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SUMMARY INTRODUCTION

Short-term hypertonic (HT) stress induces apop Eukaryotic cells are able to react to a wide spec-
totic cell death in human EUE cells in culture, astrum of environmental stresses through changes in
observed by electron microscopy, agarose-gegene expression and the synthesis of the so-called
electrophoresis of low-molecular-weight DNA, stress proteins (Morimot@t al, 1994). These
DNA flow cytometry and annexin-V-propidium stress-induced functional alterations may be paral-
iodide double-staining. During HT-induced apop-leled by changes in the structural and kinetic fea-
tosis, nuclear ribonucleoprotein (RNP)-containinctures of cells, like those observed in human embry-
structures undergo rearrangement, with the formeonic epithelial (EUE) cells as a consequence of the
tion of Heterogeneous Ectopic RNP-Derivedhypertonic (HT) stress (Pellicciagt al, 1989,
Structures (HERDS) which pass into the cyto-1991, 1995). In fact, upon long-lasting (at least a
plasm, as already reported for other examples (few days) exposure to a HT culture medium, EUE
spontaneous and drug-induced apoptosis. Of spcells increase their size and protein content, modi-
cial interest was the observation that nucleolusfy their gene expression with an increased synthe-
like bodies (NLBs) which resemble morphologi- sis of a 33 kDa stress protein (which proved to be
cally nuclear functional nucleoli may be extrudedaldose reductase: Giuliaet al, 1991; Ferraretto
into the cytoplasm of apoptotic cells and areet al, 1993; Pellicciaret al, 1993), and decrease
observed inside the cytoplasmic fragments blektheir proliferation potential with the exit of most of
bing-out at the cell surface; these NLBs still con-the cells from the cycle into a GO quiescent state
tain immunodetectable nucleolar proteins (such e(Pellicciari et al, 1989, 1991). At least some of
fibrillarin). This is an additional example of RNP- these features relate to the resistance against the
containing structures of nuclear origin which areHT stress: namely, the increased expression of
extruded from the nucleus, in an almost “native’aldose reductase may directly influence the syn-
form, during apoptosis. thesis of organic osmolytes necessary for resisting
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the high osmotic pressure (Ferraredtal, 1993), Electron microscopy
while the cells arrested in GO are known to be les EUE cells grown in flasks were detached by
prone to environmental damage (Pelliccietrial.  trypsin-EDTA (0.5% trypsin, 0.05% EDXin PBS)
1991, 1995). and fixed either in 2% glutaraldehyde (1 hCYor
However at the beginning (within 6 h) of the in 4% paraformaldehyde (2 h@) in Sérensen
exposure to the Hmedium, about 50% of EUE buffer. Glutaraldehyde-fixed specimens were post
cells could not resist this stress and died (Rellicfixed with 1% Os@for 1 h, £C. Paraformalde
ciari et al, 1989).We therefore decided to investi hyde-fixed specimens were treated for 15 min with
gate the mode of Hihduced cell death, namely 0.5M NH:Cl in PBS at 4C to block free aldehyde
whether hypertonicity may induce apoptosis (a:groupsAll the samples were then dehydrated and
reported in the literature for other cell types: Paroembedded in LRVhite resin.
lari et al, 1997; Hizohet al, 1998) and whether ~For immunoelectron microscopyltrathin see
EUE die in a given phase of the cell cycle. tions on formvaicarbon coated nickel grids were

Since hyperosmolarity was reported tteaftran ~ incubated for 3 min on a drop of normal goat
scription and protein synthesis (Petronéti al, serum (NGS) diluted 1:100 in PBS and treated
1986, 1987; Pellicciast al, 1993), we paid special according to one of the following procedures:
attention to the restructuring of the nucleolus and ¢ - Theé primary anti-SC-35 (Fu and Maniatis,
other nuclear ribonucleoprotein (RNP) containing1992) monoclonal antibody (purchased from-Sig
structures (i.e. perichromatin fibrils Pperichre ~Ma Chem. Co., St. Louis MO, USA) was diluted

; ; ; 1:25 in PBS containing 0.1% bovine serum albu
matin granules PG, and interchromatin granules IC—* .
which are involved in the synthesis and processin™n (BSA) and 0.05%4ween 20 and the incuba

. : . tion took place overnight at°@. After rinsing
of mRNA (Fakan, 1994; Puvion and Puvion- . :
Dutilleul, 1996): actually severe structural +e with PBS-Tveen and PBS, the grids were incubat

arrangement of nuclear RNPs occurs during apoptned with NGS as abovéhe secor_ldary antlbodg
sis (Biggiogerat al, 1997a, b; 1998) or in relation goat anti-mouse 1gG coupled with 20 nm colloidal

- S .. .gold (MultiLab, Fetcham, UK), was diluted 1:10
tzoogg)ered transcription (Biggiogera and Pe“'CC'ar"in PBS, and the incubation was carried out for 30

min at room temperature.

- The primary anti-Sm autoimmune antibody (a
kind gift of Dr. Milvia Lotzniker, IRCCS San Mat
teo, Pavia, Italy) recognizing two bands of 34-36
" kDa (see Biggiogerat al, 1999) was diluted
Cells and culture conditions . 1:200 in PBS containing 0.1% BSdnd 0.05%
_EUE ceIIs_ from normal human embryonic epithe Tyveen 20 and salmon sperm DN inhibit the
lium (Terni and Lo Monaco, 1958) were grown 4nti_pNA activity of such seraAs a secondary
either in 25 crhplastic flasks or on glass cover antibody a goat anti-human IgG coupled with 20
taining 10% fetal bovine serum, 2 mM glutamineNetherlands), was used diluted 1:10 in PBS for 30
and 100 units/ml of streptomycin and penicillin min at room temperature.

(all the reagents and disposable material were frol - The primary anti-hnRNRantibody raised in
Celbio S.1., Milan, Italy). chicken (Martin and Okamura, 1981) was diluted

Cells were allowed to grow for at least 24 h in ar1:3000 in PBS containing 0.1% bovine serum
isotonic complete medium, which was thenalbumin (BSA) and 0.05%ween 20 and the ineu
replaced with an Hmedium for 6 hThe HTmedt  bation took place for overnight at €. After rins-
um was obtained by increasing the NaCl concering for 3 min with PBS-Wween-BSA, the grids
tration (from 0.137 M to 0.246 M) in the saline were incubated with a secondary anti-chicken
solutions used as a component of the culture mecantibody raised in rabbit (1:100) for 30 min at
um whose final osmolarity was 495 mOsm, instearoom temperature, rinsed in PBS for 5 min and
of the isotonic 305 mOsm (measurements were talincubated with NGS as aboVs the tertiary anti
en by an osmometer: Knayu@&erlin, Germany). body, we used a goat anti-rabbit antibody coupled

MATERIALS AND METHODS

248



04. Pellicciari 18-02-2002 13:47 Pagina 249 $

with 20 nm colloidal gold (MultiLab, Fetcham, ug/ml. Following an overnight incubation at
UK) which was diluted 1:10 in PBS; the grids 50°C, cell lysates were extracted with phenol and
were incubated for 30 min at room temperature. then with chlorophorm:isoamyl alcohol (24:1).
As a control, some sections were incubated in thDNA was precipitated by addition of 2.5 volumes
absence of the primary antibodies and then treatcof ethanol, and resuspended in 10 rifkk-HCI
with colloidal gold-labeled secondary antibodies buffer, pH 8, 1 mM ED®A, containing 100 Kunitz
The grids from glutaraldehyde-osmium fixed speci units/ml RNaseA, prior to electrophoresis on
mens were routinely stained with uranyl and leac1.2% agarose containing Qug/ml ethidium bre
while the immunolabeled sections were stained wit mide. The DNA extracted from 2.5x¥@ells was
the EDTA regressive technique (Bernhard, 1969). loaded in each well.
Stained specimens were observed with a Zeis
EM900 electron microscope equipped with &Flow cytometry
30um objective aperture and operating at 80kV  Control and HTtreated EUE cells were detached
by trypsin-EDR (as reported aboveAliquots of
Fluorescence immunocytochemisyrand confe  unfixed cells were either stained for DN30 min
cal laserscanning microscopy with 50 ug/ml PI in water containing 0.001% Non
Cells grown on glass coverslips were fixed withidet NP40 and 100 units/ml RNase tyjeall the
70% ethanol at 4 for 30 min, then rehydrated reagents from Sigma Chemical Co., St. Louis,
with PBS, and permeabilized with 1% bovineMO) or resuspended for 10 min in complete medi
serum albumin (BSA) and 0.5%veen 20 in PBS um containing FITC-conjugatednnexin V (3
for 10 min.To label the nucleolar protein fibrillar pl/10° cells, Bender MedSystem, Prodotti Gianni,
in, we used an autoimmune serum (kind gift af DrMilan, Italy) and 2ug/ml Pl (for details, see Rel
Milvia Lotzniker) diluted 1:800 with the BSA- licciari et al, 1997).
Tween solution; after 1 h incubation, cells were Measurements were taken with AGStar flow
washed with PBS and incubated for 45 min with ¢cytometer (Becton Dickinson, San José, CA,
FITC-labeled anti-human IgG (Dako, Glostrup,USA), equipped with an gon laser excitation
Danemark). Cells were finally counterstained for(power 200 mW) at 488 nm, a 510-540 nm inter
DNA with 0.1 ug/ml DAPI (Sigma Chem. Co) in ference filter for the detection of FITC green-flu
PBS for 15 min and mounted in glycerol:PBS (1:1) orescence and 610 nm longpass filter for the PI
For fluorescence microscopgn Olympus BX50 red fluorescence detection. In each experiment, at
microscope equipped with an 1@0mercury lamp least 20,000 events were measured in the gated
was used, under the following conditions: 330-38tregions used for calculations.
nm excitation filter (excf), 400 nm dichroic mirror
(dm) and 420 nm barrier filter (bf), for DAPI; and
450-480 nm excf, 500 nm dm, and 515 nm bf foRESULTS
FITC. Photomicrographs were taken using Scotc
320Tfilms. After 6 h exposure to the Hfiedium, apoptosis
For confocal laser scanning microscopg used a was found. Cytometric measurements after double
LeicaTCS-SPsystem mounted on a Leica DMIRBE staining with FITC-labeledAnnexin V and PI
inverted microscope and equipped with agoar (Fig. 1a,a’) showed that more than 30% of EUE
laser excitation. 0.Am spaced optical sections were cells have membrane apoptotic characteristics; in
recorded using a 63x oil immersion objective. addition, in DNAhistograms (Fig. 1b,b’), a dis
tinct sub-G1 peak was observed suggesting that
Agarose gel electmphoresis of low molecular most of the cells die in the GO/1 range of DNA
weight DNA content.The internucleosomal DNAegradation
To assess DNAragmentation, cell pellets were was confirmed by the typical laddering after
lysed in 10 mMTris-HCI bufer, pH 8, 10 mM agarose gel electrophoresis (Fig. 1c).
EDTA, 0.5% Triton-X 100. lysates were cleared By electron microscopya typical apoptotic
by centrifugation at 13,000 g for 10 min, and-pro nuclear pattern was observed (Fig. 2a) with €hro
teinase K was added to a final concentration of 12matin magination and the occurrence of a premi
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Fig. 1 - a-a’) Dual-
parameter  scatter
grams of FITC-labeled
AnnexinV (in abscis
sa) versus Pl staining
(in ordinate) of control
(@ and HTreated
EUE cells (a’): the
fractions of early
(quadrant 2) and late
(quadrant 3) apoptotic
cells increased in HT
conditions (quandrant
1 is for non-apoptotic
cells ); b-b’) PI-DNA
content (abscissa, in
arbitrary units of flue
rescence intensity) for
control (b) and HT
treated cells (b’): a
prominent sub-G1 peak
(arrow) is apparent in
HT-treated cells (in
ordinate: number of
cell x100). c-c’) The
presence of apoptotic
cells after HT treat
ment (c¢’) was also
confirmed by the the
typical DNAladdering
after agarose gel elec
trophoresis (the left
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nent membrane blebbing. Nuclear Rbhtaining  unnoticed evidence of restructuring and displace
structures such as PF and PG (which are both-lociment of RNP-containing structures: in non-apop
ed at the periphery of condensed chromatin, in nortotic EUE cells, only the nucleoli were immunola
apoptotic cells), and IG (which are present in thibeled with the anti-fibrillarin antiserum (Fig. 3a,c),
interchromatin space) undgr severe rearrange whereas after HBtress, when the nucleoli often
ment in apoptotic EUE cells: namelpey aggre  disaggregated, discrete extra-nuclear immunola
gate into heterogeneous fibrogranular clusters Fi(beling for fibrillarin was also found in the cyto
2b. The immunolabelings for the antigen Sm ancplasm (Fig. 3a,d) suggesting that protein aggre
for the hnRNFRcore proteins are shown in Fig. 2c gates of nucleolar origin may leave the nucleus and
and 2d, respectivelffhese RNRontaining struc  migrate into the cytoplasm.

tures are fully reminiscent of those clusters we Consistently at the electron microscope level,
described in spontaneously apoptotic thymocytenucleolus-like bodies (NLBs) were observed in
(Biggiogeraet al, 1997a, b) and which we called the cytoplasmThese NLBs (Fig. 4a,b) were com
HERDS (for Heterogeneous Ectopic RNP-Derivecparable, in their morphologyto the functional
Structures: Biggiogerat al, 1998). Consistent nucleoli of non-apoptotic EUE cells: nametie
with HERDS in apoptotic thymocytes, these elus main nucleolar parts (i.e., the dense fibrillar eom
ters may be also found in the cytoplasm of- HT ponent, fibrillar centers, and the granular compo
induced apoptotic cells (Fig. 2b). nent) were recognizable, and no signs of nucleolar
After HT stress, we also observed a previoushsegregation were observed. NLBs may also be
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Fig. 2 -Apoptotic EUE cell after HTreatment. a) Ma@inal chromatin condensation occurred, while in the interchromatin space
HERDS were found (arrows). b) Higher magnification of the interchromatin space, where HERDS (arrows) show their fibro
granular and heterogeneous structure, with prominent clusters of interchromatin granules (I@ygRidBtes of nuclear ori

gin were also found in the cytoplasm (arrowheatipse heterogeneous RNIBsters are immunolabeled for the antigen Sm (c)
and for the hnRNI[ore protein (d).

found inside apoptotic bodies blebbing out at the A massive rearrangement of nuclear RNP-con
cell surface of late apoptotic cells (Fig. 4c). taining structures takes also place after tr€bt
ment, with the formation of heterogeneous aggre
gates first in the interchromatin space and then in
DISCUSSION the cytoplasm; these aggregates contain at least
two antigens which are spatially and/or function
Our results confirm that hypertonicity can induceally unrelated in normal cells and may thus be
apoptosis in EUE cells, consistent with the resultdefined as HERDS, according to our definition
obtained for other cells lines or systems (Anderso (Biggiogeraet al, 1998; Biggiogera and Pelliceia
et al, 1997; Parolariet al, 1997; Hizohet al, ri, 2000).
1998;Wu et al, 1999).The presence of the typical It has been reported that short-term exposure to
DNA laddering as well as the microscopical ancHT media induces a significant decrease in protein
cytochemical data, suggest that-i@luced apop synthesis (Petroninet al, 1987; Hirataet al,
tosis occurs through a “classic” series of biochem1987; Pellicciariet al, 1993), mostly due to tran
ical and morphological events. Moreomifie cyte  scription inhibition. This is in good agreement
metric evidence of a prominent sub-G1 peak irwith the hypothesis that HERDS may generally
DNA histograms indicates that apoptosis mainlyoriginate as a consequence of transcriptional arrest
occurs in G0/1 phase of the cell cycle. (Biggiogera and Pellicciari, 2000).
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Fig. 3 -a) Fluorescence micrographs showing the FITC-immunolabeling of EUE cells for the nucleolar protein fibrillarin: in non-
apoptotic cells, the immunofluorescence signal is located on the nucleglwdrdseas in apoptotic cells (arrow) the labeled
material is fragmented and seems to migrate into the cytoplasm; b) the same field afsyubiéistaining with DAPI, which
identifies the typical chromatin condensation of the apoptotic Ted.distribution pattern of anti-fibrillarin-positive material

(green areas) in non-apoptotic cells (c) and its fragmentation and migration in apoptotic cells (d) was confirmed by confocal
microscopy; the nucleus was counterstained for DWA propidium iodide.

We present here a previously unnoticed phenonnents of nuclear origin to proteolytic degradation
enon occurring during induced apoptosis, i.e. thduring apoptosis has already been reported
extrusion into the cytoplasm of ectopic NLBs (Casianoet al, 1996; Biggiogeraet al, 1997b;
which are sometimes similar in their ultrastruetur Pellicciariet al, 1999; Rosen and Casciola Rosen,
al appearance to the functional nucleoli of hon1999), and the present results on the immunola
apoptotic cells. Even in the cytoplasm, NLBs stillbeling of cytoplasmic NLBs suggest that also
preserve their ability to react to antisera recogniznucleolar protein moieties may be only partially
ing nucleolar proteins such as fibrillarin. (or even not) cleaved by caspases.

This generally high resistance of RNBmpac At late apoptotic stages, HERDS (and even

Fig. 4 - Nucleolus-like bodies (NLBs) in the cytoplasm, first in close proximity of the nuclear envelope (a), then approaching
the plasma membrane (b). NLBs were sometimes also found inside apoptotic bodies (c). In a), the arrow points to the dense fib
rillar component, while in c) it indicates one of the numerous fibrillar centres.
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NLBs, as we demonstrate in the present investigiBiggiogera M., and Pellicciari C.: Heterogeneous Ectopic
tion) may be found in the released apoptotic-bocgRNP-Derived Structures (HERDS) are markers of transcrip
ies, where the concentration of RNP-containinctional arrest. ASEB J.,14, 828-834, 2000.
aggregates can be higkpoptotic bodies are usu Biggiogera M., TrentaniA., Martin. T.E., and Pellicciari C.:
ally engulfedin vivo by phagocytic cells (for a Terminal diferentiation of erythroblasts leads to RE&yre
recent reviewsee Dini, 2000); a defective clear gation and formation of heterogeneous ectopic RNP-derived
molecular complexes, such as the RiMRAtaining  Casciola-Rosen L.A., Miller D.KAnhalt G.J., and Roséh:
aggregates, may thus be a relevant event for ttSpecific cleavage of the 70-kDa protein component of the ul
etioloayv of élutoimmune diseases (Rosen and Casmall nuclear ribonucleoprotein is a characteristic biochemi
iol gRy 1999° Pi ini. 1998 v th cal feature of apoptotic cell death. J. Biohem.269, 30757-
ciola-Rosen, 1999; Piacentini, 1998gtually, the 34760 1904,
presence of high-titre autoantibodies against ant _ _
gens of RNRr nucleolar origin is rather common £2siano C.A., Martin S.J., Green D.G., dadh E.M. (1996):
in th f patient ith autoi di Selective cleavage of nuclear autoantigens during CD95
In the serum o Pa lents with autoimmune 'Sease(Fas/APO-l)-mediated‘ cell apoptosis. J. Exp. Med84,
such as systemic lupus erythematosus (Casciol7g5.770.

Roseret al, 1994; Casianet al, 1996). Dini L.: Recognizing death: liver phagocytosis of apoptotic

cells. Eur J. Histochem44, ....-..., 2000.
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