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The apoptosis is the programmed cell death, a distinct
process compared to cellular necrosis, which plays an
important role in both human embryonic development
and adult tissue homeostasis. Apoptosis represents a phy-
siological form of cell death. The role of apoptosis is to
remove harmful, damaged or unwanted cells without in-
ducing inflammatory response by the release of cell con-
tents [1]. Apoptosis is activated through two principal
signaling pathways: intrinsic and extrinsic, both of which
are potential anticancer therapeutic targets. In contrast to
necrosis, which is a form of cell death resulting from an
acute cellular stress or trauma, apoptosis is a death order-
ly and regular, does not induce inflammation, requires
energy (ATP) and generally lead to an advantage during
the body life. Besides its importance as a biological phe-
nomenon, it has acquired a huge medical value, since
imperfect process of apoptosis covers many diseases. Ex-
cessive activity can cause trouble by apoptotic cell loss
(see, for example neurodegenerative diseases such as
Parkinson’s disease), while a weak apoptosis may invol-
ve uncontrolled cell growth in malignancy mechanism
[2]. Apoptosis is the most common mechanism by which
the body eliminates damaged or unneeded cells, without
local inflammation from leakage of cell contents. Cells
that are undergoing apoptosis exhibit a characteristic pat-
tern of morphologic changes, including cell shrinkage,
condensation, fragmentation of the nucleus and bubbling
of the plasma membrane, known as “blebbing,” and
chromatin condensation and nucleosomal fragmentation
[1,3]. Apoptosis functions through two main, alternative
pathways: death receptor-mediated (or extrinsic) and
mitochondria-dependent (or intrinsic). The former path-
way is initiated by ligation of specific death receptors by
their ligands. The main death receptors—Fas and tumour
necrosis factor (TNF)-related apoptosis inducing ligand
(TRAIL) receptors R1 and R2—induce cell death follow-
ing ligation with Fas ligand (FasL) or TRAIL, respec-
tively [4-7]. Ligation of TRAIL R1 by TNFa also in-

“Corresponding author.

Copyright © 2013 SciRes.

duces apoptosis after inhibition of nuclear factor kappa-B
(NF-kB). Fas ligation by FasL is followed by recruitment
of FADD (Fas-associated via death domain) and subse-
quently of caspase 8. This process gives rise to caspase 8
activation, which can be inhibited by the anti-apoptotic
molecule FLICE inhibitory protein (Flip). Caspase 8 in-
duces apoptosis by directly activating caspase 3 or by
cleaving bid (BH3 interacting domain death agonist),
resulting in mitochondrial dysfunction and subsequent
release of cytochrome ¢ and activation of caspases 9 and
3. Caspase 3 promotes the typical apoptosis features, in-
cluding DNA fragmentation and cell death in several tis-
sues [8,9].

It is unclear whether repetitive loading and apoptosis
are quantitatively related in any type of cartilage. Several
studies have demonstrated the crucial function of apop-
totic mechanisms in intervertebral disc degeneration, and
the involvement of apoptosis in various conditions asso-
ciated with intervertebral disc degeneration has been
thoroughly explored [10]. However, apoptosis has been
documented to have a central role not only in interverte-
bral disc degeneration [10].

Although a number of features of temporomandibular
joint (TMJ) disc degeneration have been thoroughly stud-
ied, data on the involvement of apoptotic mechanisms
and their mediators are few and quite recent; indeed most
of the research conducted on disc apoptosis has focused
on the intervertebral disc. TMJ disc degeneration is be-
lieved to be a consequence of mechanical and biological
events affecting the equilibrium between matrix synthe-
sis and degradation. According to this hypothesis loss of
cellularity, collagen fibre fragmentation and TMJ disc
tears and clefts would all depend on excessive apoptosis,
a situation where collagen fibre degradation is not offset
by synthesis of new fibres because of apoptosis-induced
cell loss. The findings correlating TMJ disc internal de-
rangement and apoptosis largely come from animal mod-
els [11]. However, our group has extensively analyzed
programmed cell death in human TMJ discs with and
without internal derangement [12,13]. We have advanced
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the hypothesis that the degenerative changes seen in
discs with internal derangement must include an active
cell response with a change in cell phenotype from fibro-
blast-like to fibrochondrocyte, and eventually to chon-
drocyte-like, possibly as a response to abnormal loading.
We did find activation of apoptosis via the extrinsic and
the intrinsic pathway, and noted that the degree of apop-
tosis activation correlated with the degree of disc degen-
eration. Authors demonstrated that Bcl-2 and Bax onco-
proteins are physiologically expressed in the rabbit cra-
niomandibular joint, so we investigated the activation of
the intrinsic pathway and demonstrated an involvement
of these molecules in human TMJ disc with internal der-
agement [14]. In fact the mitochondrial pathway is partly
influenced by Bcl family members bound to the mito-
chondrial membrane, including Bax and Bcl-2, which are
respectively proor anti-apoptotic regulatory proteins. The
anti-apoptotic proteins Bcl-2 and Bcl-XL inhibit cyto-
chrome c release, whereas Bcl-2—associated X protein
(Bax), Bcl-2 homologous antagonist/killer (Bak), and
Bid, all pro-apoptotic proteins, promote its release from
mitochondria. Cytochrome ¢ and deoxyadenosine triphos-
phate (dATP) bind to apoptotic protease activating factor
(Apaf-1) to form a multimeric complex that recruits and
activates procaspase 9, an apoptosis-mediating execu-
tioner protease that in turn activates caspase 3, resulting
in cell apoptosis.

Other studies carried out by us demonstrated the pres-
ence of vessel apoptosis in TMJ discs with internal de-
rangement [15]. The findings generated the hypothesis
that apoptosis activation could be a self-limiting process
that aims to reverse the angiogenesis typically seen in
these discs [15]. The strong immunoexpression of TRA-
IL, its receptor DR5 and caspase 3 documented in the
intima and media layers of newly formed vessels seems
indeed to reflect the defensive activation of the apoptosis
process [15].

A therapeutic approach aimed at neutralizing apopto-
sis-inducing molecules would at least help delay the pro-
gression of disc degeneration. Identification of target mo-
lecules for gene construction or biological or chemical
reagent delivery to target sites could help prevent TMJ
disc degeneration. Further longer-term in vitro, in vivo
and clinical studies are needed to understand the exact
role of apoptosis in the TMJ disc degeneration mecha-
nism.
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