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Fas-L molecules expressed by in vitro stimulated T
cells may be critically involved in suicidal activation-
induced cell death (AICD) of such cells through en-
gagement of their Fas receptors. A similar suicide of T
cells was postulated to occur even in vivo , to elimi-
nate dangerous activated lymphocytes; however, the
demonstration of suicidal AICD of T cells in healthy
humans in vivo is still lacking. We therefore investi-
gated the possible occurrence of Fas-L-linked suicidal
apoptosis of T cells in normal human peripheral
blood. For this purpose, we took advantage of immu-
noelectron microscopy, which allows simultaneous
visualization of the morphological apoptotic cellular
changes together with surface expression of Fas-L
molecules. Very few T lymphocytes were observed
showing the ultrastructural features of apoptotic lym-
phocytes; these occasional apoptotic T cells, together
with the majority of the normal T cell population,
expressed the Fas molecule on the plasma mem-
brane, as expected. Interestingly, the apoptotic cells
were also Fas-L-positive, whereas normal T cells were
Fas-L-negative. Such Fas-L-associated T cell suicide op-
erating in vivo in healthy individuals is presumably
able to suppress immune responses and prevent au-
toreactivity, thus maintaining the homeostasis of hu-
man blood. (Am J Pathol 2001, 158:387–391)

Evidence supports the proposition that there is a suicide
program inherent in vertebrate cells that can be activated
when the cell’s death is desirable for the good of the rest
of the community.1 In fact, in order to maintain cellular
homeostasis and protect the body from the continued

secretion of potentially harmful amounts of cytokines,
activated T cells, on re-encountering the specific antigen,
are removed through the induction of apoptosis,2 a pro-
gram termed activation-induced cell death (AICD).3 Such
an apoptotic process can occur through triggering an
internal suicide program that involves the stimulation, on
the membrane of the activated T cell, of suicide signals
from death-inducing molecules, such as CD95 (Fas), on
interaction with their ligands, such as CD95-ligand (Fas-
L).4,5 In fact, whereas peripheral resting T cells virtually
do not express Fas-L and express moderate amounts of
Fas,6–10 activated peripheral T cells express abundant
quantities of both Fas and Fas-L.8,11–14 In this way, it can
be assumed, a T lymphocyte undergoing suicidal AICD is
recognizable because it simultaneously shows both
Fas-L expression and apoptotic signs.2,15,16

Although AICD of T cells occurring through Fas/Fas-L
interaction has been demonstrated in vitro15,17,18 and has
been postulated to occur in vivo by investigations con-
ducted in genetically manipulated mice,19–22 as well as
in diseased humans,23–25 its spontaneous occurrence in
healthy subjects has never been shown. Such an occur-
rence, however, should be expected, since AICD pro-
vides an essential mechanism for clonal deletion in the
peripheral immune system and serves to limit immune
responses, being therefore necessary to preserve tissue
homeostasis.3 The aim of this study, therefore, was to
recognize suicidal AICD of T cells in peripheral blood of
normal human volunteers: for such a purpose, although
immuno-electron microscopy (IEM) had not previously
been used to show AICD, we took advantage of pre-
embedding IEM, which allows the simultaneous detection
of both ultrastructural morphology, ie, apoptotic T cellular
changes,1,26,27 and cell membrane antigenic immuno-
phenotype, ie, Fas-L expression. In this way, we suc-
ceeded in demonstrating the occurrence of occasional
Fas-L-positive T cells undergoing apoptosis, presumably
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representing suicidal T lymphocytes, in normal human
peripheral blood.

Materials and Methods

T Cell Preparation

Fresh normal human peripheral blood was provided from
six randomly selected healthy volunteers. Peripheral
blood mononuclear cells (PBMC) were obtained by Fi-
coll-Hypaque (Pharmacia, Uppsala, Sweden) gradient
centrifugation and separated from adherent cells by in-
cubation on Petri dishes for 2 hours at 37°C. T cells
(E-rosetting) were isolated by a single-step rosetting
method28 and subsequently separated by a second Fi-
coll-Hypaque gradient centrifugation. This cell fraction
contained more than 95% E-rosetting cells. T cells were
finally resuspended in RPMI 1640, containing gentamy-
cin 50 mg/ml, at 5 3 106 cells/ml.

Immunogold Labeling

The immunogold labeling was performed according to
the protocol previously described by us,29 with slight
modifications. Briefly, T cells were prefixed in 3% para-
formaldehyde in 0.1 mol/L phosphate buffer, pH 7.2, for
15 minutes at room temperature, washed twice in glycine
50 mmol/L buffer, and subjected to a blocking preincu-
bation for 30 minutes at 4°C to avoid nonspecific anti-
body binding to Fc receptors by using PBS containing
20% normal goat serum (BioCell Research, Cardiff, UK)
plus 1% bovine serum albumin (BSA). T cells, after wash-
ings with 0.1% BSA in PBS, were incubated with the
following anti-human mouse monoclonal antibodies
(mAb): anti-Fas mAb (DX-2, Chemicon International Inc.,
Temecula, CA), anti-Fas-L mAb (G247–4, PharMingen,
San Diego, CA), and, as a control, anti-CD3 mAb (Leu 4,
Becton Dickinson, Mountain View, CA); mAb were diluted
1:1000 in PBS containing 0.1% BSA, and the incubation
was 1 hour at room temperature. After washings in PBS
containing BSA 0.1% and then in 0.1% BSA buffer (0.02
mol/L Tris-HCL buffer, pH 8.2, containing 0.1% BSA and
2% sodium azide), T cells were incubated with goat
anti-mouse IgG coupled to 15-nm colloidal gold particles
(Aurion, Wageningen, The Netherlands), diluted in the
incubation buffer system, pH 7.6, as suggested by the
manufacturer, for 1 hour at room temperature.

Ultrastructural Studies

Labeled T cells were subjected to an electron micros-
copy protocol according to a previously described pro-
cedure.30 Briefly, cells were fixed in 1% glutaraldehyde in
0.1 mol/L cacodylate buffer, pH 7.4, 3 hours at room
temperature, washed in 0.15 mol/L cacodylate buffer at
pH 7.4, packaged in 2% Bacto Agar (Difco Laboratories,
Detroit, MI) at 45°C, postfixed in potassium-ferricyanate-
reduced osmium tetroxide,31 dehydrated in graded ace-
tone, embedded in Durcupan ACM (Fluka, Buchs, Swit-

zerland), and cut at a LKB III ultramicrotome to be
observed with a transmission electron microscope.

Controls for Method Specificity

Four types of negative controls were carried out: (i) omit-
ting the incubation with primary antibody, (ii) substituting
for the primary antibody with unreactive mouse IgG of the
same isotype, (iii) pre-incubating by a unlabeled goat
anti-mouse antibody before the secondary antibody, and
(iv) substituting for the secondary (labeled) antibody with
noncoupled colloidal gold particles of the same size.

Results

Freshly Isolated, E-Rosetting PBMC Are T
Lymphocytes

Virtually the entire population of PBMC observed at the
electron microscope, ie, E-rosetting cells, showed the
ultrastructural characters of normal peripheral blood lym-
phocytes32 (Figure 1A). They were T lymphocytes, as
they were isolated by E-rosetting.28 In fact, the great
majority of the control cells observed in IEM were CD3-
positive; that is, when incubated by the control Leu 4
mAb, they showed gold particles on the cell membrane.

Normal Peripheral T Cells Are Fas-L-Negative

When the anti Fas-L mAb was used, lymphocytes at the
ultrastructural observation resulted negative. These cells,
in fact, did not show virtually any gold particle along the
plasma membrane (Figure 1A). This Fas-L-negativity of
resting T cells observed in IEM is consistent with similar
results obtained by other immunostaining methods, in-
cluding cytofluorimetry and Western blot analysis.6–10

Apoptotic Peripheral T Cells Are Fas-L-Positive

By contrast, occasional (ie, ,1%) lymphocytes were vis-
ible that exhibited at least some of the morphological
characteristics that are typical of lymphocytes undergo-
ing apoptosis,1,26,27 namely, loss of plasma membrane
microvilli (Figure 1A), often blebbed plasma membrane,
condensed cytoplasm, tightly packed cytoplasmic or-
ganelles (Figure 1A), swelling of the cisternae of endo-
plasmic reticulum, condensed nuclear chromatin, and,
especially, uniform and collapsed nucleus (Figure 1A),
which was recently outlined as the defining morphologi-
cal feature of an apoptotic cell.27 Despite these remark-
able changes, however, the plasma membrane was nor-
mal, allowing no spilling of intracellular contents outside
the cell (Figure 1, A and B). In addition, although the
intensity of immunostaining did not correlate directly with
ultrastructural apoptotic features, the occasional apopto-
tic lymphocytes showed a number (about 10–30) of col-
loidal gold particles per section surface area scattered
along the plasma membrane (Figure 1B), therefore re-
sulting Fas-L-positive: in fact, more than three gold gran-
ules decorating the plasma membrane is a prerequisite
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for classifying a cell as gold-immunolabeled.33 It was
possible to consider such cells, therefore, T lymphocytes
undergoing suicidal apoptosis,4 because they simulta-
neously showed in IEM the hallmarks of such a special
cell death: both apoptotic morphological changes1,27

(Figure 1A) and Fas-L expression on the cell mem-
brane2,16 (Figure 1B).

The Great Majority of Peripheral T Cells Are Fas-
Positive

When the anti-Fas mAb was used, the vast majority of
lymphocytes at the ultrastructural level were positive, ie,

showed gold particles along the plasma membrane. This
was the case in both normal-appearing and apoptotic T
lymphocytes. Similarly, Fas expression was also noticed
on T cells when immunodetection methods other than
IEM were used.6–10

Control Experiments

The four controls for method specificity gave negative
results.

Discussion

This is the first paper demonstrating the occurrence of T
cells, freshly isolated from normal human peripheral
blood, simultaneously showing both apoptotic changes
and the expression of the Fas-L molecule on their plasma
membrane. In fact, freshly isolated PBMC were depleted
of adherent cells and subjected to an E-rosetting method;
thus, T cells (namely, E-rosetting lymphocytes) were sep-
arated.28 On the other hand, such an engagement of
CD2 in this method presumably did not contribute to the
occurrence of AICD, because CD2 engagement was
shown not to influence, or even to decrease, lymphoid
cell apoptosis, since it inhibits up-regulation of Fas and
Fas-L.34 Fas-L-expressing T cells were, moreover, rec-
ognized by a double-step gold-immunolabeling protocol,
and were therefore revealed by the detection of colloidal
gold particles along the plasma membrane.35 Apoptotic
ultrastructural changes characteristic of lymphocyte ap-
optosis, including collapse of the nucleus and other well
known morphological apoptotic features,1,27 were finally
detected at the electron microscope. It was possible,
therefore, to realize that all of the occasional T cells
showing apoptotic features coexpressed Fas-L on the
cell membrane, whereas the great majority of freshly
isolated, unstimulated, normal-appearing T cells were
Fas-L-negative.

Since in vitro studies on stimulated T cells demon-
strated that the phenotype characterized by the simulta-
neous presence of Fas-L expression on the plasma mem-
brane and of apoptotic changes is a prerequisite of T
cells undergoing suicidal AICD,15,16 the present results
demonstrate that such an AICD also occurs spontane-
ously in vivo. As with the in vitro findings, it can be envis-
aged that, even in vivo, resting, Fas-L-negative T lympho-
cytes can be activated by antigenic stimulation, which
induces Fas-L (mRNA and surface) expression and up-
regulates Fas expression.11–14 On restimulation, mem-
brane-bound Fas-L molecules may bind to Fas receptors,
eg, by membrane folding, to trigger the death signaling
cascade that causes the apoptotic suicide of the T
cell.19,20 Alternatively, Fas-L may be cleaved from the cell
membrane and engage, in a soluble form, Fas expressed
by the same cell (autocrine AICD),15 although the precise
role played by the cleaved Fas-L molecule is still matter
of debate.36 It remains to be determined whether pre-
formed Fas-L and newly synthesized Fas-L are preferen-
tially involved in distinct cellular functions, such as para-

Figure 1. A peripheral blood T lymphocyte from a healthy donor shows both
morphological characters of apoptosis and immunogold Fas-L labeling on the
plasma membrane. A: Several T cells suspended from peripheral blood, en-
riched by E-rosetting, subjected to an immunogold Fas-L labeling double-layer
procedure in IEM, are visible. The lymphocyte visible on the right side shows,
unlike the others, some ultrastructural signs of apoptosis, including loss of
plasma membrane microvilli, collapsed nucleus, and peripherally tightly packed
cytoplasmic organelles. Note that the plasma membrane is intact and that no
spilling of intracellular contents is visible. Such an apoptotic lymphocyte is,
moreover, immunogold labeled (1), although gold particles present along the
plasma membrane are not clearly observed at this magnification; by contrast, the
other, viable lymphocytes are unlabeled (2). The boxed area is shown at higher
magnification in B. Immunogold electron microscopy; magnification, 35200. B:
The area boxed in A is herein shown enlarged. The facing portions of two
lymphocytes are observed: one, on the right side, belongs to the apoptotic
lymphocyte, and shows some gold particles (arrows) along the plasma mem-
brane, thus revealing the expression of the Fas-L molecule; the other, on the left
side, belongs to a normal, viable lymphocyte, and does not show any gold
granule on the surface, thus yielding a Fas-L-negative result. Immunogold elec-
tron microscopy; magnification, 326,000.
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crine killing of Fas-positive targets and autocrine suicidal
AICD of T cells, respectively.37,38

The present study shows that the AICD, which was
postulated to occur in healthy individuals because it is
missing in pathological Fas/Fas-L-lacking conditions in
both mouse19–22 and man,23–25 can be effectively ob-
served in normal conditions, ie, it can occur in healthy
subjects. In fact, AICD of mature T cells through Fas-L/
Fas interactions has been shown to be lacking in mice
defective in Fas or Fas-L,19,20 and therefore display en-
hanced lymphoproliferation and impairment of peripheral
deletion.21,22 Similarly, patients with a syndrome charac-
terized by homologous lymphoproliferation and with au-
toimmune disease have mutations in their Fas or Fas-L
genes.23–25 By contrast, the current results demonstrate
T cells from healthy human volunteers directly showing
spontaneous features resembling AICD (namely, Fas-L
expression together with apoptotic changes).

The functional significance of a restricted subpopula-
tion of Fas-L-positive apoptotic T cells circulating in nor-
mal peripheral blood of healthy subjects is still unknown.
It is tempting to speculate that, even in such apparently
normal conditions, some T cells must die, to avoid
chronic inflammation3,25,39,40 and/or autoreactiv-
ity.38,41–44 In fact, it is now well established that the
Fas/Fas-L system is involved in both the elimination of
activated T cells after they have responded to foreign
antigens15–18 and the clonal deletion of autoreactive T
cells in peripheral lymphoid organs.37,45–48 As a conse-
quence, the occurrence of preactivated and/or self-reac-
tive Fas-L-positive T cells undergoing apoptosis in pe-
ripheral blood should be expected in normal subjects,
because such apoptosis avoids accumulation of activat-
ed/autoreactive T lymphocytes. Indeed, the current dem-
onstration of a small subset of Fas-L-expressing apopto-
tic T cells in normal peripheral blood fulfills such a
prediction.
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