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Nuclear localization of phosphorylated c-Myc protein in human tumor cells.
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SUMMARY N-terminal domain binds ta-tubulin: Alexandrova
et al, 1995), whereas in proliferating cells its
Using immunocytochemical techniques at light ancnuclear distribution was reported to overlap with
electron microscopy, we analysed the distribution cthat of some ribonucleoprotein (RNP)-containing
phosphorylated c-Myc in actively proliferating structures (Spectat al, 1987), or to accumulate in
human HeLa cells. The distribution pattern of c-Myclarge amorphous nuclear globules (Henrikssbn
was also compared with those of other ribonuclecal., 1988; Koskinert al, 1991). It has been report-
protein (RNP)-containing components (PANA, ed that the release of c-Myc framtubulin during
hnRNP-core proteins, fibrillarin) or RNP-associatecmitosis is regulated by the c-Myc phosphorylation
nuclear proteins (SC-35 splicing factor). Our result:state (Noguchiet al, 1999; Gregory and Hann,
provide the first evidence that phosphorylated c-My2000; Niklinskiet al, 2000). In fact, c-Myc is high-
accumulates in the nucleus of tumor cells, where ly unstable (half-life of 15-30 minutes) and it is pro-
colocalizes with fibrillarin, both in the nucleolus and teolytically degradestia the ubiquitination pathway
in extranucleolar structures. (Flinn et al, 1998). Despite intensive research, no
conclusive evidence has so far been reported on the
precise intracellular localization of c-Myc in tumor
INTRODUCTION cells, where its degradation is deregulated with a
resulting abnormal stability of c-Myc protein in the
The proto-oncogene myc encodes a phospho- nucleus (Flinnet al, 1998; Salghettet al, 1999;
protein which plays a crucial role both in driving Gregory and Hann, 2000; Niklinsét al, 2000).
cell proliferation and in promoting apoptosis; these In the present investigation, we have analysed by
opposite roles are likely mediated by its interactiorlight and electron microscopy the distribution of c-
with specific molecular partners (Amatial 2001; Myc in human HelLa cells which have been select-
Nasiet al, 2001). Deregulated expressiorcahyc  ed as they are actively proliferating tumor cells and
contributes to tumorigenesis (Lt al, 2002). contain a high copy number of thanycgene. We
In interphase resting cells, c-Myc protein shows :focused on the phosphorylated form of c-Myc since
predominant localization in the cytoplasm (where itsphosphorylation is required for cell proliferation.
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We provide the first evidence that phosphorylated c¢white resin, as reported in Pellicciatial (2000).
Myc (P-c-Myc) in fact accumulates in the nucleus o'Ultrathin sections on formvararbon-coated nickel
tumor cells, where it colocalizes with fibrillarin, both grids were incubated on a drop of normal goat

in the nucleolus and in extranucleolar structures.

MATERIALS AND METHODS

serum (NGS) diluted 1:100 in PBS for 3 miiine
incubation with the the anti-P-c-Myc polyclonal
antibody diluted 1:20 in PBS-0.05%ween-0.1%
BSAwas performed at°€ for 17 h.The grids were
then incubated with NGS as above, and for 30 min at

HeLa cells were grown either in flasks or on glas:room temperature with a goat-anti rabbit IgG (Jack
coverslips in Petri dishes using D-MEM Medium, Son Immuno Research Lab. Inc., USA)pled with
containing 10% fetal bovine serum, 2 mM glutamine12 nm colloidal gold and diluted 1:20 in PBS a
and 100 units each of streptomycin and penicillircontrol, some grids were floated on the incubation

(Celbio, Italy).The cells were maintained at°&7in
a humidified atmosphere containing 5% Cahd

mixture without the primary antibodyreated as
above and incubated with the appropriate secondary

harvested 24 h after seeding, when they were activantibody All the grids were stained with the EBT

ly proliferating.For fluorescence microscopsells

regressive technique of Bernhard (1969) for RNP-

on coverslips were fixed with either 70% cold containing nuclear components.

ethanol or 4% formaldehyde in PBS.

Cells were then immunolabeled for P-c-Myc or

for different RNPs or RNP-associated nuclear proRESULTS AND DISCUSSION

teins, as follows:
P-c-Myc potein anti-P-c-Myc (Cell Signaling

In Fig. 1a-c, the immunolabeling is shown for two

Technology Celbio, Italy) diluted 1:100, and an nuclear RNRproteins (RNA and hnRNRore pre

incubation with Alexa 488-conjugated goat anti-

rabbit-IlgG(Space Import-Export, Italy);
Proliferation Associated Nucleafntigen(PANA,
locating in the interchromatin granules: Cleverager
al., 1987): undiluted antiANA (ICN Pharmaceuti
cals, Italy), and incubation withlexa 488-conjugat
ed goat anti-mouse 1gG;
hnRNPcore poteins: iD2 antibody (Martin and

teins) and the RNP-associated splicing faciaz-
35. The labeling patterns are highly characteristic,
and they are not morphologically reminiscent of P-
c-Myc distribution (Fig. 1d).The simultaneous
immunolabeling of P-c-Myc and fibrillarin (Fig. 1e-
g) confirmed that, in fluorescence microscoie
two proteins colocalize in nucleoli; some nuclear
bodies, definitely smaller than nucleoli, were also

Okamura, 1981; culture supernatant, diluted 1:2’positive for both proteins.

and incubation with a rabbit anti-mouse IgM, anc At EM, the immunogold labeling for P-c-Myc was
with Alexa 488-conjugated goat anti-rabbit-IgG; especially evident on the dense fibrillar component
splicing-factor SC-35anti SC-35 antibody (Signa- (DFC) of nucleoli (Fig. 1i)The positivity for P-c-
Aldrich, Italy), diluted 1:200 and incubation with Myc on the DFC was also observed in segregated

Alexa 488-conjugated goat anti-mouse IgG.
nucleolar potein, fibrillarin: human autoimmune

serum (diluted 1:500) and incubation wiiexa

594-conjugated goat-anti-human-IgG.

nucleoli (Fig. 1j) after treatment with actinomycin
D, which is known to inhibit RNAvolymerase | and
to induce nucleolar segregation.

In addition, amorphous nuclear bodies and, to a less

All the incubations were performed at room tem er extent, the coiled bodies (CB: fig. 1k) were also

perature for 1 h andells were finally counter
stained for DNAwith 0.1 pg/ml of Hoechst 33258

positive for P-c-Myc (it is also known that CBs eon
tain fibrillarin). A weak positivity was also observed

for 10 min, and mounted in a drop of Mowiol (€al at the periphery of the interchromatin granules.

biochem, Inalco, Italy).

Remarkably no labeling for P-c-Myc was ever

Micrographs were taken with an Olympus Came found in the cytoplasm.
dia C-2000 Z mounted on an Olympus BX50 fluo We provide here the first evidenae situ of the

rescence microscope.

accumulation of P-c-Myc protein in the nucleus of

For electron microscopy (EM), the cells were tryp human tumor cells harboring a high copy number of
sinized, fixed with 4% paraformaldehyde in DMEM c-mycgene.

at £C for 2 h and rinsed in phosphate fbuf(pH

P-c-Myc mostly localizes in the DFC of nucleoli:

7.2). The specimens were then embedded in LFin fact, the nucleolus contains -besides rRpié:
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Fig. 1 -Fluorescence and EM immunolabeling of nuclear proteins in HeLa cells. Upper row: Fluorescence immunolabeling for
PANA (a), SC-35 (b), hrRNEBore proteins (c) and P-c-Myc (d) (x100 objective lens). Middle row: tri-color fluorescence stain

ing for P-c-Myc (e), fibrillarin (f) and DNAh); the meged image (g) demonstrates that P-c-Myc and fibrillarin colocalize (x63
objective lens). Lower row: EM immunolabeling of P-c-Myc; i) in a nucleolus of a HeLa cell, gold grains are present over the
DFC, whereas no labeling is observed over the granular component (GC; x40,000); j) over a segregated nucleolus (after treat
ment with 0.1 mg/ml of actinomycin D for 12 h) only the DFC is labeled, the GC and the fibrillar center (FC) being unlabeled;
weak immunolabeling is also found at the periphery of intercromatin granules (IG; x60,000); k) in untreated HelLa cells, P-c-
Myc labeling is also found over amorphous nuclear bodies (arrow); coiled bodies (CB) are also weakly labeled (x60,000).
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cursors and small nucleolar RNAs- agmumber  Flinn E.M., Busch C.M., anwright A.P.: myc boxes, which
of protein species (Medinet al, 2000), more than are conserved in myc family proteins, are signals for protein
20% of which arenucleic-acid-binding mteins ~ Jedradation via the proteasome. Mol. Cell. Bl 5961-
(Anderseret al, 2002) When present in the nucleus ’ ' _ _ _
of actively transcribing cells, such as Hela, the—trarﬁ{ﬁqggtg"é'ga nfl"gdp;ﬁ\r/‘vgfEtag”:\é'ggopr:‘z)tfg'ﬁfc tl’?]’ g‘uer;?t',q
scription factor c-Myc may be expected to localizeyyhoma cellsMol. Cell. Biol. 20, 2423-2435, 2000.

in the nucleolus too; howeveas we already men Henriksson M., Klasson M., Ingvarsson S., KoskineS&me
tioned, C-!\/I_yc_ degradation is |r_npa_ured in tum(.)rgi J., Klein G.',,antThybeg”J.: Elevated e>.<’pression of c-myc
cells, and it is likely that P-c-Myc is simply St(?red IN'and N-myc produces distinct changes in nuclear fine structure
the nucleolus as well as in other nuclear bodies, sutand chromatin ganization. Oncoger; 597-593, 1988.
a_s the _CB (Wh|Ch _'S a well known storage and'Shu'Koskinen PJ., Sistonen L., Evan G., Morimoto R., ada-
ting site for a wide spectrum of nuclear protein:io K.: Nuclear colocalization of cellular and vimalyc pro-
Malatestaet al, 1994; Lamet al, 2002).As for teins with HSP70 irmycoverexpressing cells. Virol. 65,
amorphous nuclear bodies, their heterogeneity j842-851, 1991.
composition and function is well documentedLamY.W.,, Lyon C.E., and Lamonl.I.: Large-scale isolation
(Bloch et al, 1999) and their role in storage and/orof Cajal Bodies from Hela cells. Mol. Biol. CdlB, 2461-
transport of P-c-Myc is not unlikely 2473, 2002.

The hypothesis of an accumulation of P-c-Myc irLutz W., Leon J., and Eilers M.: Contributions of Myc to
the nucleolus of tumor cells is strengthened by thtumorigenesis. Biochim Biophyscta, 1602 61-71, 2002.
evidence that the immunolabeling persists also in thMalatesta M., Zancanaro C., MarfitE, Chan E.K.L.Amal-

DFC of segregated nucleoli, after inhibiting tran ric F, Lihrmann R.Vogel P, and Fakan S.: Is the coiled
scription with actinomycin D. body involved in nucleolar functions? Exp Cell R241,

415-419, 1994.

Martin T.E., and Okamura C.S.: Immunocytochemistry of
nuclear hnRNRomplexes. In: Busch H. (e@ihe Cell Nucle
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