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Abstract Swiss 3T3 mouse fibroblasts were exposed to 10 µM colchicine to disrupt microtubules, then stimulated
with insulin-like growth factor-I. Immunoprecipitation experiments showed that insulin-like growth factor-I receptor and
insulin receptor substrate-1 were tyrosine phosphorylated to the same extent in both cells treated with colchicine and in
those not exposed to the drug. Moreover, the activity of phosphatidylinositol 3-kinase was not affected by incubation
with colchicine. While in nuclei prepared from cells not exposed to colchicine it was possible to detect an insulin-like
growth factor-I-dependent increase in the mass of diacylglycerol, as well as stimulation of phospholipase C activity, no
similar changes were observed in nuclei obtained from cells treated with colchicine. Activation of the nuclear
phospholipase activity was paralleled by an increase of its phosphorylation. Immunofluorescent studies revealed that
mitogen-activated protein kinase did not translocate towards the nucleus when the cytoskeleton was depolymerized.
These results show that in Swiss 3T3 cells some as yet unknown events necessary for the insulin-like growth
factor-I-dependent activation of nuclear polyphosphoinositide metabolism require the presence of an intact cytoskel-
eton and are situated down-stream the activation of insulin receptor substrate-1 and phosphatidylinositol 3-kinase.
Activation of nuclear phospholipase C-b1 might be linked to its phosphorylation and translocation of mitogen-activated
protein kinase to the nucleus. J. Cell. Biochem. 72:339–348, 1999. r 1999 Wiley-Liss, Inc.
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It is now well-established that nuclei have a
polyphosphoinositide cycle distinct from, and
under a separate control, the ‘‘classic’’ cycle
located at the plasma membrane [Cocco et al.,
1994]. The existence of such a nuclear cycle has

been demonstrated in several cell lines and
tissues [Divecha et al., 1991, 1993; Banfic et al.,
1993; York and Majerus, 1994; York et al., 1994;
Marmiroli et al., 1994; Neri et al., 1997]. Com-
pelling evidence suggests this cycle to be in-
volved in the control of both cell proliferation
and differentiation [Martelli et al., 1992, 1994;
Zini et al., 1993, 1995; Divecha et al., 1995;
Rubbini et al., 1997; Bertagnolo et al., 1997;
Sun et al., 1997]. A key enzyme of this cycle is
phospholipase (PLC)-b1, that, in Swiss 3T3
mouse fibroblasts, appears to be mainly local-
ized within the nucleus [Martelli et al., 1992;
Zini et al., 1993]. Recently, it has been demon-
strated that in Swiss 3T3 cells this nuclear
enzyme plays an essential role in controlling
insulin-like growth factor-I (IGF-I)-promoted
mitogenesis [Manzoli et al., 1997]. No informa-
tion at all is at present available concerning
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how a growth factor, interacting with a receptor
located at the plasma membrane level, could
stimulate a polyphosphoinositide cycle present
within the nucleus. Evidence suggests that the
nucleus is connected with the cell periphery
through interactions mediated by elements of
the cytoskeleton [Pienta and Coffey, 1992;
Maniotis et al., 1997]. Recently, Schmalz et al.
[1996] have demonstrated that in NIH 3T3
cells phorbol ester-promoted nuclear transloca-
tion of PKC-a requires an intact cytoskeleton.
Thus, we sought to determine whether or not
an intact cytoskeleton might be required to
allow activation of the nuclear polyphosphoi-
nositide cycle. In this report we show that in
Swiss 3T3 cells depolymerization of microtu-
bule network by colchicine inhibits IGF-I-
dependent activation of nuclear PLC-b1 [Mar-
telli et al., 1992] as well as the increase in the
mass of nuclear diacylglycerol (DAG) that is
seen after treatment with this growth factor
[Divecha et al., 1991]. On the contrary, other
cellular events that are known to be induced by
IGF-I (i.e., tyrosine phosphorylation of the b
subunit of the IGF-I receptor and of insulin
receptor substrate [IRS-1] as well as activation
of phosphatidylinositol 3-kinase [PI 3-K] activ-
ity) are not inhibited by treatment with colchi-
cine. Treatment of cells with colchicine also
prevented the transient hyperphosphorylation
of nuclear PLC-b1 which parallels IGF-I-depen-
dent activation of the enzyme. Moreover, in
cells with a depolymerized cytoskeleton, IGF-I
exposure did not result in translocation to the
nucleus of the mitogen-activated protein kinase
(MAP kinase). These results strengthen the
contention that the cytoskeleton plays a very
important role in conveying signals from the
cell periphery to the nucleus and point to the
likelihood that activation of nuclear polyphos-
phoinositide cells in Swiss 3T3 fibroblasts ex-
posed to IGF-I requires an increased phosphor-
ylation of PLC-b1 and nuclear translocation of
MAP kinase.

MATERIALS AND METHODS
Materials

D-MEM, fetal calf serum, colchicine, 1,2-
dioleyl-3-palmitoyl-glycerol, phosphatidylinosi-
tol (PI), CHAPS, normal rabbit IgG, normal
goat serum, peroxidase-conjugated anti-mouse
or anti-rabbit IgG, fluorescein isothiocyanate
(FITC)-conjugated anti-mouse IgG, Cy3-conju-
gated anti-mouse IgG, and bovine serum albu-

min (BSA) were from Sigma Chemical Com-
pany (St. Louis, MO). IGF-I and the enhanced
chemiluminescence detection kit were from
Boehringer Mannheim (Germany). Protein A-
Agarose was purchased from Transduction
Laboratories. [3H] phosphatidylinositol 4,5-
bisphosphate ([3H] PIP2), [g-32P] ATP, and [32P]
ortophosphate were from Amersham Interna-
tional (Buckinghamshire, UK). The Protein As-
say kit (detergent compatible) was from Bio-
Rad (Richmond, CA). The following antibodies
were used in this study: monoclonal antibodies
to b-tubulin and to phosphotyrosine (clone PT-
66; Sigma); rabbit polyclonal antibodies to IGF-I
receptor, IRS-1, and to the 85-kDa subunit of PI
3-K (Upstate Biotechnology Incorporated, Lake
Placid, NY); monoclonal antibody to MAP ki-
nase (Transduction Laboratories, Lexington,
KY); rabbit polyclonal antibody to PLC-b1
(Santa Cruz Biotechnology, Santa Cruz, CA).

Cell Culture

Swiss 3T3 mouse fibroblasts were cultured in
D-MEM containing 10% fetal calf serum. Prior
to stimulation, cells were subcultured at a den-
sity of 104/cm, and incubated until they became
confluent (6 days). They were then cultured for
an additional 24 h in serum-free medium con-
taining 0.5% BSA. Quiescent cultures were
washed twice with serum-free medium contain-
ing 0.2% BSA, then incubated in the same
medium for the indicated times in the presence
of 50 ng/ml of IGF-I. For treatment with colchi-
cine, the drug (dissolved in water) was added at
10 µM to serum-free medium for 1 h prior to
stimulation with IGF-I.

Immunocytochemistry

Immunofluorescent staining for b-tubulin,
and MAP kinase was performed essentially as
reported by Zini et al. [1993], using the respec-
tive primary antibodies diluted 1:100, followed
by the appropriate secondary antibody conju-
gated to FITC or Cy3. Samples were photo-
graphed using a Zeiss Axiophot epifluorescence
microscope (Zeiss, Inc., Thornwood, NY).

Immunoprecipitation

Cell were washed with PBS, then scraped
and lysed for 30 min at 4°C in 50 mM Hepes, pH
7.9, 100 mM NaCl, 10 mM EDTA, 1 mM EGTA,
1% Triton X-100, 2.0 mm Na3VO4, 4 mM so-
dium pyrophosphate, 10 mM NaF, 1 mM phenyl-
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methylsulfonyl fluoride (PMSF), 1 µg/ml leupep-
tin and aprotinin. The suspension was passed
several times through a 26-gauge needle, then
centrifuged at 12,000g for 15 min at 4°C. Cell
lysates (1 ml, containing 500 µg of protein)
were pre-cleared by adding 5 µg of normal rab-
bit IgG and 10 µg of 50% Protein A-Agarose,
followed by incubation for 1 h at 4°C and cen-
trifugation at 12,000g for 10 min at 4°C. Cell
lysates were incubated for 2 h at 4°C under
constant agitation with 5 µg of polyclonal anti-
bodies to either IGF-I receptor or IRS-1. 10 µg
of 50% Protein A-Agarose was added and incu-
bation proceeded for 1 h at 4°C under constant
agitation. The immunoprecipitates were washed
three times with lysis buffer, then resuspended
in electrophoresis sample buffer.

Western Blot Analysis

Proteins separated on 7.5% polyacrylamide
gels [Laemmli, 1970] were transferred to nitro-
cellulose sheets using a semi-dry blotting appa-
ratus (Hoefer/Pharmacia Biotech, Uppsala,
Sweden). Sheets were saturated in PBS contain-
ing 5% normal goat serum and 4% BSA for 60
min at 37°C (blocking buffer), then incubated
overnight at 4°C in blocking buffer containing
primary antibodies. After four washes in PBS
containing 0.1% Tween-20, they were incu-
bated for 30 min at room temperature with
peroxidase-conjugated anti-mouse or anti-rab-
bit IgG, diluted 1:3,000 in PBS-Tween-20, and
washed as above. Bands were visualized by the
enhanced chemiluminescence method.

Isolation of Nuclei

This was accomplished as previously re-
ported [Martelli et al., 1992]. Briefly, cells (5 3
106) were suspended in 500 µl of 10 mM Tris-Cl,
pH 7.8, 1% NP-40, 10 mM b-mercaptoethanol,
0.5 mM PMSF, 1 µg/ml of leupeptin and aproti-
nin for 2 min at 0°C. Then 500 µl of double-
distilled H20 was added and the cells allowed to
swell for 2 min. Cells were sheared by 10 pas-
sages through a 22-gauge needle. Nuclei were
recovered by centrifugation at 400g for 6 min
and washed once in 10 mM Tris-Cl, pH 7.4, 2
mM MgCl2, plus protease inhibitors as above.

DAG Measurement

The assay was performed according to Divecha
et al. [1991], using DAG kinase enzyme purified
from rat brain. DAG was extracted from nuclei

as reported earlier [Divecha et al., 1991], dis-
solved in 20 µl of CHAPS (9.2 mg/ml) and
sonicated at room temperature for 15 sec. After
the addition of 80 µl of reaction buffer (50 mM
Tris-acetate, pH 7.4, 80 mM KCl, 10 mM Mg
acetate, 2 mM EGTA), the assay was started by
the addition of 20 µl of DAG kinase enzyme
followed by 80 µl of reaction buffer containing 5
µM ATP, and 1 µCi of [g-32P] ATP. Incubation
was for 1 h at room temperature, then phospha-
tidic acid was extracted, chromatographed, au-
toradiographed, and its radioactivity counted
as reported elsewhere [Divecha et al., 1991].
Standard curves were obtained as reported by
Divecha et al. [1991], using 1,2-dioleyl-3-palmi-
toyl-glycerol as substrate.

PLC Activity Assay

The procedure outlined by Martelli et al.
[1992] was followed. Assays (100 µl) contained
100 mM MES buffer, pH 6.7, 150 mM NaCl,
0.06% sodium deoxycholate, 3 nmol [3H] PIP2

(specific activity 30,000 dpm nmol-1), 10 µg of
nuclear protein. Incubation was for 30 min at
37°C. Hydrolysis was stopped by adding chloro-
form-methanol-HCl, and inositol 1,4,5-trisphos-
phate (IP3) recovered from the aqueous phase
was analyzed by h.p.l.c., using a Partisil 10
SAX column eluted with a linear gradient from
distilled water to 2 M ammonium formate (pH
3.7, adjusted with phosphoric acid). Fractions
(1 ml) were collected and counted by liquid
scintillation using a Betamatic IV scintillation
counter (Kontron, Milan, Italy).

PI 3-K Activity Assay

Cells were lysed in 50 mM Hepes, pH 7.4, 10
mM EDTA, 2.0 mm Na3VO4, 10 mM sodium
pyrophosphate, 10 mM NaF, 1% NP-40 for 15
min at 4°C, and immunoprecipitation of PI 3-K
was performed as described above using poly-
clonal antiserum to the 85-kDa regulatory sub-
unit [Zauli et al., 1997]. The immunoprecipi-
tates were washed twice with each of the
following buffers: 1) PBS, pH 7.4, containing
1% NP-40; 2) 100 mM Tris-Cl (pH 7.4), 0.5 M
LiCl; 3) 10 mM Tris-Cl, pH 7.4, 100 mM NaCl, 1
mM EDTA [Harada et al., 1996]. The PI 3-K
activity assay was then performed by adding
sonicated PI (0.5 mg/ml in 10 mm Hepes, pH
7.5, 1 mM EDTA), 10 mM MgCl2, and 50 µM
[g-32P] ATP (10 Ci/mmol). Incubation was for 15
min at room temperature. Phosphoinositides
were extracted, analyzed, autoradiographed,
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and counted as reported earlier [Zauli et al.,
1997].

In Vivo Labeling With [32P] Orthophosphate

Cells were labeled for 6 h in phosphate-free
D-MEM in the presence of 200 µCi/ml [32P]
orthophosphate. Nuclei (from 2 3 107 cells) were
then isolated from control and IGF-I-treated
cells in buffers containing 2.0 mM Na3VO4 and
5 mM NaF, lysed as described elsewhere [Mar-
telli et al., 1992], and immunoprecipitation was
carried out with anti-PLC-b1 antibodies, as
detailed above. Samples were then electropho-
resed, blotted, and autoradiographed as de-
scribed above.

Protein Assay

This was performed according to the instruc-
tion of the manufacturer using the Bio-Rad
Protein Assay (detergent compatible).

RESULTS

As shown in Figure 1 immunofluorescent
staining for b-tubulin revealed that after 1 h
exposure to 10 µM colchicine, the microtubules
of Swiss 3T3 cells were completely depolymer-
ized.

We next performed experiments to determine
whether cellular events that are known to be
elicited by exposure to IGF-I were affected by
incubation with colchicine. As shown in Figure
2A, after 1 min of IGF-I treatment, the levels of
tyrosine phosphorylation of the b subunit of the
IGF-I receptor were unaffected by pre-incuba-
tion of cells with colchicine and the same was
true for tyrosine phosphorylation of IRS-1, as
seen after 4 min of IGF-I treatment (see Fig.
2B). Moreover, as shown in Table 1, the stimula-
tion of PI 3-K activity (measured after 5 min of
IGF-I treatment) was essentially the same both
in control (untreated) and in colchicine-treated
cells.

In Figure 3 we show that IGF-I treatment of
quiescent 3T3 cells induced an increase in the
mass of nuclear DAG, as described earlier [Di-
vecha et al., 1991]. Indeed, there was a nearly
three-fold (2.85) increase of DAG after 5 min of
stimulation and the levels stayed high up to 30
min following stimulation, then after 60 min
they returned to control levels (data not shown),
in agreement with Divecha et al. [1991]. How-
ever, in cells exposed to colchicine prior to IGF-I

stimulation such an increase in the mass of
nuclear DAG was not detected.

In Figure 4 we show that after stimulation
with IGF-I, nuclear PLC activity (expressed as
nmoles of IP3 liberated) also increased, in agree-
ment with our own previous data [Martelli et
al., 1992]. After 5 min of stimulation with IGF-I,
nuclear PLC activity raised about 3.5-fold above
control level. Similar levels of activity were
observed up to 15 min of stimulation, then a
decrease was seen and after 30 min the activity
returned to basal level. On the contrary, in
nuclei prepared from cells treated with colchi-
cine prior to IGF-I stimulation, we did not mea-
sure any increase in PLC activity.

To rule out the possibility that colchicine
might exert any adverse effect on nuclear PLC,

Fig. 1. Immunofluorescent staining with anti-b tubulin anti-
body of control (A) and colchicine-treated (10 µm for 1 h) Swiss
3T3 cells. A FITC-conjugated secondary antibody was em-
ployed. Scale bar 5 5 µm.

342 Martelli et al.



PLC activity assays were also performed in the
presence of the drug (10 µM). However, nuclear
PLC activity measured in the presence of colchi-
cine was equal to 22.4 6 3.6 (mean 6 sd, n 5 3)
nmoles IP3 liberated/mg protein, while in the
absence of the drug it was 23.1 6 4.0 nmoles.

We next investigated by Western blotting
analysis whether nuclei isolated from cells ex-
posed to colchicine contained the same amount
of PLC-b1 as control cells. As shown in Figure 5
it was evident that unstimulated cells (not ex-
posed to colchicine) and IGF-I- exposed cells
(both treated and untreated with colchicine)
retained the same amount of protein.

Since examination of PLC-b1 sequence [Bahk
et al., 1994] reveals the existence at amino
acids 980–983 of a putative MAP kinase consen-
sus sequence, P-S-S-P, we investigated whether,
after IGF-I stimulation, nuclear PLC-b1 was
phosphorylated. Cells were labeled in vivo with
[32P] orthophosphate and nuclei were isolated
and lysed. PLC-b1 immunoprecipitation was

then carried out, followed by electrophoresis,
blotting, and autoradiography. As shown in Fig-
ure 6, PLC-b1 immunoprecipitated from con-
trol nuclear lysates was phosphorylated (lane
a). At 5 min after stimulation with IGF-I an
increased phosphorylation of PLC-b1 was de-
tected (lane c).

Phosphorylation levels then decreased as ob-
served at 25 and 30 min, respectively (Fig. 6,
lanes d and e). By contrast, very low levels of
phosphorylation were seen in nuclei isolated
from cells that had been exposed to colchicine
prior to a 5 min stimulation with IGF-I (Fig. 6,
lane b). If the blots were reacted with an anti-
phosphotyrosine antibody, no bands were seen
corresponding to the bands immunoprecipi-
tated by the anti-PLC-b1 antiserum, thus sug-
gesting that the phosphorylation took place in
serine/threonine residues (data not presented).

Finally, we wanted to study if translocation
to the nucleus of MAP-kinase was elicited by
IGF-I in 3T3 fibroblasts, and whether or not it
could by abolished by colchicine pre-treatment.

In Figure 7, we demonstrate that an antibody
to MAP kinase stained the cytoplasm of quies-
cent 3T3 cells (Fig. 7A). However, after a 10 min
stimulation with IGF-I a diffuse nuclear label-
ing became apparent, while nucleoli were un-
stained (Fig. 7B). On the other hand, no nuclear
staining was detected if cells had been pre-
treated with colchicine (Fig. 7C).

DISCUSSION

Binding of IGF-I to its receptor elicits a cas-
cade of events such as autophosphorylation of
the b subunit of the receptor itself, tyrosine
phosphorylation of IRS-1 and Shc which in turn
binds to SH2 domains of cytoplasmic proteins
such as 85-kDa regulatory subunit of PI 3-ki-
nase, GRB-2, and syp [Harada et al., 1996].
This is followed by activation of PI 3-kinase,
MAP kinase, and protein kinase B (PKB) [e.g.,
Giorgetti et al., 1993; Takahashi et al., 1997;
Scrimgeour et al., 1997; Parrizas et al., 1997;
Kulik et al., 1997]. In Swiss 3T3 fibroblasts,
IGF-I treatment also results in stimulation of
nuclear PLC-b1 activity and phosphoinositide
metabolism [Cocco et al., 1993]. No information
at all is at present available concerning the
possible mechanism(s) controlling activation of
nuclear inositol lipid cycle. Since the nucleus is
connected to the cell periphery through ele-
ments of the cytoskeleton, we sought to deter-
mine if an intact cytoskeleton is required for

Fig. 2. Immunoprecipitation and tyrosine phosphorylation of
IGF-I receptor (A) and IRS-1 (B), after 1 min and 4 min of IGF-I
treatment, respectively. Lane a: Cells not exposed to colchicine;
lane b: cells exposed to colchicine. Immunoprecipitated b-sub-
unit of the IGF-I receptor banded at about 97–100-kDa, while
immunoprecipitated IRS-1 migrated around 182–185-kDa.

TABLE I. Immunoprecipitation of PI 3-K
Activity in Swiss 3T3 Cells After 5 Min

of IGF-I Treatmenta

Condition cpm/assay

Control cells (unstimulated) 3,150
IGF-I-stimulated cells (10 min) 7,458
IGF-I-stimulated cells (10 min)

plus colchicine 7,256

aResults are the mean of three different preparations with a
sd . 13%.
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stimulation of nuclear PLC-b1 activity. In this
paper we have demonstrated that depolymeriza-
tion of the microtubule network is sufficient to
abolish activation of nuclear PLC-b1 caused by
IGF-I treatment. In this connection it should be
reminded that disruption of one of the major
elements of the cytoskeleton also markedly af-
fects the integrity of the others [Schmalz et al.,
1996]. Thus, it might be that activation of
nuclear phosphoinositide cycle caused by IGF-I
requires intermediate filaments that are know
to be attached to the nucleus [Schmalz et al.,
1996]. It should be reminded that recently

Fricker et al. [1997] have identified in nuclei of
many cell types (including 3T3 cells) tubular
membrane-bound invaginations of the nuclear
envelope which interestingly also contain ele-
ments of the cytoskeleton. Although the au-
thors speculated the channels may be involved
in the transport of molecules from the nucleus
to the cytoplasm they could also serve to permit
passage of molecules in the opposite direction.
At the plasma membrane level, activation of
PLC-b isozymes is controlled by Gq subfamily
members of heterotrimeric proteins, aq, a11, a14,
a16 [Lee and Rhee, 1995; Rhee and Bae, 1997].

Fig. 3. Time course of changes in nuclear DAG following treatment with IGF-I in control and colchicine-incubated
Swiss 3T3 cells. Results are the mean of three different preparations with a sd .16%.

Fig. 4. Time course of nuclear PLC activity following treatment with IGF-I in control and colchicine-incubated Swiss
3T3 cells. Results are the mean of three different preparations with a sd .18%.
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Although G-proteins have been demonstrated
to reside in the nucleus [Crouch, 1991; Saffitz et
al., 1994] and they have been shown to be
involved in vitro in the regulation of nuclear
phosphoinositide kinases [Martelli et al., 1996],
we have been unable to stimulate in vitro
nuclear PLC-b1 activity by GTP-g-S or AlF4
[A.M. Martelli, unpublished experiments]. On
the contrary, our results indicate that nuclear
PLC-b1 is hyperphosphorylated after IGF-I
treatment (5 min) of Swiss 3T3 cells, and the
hyperphosphorylation parallels enzyme activa-
tion. Disruption of the microtubule network
abolishes PLC-b1 hyperphosphorylation. It is
established that PLC-b is phosphorylated in
vitro at serine 887 by PKC [Ryu et al., 1990]
and this does not result in any concomitant
effect on phosphodiesterase activity. However,

treatment of a variety of cells with phorbol
esters, which are powerful activators of PKC,
results in the inhibition of receptor-coupled,
phosphoinositide-specific, phospholipase activ-
ity. Therefore, it has been suggested that phos-

Fig. 6. In vivo phosphorylation of nuclear PLC-b1. 32P-labeled
nuclear PLC-b1 was immunoprecipitated, electrophoresed, blot-
ted, and autoradiographed. Lane a: Control cells. Lane b: colchi-
cine pre-treated cells stimulated for 5 min with IGF-I; lanes c–e:
cells stimulated with IGF-I for 5, 25, and 30 min, respectively.

Fig. 5. Western blot analysis of nuclear PLC-b1. Lane a: Con-
trol cells (unstimulated and not exposed to colchicine); lane b:
cells treated for 5 min with IGF-I but not exposed to colchicine;
lane c: cells exposed to colchicine and treated for 5 min with
IGF-I. The approximate molecular weight of the immunostained
band was 150-kDa.

Fig. 7. Fluorescent immunostaining for MAP kinase in Swiss
3T3 cells. A: Quiescent cells. B: Cells stimulated for 10 min with
IGF-I. C: Colchicine pre-treated cells stimulated for 10 min with
IGF-I. Translocation of MAP kinase to the nucleus (B) was
detected in 26% of cells (sd 6 5, n 5 3). A Cy3-conjugated
secondary antibody was employed. Scale bar 5 5 µm.
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phorylation of PLC-b by PKC may alter its
interaction with G-proteins, thereby prevent-
ing activation of PLC. This is at variance with
our results, because we have presented evi-
dence suggesting that activation of nuclear
PLC-b1 requires its hyperphosphorylation.
Since disruption of microtubule network pre-
vented translocation of MAP kinase to the
nucleus, this kinase is a likely candidate for the
increased phosphorylation of nuclear PLC-b1,
also taking into account the fact the PLC-b1
has a putative MAP kinase consensus sequence
and that IGF-I treatment of Swiss 3T3 cells
results in the activation of MAP kinase [Hans-
son and Thorén, 1995]. Also hyperphosphoryla-
tion of nuclear PLC-b1 might affect its interac-
tion(s) with other protein(s), thus allowing its
activation. In the future, it will be interesting
to investigate whether or not PLC-b1 is an in
vitro substrate for purified MAP kinase. Accord-
ing to Schmalz et al. [1996] disruption of the
cytoskeleton prevented translocation to the
nucleus of PKC-a, which does not possess a
canonical nuclear localization sequence, while
intranuclear transport of a protein with such a
sequence was not affected by colchicine expo-
sure. Thus, our results are in agreement with
theirs, because also MAP kinase does not have
a classic nuclear localization sequence [Lenor-
mand et al., 1993]. It should be reminded that
activation of MAP kinase requires its phosphor-
ylation on Tyr-185 and Thr-183 by upstream
dual-specific protein kinase, MAP kinase ki-
nase (MEK). Full activation of MEK also re-
quires phosphorylation by an upstream protein
kinase on its serine and threonine residues,
and several serine/threonine kinases have been
shown to phosphorylate and activate MEK, in-
cluding MEK kinase, c-Raf, and c-Mos [Kim
and Khan, 1997]. Thus, disruption of cytoskel-
eton may prevent activation of MAP kinase by
MEK. In this connection it should be empha-
sized that a small pool of microtubule-associ-
ated MAP kinase has been identified in hippo-
campal neurons and PC12 cells [Morishima-
Kawashima and Kosik, 1996]. Moreover, a
member of the MEK family, MEK5, possesses a
23 amino acid stretch similar to a sequence
found in proteins believed to associate with
actin [English et al., 1995].

Nevertheless, it might be that the hyperphos-
phorylation of nuclear PLC-b1 depends on other
protein kinases translocating from the cyto-
plasm to the nucleus, for example PKB, or on as

yet unknown signals from the cell periphery
which activate a protein kinase already resi-
dent in the nucleus. PKB, also known as c-AkT,
is activated rapidly when mammalian cells are
stimulated with growth factors, and much of
the current interest in this enzyme stems from
the observation that it lies downstream of PI
3-kinase on intracellular signaling pathways
[Alessi et al., 1997]. PKB translocates to the
nucleus upon its activation by growth factors
[Meier et al., 1997]. Interestingly, PKB does not
have a canonical nuclear localization sequence.
Our preliminary results reveal that microtu-
bule network disruption by colchicine also inhib-
its IGF-I-promoted nuclear translocation of PKB
[A.M. Martelli, unpublished experiments].

Since IGF-I exerts a plethora of effects includ-
ing mitogenesis, tumorigenesis, and inhibition
of apoptosis it is conceivable that multiple sig-
nal pathways are activated by this growth fac-
tor [e.g., Harada et al., 1996; Scrimgeour et al.,
1997; Kooijman et al., 1995; Valentinis et al.,
1997] which are becoming to be at least par-
tially unraveled. We feel that studies of the
events taking place at the cell periphery should
provide an important insight to clarify the
mechanisms causing an activation of nuclear
phosphoinositide metabolism following IGF-I
treatment of Swiss 3T3 cells. For example, re-
cent results obtained using IGF-I receptors car-
rying different mutations at tyrosine residues
have demonstrated that the domains of the
IGF-I receptor required for its antiapoptotic
function are distinct from those required for its
proliferation or transformation functions
[O’Connor et al., 1997]. Similar investigations
should add further to our knowledge of the
mechanisms responsible for stimulation of
nuclear PLC-b1 activity after treatment with
this growth factor.

ACKNOWLEDGMENTS

The authors thank S. Lach for technical assis-
tance. This work was supported by Associazi-
one Italiana per la Ricerca sul Cancro (AIRC)
1996 and 1997 grants, and from Italian MURST
60% grants to Università di Trieste.
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