

The α7nAChR is considered to be much involved in the obtaining of anti-inflammatory effects
of ACh in various situations [3,22]. It is namely shown that this receptor contributes to anti-
inflammatory effects of ACh in several models [12,23]. α7nAChR agonists are shown to
suppress the production of various cytokines such as TNF alpha [12,22].

Based on what is described above, it is of great interest to note that the α7nAChR is present in
the synovial tissue. That has been shown for the synovial tissue of patients with OA [5,8], RA
[7,11] and psoriatic arthritis [7]. The findings concerning the α7nAChR have led to suggestions
that interference with this receptor in clinical situations with arthritis might be useful [24,25].
α7nAChR agonists are not least suggested to be candidates as treatments for RA [26]. In
accordance with such a proposal are the findings that synovial fibroblasts respond in vitro to
cholinergic stimulation, via the α7nAChR, leading to a potent inhibition of proinflammatory
cytokines [27]. Studies on the healing of skin wounds do also suggest that the α7nAChR is
involved in the repair processes that occur for these wounds [28]. It is also shown that the
α7nAChR is involved in the repair of wounds of respiratory epithelium [29].
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5. AChE in relation to arthritis

The main ACh-degrading enzyme is acetylcholinesterase (AChE). The bulk of AChE of the
neurons is in the axons and AChE is known to be associated with the membrane of this [30].
AChE is shown to be functional in embryonic muscle before it is accumulated at the sites of
nerve-muscle contact [31]. AChE activity is also shown for a large number of non-neuronal
cell types. That includes T-cells [32], fibroblasts of various locations [33], cells in lung tissue
[34], cells of human gingival and esophageal epithelia [35] and embryonic stem cells [36]. AChE
is also typically confined to the membranes of red blood cells [37]. Other components of the
cholinergic system are also present in these cell types.

It is of relevance to notice that interference with AChE activity can be performed and that
treatments for which this is done are used clinically. That includes the situations in myastenia
gravis and Alzheimer´s disease. In the case of myastenia gravis, where there is an occurrence
of few receptors, the treatment is of value in order to extend the effects of ACh [38]. The AChE
inhibitor drugs donepezil, galantamine and rivastigmine are being tried for patients with
Alzheimer´s disease [39]. In this case, where there is a reduced concentration of ACh, the point
with the AChE inhibitors is to increase the concentration of the transmitter. A cholinergic
deficiency is a feature that can be important for the development of the cognitive decline that
occurs in Alzheimer´s disease. There are also other fields of usage of AChE inhibitors; they are
e.g. used in insecticides and nerve gases.

There is very little information on the patterns of AChE activity for synovial tissue. Neverthe‐
less, AChE activity, in parallel with other components of cholinergic function, has been clearly
detected in the knee joint synovial tissue of patients with RA and OA in a study using RT-PCR
methods [40]. In our laboratory, existence of AChE activity in human knee joint synovial tissue
has also been observed histochemically (unpublished observations).

The most well known function of AChE is to terminate neurotransmission at the cholinergic
synapses via splitting of ACh. ACh is hereby hydrolyzed into choline and acetate. The
degradation is rapid. However, AChE is also known to exhibit several non-classical roles,
features that are of importance when considering both the neuronal and non-neuronal
cholinergic systems [41]. That includes effects on cell differentiation and synaptogenesis along
the nervous system, hydrolysis of neuropeptides, and effects in heart morphogenesis (for a
review, see [42]). One cell type for which AChE is highly expressed is re-epithelialising
epidermal keratinocytes during in vivo healing of mouse skin [43].

The exact functions of AChE in relation to the regulations of the non-neuronal cholinergic
system at its various locations in the body are somewhat unclear [3]. It may be that the
magnitude of ACh degrading activity is low in tissues like airway epithelium [44,45], and in
cells of the placenta [33]. How the situation is for synovial tissue remains to be defined.
Nevertheless, as there indeed is an occurrence of AChE in the synovial tissue it is likely that
the function of the ACh that is produced in synovial tissue is limited to the precise area where
it is produced. It may well be so that up- and down-regulations of production and release of
ACh in the synovial tissue are parallelled by up- and down-regulations of AChE activity. In
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line with such a proposal is the finding that the immunological stimulation that leads to T-cell
activation and upregulation of ACh synthesis and ACh receptor expression also leads to a
marked ACh degradation [46].

Further studies on the importance and function of AChE for synovial tissue are needed in order
to reveal the possible usefulness of interference with the effects of the enzyme in arthritis.

6. Concluding remarks

This review shows three aspects of the cholinergic system in relation to arthritis. It is obvious
that stimulation of the vagal nerve has effects, that there is a non-neuronal cholinergic system
in the synovial tissue and that there in parallel with expressions favouring ACh production
also are expressions favouring ACh degradation in the synovial tissue. Although a lot of the
information is related to the situation in RA, the various features of the cholinergic system are
also related to the situation in OA. All these features concerning the cholinergic system
highlight the relevance of further studies on the functional importance of this system for joint
function, including the situation in OA.
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