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Two-color fluorescence detection of Poly (ADP-Ribose) Polymerase-1 (PARP-1)
cleavage and DNA strand breaks in etoposide-induced apoptotic cells
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SUMMARY and DNA repair (for a review, see Birkle, 2001).
The biochemical reaction leading to poly(ADP-
During apoptosis, the nuclear enzyme Poly(ADP ribosylation) consists in the synthesis of ADP-ribose
Ribose) Polymerase-1 (PARP-1) catalyzes the rap from NAD", followed by the formation of polymers
and transient synthesis of poly(ADP-ribose) fromof different length and structure. It is generally
NAD* and becomes inactive when cleaved by casaccepted that this process also takes place during
pases. The regulation of these two opposite roles gpoptosis, when the nuclear enzyme Poly(ADP-
PARP-1 is still unknown. We have recently investi-Rjnose) Polymerase-1 (PARP-1) synthesizes poly-
gated PARP-1 activation/degradation in Hep-2 cell App_ripose); PARP-1 is also a target for caspases
driven to apoptosis by actinomycin D. In the preser,,hich cleave it into two fragments of 89 kDa and 24
work, we have extended our analysis to the effect ¢ ., (for a review, see Scovassial, 1998: Scovas-
the DNA damaging agent etoposide, and paid attelg; o4 pojrier, 1999). The timing of PARP-1 cleav-
tion to the relationship between PARP-1 cleavagage is still controversial, especially in relation to the

and DNA fragmentation. An original fluorescent o\ Anp rinose) synthesis and to the occurrence
procedure was developed to simultaneously identif of other apoptotic events.

in situ the p89 proteolytic fragment of PARP-1 (by : : . . .
immunolabeling) and DNA degradation (by the pg;/( ArBIIS—SI’?bgOaSt(eE)maSS\IIEIUeIItZ?S tizcz?;gglr?c?en ofOfthe
TUNEL assay). The presence of p89 was observePARp_1 089 proteolytic fragment, we recently

both in cells with advanced signs of apoptosit ; ) :
d Pop applied to human Hep-2 cells a treatment with actin-

(where the PARP-1 fragment is extruded from the : M o
nucleus into the cytoplasm) and in TUNEL-negative®MY¢in D (AMD), which induces apoptosis without

cells, with only incipient signs of chromatin conden-PNA damage (Soldargt al, 2001). In cells exhibit-
sation; this evidence indicates that PARP-1 degradNg €arly apoptotic features, the polymer and p89

tion in etoposide-treated apoptotic cells may prececere found to be concomitantly present in the nucle-
DNA cleavage. us. Interestingly enough, we demonstrated that

polymer synthesis is only carried out in relatively

early apoptotic steps, whereas p89 is also detectable
INTRODUCTION in late karyorrhexic cells. Moreover, we also

observed that, during apoptosis, the immunopositiv-
Poly(ADP-ribosylation) is a post-translational ity for p89 moves from the nucleus into the cyto-
modification involved in DNA damage signaling plasm (Soldanret al, 2001).
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As for the efect of DNA-damaging agents, we RESULTS AND DISCUSSION
have previously reported that, in etoposide an
bleomycin-treated HeLa and HL60 cells, a massiv. As shown in Fig. 1, the presence of p89 (red flu
poly(ADP-ribose) accumulation takes place -conorescence: ¢, g) was detectableTIdNEL-posk
comitantly with the occurrence of DNIaddering; tive Hep-2 cells (green fluorescence: b, f), i.e. in
the synthesis of poly(ADP-ribose) is also detectablecells with apoptotic DNAragmentation and chro
although to a lesser extent, in cells with only incipi matin condensation (a, e). Howeveve also
ent signs of apoptosis (Negtial, 1997; Donzellet  found FARP-1 degradation in cells which were
al., 1997). Western blot analyses confirmed thenot stained by thEUNEL assay (c, arrow) and did
occurrence of ARP-1 cleavage in late apoptosis, not show apparent signs of chromatin condensa
when DNAdegradation is massive (Scovastsal,  tion or magination. Remarkab)yin late apoptet
1998). So farhoweverthe timing of RRP-1 cleav  ic, karyorrhexic cells, p89 migrates from the
age in relation with incipient DNAegradation was nucleus into the cytoplasm (g, h).
never investigated on single cells. The cleavage of RP-1 and its relationship with
In the present work, we aimed at further studyin(apoptotic DNAfragmentation have already been

the precise sequence of these events in cells drivinvestigated by fluorescence microscopy and flow
to apoptosis by the topoisomerase Il inhibitor cytometry in single HL60 cells treated with camp
etoposide To this purpose, we developed a two-tothecin (Li and Darzynkiewicz, 2000This is,
color fluorescence procedure based on thhowever the first attempt to simultaneously detect
immunofluorescent detection of p89 fragment oithese two processassitu, on the same cell sample.
PARP-1 and th& UNEL assayThe final counter Our fluorescence approach also made it possible
staining of DNAwith a specific fluorochrome also to demonstrate thatARP-1 degradation occurred
allowed to visualize chromatin texture. in some etoposide-treated cells which were still

negative for th@ UNEL assay

The migration of p89 from the nucleus into the
MATERIALS AND METHODS cytoplasm (we already observed afiD treat

ment: Soldanet al, 2001) was here confirmed as

Hep-2 cells grown on glass coverslips in Petra possibly general feature of late apoptosis; irre

dishes were treated, in their esponential growtspective of the inducing stimulus.
phase, with 1QuM etoposide for 15 hr and fixed The immunopositivity for p89 even in late apop
with 70% ethanol for 30 min. For tA@JNEL pro-  totic steps suggests that this peptide is resistant to
cedure, cells were incubated for 1 hr at@Wwith  extensive protease degradation, as much as it occurs
50 ul of theTUNEL mixture according to the man for other nuclear and nucleolar proteins (Biggiogera
ufacturets instructions (Boehringer Mannheim, et al, 1997a,b; Zweieet al, 1997; Pellicciaret al,
Germany).After washings with PBS containing 1999). It is still to be elucidated whether p89 may
0.05%Tween-20 and 0.1% bovine serum albumin also become part of the ectopic heterogeneous clus
cells were incubated for 1 hr at room temperaturters of nuclear molecules which have been widely
(r.t.) with an anti-p89 polyclonal antibody (Cell described in apoptotic cells (Biggiogeet al,
Signaling Technology Celbio s.i., Italy) diluted 1997b, 1998; Pellicciagt al, 2000; Martelliet al,
1:100 in PBS, and then for 1 hr at. with an 2001).
Alexa594-conjugated anti-rabbit IgG antibody It is worth recalling that the clearance of apoptot
(Molecular ProbesThe Netherlands) diluted 1:200 ic bodies is essential for a safe apoptotic process to
in PBS. Dual-labeled cells were finally counter take place (for a revievsee Dini, 2000); actually
stained for DNAwith Hoechst 33258 (0dig/mlin  inthe presence of defective clearance mechanisms,
PBS for 10 min), washed with PBS and mountedate apoptotic events entailing the generation of
up-side-down on a non-fluorescent glass slide in novel molecular aggregates -such as those
drop of Mowiol (Calbiochem, Inalco S.p.A., Italy). described above- could trigger the production of
Micrographs were taken with an Olympus Camedi;autoantibodies against nuclear components (Rosen
C-2000 Z mounted on an Olympus BX50 flueres and Casciola-Rosen, 1999; Rodemjiral, 2000;
cence microscope. Rovereet al, 2000).
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Fig. 1 - Detection of RRP-1 proteolysis and DNAagmentation in etoposide-treated Hep-2 call®): Hoechst stainingp, f):
TUNEL assay (green fluorescence)g): antibody against the p89 fragment 8fRP-1 (red fluorescence], h): meged images

of green and red fluorescence, where the resulting yellow signals indicate colocalization of p89 atehEadation (in panel h,
note that in late apoptotic cells with extensive karyorrhexis the red fluorescence for p89 is strictly cytoplasmic andl@annot c
calize with theTUNEL green fluorescencehe arrow ina) andc) points to aflUNEL-negative cell with a positive signal for p89.
Asteriscs indicate non apoptotic cells with non condensed chromatin which were never positive for either JRINFE tressay
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