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Abstract

This review presents the structural and functional role of phospholipids in chromatin and nuclear matrix as well as the difference in
composition and turnover compared to those present in the nuclear membrane. Nuclei have a very active lipid metabolism which seems to
play an important role in the transduction of the signals to the genome in response to agonists acting at the plasma membrane level. The
evidence on the presence of phospholipid-calcium-dependent protein kinase C (PKC) in nuclei and enzymes of phospholipids turnover is
given. Protein kinase C interacts with nuclear phosphoinositol and sphingomyelin cycles products. This fact evidences about possibility that
signal transduction events could also occur at the nuclear level during induction of cell proliferation, differentiation and apoptosis.
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1. Introduction

The presence of phospholipids in chromatin and nuclear
matrix has been demonstrated by histochemical and bio-
chemical techniques in plant and animal cells. They seem to
be associated with nucleoli, non-histone proteins of chro-
matin and nuclear matrix. To assign specific function to
these molecules in the nucleus, the effect of several phos-
pholipids on chromatin structure and function has been
investigated in cell-free system by exposure of isolated
nuclei to phospholipid vesicles. The results indicated that
anionic phospholipids could decondense chromatin, affect
nucleosome structure and stimulate either synthesis of RNA
and DNA.

Although growth factors acting on plasma membrane
receptors can induce cell division, the following questions
remain still unanswered: what messages transfer the signal
from the cell surface to the nucleus, and how those mes-
sages exert their effect. Evidence on the occurrence of
phospholipid-calcium-dependent protein kinase (kinase C)
in the nucleus seems to represent a direct link between the
presence and possible functions of nuclear lipids, namely
polyphosphoinositides and sphingomyelin, degradation
products of which could regulate the activity of this enzyme
controlling the phosphorylation of nuclear proteins.
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In our review, we present data on the localization and
metabolism of phospholipids in nuclear membrane, chro-
matin and nuclear matrix, evidence of participation of
nuclear phospholipids in structure organization of chromatin
and nucleic acids synthesis and description of phosphoino-
sitol and sphingomyelin signal transduction cascades in the
nuclei.

2. Localization and metabolism of phospholipids in
nuclear membrane, chromatin and nuclear matrix

The precise topology of nuclear lipid metabolism and the
relationship between nuclear lipids and crucial events are
studied very intensively now. Nuclei have a very active lipid
metabolism, which seems to play an important role in the
transduction of signals to the genome in response to agonists
acting at the plasma membrane level [1-5]. The main
reports concerned with the demonstration of phospholipids
in the nucleus stem from fractionation studies, but presence
of phospholipids in define nuclear domains in whole cells
and in tissues have been demonstrated by ultrastructural
cytochemistry [6—8].

Maraldi et al. [8] also investigated the localization of the
phospholipid substrates for the phospholipase by cytochem-
istry with colloidal gold-labelled enzyme and their data
indicated a possible intrachromatin and nucleolus localiza-
tion.
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The nucleus is surrounded by a double membrane, which
has certain features of a classic lipid bilayer. Many types of
lipid metabolism enzymes are located in nuclear membrane
[2,9—13], chromatin [9] and nuclear matrix [11—14]. For
example, two kinases which phosphorylate respectively
phosphatidylinositol (PtdIns) into PtdIns(4)P and
PtdIns(4,5)P,, which had previously been thought to be
confined mostly to the plasma membrane or to the endo-
plasmic reticulum, were found in the nuclear membrane of
rat liver nuclei [3,14]. It has been shown that the poly-
phosphoinositide synthesis occurs at the nuclear level
[11,12] and takes place not only on the nuclear membrane,
but also even within the nucleus. This evidence is supported
also by the fact that the specific phosphoinositide kinases
are bound to the nuclear matrix fraction [11-13,15].

The presence of phospholipids in chromatin has been
demonstrated by histochemical and biochemical techniques
in plant and animal cells [16—22]. It was shown that the
differences in composition and turnover are comparable
with those present in the nuclear membrane [20,22]. It has
been shown that after lactoperoxidase radioiodination of
isolated hepatocyte nuclei, chromatin phospholipids were
unlabelled, whereas all radioactivity was recovered in the
nuclear membranes [22]. This evidences that chromatin
phospholipids did not appear due to contamination from
the nuclear membrane phospholipids. The chromatin phos-
pholipids represent about 10% of those in the entire nuclei
and differ in composition [21] and turnover [22] from
microsomal and nuclear phospholipids.

Recently, some enzymes of lipid metabolism were found
in chromatin: the base lipid exchange protein complex,
phospholipase C and A2 [23] and neutral sphingomyelinase
(N-SMase) [9,20]. Sphingomyelinases-type C (EC.3.1,4.12)
are phospholipases that catalyze the hydrolysis of sphingo-
myelin to ceramide and phosphocholine [24]. We found that
the specific activity of the neutral SMase in the nuclei was
one-third of that in the whole cell homogenate [25]. Most of
the nuclear N-SMase was solubilized with 1% Triton X-100.
The apparent molecular weight of N-SMase in rat liver was
of the order of 92 kDa [25].

The presence of SMase in chromatin has a particular
relevance since sphingomyelin is one of phospholipids
represented in chromatin [19,20]. Sphingomyelin has been
found in a non-histone chromosomal fraction [27]. Sphin-
gomyelin is classically considered as a phospholipid typi-
cally localized in plasma membrane. However, there is
evidence about its location also in the nuclei. This pool of
sphingomyelin was inaccessible to a sphingomyelinase
added to isolated nuclei implying a location other than in
the outer nuclear membrane [28].

The existence of the synthesis of sphingomyelin in
chromatin and in nuclear membrane isolated from liver
nuclei was shown [9]. The evaluation of the enzyme was
performed using [(3) H] phosphatidylcholine as a donor of
radioactive phosphorylcholine and by identifying the prod-
uct isolated by thin layer chromatography [22]. In both

fractions, the enzyme phosphatidylcholine:ceramide phos-
phocholine transferase or sphingomyelin synthase was
present, although with higher activity in nuclear membrane.
The enzyme present in the chromatin differs in pH optimum
and K, showing a higher affinity for the substrates than
that of nuclear membrane. The results presented show that
sphingomyelin synthase is present not only in the cyto-
plasma at the level of the Golgi apparatus, but also in the
nuclei, at the level of either the nuclear membrane or the
chromatin [9]. During hepatic regeneration, the chromatin
sphingomyelin is synthesized and accumulated in relation to
DNA synthesis [20,21,29,30].

Phospholipids have been also found in nuclear matrix,
which is considered as a site of synthesis of DNA and RNA
[31-35]. Treatment of isolated nuclear matrix with a bacte-
rial phospholipase C results in the release of nucleic acids
[34,36]. These data strongly evidence on the amphiphilic/
amphipathic nature of phospholipids in some bonding forces
within chromatin.

The phospholipid spectra of the nucleus, chromatin and
nuclear matrix isolated from the liver cells of intact rats are
very different [27]. The phospholipids of nuclear matrix are
reached by sphingomyelin, which is also presented in lip-
oproteins. This assumption is supported by the data of
Manzoli et al. [27]. They had shown that the acidic proteins
from lymphocyte nuclei are enriched in sphingomyelin.
Sphingomyelin is the main component of phospholipids
(80%) in nuclear matrix of regenerating liver [33,35].

3. Participation of nuclear phospholipids in structure
organization of chromatin and nucleic acids synthesis

The autonomous behavior of chromatin and phospholi-
pids of nuclear matrix is emphasized by sharp changes in
their spectra during RNA and DNA synthesis in liver cells
after partial hepatectomy [20,21,25,33]. An increase in
sphingomyelin concentration is correlated with the level of
DNA synthesis in liver cells in regenerating liver. It is
known that sphingomyelin in vitro stimulates DNA-poly-
merase activity [17]. Changes in sphingomyelin content
have also been observed in the nuclei of different tumor
cells [37].

Based on evidence about high content of sphingomyelin
in the nuclear matrix at the moment of RNA and DNA
synthesis, we have considered the possibility that this lipid
can be incorporated into the replicative and transcriptional
complexes associated with the nuclear matrix [33,34,36].
This has been confirmed by digestion of sphingomyelin in
the nuclear matrix with sphingomyelinase. As a result of this
process, 75% of the newly synthesized DNA and 90% of the
newly synthesized RNA have been released from the
nuclear matrix [33,36]. The treatment of nuclear matrix
with phospholipases (phospholipase C without sphingomye-
linase activity, phospholipase A, and phospholipase D) has
not led to the release of such a high yield of newly



A.V. Alessenko, E.B. Burlakova / Bioelectrochemistry 58 (2002) 13-21 15

synthesized nucleic acids into the supernatant. Significantly,
a release of DNA and RNA from the protein structures in
the nuclear matrix in vivo can be brought about by the
endogenous sphingomyelinase, whose activity has been
detected in the nucleus [20,25,26]. The fact that 45% of
sphingomyelin is removed with RNAse digestion strongly
indicates that this link may have a functional significance,
e.g. in the regulation of RNA synthesis or in nucleoprotein
processing [38—40].

Inhibition of DNA polymerase in the nuclear matrix and
release of newly synthesized DNA from the nuclear matrix
when treated with phospholipases [35,36] indicate a struc-
ture-functional role of phospholipids in the replicative
complex. These results lead to assumption that sphingo-
myelin is the main phospholipid involved in the formation
of replicative complex in the nuclear matrix. Most of these
data have consisted of the documentation of the presence of
phospholipids, without much attention to possible rele-
vance, and usually with the implicit inference that they are
just as likely to be contaminants from nuclear membrane.

However, Manzoli [31,35,38,41-46], Alessenko [5,33,
36,47—-51], Magni [10,20,39,40] and their colleagues have
investigated the possible role of phospholipids in structure
and functional activity of nuclei. The effect of several
phospholipids on chromatin structure and function has been
investigated in cell-free systems by exposure of isolated
nuclei to phospholipid vesicles [38,41,42,52,53]. Cocco et
al. [52,53] have investigated the structural changes in
chromatin that occur if phosphatidylserine or phosphatidyl-
choline are added as multilamellar vesicles. The results
obtained indicate that anionic phospholipids can decondense
chromatin [53], could affect nucleosome structure [52] and
stimulate either synthesis of total RNA or that of specific
mRNA families [38,42]. Phosphatidylserine had a profound
effect on transcription in vitro by removing histones [53]. In
addition, for a more simplified system, a stimulatory effect
of inositol lipids on the isolated DNA polymerase o activity
has been reported [54].

4. Phospholipids signal transduction cascades
in the nuclei

Existence of a phospholipid signal transduction cascade
based on the polyphosphoinositide and sphingomyelin
breakdown has been indicated by the discovery in the
nucleus of phospholipase C [13] and sphingomyelinase
[25] and protein kinase C (PKC) [55—58]. Recent evidence
on the occurrence of PKC in nuclei seems to prove a direct
link between the presence and possible functions of nuclear
lipids. Phosphatidylinositols, sphingolipids, phosphatidyl-
serine and diacylglycerols, which could regulate the activity
of this enzyme, can control the phosphorylation of nuclear
proteins [54,59—-62].

Specific PKC that associates with liver nuclei has been
partially purified. Immunoblotting studies evidence that it is

different isotype from the major cytosolic liver PKC [63].
There may also be an independent translocation of PKC to
the nucleus [56,64].

Therefore, variation in the nuclear phospholipid content
and relative composition may affect the functional activity
of this key enzyme. The nuclear domains, the interchro-
matin fibers and granules, and the nucleolus, are sites in
which transcription products are processed and they belong
to the nuclear matrix compartment, with which PKC and
some enzymes of inositol lipid cycle are also associated
[12,13,55].

Metabolism of polyphosphoinositides was changed by
cellular differentiation, proliferation and apoptosis. Level
of both PtdIns(4)P and PtdIns(4,5)P, was changed in
Friend cells induced to differentiate by treatment with
DMSO [65]. Stimulation of Swiss 3T3 cells with IGF-I
causes a rapid and transient decrease in nuclear PtdIns(4)
and PtdIns(4,5)P, and concurrent increase in nuclear diac-
ylglycerols [64]. That this is really happening in the nuclei
is based on the results that in the same cells bombesin
causes a large identical response in the plasma membrane,
but not in nuclei [3,64]. The interpretation of this data by
authors of this study is that a signal reaches the nucleus as
a result of stimulation of the IGF-I receptor and this signal
stimulates a nuclear phosphoinositidase C that hydrolyses
PtdIns(4,5)P, to generate diacylglycerol and Ins (1,4,5)P;.
Both diacylglycerol and Ins (1,4,5)P; are involved in
activation of PKC.

Hormones prolactin and erythropoietin added to purified
nuclei have activated PKC inside nuclei [66,67]. However,
at least in Swiss 3T3 cells in response to IGF-I, the nuclear
response required intact cells. It means that nuclei have own
PKC and PKC, which is translocated to the nucleus as a
result of some stimulation. Nuclear lipids control both these
enzymes.

As it was mentioned earlier, sphingomyelin metabolism
exists in nuclei and sphingomyelin has the unique ability to
accumulate in chromatin and nuclear matrix [5,9,10,20,
29,30,34]. Currently, the attention is focused on the sphin-
gomyelin metabolic cycle in nuclei. The products of this
metabolism (sphingosine and ceramide) can also exhibit the
properties of second messengers [24,68]. The plausible
involvement of sphingolipids in relaying cell signals was
first revealed in the experiments of Hannun and Bell [69]
who examined the inhibitory activity of sphingosine toward
PKC in vitro. This sphingomyelin metabolite has subse-
quently been shown to inhibit many PKC-depended pro-
cesses in vitro [70,71]. On the other hand, in some studies,
sphingosine has been shown to posses numerous properties,
some of which manifest themselves independently from
protein kinase C [72]. Sphingosine has been shown to
enhance phosphorylation of the EGF receptors [73] and to
activate purified casein kinase I [74] and other sphingosine-
dependent kinases [75].

The phosphorylation reactions in nuclei have a biological
significance for the transduction of the mitogenic signals
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from cell membrane to nucleus in response to growth factors
and other proliferative stimuli. Evidence on the presence of
PKC and casein kinase II in nuclei of actively growing cells
and enzymes suggested the intriguing possibility that signal
transduction events, controlled by sphingomyelin cycle,
could also occur at the nuclear level.

We have shown that the activity of sphingomyelinase and
level of sphingomyelin, ceramide and sphingosine in nuclei
is changed during nucleic acid synthesis in regenerating
liver [26,29,30,76]. Albi et al. [10,20] found changes in the
activity of the enzyme and level of sphingomyelin in
chromatin during DNA synthesis in liver after partial
resection as well.

Our data demonstrate that the level of sphingosine (4—5
ng/mg of protein) in nuclei is very low compared with
sphingomyelin (2 —4 pg/mg of protein). However, we found
a pronounced accumulation of sphingosine in nuclei during
activation of transcription, 4—6 h after partial hepatectomy
[76] and replication, 20—24 h after operation [76]. Activa-
tion of sphingomyelinase located in the cell nuclei also
occurs when transcription and replication are enhanced.
Thus, activation of sphingomyelin cycle in nucleus of
regenerating liver is observed during DNA and RNA syn-
thesis. The changes in the level of the sphingomyelin cycle
metabolites (ceramides and sphingosine) during nucleic acid
synthesis are of a universal character, suggesting that the
mechanism of their action is common for transcription and
replication.

At present, sphingosine is known to activate casein
kinase II [74], the substrates of which are RNA polymerases
I and II, DNA topoisomerases I and II, non-histone chro-
matin proteins and a number of other proteins involved in
the regulation of the cell cycle and proliferation [77].
Sphingosine involves the accumulation of phosphatidic
acid, which possesses mitogenic properties and activates
DNA synthesis in Swiss 3T3 cells under the action of
sphingosine in concentration up to 10 uM [72]. Direct
experiments have shown an intimate connection between
sphingosine synthesis and cell growth. This has been shown
with mutant CHO cells, which are deficient in sphingomye-
lin synthesis due to thermolability of their serine palmitoyl-
transferase [78].

It was shown that sphingosine influences on DNA syn-
thesis [72] and activity of key enzymes taking part in
replication and transcription. In our experiments, it was
shown that sphingosine enhances the activity of RNA
polymerases isolated from rat liver [76] and retards DNA
methylation [51].

Sphingosine is likely to influence RNA and DNA syn-
thesis by its ability to control phosphorylation of enzyme
participating in nucleic acid synthesis and to interact with
DNA and to alter its structure. The latest properties of
sphingosine have been demonstrated by Manzoli et al.
[44] with the method of heat denaturation.

We have also shown the existence of the interaction of
sphingosine with DNA in vitro, using fluorescent and spin

probes [76,79]. We found that sphingosine can prevent
interaction of DNA with AO or even displace AO from its
complex with DNA [76]. It means that sphingosine interacts
with DNA and influences its structure. Similarly to poly-
amines, sphingosine has a primary amino group, which
forms an ionic bound with the oxygen atom of the phos-
phate group in DNA molecules. These changes in the
structure of DNA via its interaction with sphingosine lead
to alteration of the DNA substrate specificity. Sphingosine
inhibits DNA-primase in vitro and in vivo [80]. Sphingosine
was found to complete with H1 histone for the binding to
DNA [81]. Other lipids, such as phosphatidic acid and
phosphatidylglycerol, firmly bound precisely with histones
[81,82]. Sphingosine and its derivatives, e.g. sphingosyl-
phosphoholine, sharply increased the DNA-binding activity
of AP-1 transcriptional factor [83]. The increase in the
binding activity of AP-1 preceded the accumulation of c-
fos mRNA.

Thus, presented data contribute a great deal to the
significance of the nuclear sphingomyelin cycle and its
particular metabolites in the regulation of cell proliferation.
We should mention that the mechanism proposed includes
one product (sphingosine) with the ability to activate signal
transduction controlled by casein kinase and inhibit path-
ways controlled by protein kinase C. Thus, sphingosine may
emerge as a multifunctional regulator that is able to mod-
ulate the activity of many targets such as protein kinases,
phosphatidic acid phosphohydrolase [84], diacylglycerol
kinase [85] and phospholipase D [86—87] not only in
cytoplasma but also in nuclei.

Cell surface receptors for TNF-alpha form one of the
components of a specific signal transduction pathway.
Phorbol ester-induced activation of protein kinase C
decreases the binding activity of TNF-alpha receptors. The
involvement of protein kinase C in regulation of TNF
receptor activity points to the possible role of sphingosine
in cell responses to TNF-alpha. In our experiments, it was
shown that TNF-alpha activates sphingomyelinase and
accumulates sphingosine in nuclei isolated from liver after
injection of TNF to mice [47,49]. We found that activation
of sphingomyelin cycle induced by TNF-alpha is an early
response, more pronounced in the nuclei as compared with
whole cells [49]. It is suggested that sphingomyelin metab-
olites are involved in transduction of TNF-elicited signals
from the cell surface to the nucleus.

Metabolism of sphingomyelin is tightly connected with
cholesterol metabolism [88]. Degradation of sphingomyelin
by exogenous sphingomyelinase induces a decrease of
cholesterol due to an increase of esterification biosynthesis.
A relation between sphingomyelin and cholesterol in
nuclear membranes following sphingomyelinase activation
and during cell proliferation was shown [10]. The content of
nuclear sphingomyelin and cholesterol was analyzed before
and after sphingomyelinase activation and during hepatic
regeneration. The activities of nuclear membrane SM-syn-
thase and SMase were also determined. The results con-
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firmed that activation of sphingomyelinase in nuclei of
regenerating liver and exogenous sphingomyelinase causes
a strong decrease in cholesterol [10]. Changes in the content
of sphingomyelin are accompanied by similar behavior of
cholesterol. Changes in cholesterol content modify the
nuclear membranes fluidity and, as a consequence, mRNA
transport [40]. The neutral sphingomyelinase present in the
nuclei may, across this mechanism, regulate the cell func-
tion.

Phospholipids of nuclei may play crucial role in apopto-
sis. Apoptosis, programmed cell death, has been shown to
play a key role in normal development, differentiation,
glandular atrophy following hormonal withdrawal and
maturation of the immune system [88]. Interference with
apoptosis appears to be one of the mechanisms leading to
unrestrained growth and development of cancer. Its hall-
mark biochemical feature is endonuclease activation, giving
rise to internucleosomal DNA fragmentation. There are also
characteristic morphological changes, including chromatin
condensation, nuclear fragmentation, shrinkage, the forma-
tion of dense chromatin masses and apoptotic bodies [88].
Apoptosis is an active process, which is governed by a
signal transduction pathway. Up-regulation of c-myc, c-fos
and p53 genes is associated with transmission of the
apoptotic signal.

Utilization of the sphingomyelin pathway for induction
of the apoptotic response has already been demonstrated in a
large variety of mammalian cells [89]. Sphingomyelin
breakdown with an accumulation of ceramide and/or sphin-
gosine in nuclei may be involved in induction of the
apoptosis in vivo and in vitro [89—-92].

Prior to the onset of apoptosis induced by portal vein
branch ligation of lobes in rat liver, the activity of neutral
sphingomyelinase increased in the nuclei of hepatocytes in
ligated lobes in parallel with its reaction product, ceramide.
This was followed by elevation of ceramidase activity in
nuclei in association with an increase of sphingosine. These
changes were not observed in nuclei of the nonligated lobes,
or in the plasma membranes from either ligated or non-
ligated lobes [92].

We have shown that cycloheximide (CHI) in sublethal
doses (0.3 mg/100 g of body weight) caused apoptosis in
liver cells in vivo, inducing c-myc, c-fos and p53 genes,
activation of sphingomyelinase and accumulation of free
sphingosine in liver cells and nuclei [91]. It was shown that
the enhancement of the sphingomyelinase activity precedes
the maximum accumulation of mRNA of ¢-myc and c-fos
genes. Sphingosine in nuclei accumulated concomitantly
with an increase of c-myc and c-fos gene expression and
exceeded the control values almost threefold. On the other
hand, the level of free sphingosine in nuclei isolated from
liver rats injected with CHI at doses (0.01 and 0.05 mg/100g
of body weight) that did not increase gene expression did
not show any elevation of sphingosine.

The protein products of c-myc, c-fos and p53 genes
contribute significantly in transduction of the apoptotic

signal. The activity of these proteins depends on PKC. On
the other hand, sphingosine functions as one of the inhib-
itors of PKC, which strongly induce apoptosis in certain cell
types. Recently, it was shown that sphingosine decreases
bcl-2 expression at both RNA and protein levels [93].
Overexpression of bcl-2 is connected with inhibition of
apoptosis in response to a wide spectrum of agents, like
chemotherapeutic agents, TNF-alpha and ionizing radiation.
Finally, nuclear sphingosine might be important in media-
ting apoptosis as an endogenous modulator of nuclear PKC
and inhibitor of bcl-2 expression.

The last decade has been characterized by rapid develop-
ment of research investigation of the molecular mechanisms
whereby hormones, peptides, growth factors and cytokines
regulate cell metabolism, differentiation and proliferation.
One general signaling mechanism involves the rapid Ca**
redistribution throughout the cell [94].

The mechanism of regulation of nuclear calcium signal-
ing is vehemently debated currently [95—102]. Nuclear
calcium signals control a variety of nuclear functions,
including gene transcription [102], DNA synthesis [94],
DNA repair, chromatin organization and cleavage of nuclear
DNA by nucleases during programmed cell death or apop-
tosis [98—100]. There are indications that nuclear and
cytosolic calcium signals are differentially regulated and
are independent of each other [96]. For examples, nuclear
calcium concentrations are higher than cytosolic ones in a
number of cell systems or lower in smooth muscle and
neuronal cells.

The nucleus contains an endoplasmic reticulum-type
calcium pump ATPase, which attests to the ATP-mediated
nuclear calcium uptake [96]. The nucleus is endowed with
functional inositol triphosphate receptors and the necessary
machinery for InsP [(3)] production [97]. The nucleus also
contains inositol 1,3,4,5-tetraphosphate receptors, which
mediates nuclear calcium entry in the presence of InsP
[(4)]. InsP [(4)] receptor was located to the inner nuclear
membrane. Mechanistic model developed proposed calcium
movement in and out of the nucleus. Ca [Image]-ATPase
and InsP [(4)] R are located to the outer nuclear membrane
and thus intervene in the action of ATP and InsP [(4)],
respectively, in eliciting calcium transport to the nuclear
envelope. Calcium can be further released to the inner
nuclear space by the activation of Imps [(3)] R (located to
the inner membrane) by Imps [(3)]. Calcium can diffuse out
from the nucleoplasm by the nuclear pores. There are
specific Ca®" release channels present in the inner nuclear
membrane that can be activated by inositol triphosphate or
cADP ribose [99,101].

In conclusion, InsP [(3)] is capable of controlling cal-
cium concentration within the nucleus, which could be
important for the control of specific types of gene expres-
sion.

Recently, the sphingosine-induced mobilization of Ca**
from intracellular stores was shown [103]. It was found that
sphingosine-gated Ca**-permeable channel is a novel chan-
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nel distinct from other characterized intracellular Ca**
channels such as the ryanodyne receptor and the inositol
1,4,5-triphosphate receptors [104,105]. This suggests that a
new type of Ca®>" channel should exist which is controlled
by sphingosine.

It was shown that sphingosine and its derivators
influence at Ca®" mobilization in the nuclei. The dose—
response relationship for the peak response of Ca*'
concentration in nuclei to sphingosine and psychosine
was analyzed [106]. Nucleoplasmic Ca®" concentration
increased at 15 mM agonist and reached the maximum
response at 50 mM lipid concentration. The sphingosine
was the most effective lipid assayed. The highest con-
centrations (75 mM) evoked an increase in Ca** concen-
tration from 50 to 350 nM. The sphingolipid con-
centrations used in these experiments were similar to
those described as effective in several cell types [103].
It is possible that sphingolipids mobilize Ca®" through a
modulatory action on the IP3 pathway [10], or that they
could act in a completely independent manner, as
recently suggested for sphingosine in fibroblasts [24,107].

5. Conclusion

It has been widely reported that lipids exist as factors
bound to chromatin and nuclear matrix components in a
number of cell types. The effect of several phospholipids on
DNA and chromatin structure and function has been inves-
tigated in cell-free systems by exposure of isolated DNA,
chromatin or nuclei to phospholipids vesicles. In addition,
stimulatory effects of inositol lipids and sphingolipids on
isolated DNA polymerase o and RNA polymerases activ-
ities have been reported.

Evidence on the occurrence of phospholipid-calcium-
dependent protein kinase C (PKC) in the nucleus seems to
present a direct link between the presence and possible
functions of nuclear lipids, phosphatidylinositol, sphingo-
sine, phosphatidylserine and diacylglycerol, which could
regulate the activity of this enzyme controlling the phos-
phorylation of nuclear proteins. In conclusion, Imps [(3)]
and sphingosine are capable of controlling calcium concen-
tration within the nucleus, which could be important for the
control of specific types of gene expression during cell
growth, differentiation and apoptosis.

The discovery of inositide and sphingomyelin signaling
systems in nuclei shows what messages transfer the signals
from the cell surface to the nucleus, and how those mes-
sages transmit their effect.
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