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ABSTRACT

Deregulation of the Fas/FasL pathway in activated T cells is suspected to contribute to the abnormal apop-
tosis that drives their progressive depletion during HIV-1 infection. However, the role of serum soluble Fas
(sFas) is unclear. Here we investigated both sFas and anti-Fas IgG levels in a cohort of 227 HIV-1-infected
patients with respect to their T cell apoptosis. By using optimized ELISAs, we found that serum titers of sFas
and anti-Fas were linearly correlated in 17 severely lymphopenic subjects as compared with other patients
grouped in relation to their single expression of anti-Fas and sFas, or with double-negative control patients.
Cytofluorimetric measurement of the subdiploid DNA-containing cell population by both PI and TUNEL re-
vealed an increased occurrence of cell death in vitro, in particular in patients with elevations of sFas. We also
found that fresh CD4 1 cells from these patients showed high levels of both caspase 3 (CPP32) and its molec-
ular targets, namely PARP and CK18. In addition, their in vitro proliferative rate was inhibited by sFas, in
particular in patients with undetectable levels of the soluble receptor in vivo as well as in normal donors. In
these subjects the Fas-related caspase 8 (FLICE) was significantly increased in cells treated with the recom-
binant Fas. These results support the contention that functionally exhausted T cells may undergo apoptosis
in response to the persistent in vivo stimulation by sFas. This may elucidate the described occurrence of en-
hanced cell death in advanced HIV-1 infection in association with serum elevations of the soluble receptor.

603

INTRODUCTION

DEREGULATED APOPTOSIS is considered a major pathogenetic
event leading to severe CD41 lymphopenia during the hu-

man immunodeficiency virus type 1 (HIV-1) infection.1 Inves-
tigation has also shown that the tendency of T cells to undergo
activation-induced cell death increases as infection progresses.2

Fas (CD95/Apo-I), a 45-kDa cell receptor involved in trigger-
ing death signals in these cells, and its cellular pathway3 play
a primary role in the accelerated T cell apoptosis in HIV-1-in-
fected patients. Both expression and sensitivity of Fas to either
agonist4 or inert ligands5 are persistently upregulated in ad-
vanced infection stages in concurrence with the enhanced apop-
tosis.

Additional factors contribute to the enhanced function of the
Fas pathway. The natural ligand of Fas (FasL), a type II mem-
brane protein, is overexpressed by virus-activated lymphocytes

and monocytes during the primary infection and primes au-
tocrine suicide in T cells after their T cell receptor (TCR) stim-
ulation.6 Moreover, FasL is solubilized by chronically activated
T cells and by HIV-1-infected macrophages and may promote
further triggering of the membrane-bound Fas in activated cy-
cling T lymphocytes.7 Molecular cross-linking of Fas by ago-
nist serum anti-Fas IgG, as reported by ourselves8 and others,9

also results in activation of the transducing death signal path-
way involving the sequential cleavage of caspases, a family of
aspartate-specific cysteine proteases that propagate the bio-
chemical events responsible for apoptosis.10

Accumulating evidence also suggests that serum levels of
soluble Fas (sFas) may increase during infection,9,11 even in
concomitance with enhanced T cell apoptosis,12 thus attribut-
ing a potential role to its solubilization. This mechanism of
membrane receptor shedding by activated cells is suspected to
play a role in the fine regulation of the immune response. Serum
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elevations of some T cell receptors, including HLA class I and
II molecules, have been detected in allografts13 and healthy in-
dividuals.14 In addition, increased levels of TCR chains as well
as members of the TNF receptor family, namely both type I
(p55) and II (p75) receptors, Fas, and FasL, have been related
to the persistent T cell activation that occurs in chronic in-
flammatory and autoimmune diseases,15,16 and in HIV-1 in-
fection.17,18

The function of soluble receptors is at present under inten-
sive investigation. It has been reported that sHLA class I mol-
ecules induce a FasL-mediated apoptosis in cytotoxic T lym-
phocytes (CTLs),19 and this suggests a downregulatory effect
on the immune response. On the other hand, the secretion of
sFas by activated T cells was postulated to prevent their own
apoptosis. This putative role of apoptosis blocker was attrib-
uted to a few isoforms of the receptor lacking the transmem-
brane domain,20 that were shown to inhibit the FasL of CD81

cells in vitro, thus explaining the defect of suppressor function
during autoimmunity.21 Elevated levels of sFas also block FasL
in patients with leukemias,22 whereas a decrease of this hypo-
thetical blocker accelerates the apoptosis of T cells in HIV-1
infection.12,18 However, both Fas cellular overexpression and
release occur predominantly in advanced stages in coincidence
with the highest expression of apoptosis,23 in agreement with
the hypothesis that the increment of sFas influences rather than
prevents peripheral cell death.

The present study was addressed to explore the significance
of sFas during HIV-1 infection in relation to increased apopto-
sis. By using multiple analyses in a cohort of patients at dif-
ferent clinical stages, we found that serum levels of sFas par-
alleled the extent of peripheral T cell apoptosis. Interestingly,
major elevations were detectable in patients showing circulat-
ing anti-Fas antibodies, in keeping with enhanced cell death.

MATERIALS AND METHODS

Patients and serological screening tests

The study was carried out in 227 HIV-1-infected individu-
als with different clinical features according to the Centers for
Disease Control (CDC, Atlanta, GA).24 Sera were collected
from subjects periodically examined during their treatment at
the outpatient clinic of the Department of Internal Medicine and
Oncology and from patients included in the Program of AIDS
Prevention at the Department of Hygiene and Preventive Med-
icine of the University of Bari (Bari, Italy). Patients with ad-
vanced disease were also recruited from the Infectious Diseases
Division of this university. The majority of patients with pre-
vious or coexisting lymphopenia were included in antiretrovi-
ral treatment protocols and several of those with advanced HIV-
1 disease were receiving the triple-combination highly active
antiretroviral therapy (HAART). All subjects gave their in-
formed consent, and the study was approved by the ethical com-
mittee of the University of Bari. Sera were divided into aliquots
and stored at 280°C until use. Patients with positive values of
anti-Fas antibodies and/or sFas at the screening assays were re-
called and asked to provide a further blood sample for im-
munologic tests, which included a peripheral CD41 cell count
and measurement of peripheral T cell apoptosis.

Differential enzyme-linked immunosorbent assays (ELISAs)
were used as previously reported to detect the levels of both
anti-Fas8 molecules and sFas.25 Briefly, the 96-well plates were
separately incubated with the chimeric recombinant (r) Fas–Fc
(Immunotech, Marseille, France) as antigen, or with the CH11
anti-Fas (IgM) monoclonal antibody (MAb) (Immunotech) in
carbonate buffer, pH 9.6, and further supplemented with sera
at 1:10 dilution in phosphate-buffered saline (PBS) containing
fetal calf serum (FCS) and dry milk. After 5 hr of incubation,
the plates coated with rFas were washed and supplemented with
equivalent amounts of mouse IgG1 MAbs to human k and l
chains (Immunotech). The test was then completed by a per-
oxidase-conjugated goat anti-mouse IgG to detect Fas-reactive
IgG and developed with o-phenylenediamine (OPD). Con-
versely, sFas was evaluated with a second anti-Fas MAb,
namely IgG1 from clone ZB4 (Immunotech), in our sandwich
assay, which was optimized to provide high sensitivity. The test
was completed by a standard procedure using the labeled goat
anti-mouse IgG and OPD addition. Each test was performed in
triplicate and positive significance was attributed to values of
absorbance higher than the mean 1 3 SD for the entire HIV-
11 population. Soluble Fas levels were also measured in posi-
tive sera by a commercial kit (Alexis It., Vinci, Florence, Italy)
and compared with data from our own assay.

Peripheral T cell phenotype analysis

Patients with serum positivities to Fas, and/or elevations of
sFas, provided their blood samples for cellular studies. Periph-
eral T lymphocytes were prepared by Ficoll-Hypaque centrifu-
gation, removal of adherent cells, incubation with sheep red
cells, and subsequent gradient centrifugation to discharge non-
E-rosetting cells. Phenotyping was performed by flow cytom-
etry and the CD41 cell count was completed in a FACScan
(Becton Dickinson, Mountain View, CA). In addition, CD41

cell preparations were obtained with an MACS CD41 T cell
isolation kit (Miltenyi Biotec, Auburn, CA), which provided
.90% cell enrichment, and then used for functional assays.
Double-fluorescence analysis using the phycoerythrin (PE)-
conjugated MAb to Fas from clone UB2 (Immunotech) in com-
bination with the fluorescein isothiocyanate (FITC)-conjugated
MAb to CD4 molecule was also adopted to measure the re-
ceptor expression on peripheral cells.

Measurement of apoptosis

The spontaneous apoptosis of freshly derived T cells was ini-
tially evaluated by cytofluorimetric measurement of cell popu-
lations with subdiploid DNA peak by propidium iodide (PI), as
described.5 Aliquots of cell preparations were also examined in
parallel with the Apo2.7 MAb to a 38-kDa mitochondrial pro-
tein regarded as an early apoptosis marker, since viable cells
are negative or weakly positive.26 Its expression was revealed
by flow cytometry, using the permeabilizing protocol with digi-
tonin and the PE-conjugated Apo2.7 (Immunotech). A further
approach to measure the extent of apoptosis in fresh T cells in-
cluded the terminal deoxynucleotidyltransferase (TdT)-medi-
ated dUTP nick end labeling (TUNEL) technique, which uses
fluorescein-dUTP to label the DNA strand breaks during apop-
tosis. This assay was completed by flow cytometry according
to the manufacturer instructions (Boehringer-Mannheim, Mi-
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lan, Italy). Each evaluation was performed in triplicate and in
parallel with fresh T cell preparations from 16 uninfected
healthy donors.

Evaluation of caspase activation

Further experiments were performed to measure both the ex-
pression and activation of a few caspases in isolated CD41 cells

from both patients and controls. We used fluorescence analy-
sis to measure the constitutive expression of caspase 3 (CPP32)
(rabbit antiserum; Alexis It.) and its activation by detection of
both the 12-kDa cleaved subunit, using a specific MAb
(PharMingen, San Diego, CA), and the proteolytic cleavage of
poly(ADP)ribose polymerase (PARP) by the appropriate MAb
(New England BioLabs, Hitchin, UK). Although several of
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FIG. 1. (A) Correlative analysis of ELISA values of IgG to Fas with the soluble isoform of Fas detected in sera from 227 HIV-
1-infected individuals at different CDC stages. Levels of absorbance higher than the mean 1 3 SD from the entire HIV-1 pop-
ulation were considered positive for each parameter. This evaluation identified four groups of patients in relation to positive or
negative values. The double-positive group of patients (group B) showed a linear correlation between both parameters (R2 5
0.304) and included a higher number of subjects with AIDS (solid symbols) with respect to other groups. (B) Mean values of
percent expression of both CD41 and CD41/Fas1 cell subsets in four groups of HIV-1-infected individuals, divided in relation
to their serum positivities as anti-Fas antibodies and soluble Fas. Extreme levels of lymphopenia were observed in subjects show-
ing serum elevations of both parameters (group B) with respect to the moderate depletion of CD41 cells observed in double-
negative patients (group D). Mean values of this analysis were significantly different (p , 0.02). However, Fas was uniformly
overexpressed by these cells, although with a slight intergroup variability.



these reagents had been optimized by their manufacturers for
immunoblotting methods and used by ourselves in previous
work,27 we also tested their reliability in flow cytometry as-
say.28 Briefly, CD41 cells were fixed and then permeabilized
and separately treated with each MAb. Last, the assay was com-
pleted by use of the FITC-conjugated antibody prior to flow
cytometric analysis. As negative controls we used a nonspecific
MAb with the secondary FITC-conjugated antibody.

Cleaved cytokeratin 18 (CK18) was also investigated as an
additional product of caspase activation.29 Thus, the cells were
fixed in ice-cold methanol, incubated with the FITC-conjugated
MAb to cleaved CK18 (Boehringer-Mannheim), and then ana-
lyzed by the FACScan.

CD41 cell stimulation with sFas and 
functional analysis

A number of experiments were also devoted to exploring the
effect of recombinant sFas on fresh T cells in vitro. Thus, 0.5 3

106 isolated CD41 cells from several patients of each group
and from 15 normal donors were incubated overnight and for
24 hr in complete medium supplemented with increasing
amounts of sFas (0.01–10 mg/ml). The cells were then washed
and used in functional tests. We first explored their prolifera-
tion rate after sFas stimulation by measuring the [3H]thymidine
incorporation. Briefly, cell cultures included the [3H]thymidine
at 7400 Bq/well and the proliferation was assessed with a b
counter (Beckman, Palo Alto, CA) as described.5 Parallel cell
suspensions were also measured in the FACScan for the ex-
pression of both PARP and CK18, and caspase 8 (FLICE), by
relative MAbs (MAb to FLICE: Biosource International, Ca-
marillo, CA). These evaluations included proper controls of par-
allel unstimulated cell suspensions. In addition, further controls
were prepared by culturing the cells with sFas preincubated for
90 min with the mouse IgG1 anti-Fas MAb from clone ZB4
(Immunotech) at 10 mg/ml, as an attempt to neutralize the sol-
uble receptor.

Statistical analysis

Differences between means of groups of data were calcu-
lated by using the Student t test. ANOVAR followed by a Stu-

dentized range test was used for comparing the proportions of
cell subsets whereas the correlation of optical density (OD) data
was assessed by linear regression analysis.

RESULTS

Occurrence and distribution of anti-Fas 
antibodies and sFas

Figure 1A shows the distribution of serum levels of both anti-
Fas IgG and sFas in the whole HIV-1-infected population. We
identified different groups of patients in relation to the positiv-
ity for each serological marker, whose significance was attrib-
uted to values higher than the mean 1 3 SD of absorbance from
the entire HIV-1 population. Therefore, this was divided into
four groups: (A) 12 patients positive to anti-Fas IgG detection;
(B) 17 with both anti-Fas and sFas positivities; (C) 9 with sig-
nificant serum elevations of sFas; and (D) a double-negative
group that included 189 subjects. We also reevaluated with a
commercial kit the levels of sFas in positive sera from both
groups B and C, and found results comparable with our assay.25

Therefore the distribution in groups defined an apparent asso-
ciation between both positivities, in particular in group B,
whose sera showed a linear correlation of their values (R2 5

0.304).
The expression of serum anti-Fas molecules and/or sFas was

independent of the CDC disease stage, since patients at CDC
stage IV with AIDS (Fig. 1A, solid symbols) were present in
all groups, although they occurred predominantly in the dou-
ble-positive population. However, the incidence of each marker
within the entire group of patients was in agreement with pre-
vious studies by ourselves8,30 and others.9 Figure 1B compares
the levels of both CD41 and CD41/Fas1 cells between these
groups. As shown, an apparent discrepancy within each cell
population was recorded. Although groups A, B, and C were
composed of few patients, we found significantly decreased val-
ues of the CD41 cell population in each group as compared
with the double-negative patients in group D (p , 0.02 in all
instances). However, group B showed the lowest mean value
(CD41 cells 5 6.8 6 5.2%), an effect of the higher number of

SILVESTRIS ET AL.606

TABLE 1. PERIPHERAL T CELL APOPTOSIS, MEASURED AS EXTENT OF SUBDIPLOID

DNA-CONTAINING CELLS, IN GROUPS OF PATIENTS IN RELATION

TO THE OCCURRENCE OF SEVERE LYMPHOPENIAa WITH AIDS

Occurrence of
Peripheral T cells with severe lymphopenia

Subjects subdiploid DNA contentb with AIDS

HIV-1 patients
Group A 34 6 4 2/12 (16%)
Group B 41.2 6 5 9/17 (52%)
Group C 38.5 6 7 4/9 (44%)
Group D 24.8 6 5c 16/189 (8.4%)

Uninfected control 9.1 6 3.8d

subjects

aCD41 cells ,200/ml.
bNumbers refer to the percentage of positive cells (mean 6 SD) detected by flow

cytometry.
cInvestigated in 21 subjects.
dInvestigated in 16 normal donors.



patients with AIDS. On the other hand, we recorded a differ-
ent pattern of Fas expression by these cells. The receptor was
indeed overexpressed in group B as well as in other groups of
patients with no intergroup differences (p . 0.5 in all in-
stances), although the highest mean value occurred apparently
in group A. These experiments revealed that patients with sig-
nificant elevations of both anti-Fas and sFas showed the low-
est levels of circulating CD41 cells and that the apoptogen re-
ceptor was equally expressed by these cells.

Double-positive patients showed enhanced 
T cell apoptosis

The T cell apoptosis of patients from groups A, B, and C,
and 21 from group D, was evaluated by flow cytometry of the
subdiploid DNA-containing cell subset within the peripheral
fresh T lymphocytes after PI staining. Table 1 illustrates the
mean level of this population within each group with respect
to the incidence of the severe lymphopenia that defines AIDS
or CDC stage IV (CD41 cells , 200/ml). In spite of the dif-
ferent numbers of patients, we observed an expansion of the
apoptotic population as a mean value of the relative patient
subset, in particular in group B (41.2 6 5%). By contrast, a
decreased value was revealed in group D (24.8 6 5%), al-
though to a higher magnitude than in the uninfected control
group (9.1 6 3.8%). A general pattern of abnormal apoptosis
was also detected in subjects from groups A and C as com-
pared with the controls, thus confirming its substantial dereg-
ulation during the clinical course of HIV-1 infection. In ad-
dition, the variable levels of peripheral T cell apoptosis were
in apparent parallelism with the distribution of severely lym-
phopenic patients. Notably, these patients were predominantly
in group B (52%), in association with the highest extent of
peripheral T cell death.

To explore the effect in vivo of the persistent T cell stimu-
lation by either Fas-reactive IgG or sFas during nonlym-
phopenic stages of the infection, a number of patients with CDC
stages I to III of clinical disease from all groups were investi-
gated by both TUNEL assay and the detection of Apo2.7-reac-
tive antigen to determine the extent of their T cell apoptosis.
Table 2 shows their individual values with respect to the rela-
tive mean levels measured in healthy controls. We recorded a
prevalent expansion of the TUNEL-positive cell population,
particularly in subjects from group B as compared with those
in group D, and with controls. Mean values within each group
indicated that the occurrence of TUNEL-positive cells in freshly
derived lymphocytes was significantly higher in both groups B
and C with respect to double-negative subjects, and to controls
(p , 0.01 in all instances). By contrast, the extent of the
Apo2.7-reactive population was higher in all patients than in
controls (p , 0.02). Since this mitochondrial protein is consid-
ered an early marker of apoptosis, its prevalent expression in
the majority of HIV-1-infected subjects may be associated with
the enhancement of the phenomenon, during the nonlym-
phopenic stages of HIV-1 infection. Figure 2 illustrates a few
representative patterns from two patients from groups B and D.
As shown, a difference was evident when comparing the oc-
currence of apoptotic cells (M2 peak) in peripheral lympho-
cytes treated by TUNEL since it was more appreciable in pa-
tient HY-609 from group B. By contrast, the Apo2.7-reactive
protein was expressed at slightly different levels (M2), sug-

gesting the persistent susceptibility to apoptosis in these pa-
tients.

A further attempt to investigate the actual activation of apop-
tosis in vivo included the evaluation of caspase 3 for measure-
ment of caspase activity in a restricted number of patients from
each group, namely three from group A (patients DI-078, HY-
304, and ID-CF36), four from group B (patients DI-R19, HY-
432, HY-609, and ID-F009), three from group C (patients DI-
R10, HY-118, and HY-307), and four from group D (patients
DI-F51, HY-602, ID-R014, and ID-S036) in relation to their
apparently homogeneous disease. These subjects showed both
immunologic data and clinical parameters corresponding to
CDC stage II and were enrolled in a similar treatment program
that included conventional antiretroviral drugs. Thus, their fresh
CD41 cells were evaluated by flow cytometry in their consti-
tutive expression of caspase 3 as well as its 12-kDa activated
isoform, PARP, and the cytoskeletal protein CK18 cleaved
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TABLE 2. APOPTOSIS PARAMETERS IN 23 NONLYMPHOPENIC

PATIENTSa COMPARED WITH CONTROL

DATA FROM 16 UNINFECTED INDIVIDUALS b

CDC
Subjects stage TUNEL Apo2.7 reactive

HIV-1 patients
Group A

Patient DI-S14 I 42.6 57.0
Patient DI-078 II 59.8 72.3
Patient HY-011 III 51.3 ND
Patient HY-304 II 64.0 63.8
Patient ID-CF36 II 40.4 72.3
Mean 6 SD 51.6 6 10.3 66.3 6 7.4

Group B
Patient DI-R19 II 67.0 58.9
Patient HY-432 II 71.4 78.5
Patient HY-609 II 62.5 84.3
Patient HY-903 III 84.1 87.3
Patient ID-BQ09 I 65.5 71.4
Patient ID-F009 II 59.4 80.0
Mean 6 SD 68.3 6 8.7 76.7 6 9.8

Group C
Patient DI-R10 II 53.2 75.2
Patient DI-T23 III 78.5 82.3
Patient HY-118 II 67.5 77.3
Patient HY-307 II 59.0 59.4
Patient ID-CT98 I 80.4 71.3
Mean 6 SD 67.7 6 11.8 73.1 6 8.6

Group D
Patient DI-F51 II 38.9 71.8
Patient HY-512 I 19.6 63.0
Patient HY-602 II 27.5 59.3
Patient HY-804 III 46.8 ND
Patient ID-F203 I 39.2 61.8
Patient ID-R014 II 21.0 52.2
Patient ID-S036 II 27.6 69.6
Mean 6 SD 35.7 6 15 62.9 6 7.1

Healthy controls
Mean 6 SD 9.1 6 3 22.5 6 12

Abbreviation: ND, Not done.
aCDC stage I–III.
bNumbers refer to percentages of positive cells obtained by

flow cytometry. Mean values 6 SD are related to each group.
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FIG. 2. Patterns of apoptosis measured in vitro in fresh T cells from two representative patients of groups B and D. The flow
cytometry analysis revealed a clear-cut prevalence of cell death (M2) in cells from patients with serum elevations of sFas and/or
anti-Fas, using the TUNEL method. Conversely, the Apo2.7-reactive mitochondrial antigen as early marker of apoptosis was also
expressed by patients of group D. Percentages indicate the number of TUNEL- and Apo2.7-positive cells. The negative control
(M1) is depicted by the broken line.

FIG. 3. Measurement of caspase expression as both native and cleaved products in freshly derived CD41 cells from patients
with similar clinical disease (CDC stage II). Mean values from each group are shown. Although a comparable presence of cas-
pase 3 was detectable in CD41 cells from most patients, its products, including both 12-kDa subunit and 89-kDa PARP, and the
cytoskeletal cytokeratin 18 cleaved product (CK 18), were significantly expressed (p , 0.02 in all instances) by patients of groups
B and C. Patients from group A showed a moderate presence in vivo of these cleavage products, whereas a slight increase was
recorded in cells from patients grouped in D with respect to control normal values (shaded areas). 



within the cytoplasm by differentially activated caspases.29 The
assay included the parallel measurement of caspase expression
in CD41 cells from the healthy controls to provide reference
values. Figure 3 shows the results of this analysis. Although the
constitutive expression of caspase 3 was substantial in the ma-
jority of CD41 cell preparations and slightly higher than the
relative control value, the persistence of activated caspases was
predominant in cells from patients of groups B and C. In fact,
both 12-kDa and PARP fragments were detected at significant
levels in cells from these patients with respect to the other
groups and to control values (p , 0.02 in all instances).

Similarly, an expansion of CK181 cell population (.60%)
was observed in the same cell preparations (p , 0.01 as com-
pared with control values) whereas the cleaved cytoskeletal pro-
tein was moderately expressed by those from the other groups
of patients. Detection of cleaved products of caspases in fresh
cells suggested that the apoptotic pathway was functionally ac-
tive in vivo in apparent relation to soluble potential activators,
such as sFas and/or Fas-reactive IgG, rather than to the clini-
cal stage.

In vitro effects of sFas

The next experiments were addressed to assess whether the
abnormal caspase activation observed in vivo in patients from
groups B and C was attributable to sFas. Therefore, we mea-
sured the in vitro effect of the soluble receptor on caspase ex-

pression in isolated CD41 cells from the same CDC stage II
subjects receiving the antiretroviral treatment. The cell suspen-
sions were incubated with sFas and subsequently evaluated for
their proliferation rate as well as for caspase 8 expression. Fig-
ure 4 shows a dose-dependent effect of sFas measured after
overnight incubation. A major inhibition (.50%) was recorded
in cells from the healthy controls after administration of a 1-
mg/ml concentration of soluble receptor. This inhibitory effect
was further enhanced by increasing its amounts within the cell
cultures. However, a similar result was also observed in cell
preparations from patients of group D, in contrast to a moder-
ate inhibition of the proliferation rate ( , 30%) detected in pa-
tients in group A. On the other hand, the cell cultures from pa-
tients of groups B and C whose baseline proliferation was
constitutively depressed (mean value of [3H]thymidine uptake,
2015 cpm) were poorly affected by the increasing amounts of
the soluble receptor. The suppression induced by sFas on CD41

cells from double-negative patients and from the control group
was highly significant as compared with the other groups of pa-
tients (p , 0.01 in all instances). The specificity of this sup-
pression was confirmed by treatment of the soluble receptor
with the ZB4 anti-Fas MAb prior to the cell stimulation, in that
the cell cultures were restored in their proliferation extent.
These tests proved that a striking inhibition of cell proliferation
was induced in vitro by the soluble isoform of the receptor.

We also measured the apoptogen potential of sFas in vitro
by evaluating the changes in caspase 8 expression. Figure 5A
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FIG. 4. Dose-dependent inhibition of CD41 cell proliferation rate by sFas as a percentage of [3H]thymidine incorporation in
culture. Symbols refer to patients grouped in relation to their serum detection of anti-Fas and/or sFas. Significant inhibition (p ,
0.01) was noted in cell preparations from double-negative patients (group D) as well as in those from control donors by the ad-
ministration of a 1-mg/ml concentration of the soluble receptor (solid symbols). This cellular suppression was almost completely
abolished by the pretreatment of sFas with a 10-mg/ml concentration of ZB4 IgG1 MAb anti-Fas (open symbols). Similarly, cell
preparations from group A were moderately suppressed by sFas and restored in their proliferative extent by ZB4. By contrast,
the basal depressed proliferation of cells ( , 2015 cpm) from both groups B and C was not influenced by the sFas even at higher
concentrations. N.D., Normal donors.



shows a differential pattern of this caspase both in its basal ex-
pression and in response to sFas stimulation. We recorded its
peculiar accumulation in unstimulated CD41 cells from patients
enrolled in groups A, B, and C, whose levels remained mostly
unchanged after the incubation with sFas (p . 0.5 in each in-
tragroup measurement). By contrast, a moderate expression of
the caspase was detected in double-negative patients, and in the
control group. The number of positive cells was at least dou-
bled in both groups of subjects in response to the treatment with
sFas, thus showing a significant increase in caspase expression
with respect to the corresponding untreated cell preparations
(p , 0.02). Interestingly, in both instances the differential value
was always higher than in other groups of patients.

Figure 5B shows the flow cytometry changes of caspase 8
in sFas-treated cells from a representative patient of each group.
As can be seen, maximal increment of positive cells occurred
within the cultures of both patient DI-F51 from group D and
the normal donor F45-3 whereas small variations were observed
in subjects from the other groups after treatment with the sol-
uble receptor.

These results provided definite evidence of the role of sFas
as caspase activator, since this effect was inducible in cells from
subjects with no serum elevations of the soluble factor in vivo,
as in normal donors.

DISCUSSION

The molecular mechanisms that induce enhanced T cell
apoptosis in HIV-1 disease are still unclear. The abnormal re-
sponse of chronically activated T lymphocytes to persistent anti-
gen stimulation is regarded as the major derangement driving
the progressive CD41 cell depletion. Here we explored the role
of soluble molecules potentially correlated with this modality
of active cell death.

Measurement of both anti-Fas IgG and the soluble isoform
of Fas revealed a correlation of their serological elevations in
a small group of patients showing severe CD41 cell lym-
phopenia, and prevalence of AIDS. Such low CD41 cell val-
ues were paralleled by an increase in T cell apoptosis detected
by both TUNEL and the measurement of the mitochondrial
marker reactive to Apo2.7. That Fas-reactive antibodies trigger
the receptor in its membrane-bound form was proved in previ-
ous studies showing an inverse relation of their serum levels
with the CD41 cell counts in groups of patients observed lon-
gitudinally by repeated measurements.8,9,30 Therefore, their de-
tection in sera of patients from both groups A and B was in
agreement with the concurrent enhanced apoptosis of their pe-
ripheral cells. However, we investigated the effect of sFas since
patients with isolated serum elevations of the receptor (group
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FIG. 5. (A) Changes in cellular caspase 8 (FLICE) expression by treatment with sFas. The enriched CD41 preparations from
patients included in groups A, B, and C expressed a basal accumulation of the caspase that was not influenced by the soluble
receptor. By contrast, the percentage of positive cells in cultures from patients of group D, as well as from the control donors,
namely CD41 cells not preactivated in vivo by serum sFas, significantly increased in response to the treatment with the soluble
receptor (p , 0.02 in both instances). Data represent means 1 SD of positive cells in flow cytometry. (B) Representative cyto-
fluorimetric patterns of variations in caspase 8 expression in individual CD41 cell preparations from each group of patients. The
maximal increase in positive cells, represented as percentages in M2 peaks, was detected in cultures from double-negative pa-
tients and from the uninfected controls. M1 peaks show the extent of negative control cells.
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C) showed a similar upregulation of cell death. In keeping with
parallel research from our laboratory,27 recombinant Fas in-
duced significant suppression of the proliferation rate and en-
hanced the expression of caspase 8, in particular in cells from
patients with minor defects of apoptosis (group D), as well as
in cells from control uninfected donors. Taken together, these
results suggest that sFas serum elevations may distinguish pa-
tients with severely progressing lymphopenia and that the shed-
ding of Fas in concomitance with the dramatic activation of
apoptosis may imply a molecular mechanism devoted to both
spreading and amplification of the death execution program.

Antibodies to the extracellular portion of Fas may contribute
to T cell depletion in vivo since they exert a proapoptotic ef-
fect in vitro in T cell lines. However, these molecules are de-
tectable in a minority of infected subjects, independent of their
clinical stage, and are thought to be elicited by an immunogenic
domain of Fas located within its first consensus sequence, which
is also shared by HIV-1 gp120.25 In the present study we
recorded their incidence in as few as 13% of subjects at dif-
ferent clinical stages, including severely lymphopenic patients
with AIDS. In line with previous observations,5,8 we also de-
tected a remarkable disposition of peripheral T cells to undergo
apoptosis in vitro as a putative effect of their chronic stimula-
tion in vivo by high levels of anti-Fas. In addition, the pre-
dominant expression of Fas by CD41 cells from these patients
reflected the persistent cellular activation2,23 leading to over-
expression of the receptor as the disease progresses.4,5 By con-
trast, the slightly reduced expression of Fas by cells from pa-
tients included in groups B and C was interpreted as possibly
due to its release by dying cells.

A striking point raised by this work was the observation of
increased parameters of cell death and severe disease progres-
sion in patients showing high serum titers of sFas. Our ELISA
showed a relatively low incidence of sFas serum elevations in
the entire HIV-1 population (26 of 227) as compared with data
from other investigators.11,12 However, since our significance
limit was obtained by adding 3 SD to the general mean, we as-
sumed that our assay was highly selective for positive sera. In
most subjects we observed an extreme lymphopenia consis-
tently associated with dramatic apoptosis in vitro. These pat-
terns of accelerated disease activity were not predominant in
HIV-1-infected patients from group D, thus supporting the hy-
pothesis of their potential relation with the amounts of circu-
lating sFas. Both groups B and C expressed the highest inci-
dence of AIDS as well as critical detection of apoptosis in fresh
T cells in vitro, an event that had already occurred in vivo ac-
cording to their high content of caspase products. Again, fresh
CD41 cells from double-negative patients showed significantly
lower values of caspase 3 activation and CK18 fragment de-
tection, whereas their moderate expression in patients from
group A was presumably related to the anti-Fas chronic stimu-
lation. The CK18 caspase product includes a 10-residue epitope
exposed after caspase 3 treatment29 as a specific domain (M30)
that also occurs in nonepithelial cells, such as several neuro-
blastoma cell lines.31

A number of studies from independent groups of investiga-
tors have emphasized the occurrence of serum elevations of sol-
uble apoptogen receptors in HIV-1 disease, in particular both
type I and II tumor necrosis factor (TNF) receptors17,18 and
sFas,9,11,12 which are apparently independent markers of dis-

ease progression. However, their maximal variations of titers
have not been uniformly detected in early or advanced infec-
tion, nor has a correlation of sFas levels with clinical evolution
been observed. The independence of sFas from a definite clin-
ical stage was also evident in our study, since patients from
both groups B and C showed heterogeneous disease conditions,
although a prevalence of severe lymphopenia occurred.

A major issue of our observation implies the functional role
of sFas, which could be involved in modulating the response
of activated cells in a manner similar to that of other soluble
receptors. These molecules, including receptors to interleukins,
granulocyte-macrophage growth factors,32 TNFs,15,18 and HLA
antigens,13,14 have been associated with the persistent activa-
tion of the immune system in many conditions. In particular,
the soluble HLA molecules that occur in HIV-1 infection33 de-
liver an apoptotic signal in alloreactive CD81 T cells by au-
tocrine activation of Fas induced by upregulation of FasL.19 In
our study serum sFas was found to induce in vivo caspase ac-
tivation by the expression of caspase 3, and both PARP and
CK18, in subjects from both groups B and C, who showed con-
stitutively increased apoptosis although they were not severely
lymphopenic. Furthermore, the recombinant sFas highly sup-
pressed in vitro the CD41 cells of group D patients and con-
trols, probably because these cells were not prestimulated in
vivo by the soluble receptor. Since this effect was not inducible
in cells functionally exhausted and advanced in their death pro-
gram as in most patients with progressed disease, we reasoned
that sFas could exert an antiproliferative and/or a proapoptotic
effect in resting T cells. The prevalence of either severe lym-
phopenia or AIDS in group B and C patients supported our as-
sumption.

Early investigations20,21 of soluble Fas variants secreted by
activated T cells postulated their role as apoptosis blockers be-
cause of their capacity in vitro to disable FasL of cytotoxic cells.
Although this in vitro effect has been confirmed by other stud-
ies,34 the role of sFas has not been properly evaluated in FasL-
negative target cells. Therefore, HIV-1-infected patients with
undetectable levels of sFas were primarily considered as hav-
ing a major extent of apoptosis induced by the defect of these
apoptosis blockers.18 The present study indicates that the in-
crease in sFas levels parallels and perhaps amplifies the extent
of apoptosis in vivo.

By using a number of both Fas-positive and Fas-negative T
cell lines, we have demonstrated that the soluble isoform of Fas
prompts apoptosis in Fas-positive cells through the Fas path-
way27: this experimental in vitro model showed indeed a direct
proapoptogen effect of sFas on cultured cells. The present work
emphasizes that this in vivo mechanism aggravates the abnormal
apoptosis in HIV-1 infection. In addition, it also supports data
demonstrating that soluble variants of Fas induce self-association
of a FasL-independent extracellular death domain of Fas leading
to the receptor homooligomerization and activation of down-
stream caspases.35 In addition, the specific activation of both
TNF-a receptor and Fas by short peptides homologous to their
functional domains seems to act through a mirror molecular stim-
ulation mechanism.36,37 Although we did not detect FADD,
namely the Fas-associated death domain, by immunoblotting as
specific product of Fas oligomerization in sFas-treated cells, the
increase in the expression of caspase 8 suggested the activation
of this mechanism. Since in our work the majority of patients
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with maximal T cell apoptosis showed the greatest serum ele-
vations of the soluble receptor, a similar molecular mechanism
could occur in vivo and further contribute to cell depletion.
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