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Abstract
Objective

To investigate the functionality of the Fas-induced apoptotic pathway in peripheral blood mononuclear cells
(PBMC) from patients with systemic or pauciarticular juvenile idiopathic arthritis (JIA).

Methods
PBMC from 12 patients with systemic and 6 with pauciarticular JIA were activated with anti-CD3 and rhIL-2

and then incubated in the presence or absence of the anti-Fas MoAb CH11 inducing activation of the Fas 
apoptotic pathway. Apoptosis was evaluated by flow cytometry and fluorescence microscopy. 

Results
The percentage of apoptotic cells following triggering of Fas did not differ between patients with systemic JIA

(12.5 ± 9.5%) or pauciarticular JIA (18.7 ± 8.9%) and controls (16.1 ± 6.8%). Evaluation of activation-induced
cell death (AICD) in the absence of exogenous triggering of Fas showed that 44% (8/18) of the patients with JIA,
compared to none of the controls (0/16), had a percentage of apoptotic cells higher than the mean + 2 SD of con-

trols. The increased AICD was neutralized by the addition of an anti-TNF- antibody.

Conclusion
Patients with systemic or pauciarticular JIA do not show a defect in the Fas-dependent apoptotic pathway of T

cells. The increased AICD present in some patients with JIA appears to be at least in part related to the 
inflammatory cytokine TNF- .
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Table I. Erythrocyte sedimentation rate values, C-reactive protein concentrations and num-
ber of active joints in patients with systemic or pauciarticular JIA. Values are shown as
mean ±  standard deviation and range is indicated between parenthesis.

Systemic JIA Pauciarticular JIA

Erythrocyte sedimentation rate (mm/h) 45.9 ± 39.9 37.2 ± 26.9

(10 - 116) (6 - 73)
C-reactive protein (mg/L) 59.3 ± 48.2 33.0 ± 31.3

(3-172) (3 - 82)
Number of active joints 8.2 ± 5.4 1.8 ± 1.8

(2-15) (1-5)
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Introduction 
Apoptosis is an active, signal-depen-
dent process leading to cell death with
ch a ra c t e ristic ch a n ges in the dy i n g
cells: cell shrinkage, blebbing of the
plasma membra n e, nu clear collap s e
and fragmentation of nuclear chrom-
atin (1). In addition to representing a
mechanism of negative selection em-
ployed by self-reactive thymocytes (2),
apoptosis is also a key mechanism of
immune homeostasis in the periphery,
wh e re activation-induced cell deat h
(AICD) plays a crucial role in the ex-
tinction of the immune responses to
foreign and self antigens (3). Although
several mechanisms are involved in the
induction of apoptosis, much interest
has been focused on the role of the
Fa s / Fas ligand pat h way in immu n e
regulation. Mice with a mutation of the
Fas gene (MRL/lpr/lpr) or of the Fas
ligand gene (C3H/HeJ-gld/gld) present
the spontaneous occurrence of autoim-
munity (4). In humans mutations in the
Fas, Fas ligand or caspase 10 genes (5-
7), leading to impaired functionality of
the Fas pat h way, cause the re c e n t ly
identified disorder called autoimmune
lymphoproliferative syndrome (ALPS)
(8,9). This syndrome is characterized
by a non-malignant lymphoadenopathy
with expansion of double negat ive
(CD4-CD8-) T cells and autoimmune
fe at u res such as hemolytic anemia,
thrombocytopenia, neutropenia (8, 9).
Therefore, defects in the mechanisms
of apoptosis induction could be re-
sponsible for autoimmune and/or in-
flammatory chronic diseases. 
While a number of studies have evalu-
ated the mechanisms leading to T cell
apoptosis (in particular Fa s - i n d u c e d

apoptosis) in patients with systemic
lupus ery t h e m atosus or rheumat o i d
arthritis (10), to the best of our knowl-
edge no such studies have been carried
out in patients with juvenile idiopathic
arthritis (JIA). Therefore, this study set
out to investigate the functionality of
the Fas-induced apoptotic pathway and
of activation-induced cell death in
patients with systemic or pauciarticular
onset JIA, the two most characteristic
fo rms of childhood ch ronic art h ri t i s .
We found that the induction of apopto-
sis by Fas triggering was comparable
between patients and controls, demon-
strating that systemic JIA (s-JIA) and
pauciarticular JIA (p-JIA) are not asso-
ciated with functional defects of Fas-
t ri gge red apoptosis. Eva l u ation of
AICD did not show defective AICD in
JIA patients compared to controls. On
the contra ry, i n c reased AICD wa s
found in a significant percentage of the
JIA patients; this increase appears to
be mediated by TNF- . 

Materials and methods
Patients
Twelve patients (mean age 8.0 years,
range 3-17) with s-JIA, and 6 with p-
JIA who fulfilled the diagnostic crite-
ria for JIA (11) were studied. All pa-
tients presented active disease, defined
by the presence of synovitis upon
ex a m i n ation. Table I shows the ery-
throcyte sedimentation rate (ESR) val-
ues, C-reactive protein concentrations,
and the number of active joints. At the
time of sampling, all patients we re
being treated with non-steroidal antiin-
flammatory drugs; 9/18 patients were
receiving weekly methotrexate (MTX)
(7 with s-JIA, and 2 with p-JIA and a
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polyarticular course). In addition, 8 pa-
tients with s-JIA were studied during
treatment with prednisone (on an alter-
nate day regimen in 5 of them). Sixteen
healthy children (mean age 8.6 years,
ra n ge 4-16), h o s p i t a l i zed for minor
s u rgical pro c e d u res or bone marrow
donation, were used as controls. Per-
mission to draw ex t ra blood duri n g
routine ve n i p u n c t u re was obtained
f rom the parents of all ch i l d re n .
Pe ri p h e ral blood mononu clear cells
(PBMC) we re obtained from hep a r-
i n i zed blood by standard Fi c o l l -
Hypaque density centri f u gation and
resuspended in complete medium
(RPMI 1640, supplemented with gluta-
mine, gentamicine and 10% FCS).

Activation- and Fas-induced cell
death, and apoptosis analysis
2.5 x 105 PBMC were cultured in 24-
well plates in 1 ml of complete medi-
um with 0.1 g/ml of anti-CD3
(Ortho, Raritan, NJ) and 20 U/ml of
rhIL-2 (Hoffmann-La Roche, Nutley,
NJ) for 5 days. To evaluate the induc-
tion of apoptosis triggered by Fas, 200
ng/ml of the activating MoAb CH11 to
Fas (Upstate Biotech n o l ogy, L a ke
Placid, NY) were added during the last
24 hours of incubation, and then cells
were harvested and analyzed for apop-
tosis. To eva l u ate activat i o n - i n d u c e d
cell death (AICD), apoptosis was mea-
sured without the addition of the CH11
MoAb. In order to evaluate the rele-
vance of the Fas or the TNF- pathway
in A I C D, a c t ivation of PBMC, a s
described above, was performed in the
presence of 2 g/ml of a neutralizing
a n t i - T N F - MoAb (R&D Systems,
Minneapolis, MN), or of 1 g/ml of
the Fas blocking MoAb ZB4 (Medical
& Biological Laboratory Co., Nagoya,
Japan). 
Two different methods were used for
apoptosis analy s i s : (i) PBMC we re
stained as described by Nicoletti et al.
(12) with 1.5 ml of a hypotonic fluo-
ro ch rome solution (PI 50 m/ml in
0.1% sodium citrate plus 0.1% Triton
X-100, Sigma, St. Louis, MO) for 18 h
at 4°C before flow cytometric analysis;
and (ii) PBMC were stained with 15
ng/ml of acridine orange and 50 ng/ml
of ethidium bromide and analyzed for

the presence of condensed and frag-
mented nuclei by fluorescence micro-
scopy (13). At least 200 cells were read
per sample by a blinded observer. A
very high correlation in the percentage
of apoptotic cells measured using the
two methods was found (r = 0.81). All
d ata shown in the fi g u res we re ob-
tained using fluorescence microscopy.

Statistical analysis
Data were analyzed using the Mann-
Whitney U test for unpaired samples,
the Wilcoxon test for paired samples,
and Fisher’s exact test, as appropriate.
Correlations were evaluated with the
Spearman rank test. A p value < 0.05
was considered statistically significant. 

Results
Apoptosis induced by anti-Fas anti-
body in PBMC
In order to evaluate whether patients
with JIA had a defect in Fas-induced
apoptosis, we measured the percentage
of apoptotic cells induced by triggering
Fas with the anti-Fas MoAb CH11 fol-
l owing PBMC activation with anti-
CD3 and IL-2. The perc e n t age of
apoptotic cells was comparable be-
tween JIA patients and controls (Fig.
1). When the patients we re div i d e d
according to the onset type of the dis-
ease, the percentage of apoptotic cells
induced by the anti-Fas antibody tend-
ed to be lower in patients with s-JIA
(12.5 ± 9.5%) than in patients with p-
JIA (18.7 ± 8.9%) or in controls (16.1
± 6.8%), but the difference was not sta-
tistically significant (p > 0.1) (Fig. 1). 
We then evaluated whether the modest

decrease in anti-Fas induced apoptosis
in patients with s-JIA could be sec-
ondary to a reduced expression of the
Fas molecule on the cell surface. Eval-
uation of the percentage of CD3+ cells
expressing Fas did not show significant
d i ffe rences between patients with s-
JIA and controls (CD3+ cells express-
ing Fas 33.0 ± 15.5% and 27.1 ± 7.8%,
re s p e c t ive ly). More ove r, after activa-
tion of PBMC with anti-CD3 and IL-2
for 5 days, the expression of Fas on T
cells was higher than 90% both in
patients with s-JIA and in controls. We
did not find a significant correlation of
the percentage of Fas-induced apopto-
sis with diffe rent tre atments or with
clinical and laboratory parameters of
disease activity, such as the number of
active joints, serum C-reactive protein
concentration, and the ESR (data not
shown). These data show that patients
with JIA do not present a defect in the
Fas-triggered pathway of apoptosis.

Activation-induced cell death (AICD)
in patients with JIA
A c t ivation of T cells results in pro-
grammed cell death in the absence of
a ny ex ogenous tri gge ring of the Fa s
m o l e c u l e. Th e re fo re, we eva l u ated the
p e rc e n t age of apoptotic cells after the
a c t ivation of PBMC with anti-CD3
and IL-2, in the absence of the anti-
Fas MoAb. Results ex p ressed as a
p e rc e n t age of apoptotic cells are
s h own in Fi g u re 2. None of the
p atients with s-JIA or p-JIA showed a
p e rc e n t age of apoptotic cells lowe r
than the mean - 2 SD of the contro l s ,
thus ruling out a possible defect of

Fig. 1. Apoptosis induced by trigger-
ing Fas with the anti-Fas MoAb CH11
following T cell activation in healthy
c o n t rols (ctrl ) , in patients with JIA,
and in patients divided according to
the onset type of the disease in sys-
temic-JIA (s-JIA) and pauciarticular-
JIA (p-JIA). Results, expressed as per-
centage of apoptotic cells, are shown
as mean + standard deviation.
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Table II. Apoptosis following T cell activation (AICD) in patients with JIA divided accord-
ing to the presence or absence of prednisone (PDN) or methotrexate (MTX) treatment at
time of sampling. Results, expressed as percentage of apoptotic cells, are shown as mean ±
standard deviation.

PDN MTX
Yes No Yes No

AICD (% of apoptotic cells) 24.0 ± 11.5 (*) 30.7 ± 14.5 30.8 ± 17.0 (*) 24.6 ± 9.0

(n = 8) (n = 8) (n = 9) (n = 7)

(*) p > 0.1 versus corresponding patients not treated with PDN or MTX.

Fig. 3. Increased activation induced cell
death (AICD) in patients with JIA is cor-
rected by the neutralization of TNF- ,
but not of Fas. PBMC were activated as
described in the method section,and cul-
tured in absence (white bars) or in the
p resence of a neutralizing antibody to
Fas (shaded bars) or to TNF- (dotted
bars),as described in the method section. 

AICD in patients with JIA. On the
c o n t ra ry, 44% (8/18) of the pat i e n t s
with JIA (5/12 with s-JIA and 3/6
with p-JIA), c o m p a red to none of the
c o n t rols (0/16) showed a perc e n t age
of apoptotic cells higher than the
mean + 2SD of the controls (p <
0 . 0 0 5 , by Fi s h e r ’s exact test). Wh e n
p atients we re divided according to
c u rrent tre at m e n t , we did not find any
s i g n i ficant diffe rence in the perc e n t-
age of apoptotic cells in pat i e n t s
re c e iving MTX or cort i c o s t e roid tre at-
ment (Table II). In add i t i o n , the per-
c e n t age of apoptotic cells was compa-

rable between patients re c e iving daily
g l u c o c o rticoids compared to those on
an altern ate day regi m e n , and no re l a-
tion was found with the glucocort i-
coid dose (data not shown). Th e s e
results rule out a direct effect of MTX
or cort i c o s t e roid tre atment on in vitro
AICD (Table II). No corre l ation of the
l evels of AICD with clinical and lab o-
rat o ry para m e t e rs of disease activ i t y,
s u ch as the number of active joints,
s e rum C-re a c t ive protein concentra-
t i o n , and the ESR was found (data not
s h ow n ) .
Among the various pathways capable

of inducing AICD, a vast body of evi-
dence points to the role of activation of
the Fas/FasL pathway (3). Therefore,
we eva l u ated whether in 5 pat i e n t s
with increased AICD, the addition of
an anti-Fas neutralizing antibody
inhibited AICD. As shown in Figure 3,
addition of the anti-Fas antibody ZB4
did not result in any significant de-
crease in AICD (p > 0.1 by the Wilcox-
on test for paired samples). Seve ra l
studies have shown that T N F - c a n
also cause AICD (14-16). Since in-
creased production of TNF- is well
documented in patients with JIA (17-
1 9 ) , we eva l u ated the effect of the
addition of an anti-TNF- neutralizing
antibody in the patients with increased
AICD. As shown in Figure 3, addition
of the neutralizing anti-TNF- a n t i-
body resulted in a significant decrease
(p = 0.03 by Wilcoxon test for paired
samples) in AICD to levels similar to
those of controls.
Ta ken together these data show that
p atients with s-JIA or p-JIA do not
have a defect in AICD, but rather that
i n c reased AICD occurs in some
patients. This increased AICD appears
to be at least in part re l ated to the
inflammatory cytokine TNF- . 

Discussion
In this study we show that patients with
s-JIA or p-JIA do not have a defect in
the induction of apoptosis following T
cell activation (AICD). This suggests
that no major defects in the mecha-
nisms leading to T cell apoptosis are
p resent in patients with these onset
forms of JIA. Apoptosis induced in T
cells after continuous TCR stimulation
is in great part determined by activa-
tion of the Fas dependent cascade (3).
In this study we also found that
p atients with s-JIA or p-JIA do not
show a defect in apoptosis induced by
the tri gge ring of the Fas molecule.
Consistent with these functional data,
we found that the cell surface expres-
sion of Fas on T ly m p h o cytes wa s
comparable between patients and con-
trols. Adding further evidence to the
p resence of normal Fas ex p re s s i o n ,
Knipping et al. have reported normal
levels of soluble Fas in patients with
JIA (20). 

Fig. 2. Apoptosis induced by T cell acti-
vation (AICD) in healthy controls (ctrl)
and in patients with systemic-JIA(s-JIA)
or pauciarticular-JIA (p-JIA). The mean
value of each group is represented by the
continuous lines. The upper and lower
limits of normal (means ± 2 SD of con-
trols) are shown by the dotted lines.
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As mentioned above, a marked increase
in double negative (CD4- CD8-) T cells
is a characteristic feature of ALPS (8,
9). We have previously reported that
p atients with JIA, p a rt i c u l a rly s-JIA,
also show an increase in double nega-
tive T cells, albeit at an apparently low-
er level than patients with ALPS (21).
Incidentally, this finding was confirm-
ed in the present study (data not
shown). In ALPS the increase in double
negative T cells is believed to be sec-
ondary to defective Fas-induced apop-
tosis, leading to the accumulation of T
cells at a late stage of activation in lym-
phoid organs and in the periphery (8,
9). Since we excluded a defect in Fas-
induced apoptosis in JIA, the same
mechanism does not appear to be in-
volved in this disease. The mechanism
leading to the increased number of dou-
ble negative T cells in JIA remains to
be establ i s h e d. Recent observat i o n s
s h owed that double negat ive T cells
may represent a T cell population with
reg u l at o ry and/or immu n o s u p p re s s ive
functions (22, 23).
In this study we also found that in a sig-
n i ficant perc e n t age of patients the
AICD was higher than that of controls.
It is notewo rt hy that MTX (0.1 - 1 0

M) induces the apoptosis of in vitro
activated T cells from human peripher-
al blood (24). A significant increase in
the apoptosis of in vitro a c t ivated T
cells from patients with RA tre at e d
with MTX was found only at 8 hours,
with a subsequent decrease following
MTX injection (24). However, all of
our patients were studied at least 24
hours from the last MTX administra-
tion, and we did not find a correlation
between increased AICD and treatment
with MTX, nor with PDN, at the time
of sampling. Increased AICD might be
secondary to a pre-existing in vivo cel-
lular activation state of the PBMC of
patients, with the in vitro stimulation
actually representing a re-stimulation,
therefore leading to increased apopto-
sis. However, although several reports
have demonstrated that synovial T cells
are activated in JIA, the available evi-
dence, albeit limited to a few and not
very recent papers, does not suggest an
activation state of peripheral blood T
cells in JIA. For example, it has been

reported that the percentage of HLA-
DR-positive T cells in JIA patients was
low and not different from that of con-
trols (25). 
As previously mentioned, activation of
the Fa s - d ependent cascade plays a
major role in activated T cell apoptosis.
However, the increased AICD in pa-
tients with JIA was not inhibited by the
a ddition of a neutralizing anti-Fa s
MoAb, thus ruling out a role for the
Fas-dependent cascade in this phenom-
enon. On the contrary, we found that
the addition of a neutralizing anti-TNF-

MoAb markedly decreased AICD to
l evels similar to those of contro l s .
TNF- levels are increased in vivo in
patients with JIA (17-19), and increas-
ed TNF- production plays a role in the
pathogenesis of the disease, as demon-
strated by the therapeutic efficacy of
t re atment with a T N F - a n t ago n i s t
(26). Further supporting a relationship
between increased AICD and TNF- ,
we found a positive correlation (Rs =
0.540) between serum T N F - l eve l s ,
measured in 10 of the patients studied,
and AICD (data not shown). 
Although our data point to the T N F
pathway as being responsible for the
increased AICD in patients with JIA, it
remains to be established whether this
finding is secondary to the increased
production of TNF- in the culture sys-
tem or to increased sensitivity to the
p ro - apoptotic effects of T N F - by T
cells from patients with JIA. Indeed,
the role of TNF- in mediating pro-
apoptotic effects in T cells has been a
matter of debate. While some authors
have shown that TNF- induced apop-
tosis in mature T lymphocytes (14-16),
other studies showed a protective effect
of TNF- on T cell apoptosis, with the
protective effect being mediated by the
TNF-induced activation of NF- B
(27). Interestingly, both salicylates and
g l u c o c o rticoids have been shown to
inhibit the activation of NF- B (28,29).
It is therefore conceivable to speculate
that both increased production of TNF-

and reduced activation of NF- B,
s e c o n d a ry to tre at m e n t , m ay be
involved in the increased AICD in JIA
patients. 
In concl u s i o n , this study shows that
p atients with s-JIA or p-JIA do not

have a defect in AICD or in the Fas-
dependent apoptotic pathway, thus rul-
ing out an association between JIA and
ab n o rmalities in the Fa s - d ep e n d e n t
mechanisms leading to T cell apopto-
sis. The increased AICD observed in a
s i g n i ficant perc e n t age of the pat i e n t s
appears to be related to TNF- . 
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