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1. ABSTRACT 
  

Nuclear lipid metabolism performs a pivotal 
function in multiple signaling networks that mediate a 
variety of cellular events, including proliferation, 
differentiation and cell survival. The presence of 
phosphoinositides in the nuclei of mammalian cells is no 
longer in any doubt, and this has been corroborated by the 
detection of the enzymes responsible for phosphoinositide 
metabolism, phosphoinositide kinases and phosphatases in 
the nucleus. The nuclear phosphoinositide pool exists 
independently of the cytosolic pool, thereby showing a 
distinctive feature of nuclear lipid signaling as opposed to 
its cytosolic counterpart. The principal objective of this 
review is to summarize our updated knowledge regarding 
nuclear phosphoinositides and to discuss the current 
theories about the roles of the nuclear phosphoinositides. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. INTRODUCTION 
 

Among phospholipids, the phosphoinositides are 
generally considered to function as lipid second 
messengers, which act as key players in a number of 
cellular signaling events, including cell proliferation, 
differentiation, apoptosis, vesicle trafficking, insulin action, 
cytoskeleton changes, and motility (1), although they 
constitute only approximately 10% of membrane lipids, and 
their dysregulation is commonly observed in neoplasms 
and other diseases (2).  
 

Phosphoinositide signaling primarily occurs at 
the plasma membrane, where phosphoinositides respond to 
stimuli and generate inositol phospholipid second 
messengers, which activate signal transduction within the 
cells. Nonetheless, phosphoinositides also exist in the
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Figure 1.  Major metabolism of phosphoinositide in the 
nucleus. The identified various kinases and phosphathase 
involved in the nuclear PI pathways are only depicted here. 

 
nucleus of mammalian cells. Instead of the nuclear 
membrane, nuclear phosphoinositides reside within the 
nucleus and especially, associate with nuclear speckles 
domain. Initially, people believed that the nuclear 
membrane was the place where nuclear phosphoinositides 
are synthesized (3). However, extensive studies have 
demonstrated that isolated membrane free-nuclei from 
mouse erythroleukemia (MEL) cells remain the capability 
to synthesize phosphoinositides: PI4P and PI(4,5)P2 , and 
also that the quantity of nuclear PI(4,5)P2 depends on the 
cellular differentiation state, although the total population 
of PI(4,5)P2 does not appear to vary (4). The stimulation of 
Swiss 3T3 fibroblasts with insulin-like growth factor 
(IGF)-1 regulates nuclear phosphoinositides in a manner 
different from that observed in cytoplasmic lipid 
metabolism (5, 6). These early observations indicated that 
signaling by inositol lipids occurs within the nucleus, and 
that nuclear phosphoinositide metabolism and the relevant 
regulatory mechanisms operate independently from their 
cytoplasmic counterparts. Indeed, accumulating evidence 
demonstrates the presence of the enzymes involved in 
classical PI generation in the nuclei, including PI(4,5)P2 
kinase and phospholipase C as well as diacylglycerol 
kinase (DGK) (7, 8, 9, 10, 11). A great deal of literature 
documents the nuclear phosphoinositide metabolism, and 
recent reviews have updated our knowledge about 
subnuclear localization and nuclear phospholipid 
metabolism, as well as the kinases responsible for nuclear 
phospholipid metabolism (12, 13, 14, 15) (Figure 1). 

 
It is now generally accepted that nuclear 

phosphoinositides exist independently of the nuclear 
membrane, and regulate a broad array of cellular events via 
association with their effectors and/or the formation of 
proteolipid complexes, for example, as was observed with 
PI(4,5)P2 in association with the cytoskeleton. In this 
review, we will summarize the current wisdom regarding 
the role of nuclear phosphoinositides in major cellular 
events. We will also discuss their potential nuclear targets 
and the impact of these phenomena on cell biology.  
 
3. NUCLEAR PIPS 
 

To date, among seven different phosphorylated 
derivatives of phosphatidylinositol (PI), which are 
collectively referred to as “Ptdlns”, the simplest of the 
inositol phospholipids include the phosphatidylinositol 
phosphates (PIPs), PI3P, PI4P, and PI5P. The PIPs are not 

only intermediates in PIP2 and PIP3 synthesis, but also 
involve in a variety of cellular processes (16).  
 
3.1. Nuclear PI3P 

PI3P can be generated via the phosphorylation of 
the D-3 position of the inositol head group by a family of 
PI3-kinases. It has been suggested that PI3P may play roles 
in both membrane trafficking and early endosomal 
dynamics in the cytoplasm (17, 18). Using a high-affinity 
PI3P specific - double-FYVE probe, Gillooly et al. (2000) 
detected PI3P within the nucleolus in human fibroblasts 
and BHK cells via electron microscopy. This observation is 
consistent with the fact that several types of PI3-kinases 
and their kinase activities occur in the nucleus (19, 20, 21, 
22), suggesting that PI3P may perform some functions in 
nuclear processes or nucleolar activity. Moreover, one of 
the class II PI3-kinases C is activated during the G2/M 
phase and induces an elevation of nuclear PI3P (23), 
indicating that PI3P may play some role in the regulation of 
the cell cycle. 
 
3.2. Nuclear PI4P 

PI4P can be generated either by synthesis from PI 
via the phosphorylation of the D-4 position by PI4-kinase, 
or via the dephosphorylation of PI(3,4)P2 by PTEN 
(phosphatase and tensin homologue deleted on 
chromosome 10), which acts as a 3’ phosphatase on the 
inositol ring. In the cytoplasm, PI4P has been proposed to 
play a major role in golgi secretory functions (17, 24).  
 

Previous study suggests that PI 4-kinase activity 
occur within the nucleus (25). The kinase responsible for 
the activity, namely PI4K beta was identified in the nuclei 
of native NIH3T3 fibroblasts and CHO cells. Additionally, 
the transfected PI4K beta accumulated in the nucleus of 
Cos-1 cells after the blockage of nuclear export by 
leptomycin B (LMB) (26). PI4K beta was also detected in 
the nuclei of yeast (27). Very recently, the phosphorylation 
specific forms of PI4K92 (Ser-496 and Thr-504) were also 
detected in the nuclear speckles (28), fitting with the 
previous observations regarding the nuclear distribution of 
other enzymes of the phosphoinositol cycle as well as the 
lipid products. For example, PIPKs type I and type 
II isoforms, as well as their products, PI(4,5)P2 (29, 11); 
PI3-Kinase class 2alpha and 2beta (30, 31); and SHIP-2 
(32, 33) were detected in the nuclear speckles. Moreover, 
microinjection of anti-pSer-496 antibody into the nucleus 
resulted in cell death (28), implying that PI4K92 plays a 
pivotal role in cell survival. In addition, another PI 4-kinase 
isoform, PI4K230, was detected in the nucleoli and the 
nucleoplasm of neural and nonneural cells. Both SiRNA for 
PI4K230 and DNase or RNase treatment disrupts the 
nucleolar localization of PI4K230 (34). Although there 
were some early observations that PI4P levels vary during 
the progression of the cell cycle (35), suggesting some role 
in cell proliferation, nuclear PI4P is believed to function 
principally as a precursor of PI(4,5)P2 (14).  
 

Specific subnuclear localization of different PI4-
kinases may result in restricted production of PI4P in 
different nuclear compartments and lead to the formation of 
a distinct pool of PI(4,5)P2, coincident with PI4P5-kinase, 
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which is associated with nuclear structures such as the 
speckle components (29) or regulatory proteins including 
the retinoblastoma protein (36). However, the possibility 
should not be dismissed that PI4P itself may be involved 
directly in the regulation of cell proliferation, survival, and 
nucleolar activity, operating via a distinct mechanism. The 
exact functions of PI4P in the nucleus remain largely 
unknown, and the biological significance of different 
nuclear compartment pools of PI4P awaits further 
clarification as well. 
 
3.3. Nuclear PI5P 

PI5P is the third PIP identified in the nuclei of 
mammalian cells, nuclear PI5P levels increase 20-fold 
during the G1 phase of the cell cycle (35), although the 
molecular mechanism of how PI5P levels are regulated 
remains to be determined. Both PI5P-Kinases (or type I 
PIPKs) and PIKfyve have been suggested to be able to 
convert PI to PI5P in vitro (37, 38, 39, 40), and PIKfyve 
has actually been determined as an enzyme responsible for 
the production of PI5P in mammalian cells (41). Emerging 
evidence suggests that the PHD finger motif of ING2, a 
putative tumor suppressor protein, is a nuclear receptor for 
PI5P, and a nuclear pool of this lipid has been shown to 
play a critical role in the response to DNA damage (42). In 
experiments conducted with overexpressed PIKIIbeta, 
which employed PI5P as a substrate for the production of 
PI(4,5)P2, altered ING2 subcellular localization in vivo and 
ING2-association with the chromatin/nuclear matrix were 
observed, thereby indicating that the association of ING2 
with chromatin is regulated by binding to PI5P. In addition, 
the interruption of PI5P and ING2 binding resulted in an 
attenuation of the ING2-mediated regulation of p53 
acetylation and apoptosis (42). These results suggest that 
nuclear PI5P signaling may impinge on the levels within 
the nucleus, modulating p53 activity and cell death via 
interactions with chromatin-associated ING2. However, 
further study will be required in order to elucidate the 
manner in which nuclear PI5P is synthesized, as no unique 
PI5-kinase has been discovered within the nucleus. 
 
4. NUCLEAR PIP2s 
 

Up to now, there is no report of PI(3,5)P2 in the 
nucleus of mammalian cells. While its possible precursors, 
PI3P and PI5P, can be converted to PI(3,5)P2 in vitro, the 
kinase responsible for the transformation in the nucleus 
remains elusive. In addition, the phosphatases SHIP-2 and 
PTEN, which can dephosphorylate specific 5’inositol 
phospholipids and 3’ inositol phospholipids respectively 
from PI(3,4,5)P3 to create PI(3,4)P2 and PI(4,5)P2, are 
identified at specific sites within the nucleus, whereas no 
specific 4’ ipid phosphatase has ever been identified in the 
nucleus. Thus, although we cannot exclude the presence of 
PI(3,5)P2 in the nuclear compartment, in this review, we 
will focus two well identified PIP2s. 
 
4.1. Nuclear PI(3,4)P2  

PI(3,4)P2 can be generated via the 
dephosphrylation of PI(3,4,5)P3 by the 5’ lipid phosphatase 
SHIP1/2 (Src Homology domain-containing Inositol 
Phsophatase 1/2) (43, 44) or via the phosphorylation of 

PI4-P (45). PI(3,4)P2, as well as PI(3,4,5)P3, bind to the PH 
domain of Akt/PKB (protein kinase B), consequently 
recruiting Akt to the plasma membrane, where it is 
phosphorylated for full activation. Activated Akt regulates a 
variety of cellular signaling protocols, including cell 
proliferation, tumorigenesis, and cell survival, which 
suggests that PI(3,4)P2 may be an important second 
messenger for cellular life.  
 

Very little is known about nuclear PI(3,4)P2. 
Although it is not clear whether PI(3,4)P2 is present inside 
the nucleus, PI(3,4)P2 has been detected in the nuclear 
membrane, using a specific PI(3,4)P2 monoclonal antibody 
(46). The monomeric enzyme Class II PI3K (C2alpha, beta, 
gamma) exhibits a profound preference for PI4P as a 
substrate and produces PI(3,4)P2, but also generates PI3P 
from PI. C2alpha has been detected both in the nucleus and 
in the nuclear speckles, whereas C2beta has been observed 
only in membrane-stripped nuclei, but not in the speckles 
(30), thus suggesting that PI(3,4)P2 may play a role in pre-
mRNA splicing. Moreover, the results of in vitro studies 
have revealed that SHIP1 employs both Ins(1,2,4,5,)P4 and 
PI(3,4,5)P3 as substrates (47, 48) whereas SHIP2 utilizes 
only PI(3,4,5)P3 as a substrate (49). Thus far, only SHIP2, 
but not SHIP1 has been shown to be expressed and 
activated in the nuclei of vascular smooth muscle cells (32), 
particularly in the nuclear speckles. These findings imply 
that PI(3,4)P2, may itself play a fundamental role in nuclear 
signaling events including transcriptional regulation, 
apoptosis, and the processing of mRNA splicing, rather 
than functioning only as a precursor for PI(3,4,5)P3. 

 
PTEN is a tumor suppressor gene, however, 

there is little evidence to date implicating that SHIP2 in the 
regulation of PI3K-dependent proliferation or cell death 
pathways that control tumorigenesis. Overexpression of 
SHIP2 inhibits insulin-stimulated PI3K dependent 
signalings (44). Depletion of SHIP2 gene in mice results in 
an obesity-resistant phenotype. The animals show normal 
insulin and glucose tolerance but are highly resistant to 
weight gain on high fat diet (50). Thus, SHIP2 might be a 
significant therapeutic target for treatment of both obesity 
and type 2 diabetes. Nuclear PTEN does not 
dephosphorylate the nuclear pool of PIP3 (51). It remains 
unknown whether nuclear SHIP2 also lose its capability to 
hydrolyze PI(3,4,5)P3 into PI(3,4)P2. 
 
4.2. Nuclear PI(4,5)P2 

PI(4,5)P2 is the predominant regulatory molecule 
in the cytosolic phosphoinositide cycle. It is generated from 
PIP by the PIP kinases. Among the three types of PIP 
kinases, the type I and type II families of PIP kinases are 
known to generate PI(4,5)P2, although they differ with 
regard to their substrate preferences (52, 53). The type I 
PI4P 5-Kinase (PIPKIalpha) and the type II PI5P 4-Kinase 
(PIPKIIbeta) exist within the nucleus, evidencing an 
association with the nuclear matrix. However, it remains to 
be determined whether PIPKIIbeta is localized in the 
nucleus or not (29, 54).  
 

PI(4,5)P2, as well as PIPKIalpha and 
PIPKIIbeta, can be found in electron-dense intranuclear 
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particles (29, 55), and recognized on the basis of nuclear 
speckle morphology as the result of changing 
transcriptional activity under immunofluorescence 
microscopy, demonstrating its co-localization with small 
nuclear ribonucleoprotein particles (snRNP) (29). The 
localization of PI(4,5)P2 and its responsible kinase in the 
nuclear speckles is suggestive of a role in some aspect of 
mRNA processing. Osborne et al., in 2001, demonstrated 
that PI(4,5)P2 co-localizes with the splicing factor SC35, 
and hyperphosphorylates RNA pol II, as well as the Sm 
protein, a snRNP component, which is a known marker for 
nuclear speckles during interphase, but not during mitosis. 
Moreover, PI(4,5)P2 was co-immunoprecipitated with 
snRNP as well as RNA pop II, suggesting that PI(4,5)P2 
probably exists as a lipid-protein-nucleic acid complex 
within the nucleus. Furthermore, the immunodepletion of 
PI(4,5)P2 disrupted mRNA splicing, but the addition of 
PI(4,5)P2 to nuclear extracts of Hela cells resulted in no 
detectable effects on the splicing rate in vitro. This may be 
attributable to the failure of exogenous PI(4,5)P2 to be 
incorporated precisely into the nuclear compartment, where 
it should be. However, it remains to be determined whether 
or not the involvement of PI(4,5)P2 in mRNA processing 
occurs directly, or indirectly, in conjunction with some 
other component of the nuclear matrix. Another factor also 
exists; namely, syntenin-2, which harbors a PDZ 
(Postsynaptic density protein, Disc large, Zona occludens) 
domain that co-localizes with PI(4,5)P2 and binds to 
PI(4,5)P2 in the nuclear speckles. The knockdown of this 
protein in MCF-7 and U2OS cells by SiRNA altered the 
localization of PI(4,5)P2 in the nuclear speckles (56). 
Conceivably, syntenin-2 modulates PI(4,5)P2 metabolism 
and regulates its translocation or sequestration into the 
nucleus, because syntenin-2 is targeted to the plasma 
membrane by PI(4,5)P2, and is also co-localized with 
PI(4,5)P2 in the nuclear speckles.  

 
PI(4,5)P2 is capable of binding to histones H1 

and H3 and attenuating histone H1 transcriptional 
inhibition via the release of H1 from the DNA. This has 
been suggested as a mechanism for the regulation of 
PI(4,5)P2 in chromatin remodeling (57). Another possible 
way that PI(4,5)P2 may be involved in the regulation of 
chromatin remodeling involves the activation of T-
lymphocytes, during which PI(4,5)P2 may augment or 
facilitate the interaction of the chromatin remodeling 
complex, Brahma-related gene associated factor (BAF) 
with the nuclear matrix (58). During T-cell activation, the 
BAF complex is translocated from a soluble to an insoluble 
nuclear fraction via interaction with chromatin. The 
addition of PI(4,5)P2 to the resting stage of the T-cells 
facilitated the association between BAF and the nuclear 
matrix (58) and PI(4,5)P2 binds to BRG-1, which is known 
as an actin binding subunit of the BAF complex, and then 
stabilizes the nuclear matrix protein, actin (59), thereby 
augmenting the association of BAF with the nuclear matrix 
(60). Additionally, the retinoblastoma protein, Rb, which is 
a tumor suppressor that functions via the recruitment of the 
BAF complex to the transcription site, can interact with and 
activate PIPKIalpha (36, 61). This finding not only 
constitutes a significant step toward the determination of 
the mechanism by which PI(4,5)P2 production occurs at 

sites where it influences BAF function, but also raises the 
possibility that pRB is an effective regulator of nuclear 
PI(4,5)P2 levels, by virtue of its ability to stimulate the 
kinase activity of PIPKIalpha. 

 
The emerging link between PI(4,5)P2 and chromatin 
remodeling and transcriptional regulation leads to the 
supposition that PI(4,5)P2 may perform a pivotal function 
in the regulation of these events. In fact, nuclear PIPKIα 
binds to Rb, which is involved in transcriptional regulation 
and chromatin remodeling, resulting in a recruitment of the 
PIPKIalpha to these complexes in which PI(4,5) can be 
generated. Another pool of nuclear PI(4,5)P2, which is 
generated by PIPKIIbeta, implies the reduction of the 
nuclear level of PI5P, which binds to ING2 (42) as 
described above. ING2 levels were, in turn, reduced in the 
chromatin and nuclear matrix fraction in the PIPKIIbeta-
overexpressd cells, suggesting that the generation of 
PI(4,5)P2 at specific chromatin locations might result in an 
inhibition of the localized activation of ING2, via a 
reduction in PI5P production. This differential localization 
pool of PI(4,5)P2 may influence the stability or activity of 
nuclear structural protein complexes, such as the chromatin 
remodeling complex or the splicing apparatus in the nuclear 
speckles. 
 
5. PI(3,4,5)P3 
 

Compelling evidence has been accumulated in 
the past few years suggesting that nuclear PI(3,4,5)P3 is 
linked to a variety of cellular events, including cell cycle 
progression, differentiation, proliferation, and cell survival. 
Nuclear PI(3,4,5) P3 metabolism appears to be at least as 
complex as it could be in the cytoplasm. In the nucleus, the 
level of PI(3,4,5)P3 can be regulated via generation by the 
class I PI 3-kinases, and degradation by two specific 
phosphatases-3’ phosphatase (PTEN) and 5’phosphatase 
(SHIP-2). 
 

PI(3,4,5)P3 can be generated by the class IA PI3-
kinases, which prefer PI(4,5)P2 as a major substrate, 
consists of a p110 catalytic subunit (p110alpha,beta,delta) 
and one of a number of regulatory subunits derived from 
the alternative spicing of the p85, or p55 genes. p85/p110 
PI3-kinase has been demonstrated to be active in the nuclei 
of rat liver cells (19), in human hepatocarcinoma HepG2 
cells (62), osteoblast-like MC3T3-E1 cells (9) and HL-60 
human promyelocytic leukemia cells (63). In addition, the 
class IB PI3-kinases, which consist of a p110gamma 
catalytic subunit and a 101 regulatory subunit, were 
detected in the nucleus (64).  

 
HL-60 cells are differentiated into granulocytes 

following retinoid stimulation, whereas vitamin D3 has 
been shown to induce the differentiation of HL-60 cells 
into monocytes. Indeed, during the maturation of HL-60 
cells into either granulocytes or monocytes, a marked 
increase in PI(3,4,5)P3 synthesis and an upregulation of 
nuclear PI3-kinase activity have been shown to occur. 
Moreover, the treatment of these cells with specific PI3-
kinase inhibitors or antisense PI3-kinase has been shown to 
disrupt its differentiation after retinoic acid treatment (65). 
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Furthermore, during the differentiation of erythroleukemia 
K562 cells, nuclear PI3-kinase activity was shown to be 
elevated and treatment with specific PI3-Kinase inhibitor or 
antisense PI3-kinase blocked cell differentiation (63). 
These findings clearly link PI(3,4,5) and nuclear PI3-
Kinase to the process of differentiation.  

 
It has been demonstrated that the rapid 

translocation of PI3-kinase into the nuclei of PC12 cells 
occurs in response to treatment with nerve growth factor 
(NGF) (66). Consistent with the detection of PI(3,4,5)P3 in 
the nucleus, Tanaka et al. (1999) (67) found that the 
PI(3,4,5)P3 binding protein (PIP3BP), which contains a zinc 
finger motif and two PH domains, is localized within the 
nucleus and is abundant in the brain, thereby implying that 
PI(3,4,5) may be involved in the functioning of nerve 
systems. Moreover, as the result of NGF treatment applied 
to PC12 cells, the nuclear translocation of protein kinase C 
(PKC)-zeta was found to be dependent on PI(3,4,5)P3 
synthesis via enhanced nuclear PI3-Kinase activity (20), 
thus suggesting that the level of nuclear PI(3,4,5)P3 may 
control the nuclear PKC-zeta pool. 

 
The emerging link between nuclear PI(3,4,5) 

and anti-apoptotic signaling has become the focus of 
intense study. We have determined that nuclear PI3-Kinase 
performs a pivotal function in the prevention of caspase-3 
activity and DNA fragmentation by DFF40/CAD, as the 
result of an in vitro DNA fragmentation assay using cell-
free apoptotic solution, consisting of the cytosolic fraction 
of HEK293 cells supplemented with purified activated 
caspase-3 (68). PI(3,4,5)P3, but no other PIP or PIP2, 
mimicked the anti-apoptotic effects of NGF in the PC12 
cells. When the isolated nuclei from NGF-treated PC12 
cells were preincubated with PTEN or SHIP, which is 
expected to dephosphorylate PI(3,4,5)P3 to PI(4,5)P2 or 
PI(3,4)P2, the nuclei evidenced obvious DNA 
fragmentation (68), indicating the loss of the anti-apoptotic 
effects of NGF. This suggests the involvement of nuclear 
PI(3,4,5)P3 in the protective effects of NGF. In this 
connection, we identified B23/Nucleophosmin as a nuclear 
PI(3,4,5)P3 binding protein using a PI(3,4,5)P3 column and 
NGF-treated PC12 nuclear extract (69). The interaction 
between PI(3,4,5)P3 and B23 is regulated by exposure to 
NGF, and B23 mutants that lose binding affinity for 
PI(3,4,5)P3 fail to prevent apoptosis, thereby demonstrating 
that they cannot bind to DFF40/CAD, while the wild-type 
B23 resists apoptosis, evidencing robust DFF40/CAD-
binding ability in apoptotic cells. These findings establish 
that PI(3,4,5)P3 mediates the anti-apoptotic effects of NGF 
via binding to B23, which inhibits DNA fragmentation via 
the prevention of DFF40/CAD activity. Interestingly, 
nuclear Akt is necessary, but not sufficient, to mediate the 
anti-apoptotic activity of NGF. In fact, Akt is the best 
characterized downstream target protein of PI(3,4,5)P3 in 
the cytoplasm, and it is now clear that Akt also exists 
within the nucleus. However, it appears not to be a target of 
PI(3,4,5)P3 in the nucleus.  

 
Despite its well-defined role in signaling at the 

plasma membrane, PTEN is found in the nucleus in a 
number of different normal and tumor cell types. Recent 

studies demonstrate that nuclear PTEN contribute to its 
tumor suppressive activity (70). In addition, it also 
regulates chromosomal stability (71). Interestingly, 
ubiquitination of PTEN regulates its nuclear translocation (72, 
73). Surprisingly, Lindsay et al., recently show that nuclear 
PTEN does not dephosphorylate nuclear PI(3,4,5)P3 (51). 
Although the interesting results were reported with regard to 
the expression of nuclear PTEN during the progression of the 
cell cycle (74, 32), the function of nuclear PI(3,4,5)P3 in cell 
cycle progression remains to be clearly elucidated. Further, 
PI3K inhibitors, overexpressed PTEN or SHIP2 was shown to 
downregulate the CDK inhibitory protein, p27KIP, and to 
interrupt the G1 phase of the cell cycle (75, 76, 77). Thus, 
these data demonstrate that nuclear PTEN also implicates in 
cell cycle, however, whether it depends on the phosphatase 
function of nuclear PTEN awaits further clarification.   

 
6. PI-PLC 
 

Nuclear PI(4,5)P2 is also substrate of another 
important enzyme, phosphoinositide-phospholipase C (PI-
PLC), which is responsible for the generation of 
diacylglycerol (DAG) and inositol 1,4,5-triphosphste (IP3). 
There are 13 isoforms of PI-PLC, some of which can be 
detected in the nucleus, but most of attention has been 
focused on PI-PLCbeta1 because this isoform is 
predominant in the nucleus (78, 79) and contains C-
terminus nuclear localization signal (NLS) (80). Moreover, 
recent studies have showed that PI-PLCbeta1and PI(4,5)P2 
are associated to electron dense particle in the nuclear 
speckles (81), strengthen the possibility that PI(4,5)P2 play 
important role in mRNA processing. 

 
 Stimulation of Swiss 3T3 fibroblasts cells by 

insulin-like growth factor 1(IGF-1) has firstly evidenced 
the activation of PI-PLC by a decrease in nuclear PI4P and 
PI(4,5)P2 mass and a corresponding increase of DAG mass, 
with a translocation of PKC to the nucleus (6). Later, it has 
been demonstrated that PI-PLCbeta1 is responsible for 
IGF-1- induced the increase of nuclear DAG in the nucleus 
of Swiss 3T3 cells (78), as inhibition of PI-PLCbeta1 
expression with antisense RNA reduces the DAG mass 
increase by IGF-1, but not by platelet-derived growth factor 
(PDGF) (82). Similarly, blocking of IGF-1 induced nuclear 
DAG production with a selective pharmacological 
inhibitors of PI-PLCbeta1elicited no translocation of PKC 
alpha to the nucleus, and the failure of S phase entry in 
response to IGF-1 in Swiss 3T3 cells (83), indicating that 
nuclear DAG recruit PKC alpha to the nucleus, which is 
essential in the mitogenic signaling exerted by IGF-1. How 
PKC alpha affect the proliferation rate has shown with the 
experiment that in NIH 3T3 mouse fibroblasts which were 
treated with tumor promoter 12- myristate 13-acetate 
(PMA), PKC alpha and PKC epsilon activate the cyclin D1 
and cyclin E promoter, resulting in increase of the level of 
both cyclins, and thus elevate proliferation rates (84). 

 
There is another evidence for PI-PLCbeta1 role 

in nuclear signaling. Erythroid differentiation of MEL cells 
is accompanied by a decrease in nuclear PI-PLCbeta1 
activity and DAG mass (85, 79). In contrast, differentiation 
of C2C12 rat myoblasts was corresponded with a marked 
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increase of PI-PLCbeta1 activity and expression (86). 
Moreover, the expression of PI-PLCbeta1 mutant that is 
lacking of NLS suppressed C2C12 cell differentiation. One 
possible explanation that encompasses the opposite result 
from MEL and C2C12 cells is provided the observation of 
PKC isoforms, depending on the timing of activation in the 
G1 phase, either positively or negatively regulates cell 
cycle (63), along with different subcellular expression of 
PI-PLCbeta1 isoforms (87).  

 
A new role for nuclear PI-PLCbeta1 has arisen 

from the hints at nuclear PI-PLCbeta1 as a key signaling 
molecule in the normal cell progression. Using specific 
probe of the PI-PLCbeta1 gene, fluorescence in situ 
hybridization (FISH) analysis has revealed monoallelic 
deletion of PI-PLCbeta1 gene allowing rearrangement of 
the chromosome 20 or other chromosome among MDS 
(myelodysplastic syndrome), which constitutes a group of 
hematological disorders characterized by peripheral blood 
cytopenias, secondary to bone marrow dysfunction, and 
AML (acute promyelocytic leukemia), which is 
characterized by an uncontrolled proliferation of blasts, 
patients (88, 89, 90, 91), implying that PI-PLCbeta1 could 
be involved in the progression of the disease. 

 
7. PERSPECTIVE 
 

Despite the vast amounts of research regarding 
nuclear lipid signaling conducted over the last two decades, 
relatively little useful information is currently available, 
especially compared to the great deal knowledge about 
cytosolic lipid signaling. We continue to be faced with the 
most basic questions. In what physical form do the nuclear 
phosphoinositides exist? Precisely where in the nucleus are 
they generated? And, finally, why is the subnuclear 
localization of nuclear phosphoinositides restricted?    
 

However, the availability of useful new tools for 
phosphoinositides research has ushered in many important 
discoveries in the study of nuclear lipids. With better tools 
for the study of individual nuclear phosphoinositides, the 
inscrutable process of nuclear lipid signaling, about which 
we know so little thus far, will be greatly accelerated. 

 
The findings reviewed here demonstrate that 

nuclear lipid signaling may be responsible for a multitude 
of cellular events, including differentiation, proliferation, 
cell cycle progression, RNA processing, and cell survival. 
However, our current understanding of nuclear 
phosphoinositide signaling is quite limited at present, with 
many questions left to be answered. The identification of 
specific nuclear targets of phosphoinositides and a greater 
insight into the role of phosphoinositides in vivo might 
provide us with a more detailed understanding of the 
functions of the nuclear phosphoinositides. 
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