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Abstract
Objective

A human lymphoproliferative syndrome characterized by a defect of the Fas-mediated apoptosis pathway in the
absence of a fas gene mutation (Autoimmune Lymphoproliferative Disease) has recently been described and 

characterized by autoimmune phenomena. The aim of this study was to investigate the presence of antinuclear 
and antiphospholipid antibodies and to define their specificity in 5 pediatric patients with this syndrome.

Methods
Antinuclear antibodies were investigated by Western Blot and IIF performed under standard as well as apoptotic
conditions. The fine specificity of antiphospholipid antibodies was dissected by an ELISA for anti- 2-glycoprotein
I, anti-prothrombin, anti-annexin V and anti-protein S antibodies, and by immunostaining on thin layer chromato-

graphy plates for antiphospholipid molecule antibodies.

Results
This study showed that the autoantibodies found in these patients targeted a broad spectrum of nuclear antigens
which undergo redistribution from the nucleus to the cytoplasm and plasma membrane during the course of the

apoptotic process. This reactivity does not comprise known specificities such as anti-extractable nuclear antigens
or anti-dsDNA. Antiphospholipid antibodies were also found in these sera. A further characterization of the
antiphospholipid antibodies showed the presence of a heterogeneous response with antibodies directed to 

negatively-charged phospholipids and antibodies targeting coagulation-related proteins ( 2-GPI, prothrombin,
annexin V) which are considered relevant antigens in the antiphospholipid syndrome. 

Conclusions
These results suggest that lack of tolerance due to a defect of Fas-mediated apoptosis allows the survival of B 

and T clones involved in the antinuclear and antiphospholipid immune responses. 
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Introduction
It has been postulated that a defect of
apoptosis contri butes to the ge n e rat i o n
of diffe rent antibodies, i n cluding antin-
u clear (ANA) and antiphospholipid
(aPL) antibodies (1, 2). The detection of
A NA and their ch a ra c t e ri z ation rep re-
sents an inva l u able tool for the diag n o-
sis of connective tissue diseases, wh i l e
the presence of aPL and/or the lupus
a n t i c o agulant is associated with the
antiphospholipid antibody syndro m e
( A P S ) , wh i ch is ch a ra c t e ri zed by art e ri-
al or venous thrombosis and re c u rre n t
m i s c a rri ages (3). Inve s t i gating the
molecular sequence of events leading to
apoptosis has highlighted the pri m a ry
role of the fas ge n e, wh i ch also plays a
p ivotal role in the maintenance of the
homeostasis of the immune re s p o n s e. 
The Fas molecule (CD95), which is a
t ra n s m e m b rane protein belonging to
the TNF receptor superfamily, binds to
its specific ligand (FasL) and thereby
generates the intracellular signal lead-
ing to apoptosis (4). The precise role of
Fas in human pathology is still under
investigation. A genetic structural de-
fect of Fas has not been commonly
found in known autoimmune diseases,
but it has been in the few cases of the
human autoimmune ly m p h o p ro l i fe ra-
tive syndrome (ALPS) (5, 6) in analogy
with the MRL l p r / l p r m o u s e, t h e
murine model carrying the Fas struc-
tural defect (7). 
Some of these young patients have
clinical autoimmune manife s t at i o n s
such as hemolytic anemia, thrombocy-
topenia, neutropenia, glomerulonephri-
tis and vasculitis. The broad expansion
of CD4/CD8 double negative T cells in
the peripheral blood is the most strik-
ing immunological feature of this syn-
drome. More recently, an autoimmune
ly m p h o p ro l i fe rat ive condition ch a ra c-
terised by a defect of the Fas signalling
pathway in the absence of a structural
d e fect of the Fas molecule has also
been described (8). This condition does
not show the expansion of CD4/CD8
double negative T cells. Thus, a recent
classification designated as ALPS type
Ia and Ib the disease with mutations of
Fas or FasL respectively, and as ALPS-
type II or autoimmune lymphoprolifer-
at ive disease (ALD) the disease in

which mutations of these genes are not
found (9).
It is well known that ANA are a very
heterogeneous population of autoanti-
bodies including antibodies directed to
proteins with relevant nuclear functions
as well to complex molecular structures
i n cluding DNA and ri b o nu cl e o p ro-
teins. The fine specificity of aPL has
more recently been dissected with the
evidence of antibodies targeting phos-
pholipid (PL)-binding proteins (β2 -
GPI, prothrombin, annexin V) and anti-
bodies directed to PL per se. A number
of investigations support the observa-
tion that non-bilayer negat ive ly -
charged PL and cofactor proteins such
as β2-GPI and annexin V are exposed,
amongst the nuclear autoantigens, on
the surface of cells undergoing apopto-
sis (2). The exposure and biochemical
modification of these clusters of auto-
antigens on apoptotic membranes may
well play a significant role in inducing
t o l e rance or immune response under
physiological and pathological condi-
tions, respectively.
Although the precise molecular defect
has not been elucidated yet,the autoim-
mune phenomena found in ALD sug-
gest a possible relationship between the
defect of Fas-mediated apoptosis and
the production of autoantibodies. On
the other hand, studying the specificity
of the autoantibodies produced in the
c o u rse of ALD may contri bute to under-
standing the mechanisms of autoanti-
body generation in classic autoimmune
diseases. In this re s p e c t , p re l i m i n a ry
evidence has re c e n t ly been prov i d e d
that in some human autoimmune dis-
eases an impairment of the Fa s - s i g-
nalling pathway rather than a structural
defect of Fas or FasL is found (10).
Apoptosis plays a key role in the nega-
tive selection of autoreactive cells and
in the maintenance of homeostasis in
the lymphoid system. Th u s , l a ck of
apoptosis at either the central or periph-
eral level may allow T and B clones to
escape from a negative selection and
re c e ive the stimula needed for the
autoimmune response (11-13). 
The aim of this study was to investigate
the presence and specificity of ANA
and aPL in patients with ALD.



PEDIATRIC RHEUMATOLOGYAntibody specificity in autoimmune lymphoproliferative disease / V. Pittoni et al.

379

Materials and methods
Patients
As a result of a screening of pediatric
patients with autoimmune phenomena
and/or ly m p h o a d e n o p at hy in the ab -
sence of criteria for a diagnosis of overt
autoimmune disease or lymphoma, 5
unrelated patients were selected on the
basis of the presence of a defect in the
Fas apoptosis pat h way. Th ro m b o cy-
t o p e n i a , h e m o lytic anemia and neu-
tropenia accompanied by the serologi-
cal detection of ANA were the autoim-
mune clinical features reported in these
patients. We briefly summarize here the
main clinical ch a ra c t e ristics of each
patient studied. Patients 1, 2 and 3 have
already been partially reported (8). 
Patient 1 was a 24-year-old male seen
at the age of 13 for thrombocytopenia,
splenomegaly and lymphoadenopathy.
Subsequently, he also developed neu-
tropenia.
Patient 2 was a 6-year-old boy hospital-
ized at the age of 2 for thrombocytope-
nia and relevant splenomegaly.
Patient 3 was a 13-year-old girl who
had persistent fever and substantial
splenomegaly at the age of 8 months.
Further episodes of fever followed in
the next two years. Results of viral and
b a c t e rial sero l ogy we re consistently
n egat ive. In the fo l l owing ye a rs , s h e
showed episodes of hemolytic anemia
and thrombocytopenia. 
Patient 4 was a 13-year-old boy hospi-
talized for thrombocytopenia at the age
of 11. The following year he had an
autoimmune hepatitis. 
Patient 5 was a 13-year-old girl admit-
ted to our department at the age of 7 for
s eve re hemolytic anemia. She had
recurrent episodes of thrombocytope-
nia or hemolytic anemia. In the last 4
years she had a serious hypogamma-
globulinemia.
T cells isolated from the PBL of each
patient showed a significant reduction
in Fas-induced apoptosis. Cytofl u o ri-
metric analysis and a cell survival test
p rovided evidence that T cells fro m
these patients had a decreased apoptot-
ic response when tre ated with either
anti-Fas antibody or ceramide, which is
a molecule involved in the Fas signal-
ing pat h way dow n s t ream from Fa s .
Mutation analysis of the fas gene, per-

formed by single-strand conformation
p o ly m o rphism and complementary
DNA (cDNA) sequencing, demonstrat-
ed the absence of any mutation (8).

Characterization of antiphospholipid
antibodies
Sera found to be positive for aPL with a
commercially available ELISA (Asser-
achrom APA, Stago Diagnosica, Italy)
u n d e r went a confi rm at o ry test two
weeks later and were then further char-
a c t e ri zed using two highly specifi c
methods: 1) immunostaining of PL on
high perfo rmance thin layer ch ro-
m at ograpy (HPTLC) plat e s , and 2)
anti-cofactor protein ELISA.
I m munostaining on HPTLC plat e s.
Immunostaining of sera was performed
on 2 µg of 5 different PL antigens: car-
diolipin (CL), p h o s p h at i dy l ch o l i n e
(PC), phosphatidylethanolamine (PE),
p h o s p h at i dy l s e rine (PS) and phos-
phatidylinositol (Sigma Chemical Co.,
St. Louis, USA) separated by thin-layer
chromatography using HPTLC as pre-
viously described (14)
Anti-phospholipid binding pro t e i n
ELISA. Detection of anti-β2-GPI anti-
bodies was performed with a commer-
c i a l ly ava i l able ELISA fo l owing the
manufacturer’s instructions (Diamedix,
Miami, USA). Anti-prothrombin, anti-
protein S and anti-annexin V antibodies
were detected with a previously report-
ed method (15). 
Briefly, the anti-prothrombin antibody
ELISA was carried out as follows. A
solution of puri fied pro t h rombin (10
µg/ml) was used to coat (100 µl/well)
i rra d i ated poly s t y rene plates (Nunc
I n t e rm e d, R o s k i l d e, D e n m a rk). A f t e r
bl o cking with PBS-0.1% Tween 20
(PBS-T) containing 3% albumin for 90
min. at room temperature (r.t.), 1:100-
diluted (2% albumin-PBS-T) sera were
then incubated for 90 min. at r.t. After
i n c u b ation with conjugated antibody
for 90 min. at r. t . , the reaction wa s
developed with a substrate solution and
read at a wavelength of 405 nm. 
Anti-annexin V antibodies were detect-
ed by a slight modification of a previ-
ously described ELISA method (16), as
fo l l ows. Irra d i ated poly s t y rene plat e s
(Nunc Intermed, Roskilde, Denmark)
were coated (100 µl/well) with annexin

V (5 µg/ml) (Sigma) in PBS. The plates
were blocked by incubation for 2 hr at
r.t. with a solution of PBS-T containing
3% albumin. One hundred µl of serum
(1:100 diluted in PBS-T-1% albumin)
were added and incubated for 1 hr at r.t.
After washing 3 times with PBS-T,
alkaline phosphatase-conjugated affini-
t y - p u ri fied go at anti-human IgG (Fc
fragment specific) were added (1:1000
diluted in PBS-T-1% albumin) and
incubated for 1 hr at r.t. After washing
3 times, 100 µl of p-nytrophenylphos-
phate solution were added and the opti-
cal density was read at 405 nm when a
positive control had reached a value of
1.00 OD. The absorbance of the control
wells was subtracted to account fo r
non-specific binding. 
A control group of 20 sera fro m
patients with primary APS and from
blood donors was also included as rep-
resentative of these reactivities under
p at h o l ogical and normal conditions,
respectively. As previously established,
the cut-off value was fixed at the mean
OD + 2SD of normal human sera for
a n t i - p ro t h rombin and anti-protein S
and at the mean OD + 5SD for anti-
annexin V antibodies. 

Antinuclear reactivity under standard
conditions and after apoptosis induc-
tion
Antinuclear reactivity first investigated
by IIF on Hep2 cells was further stud-
ied on U937 cells under standard con-
ditions and after apoptosis induction. 
Cell line culture and induction of apop -
tosis. A U937 monoblastoid cell line
was grown in RPMI 1640 medium with
10% FCS and supplemented with
HEPES, penicillin and streptomycin at
37°C in an atmosphere of 5% CO2 in
air and 100% humidity. Apoptosis was
induced by culturing the cells in sup-
plemented medium in the absence of
FCS (growth factor withdrawal), add-
ing cytokine treatment with TNF-α 50
ng/ml (Sigma) and protein synthesis
inhibition with cycloheximide 50 µg/
ml (Sigma). The rate of apoptosis was
evaluated 90 and 120 min. after culture
onset. The viability was also measured
in a parallel U937 cell populat i o n
maintained under standard conditions
without additional apoptotic stimu l u s
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( c o n t rol population). Two methods
were used to assess apoptosis:
1) N u clear morp h o l ogy and viab i l i t y. A

solution made up of ethidium bro-
mide (100 µg/ml) (Sigma) was used
to stain a suspension of unfi xe d
U937 cells (5 x 106 cell/ml). Ten µl
of the stained cell suspension wa s
placed on a glass slide and cove re d
with a cove rslip. Slides we re imme-
d i at e ly analysed with a fl u o re s c e n c e
m i c roscope using a red fl u o re s c e n c e
fi l t e r. Signs of nu clear condensat i o n
and fragmention (apoptotic nu cl e i )
we re specifi c a l ly sought. 

2) Cytofluorimetric evaluation of cell
DNA fragmentation. DNA fragmen-
t ation was studied by pro p i d i u m
iodide staining fo l l owed by fl ow
cy t o m e t ric analysis. Cells we re
fixed by adding cold 70% ethanol
with vigorous stirring and leaving
them for 30 min. at 4°C. Cells were
then harvested by centrifugation at
200 g for 10 min. at 4°C and resus-
pended in 800 µl PBS. One hundred
µl of RNAse (1 mg/ml) (Type I-A,
Sigma) and 100 µl of pro p i d i u m
iodide (400 µg/ml) were added and
cells were incubated in the dark at
37°C for 30 min. The suspension
was then kept at 4°C in the dark
until measured. Fluorescence inten-
sity was analysed on a FAC S c a n
flow cytometer (Becton & Dickin-
son) using the FL2 signal detector
for propidium iodide. Seven thou-
sand events were recorded for each
s a m p l e. The data we re analy s e d
using WinMDI software. 

Indirect immunofluorescence on apop -
totic and viable U937 cells. Sera from
the patients (1-5) were tested on cells
under standard conditions and after the
addition of the apoptotic stimulus using
an immu n o fl u o rescence method.
Briefly, cells were harvested from both
cultures and washed once in PBS. Cells
we re then spun on a slide using a
cytospin centrifuge (75 g for 3 min).
Slides were left dry, subsequently fixed
with methanol on ice for 3 min and
kept at –20°C until used. Pre - fi xe d
slides were incubated with sera from
patients (1-5) for 45 min at r.t., then
washed in PBS. FITC-conjugated anti-
human IgG were added for 1 hr at r.t.

After repeated washing in PBS with the
addition of Blu Evans as fluorescent
c o u n t e rs t a i n , slides we re mounted in
glycerine and observed using a fluores-
cence microscope with a FITC outfit
( L e i t z , G e rm a ny). One sample of
unfixed cells under standard conditions
and one sample after apoptosis induc-
tion were directly incubated with sera
f rom the patients and controls (1:20
diluted in PBS-1% albumin) on ice for
45 min. at r.t., then washed in PBS.
FITC-conjugated anti-human IgG were
added for 1 hr at r.t. After further wash-
i n g, fl u o rescence intensity was anal-
ysed on a FACScan fl ow cy t o m e t e r
(Becton & Dickinson) using the FL1
signal detector. Seven thousand events
were recorded for each sample.
Total cell protein extract Western blot.
The immunoreactivity of sera against a
total cell protein extract was investigat-
ed using a commerc i a l ly ava i l abl e
Hep2 cell protein extract and following
the manufacturer’s instructions (Hep2
Marblot Arnika, Milan, Italy). A set of
s e ra from patients with autoimmu n e
diseases including systemic lupus ery-
t h e m atosus (SLE), p rogre s s ive sys-
temic scl e rosis (PSS), p o ly myo s i t i s
( P M ) , d e rm at o myositis (DM), S j ö-
gren’s syndrome (SS), overlap of SLE
and PSS, and serum from a bl o o d
donor were also included as control. 
Au t o a n t i gens identified by we s t e rn
blot. The reactivity of sera against iden-
t i fied autoantigens was inve s t i gat e d
with a commerc i a l ly ava i l able assay
using recombinant (SmB, R N P - 7 0 k ,
R N P - A , R N P - C , R o 5 2 , S S B / L a ,
CenpB, Topo-I, Jo1), synthetic (SmD,
ribosomal P pro t e i n ) , and nat u ra l
(Ro60 and Histons) proteins blotted on
nylon strips as condensed band. The
reactivity of single sera was identified
as positive by a comparison with a ref-
erence band in order to exclude low,
uncertain reactivity and/or non-specific
binding (Immu n ogenetics NV, G e n t
Belgium). A set of sera from patients
with autoimmune diseases incl u d i n g
S L E , p rogre s s ive systemic scl e ro s i s
( P S S ) , p o ly myositis (PM), S j ö gre n ’s
s y n d rome (SS), ove rl ap of SLE and
PSS and a set of sera from bl o o d
donors were also included as control. 
A n t i - d s D NA re a c t iv i t y. A n t i - d s D NA

re a c t ivity was inve s t i gated using an
i n d i rect immu n o fl u o resence assay on
C rithidia luciliae ( K a l l e s t a d, M N,
USA). 

Results
Antiphospholipid reactivity
The ELISA detection of IgG aPL
showed the presence of these antibod-
ies in sera isolated from all five patients
(1, 2, 3, 4 and 5) with quantitative val-
ues of 42, 3 0 , 7 0 , 64 and 25 GPL,
respectively.
The ELISA detection of IgM aPL
showed the presence of these antibod-
ies in sera from patients 1, 3 and 5 with
quantitative values of 32, 28 and 56
MPL, respectively. 
The immunostaining for PL showed the
presence of anti-CL antibodies (IgG) in
patient 4 and anti-PS antibodies (IgG)
in patient 3. These two sera had no IgG
reactivity against all the other PL test-
e d. Sera from patients 1, 2 and 5
showed no IgG binding to any PL (CL,
P S, P E , P C , PI). IgM anti-CL we re
found in sera from patients 1, 3 and 5.
No other IgM anti-PL antibodies were
detected in these sera. Sera from blood
donors did not show significant binding
to all the PL tested (Fig. 1).

Anti-phospholipid binding protein
antibodies
The ELISA for anti-PL binding protein
antibodies (IgG) showed anti-pro-
thrombin antibodies in patients 1 and 3,
anti-annexin V antibodies in patient 3
and anti-β2-GPI antibodies in patient 4.
None of the sera tested had significant
binding to protein S. In parallel experi-
m e n t s , s e ra from patients with A P S
used as a positive control showed the
expected re a c t ivity (IgG) to β2 - G P I ,
prothrombin and annexin V. Sera from
blood donors did not show significant
binding to any of the cofactor proteins
tested (Fig. 2).

Antinuclear reactivity under standard
condition and after apoptosis induc-
tion
The IIF previously carried out on Hep2
cells was then perfo rmed on fi xe d
U937 cells under standard culture con-
ditions with the 5 sera from the pa-
tients. On both cell substrates, the IIF
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showed a coarse speckled antinuclear
pattern. After apoptosis induction, IIF
with these sera displayed either a high-
er intensity or the property of staining
nuclear structures during fragmentation
and re d i s t ri bution towa rds cy t o p l a s m
and plasma membrane. Cytofluorimet-
ric analysis showed DNA fragmenta-
tion occurring after apoptosis induction
(Fig. 3). The binding properties of sera
from patients (1-5) to antigens translo-
c ated to the plasma membrane wa s
confirmed with an IIF on unfixed U937
cells followed by cytofluorimetric anal-
ysis (Fig. 4); controls showed no such
binding.

Immunoreactivity against Hep2 total
cell protein extract
The reactivity found in the sera of the 5
p atients was ch a ra c t e ri zed as being
directed to a broad set of different anti-
gens. Sera from patients 1-5 showed
reactivity against bands within a wide
range of MW(from 100 kD to 15 kD)
and each serum displayed a unique pat-
tern of reactivity. Serum from patient 4
dispayed only a few faint bands (Fig.
5). No binding was detected for the
negative controls. Positive controls rep-
resented by sera from patients with
autoimmune diseases showed a broad
reactivity as expected.

Identified autoantigens reactivity
Sera from patients 1-5 showed no sig-
nificant binding against the set of anti-
gens tested (SmB, RNP-70k, RNP-A,

Fig. 1. Antiphospholipid antibodies by HPTLC immunostaining.
Immunostaining was performed using 2 µg of each phospholipid as antigen separated with HPLC alu-
minium-backed silica gel 60 (20x20) plates. Sera were diluted 1/100 in 0.5% gelatin/PBS. Horseradish
peroxidase-conjugated goat anti-human IgG detector antibodies were diluted 1/500 in 0.5% gelatin/
PBS. The colour reaction was developed by adding sodium nitroprusside.
St: Standard phospholipids separated by HPTLC. Lane 1-5: HPTLC and immunostaining with sera
from patients 1,2,3,4,5. NHS:HPTLC and immunostaining with normal human serum. C:HPTLC and
immunostaining with a serum from a patient with primary APS (positive control).
CL: cardiolipin; PS:phosphatidylserine; PE: phosphatidylethanolamine; PI: phosphatidylinositol; PC:
phosphatidylcholine.

Fig. 2. Anti-phospholipid binding protein ELISA.
Anti-prothrombin (a),anti-β2GPI (b),and anti-annexin V (c) antibodies were detected in some sera from ALD patients with an ELISA method and compared
with the reactivity of sera from patients with primary APS or blood donors (NHS). Anti-prothrombin antibodies were found in sera from patient 1 and 3,anti-
β2GPI antibodies in serum from patient 4, and anti-annexin V in serum from patient 3.

(a) (b) (c)
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RNP-C, Ro52, SSB/La, CenpB, Topo-
I , Jo 1 , S m D, ribosomal P pro t e i n ,
R o 6 0 , Histons). Sera from pat i e n t s
with autoimmune diseases showed a
binding which was in accordance with
the expected pattern as the most com-
monly found in these diseases. The 8
sera from blood donors did not show
significant binding (data not shown).

Discussion
It has been suggested that the abnor-
mality of apoptosis may affect the esta-
blishment of correct tolerance towards
s e l f - a n t i gens. Although some antinu cl ear
antibodies are considered pathogenic,
t h ey could also be immu n o l ogic im-

prints of events linked to mechanisms
of autoimmunity. It is widely accepted
that each systemic autoimmune disease
is associated with a characteristic auto-
antibody profile. Autoantibodies inclu-
ding aPL have been described in ani-
mal models with a structural defect of
the Fas molecule and in their human
counterparts, although in these patients
the autoantibodies have not been fully
characterized as yet (17). The defect in
the Fas-signalling pathway, in the ab-
sence of any mutation of this molecule
as it is found in ALD, drew our atten-
tion since this abnormality has recently
been described in classic autoimmune
diseases (10, 18, 19). 

The elucidation of the molecular struc-
ture of nuclear antigens has revealed
that most of them are components of
subcellular part i cles and are often
located in functional sites, as evidenced
by the ability of autoantibodies to
inhibit the function of these particles.
These features have led to the concept
t h at A NA are driven by subcellular
components which are in an activated
or functional state. It was reported that
s e rum nu cleosomal DNA nat u ra l ly
occurs in MRL lpr/lpr mice and that
the ap p e a rance of this nu cl e o s o m a l -
DNA correlates with apoptosis in the
thymus (20). Moreover, the accelerated
apoptosis of circ u l ating ly m p h o cy t e s

Fig. 3. Indirect immunofluorescence on apoptotic and viable U937 cells.
Sera from the patients studied (1-5) were tested with an IIF method on U937 cells under standard conditions and after the addition of the apoptotic stimulus.
U937 cells were also stained with propidium iodide and analysed for DNA fragmentation by cytofluorimetric analysis.
A) The IIF performed on U937 cells under standard culture conditions with serum from patient 2 shows a coarse speckled nuclear pattern sparing cytoplasm

and cell plasma membrane. A comparable pattern was observed with the other sera tested (1, 3, 4, 5). 
B) The IIF performed on U937 cells under standard culture conditions with a normal human serum shows no significant fluorescence.
C) The cytofluorimetic analysis shows that under standard culture conditions while a negligible amount of cells display a hypodyploid DNA content (peak

1), the majority of cells have a dyploid (peak 2 ) or tetraploid (peak 3) DNA content. y-axis: cell number. x-axis: fluorescence intensity.
D) The IIF performed on apoptotic U937 with serum from patient 2 shows fragmentation and redistribution of fluorescence through cytoplasm and cell plas-

ma membrane. A similar fluorescence was observed in the other sera tested (1, 3, 4, 5).
E) The IIF performed on apoptotic U937 with a normal human serum shows no significant fluorescence.
F) The cytofluorimetic analysis shows that after apoptosis induction, most of cells display a hypodyploid DNA content (peak 1), while a relatively reduced

amount of cells with dyploid (peak 2 ) or tetraploid (peak 3) DNA content is observed. y-axis: cell number. x-axis: fluorescence intensity.
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sfrom patients with SLE was accompa-
nied by the release of nu cl e o s o m e s
(21). Studies by Rosen and colleagues
have indicated possible mechanisms by
which subcellular particles are released
from cells during apoptosis to become
immunogenic (22). 
Our study provides evidence that in the
course of ALD a broad variety of ANA
a re produced and that the targets of
these antibodies undergo a substantial
change in their localization from the
nucleus to the cytoplasm and plasma
m e m b ra n e, as suggested by the IIF
experiments performed on either fixed
and unfixed cells. Most of these anti-
gens play a role in the apoptotic pro-
cess or are redistributed during apopto-
sis from the nucleus to the cytoplasm
and plasma membrane (23-25), which
may provide an antigenic source to the
immune system. However, although the
sera from each patient showed a broad
immunoreactivity against nuclear anti-
ge n s , no cl e a rcut re c ognition of the
a n t i gens commonly associated with
connective tissue diseases such as ENA
was detected. Furt h e rm o re, a l t h o u g h
DNA is one of the nuclear components
c o m m o n ly found on the surface of
apoptotic cells, no anti-dsDNA anti-
bodies were found in the sera of these
p atients. These findings suggest that
other pathogenic factors, such as a spe-
cific cytokine milieu or the evolution of
the autoimmune response through the
s t eps of epitope spre a d i n g, m ay be
needed for the generation of these spe-
cific immune responses.
This study represents the first charac-
terization of the aPL found in ALD.
The combined use of HPTLC immuno-
staining, which permits a highly accu-
rate definition of PL specificity in the
absence of protein contamination and
of ELISA with delipidated cofa c t o r
proteins, allows a fine analysis of aPL
specificity. This analysis provides evi-
dence that aPL found in ALD include
antibodies re c ognizing “ p u re ” P L
molecules and antibodies dire c t e d
against cofactor proteins such as β2-
G P I , a n n exin V and pro t h rombin in
analogy with what was found in sera
from patients with APS (14, 26). Inter-
e s t i n g ly, the autoantibodies found in
these patients selectively target nega-

t ive ly - ch a rged (CL and PS) but not
neutral PL (PE and PC). In addition, in
s e rum from patient 2 aPL we re de-
tectable with a traditional aPL ELISA,
but not with a HPTLC-immunostaining
or with an anti-phospholipid binding
protein ELISA, a finding which con-
fi rms the prev i o u s ly rep o rted diffe r-
ences between the three methods (14). 
It is now widely accepted that the sud-
den loss of the normal PL distribution
in plasma membrane and the conse-
quent ex p o s u re of PS, a negat ive ly -
charged PL, is a specific and early sign

of cell commitment to apoptosis (27).
F u rt h e rm o re, our recent study re i n-
forces the concept that CL may be sig-
nificantly involved in the induction of
aPL by apoptotic cells since this mole-
c u l e, n o rm a l ly confined to the inner
m i t o ch o n d rial membra n e, is ex p o s e d
on the plasma membrane in the early
phases of the apoptotic process (28). It
is of interest to observe that these pa-
tients produce antibodies against the
cofactor proteins which play potential-
ly relevant (β2-GPI and annexin V) or
already known (prothrombin) functions

B

A

Fig. 4. Indirect immunofluorescence and cytofluorimetic analysis on unfixed apoptotic and viable
U937 cells.
An IIF with sera from patients and contols on unfixed U937 cells followed by a cytofluorimetric anal-
ysis was carried out to verify the capacity to bind to plasma membrane structures in the course of the
apoptotic process. The cytofluorimetric analysis of the IIF obtained with the serum from patient 3 as
against that obtained with a normal human serum is shown. Comparable results were obtained with the
analysis of the sera from the other patients (1,2,4,5). Black histogram:binding to viable cells. Grey his-
togram: binding to apoptotic cells.
(A) The binding of a normal human serum (NHS) to viable and apoptotic cells does not significantly

differ.
(B) Cell binding of serum from patient 3 increases after apoptosis induction.
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in coagulation homeostasis. 
It has been suggested that the subsets of
aPL which are actually directed against
β2-GPI (29), p ro t h rombin (30) and
p o s s i bly annexin V (31) are more
closely related to the clinical features
of APS than classic aPL taken as a
whole, although autoantibodies target-
ing PL molecules have also been found
relatively often in autoimmune condi-
tions (14). Furthermore, evidence was
provided that both annexin V and β2-
GPI bind to negat ive ly - ch a rged PL
exposed in the early phases of apopto-
sis and thereby participate to the clus-
t e ring of autoantigens found in the
apoptotic bodies (32,33). The ability of
prothrombin to bind to PL in the con-
text of a procoagulant “milieu” makes
it very likely that this protein also dis-
plays the ability to bind to apoptotic
cells. The absence of anti-protein S
antibodies parallels what seen in sera

from patients with APS in which these
antibodies are rarely found. 
Despite the heterogeneity of the aPL
response observed in the sera of these
patients, the detection of aPL was not a
transient phenomenon as observed in
the course of acute infections but was
found in assays conducted 2 we e k s
apart, as it is generally suggested to
confirm this positivity, and was contin-
uously detected later over a period of
years. In addition, plasma isolated from
all patients displayed prolonged aPTT,
confirmed over time, which may sug-
gest an impact of these autoantibodies
on coag u l ation para m e t e rs (unpub-
lished observation).
Although this human disorder seems to
be associated with the appearance of a
wide spectrum of diffe rent autoanti-
bodies, some of them occurring in the
same patient, no clinical features were
associated with these specificities. Fur-

thermore, despite the continous detec-
tion of aPL in the sera of these patients,
no clinical manife s t ations of APS (art e-
ri a l / venous thrombosis) we re rep o rt e d. 
Our observation is in ke eping with the
hypothesis that an impairment of Fa s -
m e d i ated apoptosis is invo l ved in the
ge n e ration of autoimmune phenomena
s u ch as the production of a va riety of
a u t o a n t i b o d i e s , but this event is not p e r
s e s u fficient to the development of an
ove rt connective tissue disease or anti-
phospholipid syndrome with its distinc-
t ive clinical fe at u res. The thro m b o cy-
topenia rep o rted in the clinical history
of the 5 pat i e n t s , although often associ-
ated with the detection of aPL, c a n n o t
be dire c t ly at t ri buted to the presence of
these autoantibodies. Other concomi-
tant clinical events associated with the
ly m p h o p ro l i fe rat ive disease or other
autoantibodies may signifi c a n t ly or
ex cl u s ive ly contri bute to this condition.
In this re s p e c t , the autoimmune phe-
nomena observed in these patients we re
m a i n ly haemat o l ogic and a recent study
highlighted the presence of autoanti-
bodies against hematopoietic cell lin-
e ages in the course of ALPS (34). 
In conclusion, this study shows that in
the presence of the functional defect of
Fas-induced apoptosis, autoantibodies
against a broad set of autoantige n s
p o t e n t i a l ly invo l ved in apoptosis are
produced. The question as to whether
this defect is invo l ved in either the
pathogenesis of autoimmune diseases
or in the general mechanism of autoan-
tibody production awaits further inves-
tigation. 
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