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Introduction

One of the most challenging complaints to treat is neuropathic pains
caused by a peripheral nerve injury. The inflammation may cause
unnecessary axonal damage and neuropathic pains. Unlike the central
nervous system, the peripheral nervous system though has the capability
of regenerating. The distal part of the completely torn peripheral nerve
undergoes Wallerian degeneration, while that of an incomplete
peripheral nerve injury follows a more complicated pattern [1].
Degeneration does not happen immediately. It usually take a few days
to complete the degeneration process [2]. There is a subsequent
perineurial permeability which is twice the normal permeability of the
peripheral nerve which takes about 4-7 days corresponding to the peak
of inflammatory response [3, 4]. The increase in permeability will allow
the blood borne factors and cells to enter the injured nerve through the
blood-nerve barrier. In two weeks, the permeability decreases only to
be followed by another sustained permeability that will take place 4
weeks after the nerve injury. These changes reflect the homeostasis that
will take place after Wallerian degeneration [4, 5].

Immediately after a nerve injury, the Schwann cells begin to
de-differentiate, a process dependent on the ubiquitin-proteasome
system [6]. Within 48 hours, the Schwann cells stop producing myelin
proteins, up-regulate regeneration associated genes and begin the
proliferation process [7-9]. Peak proliferation of the Schwann cells is
reached 4 days after injury. These proliferating Schwann cells align to
the basal lamina tubes, forming the bands of Bungner, thus providing a
support for the substrate for regeneration together with their growth
factors [5, 10].

Cytokines are released as a result of nerve injury and
inflammation. Axonal damage and neuropathic pains may ensue as a
result of this inflammation [11]. In a study reported by Nadeau and
colleagues, it showed that sciatic nerve injury produces a rapid
production and release of IL-1beta and tumor necrosis factor (TNF) and
causes infiltration of neutrophils and proinflammatory M1
monoctyes/macrophages into the distal stump [12]. M1 microphages
produce inflammatory cytokines and oxidative metabolites whose role
includes indiscriminate killers of microbes and tumor cells while M2
microphages downregulate inflammation and facilitate wound healing
[20, 21]. Interleukin-1 beta and TNF-alpha contribute to neuropathic
pain via the activation of non-neuronal cells and infiltration of immune
cells [12]. In this nerve injury, the levels of pro-inflammatory cytokines
increase which includes TNF-alpha, IL-1beta, IL-6, interferon-gamma
(IFN-gamma), and IL-18 [13-16]. These cytokines especially TNF-
alpha cause a host of nerve damage characterized by demyelination,
macrophage infiltration and pain [17, 18]. Thus, TNF- alpha is used as
a biomarker of Wallerian degeneration in the injured peripheral nerve
[19]. Further, they have found out that blocking neutrophil entry are
more beneficial than just neutralizing pro- inflammatory cytokines such
as IL-1 and TNF in the treatment of neuropathic pains [12].

Peripheral nerve injury and the cytokines released is very important in the
generation of neuropathic pains, thus the role of these substances provide
the key in the understanding of possible intervention for patients suffering
in these conditions.

Alpha-2-Macroglobulin (A2M) is a high molecular weight
homotetrameric glycoprotein with highly diversified and complex functions
but has the ability to inhibit matrix metalloprotease (MMP) and/or any
proteinase, regardless of its specificity and catalytic mechanism without the
direct blockage of the protease active sites [22]. It is a 718- kDa protein
present in plasma and extracellular spaces at a high concentration of 2-4
mg/ml [23] and is synthesized by the liver cells, astroglia and blood cells
[33]. Itis unique in its functions as it does not inactivate the proteinases, but
instead hinders the access of substrates to the active sites of the proteinase
[22]. The primary function of A2M is to entrap the proteinases by delivering
it to an endocytic proteinase clearance pathway. Only its fast form (F-A2M)
however, is recognized and endocytosed by the cells of the clearance
pathway and the complexes formed are cleared rapidly in the plasma ([22].
When bound to A2M, the biological activity of some cytokines such as IL-
1 beta and basic fibroblast growth factor (bFGF) are inhibited but the other
cytokines such as platelet derived growth factor (PDGF), nerve growth
factor (NGF) and IL-6 are partially active [22]. Alpha-2-macroglobulin may
be the only major regulator of NGF in plasma [24]. Tumor necrosis factor
which is mainly produced by monocytes and macrophages bind strongly
fast to A2M (F- A2M) forming a TNF-alpha/A2M-proteinase complex
which is removed from circulation by the A2M-receptor pathway [25]. The
cytokine IL-1 beta binds to F-A2M and retains its activity with the help of
zinc ions [26]. Interleukin-6 on the other hand binds to A2M but its activity
is not lost and is protected from the proteases while free IL-6 is easily
degraded [22].

Since A2M is a protease inhibitor acting against trypsin and
chymotrypsin, it thus constitutes as an important mechanism for the
regulation and containment of inflammation [22- 27]. In addition, A2M is
the first endogenous inhibitor of ADAMTS-7 (a disintegrin and
metalloprotease with thrombospondin motifs) and ADAMTS-12 which
degrades cartilage oligomeric matric protein among osteoarthritis patients
[28-30]. Thus, A2M may function in controlling inflammation and altering
the course in nerve injury, stabilize immune functions and the regulation of
cell physiology [31]. Arandjelovic and colleagues, have found that A2M
and its derivatives emerge as an essential mediator in regulating the
progression of nerve injury and therefore is capable of positively
influencing its results [32].

Pro-inflammatory cytokines such as IL-1, IL-6 and TNF [34]
increased during inflammation not only in the peripheral nerves but also in
inflammatory joint problems, cardiovascular events and athrosclerosis
event, it is interesting to note how this could be utilized to address
inflammation and neuropathic pains and other inflammatory conditions.
Montesano and colleagues cited an observation that the A2M of normal and
healthy person is about 10-30 ug/ml range while those with painful joints
showed a range of about 80-300 ug/ml validating the hypothesis that A2M
is a natural defense mechanism against proteolytic activities [35].
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In a degenerative disc disease where the cartilage degradation product,
the Fibronectin-Aggrecan complex (FAC) is identified, intradiscal
autologous A2M injection showed clinical improvements, although
further studies is needed to see consistent results.

Alpha-2-macroglobulin’s ability to generally inhibit
proteases both in chronic and neuropathic pains and inflammatory joint
problems showed promise from a biological perspective. With the
presence of pro-inflammatory cytokines in peripheral nerve injuries,
which are causing neuropathic pains, A2M being a matrix
metalloproteases inhibitor (MMPI) can be a solution that will provide
relief of symptoms and thus form part of the regenerative injection
therapies.
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