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Is the 65 kDa protein a direct signal for the nuclease release from
nuclear matrix, starting the apoptotic cascade ?
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The accumulated data [1] clearly suggest that
apoptosis plays a crucial role in physiological
and pathological processes as diverse as em-
bryogenesis, haemopoiesis and neoplasia. A
wide variety of physical and chemical stimuli
induce apoptosis. Though the molecular mech-
anism of selection of the biochemical pathway
of cell death is not fully understood it is becom-
ing clear that the death programme could be
switched on by an independent initiator and
mediated by a wide variety of messengers and
second messengers.

The first irreversible and rate limiting step
shared by all cells undergoing apoptosis is
stimulation of nuclease activity leading to in-
ternucleosomal DNA degradation. It is not
known whether this is due to the expression of
the nuclease gene or to the activation of the
constitutively expressed nuclease gene pro-
duct. It is suggested that nuclease activation
results from the release of the enzyme from
nuclear matrix.

In a great variety of cell systems, the primary
proliferating and differentiating cells die after
a limited number of cell divisions depending
upon the cell kind and its age. The exception
are the transformed cells, practically immortal,
unable, however, to undergo differentiation.
Like other major processes in cell biology, cell
death is initiated by perception of defined
stimuli which leads to a sequence of intracellu-
lar changes and culminates in final events. Re-

cent studies lead to the conclusion that two
major processes in cell death can be discerned.
The first, called necrosis, involves unrepaired
damage to the cell membrane. In the second,
referred to as apoptosis, prominent nuclear
changes occur. Both these types of death were
initially distinguished on morphological
grounds, but recently the intracellular molecu-
lar background has been evidenced.

The data accumulated strongly suggest that
apoptosis is under intracellular control, thus
providing a good system for studying molecu-
lar events of the death process [1, 2].

The characteristic features of apoptotic cells

Compared to necrotic death apoptosis, re-
cently defined as a gene-directed or pro-
grammed cell death, is a relatively slow process
and involves a cascade of regulated events. It
appears to proceed by a complex, multistep
pathway. The cells undergoing apoptosis with-
in tissues lose contact with their neighbours.
Apoptosis of lymphocytes is characterized by
nuclear condensation, DNA fragmentation and
formation of the chromatin-containing mem-
branous vesicles called apoptotic bodies [3, 4].
These bodies are usually the targets of phago-
cytosis by the neighbouring cells. Alternatively,
apoptotic bodies may be liberated into the
lumen of epithelium-lined cavities. In the cyto-
plasm, organelles become aggregated, but in-
itially do not lose their structural integrity.
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However, it is characteristic that the synthesis
of mitochondrial ATP is decreased.

It should be pointed out that apoptosis de-
pends upon RN A and protein synthesis [3, 5] in
lymphocytes treated with glucocorticoids, and
in thymus when cell death was induced by
perturbation of the T-cell receptor complex or
by deprivation of interleukin-3.

The signals initiating apoptosis

The programmed cell death occurs in a num-
ber of physiological circumstances including
embryonic development, clonal selection, in re-
sponse to hormonal stimuli and in the process
of T cell killing. The well-defined zones of
apoptosis which appear at predictable periods
of the development of bird wings can serve as
an examples, since these zones are responsible
for deletion of interdigital webs. Certain avian
mutants have genetic lesions associated with
abnormally either low or high levels of apop-
tosis during development of the wing. This
results respectively, in clumsy paddle-shaped
wing or development of only vestigial wing
tissue (for review see [6]).

The developing nervous system provides an-
other example of the significant role of apop-
tosis (for review see [7]). Motor neurons are
initially generated in excess in the spinal cord
and their number falls sharply during the few
days when neuromuscular connections are es-
tablished. It appears that all the motor neurons
are doomed to die at this time, unless they
receive a signal from the associated muscle.

One of the most important signal comes from
glycoproteins which activate self-destructive
pathway of programmed cell death manifested
in lymphoma cell lines and thymocytes in the
afore mentioned changes (for review see [8]).

Activation of nucleases seems to be the first
common step in the apoptosis cascade induced
by various agents

It is clear that cells select their own apoptotic
pathway which depends both, on the cell type
and the agent inducing the programmed cell
death. Thus, it was observed that apoptosis
induced by glucocorticoids involving the glu-
cocorticoid receptor [9, 10] does not share the
cAMP-induced cell death which appeared to
be initiated by activation of the cAMP-depend-
ent protein kinase A and is independent of the
calcium-binding protein gene expression [11 -

14]. However, in most cases the onset of apop-
tosis is manifested by an early induction of the
calcium-binding protein synthesis.

There is, however, an event shared by differ-
ent cell death pathways and this is a nuclease
induction, resulting in chromatin cleavage at
internucleosomal sites. The activation of DNA
cleavage precedes cell death. Nuclease induc-
tion results in generation of a series of DNA
fragments appearing in 180 - 200 base pairs
increments. In case of glucocorticoid treated
cells, this internucleosomal DNA degradation
can be blocked by the inhibitors of transcrip-
tion and translation [15]; hence, apoptotic cells
appear to be responsible for their own death.

Internucleosomally cleaved DNA is detect-
able in thymus shortly after glucocorticoid ad-
ministration, prior to alterations in cell viability
[3, 16]. It was shown that aurintricarboxylic
acid, a well known nuclease inhibitor, blocked
internucleosomal DNA cleavage and apoptosis
induced by different agents. Based on the pre-
valent observations that internucleosomal de-
gradation of DNA occurs in all the reported
instances of apoptosis, it could be hypo-
thesized that DN A degradation is the first irre-
versible process in programmed cell death.

Is the 32 kDa endonuclease involved in apop-
totic cell death?

It was suggested that at least two nucleases
with molecular mass of 18 kDa and 30 kDa
were involved in apoptosis. The reported
correlation between the occurrence of 18 kDa
nuclease and DNA degradation made this pro-
tein a candidate for the apoptotic nuclease [16,
171.

The most intriguing question concerns the
mechanisms by which apoptotic agents could
activate internucleosomal DNA cleavage in in-
tact cells. Two possibilities may be considered.
First, induction of nuclease gene; and second,
activation of the constitutive endogenous en-
donuclease. The increase in nuclease gene ex-
pression is rather unlikely since it was shown
that, apparently, protein synthesis is required
only in the case of the glucocorticoid-induced
DNA cleavage. Moreover, it has been shown
that the inhibitors of protein synthesis have no
effect on activation of DNA cleavage in target
cells by cytotoxic T-lymphocytes [17, 18]. It was
also recently reported that cycloheximide, an



Vol. 40

Apoptotic cascade 211

inhibitor of protein synthesis had no effect on
the novobiocin-induced DNA cleavage in
apoptotic lymphocytes [17]. These data suggest
that activation of DNA cleavage is not medi-
ated by transcriptionally induced endonu-
cleases.

In this context we have proposed that activa-
tion of a constitutive endogenous endonu-
clease is a key event in the apoptotic cascade
[8]. Our suggestion is consistent with the recent
hypothesis of Alnemri & Litwack [17], who
suggest the presence of inactive nuclease in
intact cells in which chromatin is in compact
form. They have also postulated that this endo-
nuclease is able to cleave only that DNA region
which becomes accessible.

We believe that the 32 kDa endonuclease puri-
fied in our laboratory is the best candidate for
a significant role in the apoptotic cascade [19,

20]. The enzyme is mainly localized in nuclear

matrix in proliferating or growth stimulated
cells in which it is involved in DNA synthesis
since IgG anti-nuclease inhibited incorporation
of deoxyribonucleotides into trichloroacetic
acid precipitable material [21]. The enzyme,
when bound to nuclear matrix shows speci-
ficity towards the DNA structure. It introduces
a single nick and only supercoiled DNA is a
substrate for the enzyme [22]. On the contrary,
the free rnzyme cleaved DNA non-specifically
[20]. We have proposed earlier [8] that the re-
lease of nuclease from nuclear matrix is a criti-
cal step in the apoptotic cascade. We do not yet
know the mechanism by which the enzyme is
released, we do know, however, that the 32 kDa
enzyme is bound to nuclear matrix through a
65 kDa protein and that this polypeptide
modulates the nuclease function. Thus, we hy-
pothesize that apoptosis starts in nuclear ma-
trix and the mutation in 65 kDa protein gene in
its regulatory or open reading frame sequence
could lead to its incorrect expression, nuclease
release and initiation of irreversible chromatin
cleavage.

It could be also suggested that mutation in the
65 kDa protein gene occurs in a tissue specific
manner.

Our hypothesis is strongly supported by the
results of the last findings that Bcl-2 protein,
which protects various cells from apoptosis, is
associated with nuclear envelope [23], and that

in addition to Bcl-2, other proteins are involved
in controlling cell death [24, 25].
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