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Activation-induced cell death of memory CD8+ T cells
from pleural effusion of lung cancer patients is mediated
by the type II Fas-induced apoptotic pathway
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Abstract Lung cancer is the second most common form
of cancer and the leading cause of cancer death worldwide.
Pleural effusions, containing high numbers of mononuclear
and tumor cells, are frequent in patients with advanced
stages of lung cancer. We reported that in pleural effusions
from primary lung cancer, the CD8+ T cell subpopulation,
and particularly the terminally differentiated subset, is
reduced compared to that of non-malignant effusions. We
analyzed the participation of activation-induced cell death
(AICD) and extrinsic pathways (type I or II) as mecha-
nisms for the decrease in pleural effusion CD8+ T cell
subpopulation. Pleural effusion or peripheral blood
CD4+ and CD8+ T cells, from lung cancer patients, were
stimulated with anti-CD3 antibody and analyzed for (a)
apoptosis by annexin-V-binding and TUNEL assay,
(b) transcript levels of Fas ligand (FasL) and TRAIL by
real-time RT-PCR, (c) expression of FasL. and TRAIL,
measured as integrated mean fluorescence intensities
(iMFI) by flow cytometry, (d) expression of Bcl-2 and BIM
molecules, measured as MFI, and (e) apoptosis inhibition
using caspase-8 and -9 inhibitors. Pleural effusion CD8+ T
cells, but not CD4+ T cells, from cancer patients under-
went AICD. Blocking FasL/Fas pathway protected from
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AICD. Upregulation of FasL. and TRAIL expressions was
found in pleural effusion CD8+ T cells, which also showed
a subset of Bcl-2 low cells. In memory CD8+ T cells,
AICD depended on both extrinsic and intrinsic apoptotic
pathways. Hence, in the pleural space of lung cancer
patients, AICD might compromise the antitumor function
of CD8+ T cells.
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Introduction

Lung cancer is the second most common form of cancer
and the leading cause of cancer death worldwide [1, 2].
Pleural effusion is a frequent clinical manifestation of
metastatic lung tumors, and high numbers of mononuclear
cells and tumor cells are frequently found within this fluid
[3-5]. Because CD8+ T cells play a key role in the anti-
tumor immune response, tumors have developed mecha-
nisms to circumvent the immune system by suppressing
antitumor CD8+ T cell activity [5-7].

T cell apoptosis has been proposed to severely com-
promise antitumor function of the host immune system and
contributes to tumor progression [8—12]. Several mecha-
nisms have been proposed for explaining T cell apoptosis.
Spontaneous apoptosis of CD34- T cells in peripheral blood
from cancer patients (e.g., breast carcinoma, head and neck
cancer, and oral carcinoma) is associated with high levels
of Fas expression [10, 11]. The binding of Fas ligand
(FasL) on the tumor cell to the Fas receptor on the T cell, a
hypothesis known as tumor counterattack, has been
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suggested to be responsible for T cell death [8, 9]. How-
ever, T cell apoptosis still occurs in some types of tumors,
including lung carcinomas, which do not express functional
FasL [8, 12, 13].

Alternatively, chronic immune cell activation can lead
to exhaustion of T cells in some chronic infections (e.g.,
HIV and HBYV infections) [12]. One mechanism of T cell
exhaustion is mediated by activation-induced cell death
(AICD) [12, 14]. AICD is mediated by Fas/FasL interac-
tions, which provoke T cells to kill each other and them-
selves [14-16]. Two types of Fas-mediated apoptotic
signaling pathways have been described according to the
type of cell involved. Type I cells are characterized by a
high level of formation of the Fas-death-induced signaling
complex (DISC) and activated caspase-8, which activates
the downstream effector caspases. In type II cells, lower
amounts of Fas-DISC are formed, leading to lower levels
of activated caspase-8. This reduction is compensated by
an amplification loop through the activation of the intrinsic
pathway, in which caspase-8 cleaves Bid to generate
truncated Bid (tBid). tBid then migrates to the mitochon-
dria and induces the release of cytochrome c into the
cytosol. This is followed by the formation of the apopto-
some and caspase-9 activation and subsequent activation of
effector caspases, leading to cell death [14, 16]. Type 1I
apoptotic signaling, compared to type I signaling, can be
blocked by high expression of anti-apoptotic Bcl-2 family
members, such as Bcl-2 or Bcel-x;. In contrast, in type 1
cells, Fas-induced apoptosis cannot be blocked by the
expression of Bcl-2 or Bel-x; [14, 16].

In cancer patients, AICD has been hypothesized to
mediate apoptosis of tumor-infiltrating lymphocytes (TIL)
[12, 17, 18]. In some murine cancer models [19, 20] and
cancer patients [18, 21, 22], CD8+ T cells undergo AICD
after tumor antigen-specific or polyclonal stimulation. We
previously reported that, in lung cancer, the CD8+ T cell
subpopulation is reduced in pleural effusions compared to
non-malignant pleural effusions. Furthermore, within this
CD8+ T cell subpopulation, cells with a memory pheno-
type predominate over terminally differentiated cells [5].
To analyze the possible mechanisms involved in the
decrease in CD8+ T cell subpopulation in pleural effu-
sions, we evaluated whether polyclonal stimuli (anti-CD3
antibody) could induce AICD in vitro. Our data show that
CD8+ T cells, but not CD4+ T cells, underwent AICD
following anti-CD3 antibody stimulation, and this phe-
nomenon is associated with the upregulation of FasL and
TRAIL molecules. Moreover, two subsets of CD8-+ T cells
expressing Bcl-2 were found, and the percentage of Bcl-2"
CD8+ T cells decreased, with a concomitant increase in
the Bcl-2'° CD8+ T cell subset. Furthermore, caspase-8
and -9 inhibitors blocked AICD. Taken together, our results
suggest that tumor microenvironment sensitizes pleural
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effusion CD8+ T cells to AICD, which is amplified by the
intrinsic pathway of apoptosis. Thus, in malignant pleural
effusions, AICD compromises the antitumor functions of
CD8+ T cells.

Materials and methods
Population studied

A total of 44 patients with lung cancer-associated pleural
effusion were studied. Pleural fluid was obtained by tho-
racocentesis used for routine diagnostic procedures. Diag-
nosis was established by histological examination of
pleural biopsy or cytological observation of malignant cells
in pleural effusion. No patients received any type of anti-
cancer therapy before the study. According to diagnosis,
cancer group was composed of 39 pleural effusions of non-
small cell lung carcinoma origin (32 adenocarcinomas and
7 squamous carcinomas) and 5 from mesotheliomas.
Malignant pleural effusions included in this study pre-
sented high numbers of tumor and inflammatory cells. The
median age of the cancer group was 62 years (range:
41-83 years). A second group of 15 patients with non-
malignant effusions were included. This group consisted of
pneumonias (nine), congestive heart failures (five), and
hemothoraces (two), and the median age of this group was
66 (range: 25-78 years).

Peripheral blood was obtained from the cancer group
and from 11 healthy non-smoking volunteers as a control
group. The median age for the control group was 50 years
(range: 41-72 years). Written informed consent was
obtained from all participants included in this study. From
pleural effusions, mononuclear cells (PEMCs) and tumor
cells were separated as previously reported [5]. Peripheral
blood mononuclear cells (PBMCs) from heparinized
venous blood were separated on Lymphoprep (Axis-Shield,
Oslo, Norway). The Committee of Science and Bioethics
of the Instituto Nacional de Enfermedades Respiratorias
Ismael Cosio Villegas approved the protocol for collection
of biological samples.

Evaluation of spontaneous and anti-CD3-induced
apoptosis in CD4+ and CD8+ T cells from PEMCs
or PBMCs

Lung tumors may induce and amplify non-HLA restricted,
inflammatory responses in the pleural compartment,
through chemokines, cytokines, or other soluble factors,
leading to increased susceptibility to AICD. Thus, we
evaluated activation-induced cell death using anti-CD3
monoclonal antibody [22, 23] in CD4+ and CD8+ T cell
subpopulation from PBMCs or PEMCs. Spontaneous
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apoptosis was also determined, and to evaluate this phe-
nomenon, PBMCs or PEMCs were seeded at 1 x 10° cells/
ml in RPMI-1640 supplemented with 10% FBS, 2 mM
L-glutamine, 100 U/ml penicillin, and 100 pg/ml strepto-
mycin sulfate in 96-well culture plates. For anti-CD3-
induced apoptosis, PBMCs or PEMCs were cultured in
plates coated with 10 pg/ml anti-CD3 mAb (IgG, UCHT-1
clone; Pharmingen, CA). For all samples, plates were
incubated with 5% CQO, at 37°C for 24 h.

After treatment, the percentages of apoptotic CD4+ and
CD8+ T cells were determined by the detection of phos-
phatidylserine on the outer leaflet of the plasma membrane
with annexin-V-FITC [23]. Briefly, mononuclear cells
were collected and resuspended in PBS containing 1%
BSA and 0.1% NaNj3 and incubated with a cocktail of anti-
CD4-PECyS5 (BioLegend, San Diego) or anti-CD8-PECy5
(BioLegend) mAb on ice for 30 min. After washing, the
cells were incubated with 1 pg/ml annexin-V-FITC (Santa
Cruz Biotechnology, CA) to stain phosphatidylserine and
10 pg/ml propidium iodide to exclude necrotic cells. The
cutoffs for PI cells were established, as previously reported
[24], from a FSC versus PI dot-plot graph; then, from a
FSC versus SSC dot-plot graph, 25,000 events from a
lymphocyte-gated population were acquired; the gate was
stringently set to eliminate cellular debris and necrotic
cells. This allowed for a clear-cut discrimination between
viable non-apoptotic and apoptotic cells in the CD4+ or
CD8+ gate. Flow cytometric analyses were performed
using a FACSCalibur (Becton—-Dickinson) and FlowJo
software (Tri Star Inc., v 8.8.6).

Apoptosis induced by anti-CD3-mAb treatment was
calculated according to the following equation [23]:

Percentage of anti-CD3 induced apoptosis
= (% of induced apoptosis — % of spontaneous apoptosis) /

(100 — spontaneous apoptosis) x 100.

Evaluation of anti-CD3-induced apoptosis in CD4+
and CD8+ T cells from PEMCs by TUNEL assay

As annexin-V is an early marker of apoptosis, late apop-
totic cells were detected using FlowTACS in situ terminal
deoxynucleotidyl transferase dUTP nick-end labeling
(TUNEL)-based Apoptosis Detection Kit (Trevigen, Gai-
thersburg, MD) according to manufacturer’s protocol.
PEMCs were stimulated with 10 pg/ml anti-CD3 mAb
as described above for 30 h, in presence of 400 nM
non-peptide caspase-3 selective inhibitor (NSCI, Sigma-
Aldrich, St. Louis, MO), antagonist 10 pg/ml anti-FasL
mAb (clone 5G51, Enzo Life Sciences, San Diego, CA), or
isotype control. Subsequently, 2 x 10° cells were har-
vested and incubated at room temperature (RT) for 30 min
with anti-CD3 (PE-Texas Red, Invitrogen, Camarillo, CA),

anti-CD4 (Alexa 700, BioLegend), and anti-CD8 mAbs
(APC-Cy7, BioLegend), and then, cells were fixed with 1%
paraformaldehyde at RT for 15 min. Cells were washed
with PBS and permeabilized with 100 pl of Cytonin at RT
for 30 min. The fragmented DNA was revealed by incu-
bating the samples with the labeling reaction mix at 37°C
for 1 h, and then cells were stained with strep-fluorescein
solution for 10 min. Flow cytometric analysis was per-
formed using a FACSCanto II (Becton-Dickinson). From a
FSC versus SSC dot-plot graph, 30,000 events from a
lymphocyte-gated population were acquired; the gate was
stringently set to eliminate cellular debris and necrotic
cells. Then, CD3+ cells were gated and CD4+ versus
CD8+ cells dot-plot was set. TUNEL-positive cells were
determined by TUNEL versus FSC 5% contour outlier plot
of CD3+ CD4+- or CD3+ CD8+-gated cells.

Determination of FasL, TRAIL, Bcl-2, and BIM
in anti-CD3-stimulated CD4+ and CD8+ T cells

After anti-CD3 mAb stimulation (10 pg/ml) of PBMCs or
PEMCs (as described above), the percentages of FasL-,
TRAIL-, or Bcl-2-positive cells and Bcl-2 and BIM protein
levels were analyzed in CD44- and CD8+ T cells by flow
cytometry. For FasL and TRAIL membrane staining, PBMCs
or PEMCs was harvested and incubated at RT for 30 min with
anti-CD4 PECyS5 or anti-CD8-PECy5 mAbs, in addition to
either PE-conjugated anti-FasL, anti-TRAIL, or an isotype
control mAb (all purchased from eBioscience, San Diego,
CA). Cells were washed and fixed with 1% paraformaldehyde.

For intracellular detection of Bcl-2 and BIM, PBMCs or
PEMC:s, incubated previously with anti-CD4 PECyS5 or anti-
CDS-PECy5 mAbs, were washed and permeabilized with
FACS Permeabilizing Solution (BD Pharmingen, San
Diego, CA) at RT for 10 min. After washing, permeabilized
cells were incubated with unlabeled rabbit anti-BIM poly-
clonal antibody (Cell Signaling, Danvers, MA), PE-conju-
gated mouse anti-Bcl-2 mAb (Bcl-2 100 clone, Santa Cruz
Biotechnology, CA) or corresponding isotype control anti-
bodies at RT for 30 min. For the detection of BIM, cells
previously incubated with anti-BIM antibody were washed
and incubated with Alexa 488 mouse anti-rabbit (Molecular
Probes, Eugene OR) mAb at RT for 1 h. After washing, cells
were fixed with 1% paraformaldehyde and analyzed using
flow cytometry.

FSC versus SSC dot-plot graphs were done for cellular
debris and necrotic cells exclusion. From a lymphocyte
gate containing 50,000 lymphocytes, CD4+ or CD8+ cells
were gated from a CD4+ or CD8+ versus SSC dot-plot
graph. For the analysis of FasL. and TRAIL expressions and
to rule out non-specific antibody binding and autofluores-
cence, quadrants were set according to isotype controls
obtained from stimulated CD4+4 or CD8+ cells. The
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integrated mean fluorescence intensity (iMFI), which
reflects the total functional response in terms of quality
(mean fluorescence intensity, MFI) and magnitude (per-
centage), was calculated by multiplying the percentage of
FasL+ or TRAIL+ CDS8+-positive cells by their corre-
sponding MFI, as described previously [25].

The percentage of Bcl-2-positive cells was determined
by histograms, and for analysis of Bcl-2 and BIM expres-
sions, the median fluorescence intensities (MFI) for each
molecule were obtained by histograms.

CD8+ T cells purification and subsequent anti-CD3
stimulation

For some experiments, CD8+ T cells from PBMCs or
PEMCs were purified by negative selection using a
CD8+ T cell isolation kit (Miltenyi Biotec, Auburn, CA)
following the manufacturer’s protocol. The purity of this
subpopulation was always greater than 94%.

CD8+ T cells (1 x 10° cells/ml) were cultured in
96-well plates coated with 10 png/ml anti-CD3 mAb. After
incubation, the cells were harvested and analyzed for FasL
and TRAIL transcript levels by real-time RT-PCR or the
determination of apoptosis in CD8+ T cell subsets (naive,
memory, and terminally differentiated cells) by flow
cytometry (see below).

RNA isolation and determination of FasL. and TRAIL
transcript levels in purified CD8+ T cells

Total RNA was isolated from non-stimulated or anti-CD3-
stimulated CD8+- T cells for 4 h using the RNeasy micro
Kit according to the manufacturer’s instructions (Qiagen).
Contaminant DNA was removed from RNA samples using
DNase provided by the manufacturer. RNA was reverse
transcribed into cDNA and amplified. The transcript levels
of FasL and TRAIL were determined using TagMan probes
(Applied Biosystems, Foster City, CA) with cDNA as
template. Validation curves were obtained using 18S
rRNA, GAPDH, and f-actin to determine the suitable
endogenous control for TRAIL and FasL; f-actin was
selected as the endogenous control for both transcripts.
Each PCR reaction was performed in triplicate, and no
template controls were included (value differences were
less than 0.3 SD). Fluorescent emission from the released
reporter dye was monitored using an ABI Prism 7500
Sequence Detector (Applied Biosystems, Foster City, CA)
in 96-well reaction plates using the recommended param-
eters (10 min at 95°C, 40 cycles of 95°C for 15 s and 60°C
for 1 min). Data were analyzed with Sequence Detection
software (v 1.3.1) to establish the PCR cycle at which the
fluorescence exceeded a set threshold (Ct) for each sample.
Data were analyzed according to the comparative Ct
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method, using f-actin transcript levels to normalize for
differences in sample loading and preparation. The results
are semiquantitative and represent the n-fold difference in
the transcript levels from a particular sample compared to
its calibrator cDNA (cDNA from non-stimulated CD8+ T
cells from each subject).

Detection of apoptosis in CD8+ T cell subsets
after anti-CD3 stimulation

After anti-CD3 stimulation of purified CD8+ T cells for
24 h (described above), the cells were stained using a
combination of anti-CD28 PE-Cy5 and anti-CD45RO PE
mAbs for the identification of CD45RO+ CD28+ (mem-
ory), CD45RO-CD28+ (naive), CD45RO+ CD28-, and
CD45R0O-CD28- (terminally differentiated) CD8+ T cell
subsets. Cells were further stained with annexin-V-FITC,
as described above. In all cases, 20,000 events from the
CDS8+ lymphocyte-gated population were analyzed by
flow cytometry by histograms, to evaluate the percentage
of annexin-V-positive cells in each subset.

Effect of caspase-8 or caspase-9 inhibition on CD8+ T
cell death after anti-CD3 stimulation

To evaluate the participation of the extrinsic or intrinsic
apoptotic pathways in AICD, PEMCs from lung cancer
patients were incubated with specific caspase inhibitors. Cas-
pase-8 inhibitor IT (Z-IE(OMe)TD(OMe)-FMK) and caspase-9
inhibitor IIT (Ac-LEHD-CMK) were purchased from Calbio-
chem (La Jolla, CA). These inhibitors are cell permeable and
irreversible inhibitors of their respective caspases; caspase-8
inhibitor (5 mM) and caspase-9 inhibitor (10 mM) stock
solutions were prepared in DMSO. Anti-CD3-stimulated cells
were incubated with caspase-8 inhibitor (5 uM), caspase-9
inhibitor (20 pM), or a combination of the two for 24 h. After
incubation, the cells were harvested and incubated with anti-
CD45RA PE-Cy7, anti-CD28 PECy5, and anti-CD8 APC-Cy7
and then stained for the detection of phosphatidylserine with
annexin-V-FITC and propidium iodide. Multiparametric
analyses were performed using a FACSCanto II. To discrimi-
nate cellular debris and necrotic cells, cutoffs for PI cells were
done as described above; then, the percentage of annexin-V-
positive cells were determined by means of histograms after
gating on CD8+- cells in total, or naive, memory, and terminally
differentiated CD8+ T cell subsets.

Statistical analysis

All values are expressed as the mean + SE. Unpaired
Student’s ¢ tests were used for comparisons between
peripheral blood from healthy donors and the cancer group
or between malignant and non-malignant effusions. Paired
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Student’s ¢ tests were used to compare data obtained from
pleural effusion versus peripheral blood from the cancer
group. Significant differences between groups were con-
sidered at P < 0.05.

Results

Pleural effusion but not peripheral blood CD8+ T cells
from lung cancer patients are susceptible to AICD

Spontaneous apoptosis was evaluated in CD4+ and CD8+
T cells from pleural effusions and peripheral blood of lung
cancer patients (Fig. 1a). In malignant effusions, CD8+ T
cells, but not CD4+ T cells, showed a significantly higher
percentage of spontaneous apoptosis compared to those
from non-malignant effusions (Fig. 1a). In cancer patients,
the percentages of spontaneous apoptosis in CD4+ and
CDS8+ T cells were significantly higher in peripheral blood
compared to pleural effusion samples. In peripheral blood,
a significant increase in the percentage of spontaneous
apoptosis was observed in both CD4+ and CD8+ T cells
from lung cancer patients compared to healthy subjects
(Fig. 1a). Thus, CD4+ and CD8+ T cells from the
peripheral blood of lung cancer patients are more sensitive
to apoptosis. Similar results have been found in other types
of cancer [10, 11, 24]. Increase of spontaneous apoptosis in
CDS8+ T cells has been attributed to direct the activation of
the extrinsic pathway [9, 10]; we tested this apoptosis by
incubating PBMCs or PEMCs from lung cancer patients
with an agonistic anti-Fas antibody (clone CH11) for 24 h.
Contrary to these previous reports, we did not observe
increases in the mean percentage of annexin-V-positive
cells with respect to the isotype control in pleural effusion
and peripheral blood CD4+ and CD8+ T cells (Fig. 1b).
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It has been hypothesized that AICD mediates apoptosis
of TIL in cancer patients [12, 17]. Thus, we evaluated the
susceptibility of CD4+ and CD8+ T cell subpopulations to
AICD-mediated apoptosis. CD4+ and CD8+ T cells from
lung cancer and control (healthy subjects and non-malig-
nant diseases) groups that were stimulated with 10 pg/ml
of anti-CD3 mAbs showed significantly higher percentages
of annexin-V-positive cells compared to the corresponding
non-stimulated subpopulations (Fig. 2a, data from a rep-
resentative cancer patient).

To evaluate only the apoptosis generated by anti-CD3
mAb treatment and for comparing this effect among the
different groups studied, the percentage of anti-CD3-
induced apoptosis was calculated. In CD4+ T cells, anti-
CD3-induced apoptosis showed no statistical differences
among the distinct groups studied (see Fig. 2b).

However, pleural effusion CD8+ T cells from cancer
patients showed higher percentages of anti-CD3-induced
apoptosis compared to those from the non-malignant
group. When a comparison was done within the cancer
patient group, anti-CD3-induced apoptosis in effusion
CDS8+ T cells was approximately twofold higher than in
peripheral blood CD8+ T cells from the same patients
(Fig. 2a, b). In peripheral blood CD8+ T cells, similar
percentages of anti-CD3-induced apoptosis between lung
cancer patients and healthy donors were found (Fig. 2b).

As annexin-V is an early marker of apoptosis, we cor-
roborated that pleural effusion CD8+ T cells went through
AICD by using TUNEL assay and FSC analysis. Pleural
effusion CD8+ T cells, but not CD4+ T cells, from lung
cancer patient and stimulated with 10 pg/ml anti-CD3
mAbs, showed higher percentages of TUNEL-stained cells
compared to the corresponding non-stimulated subpopula-
tions. Most of the TUNEL-stained apoptotic cells were
smaller than unstained live cells (Fig. 3a). In addition, non-

Non malignant Lung Cancer Healthy donors Non malignant Lung Cancer Healthy donors

Fig. 1 CD4+ and CD8+ T cells from lung cancer patients do not
undergo apoptosis after treatment with agonistic anti-Fas mAb.
a Percentages of spontaneous apoptosis in CD4+ and CD8+ T cells
from lung cancer and control groups after 24-h incubation of PEMCs
or PBMCs in RPMI-1640 medium, determined by annexin-V binding.
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Bars depict the means. b PEMCs or PBMCs were incubated with anti-
Fas mAb (1 pg/ml, clone IgM, clone CH11) or isotype control for
24 h; then, percentages of apoptotic cells were determined by
annexin-V binding in CD4+ and CD8+ T cells from pleural effusion
(PE) and peripheral blood (PB) of lung cancer patients (n = 12)
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Fig. 2 Pleural effusion CD8+ T cells from lung cancer patients
stimulated with anti-CD3 mAb presented high levels of apoptosis.
a Plots showing the gating strategies for lymphocytes, cells were
gated on the corresponding CD4+ or CD8+ T cell subpopulation, and
analysis of annexin-V versus propidium iodide (PI) was performed,
data from CD3-stimulated and non-stimulated pleural effusion (PE)

peptide caspase-3 inhibitor (400 nM) significantly reduced
the percentage of anti-CD3-induced apoptosis in CD8+ T
cells (Fig. 3a, b).

FasL and TRAIL molecules have been shown to mediate
AICD [12, 15]. To assess the involvement of the Fas/FasL
pathway in AICD, PEMCs stimulated with anti-CD3 mAb
were incubated in the presence or in the absence of
blocking anti-FasL antibody. Pleural effusion CD8+ T
cells stimulated with anti-CD3 mAb, and in the presence of
blocking anti-Fas. mAb, showed a significantly lower
percentage of anti-CD3-induced apoptosis compared to
isotype control (Fig. 3a, b).

Taken together, these results indicate that, in cancer
patients, CD44 T cells from both peripheral blood and
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Healthy donors

and peripheral blood (PB) CD4+ and CD8+ T cells from a cancer
patient. b Comparison of apoptosis induced by anti-CD3 mAb
stimulation (10 pg/ml) in CD4+ and CD8+ T cells from all groups.
PE from non-malignant patients (n = 11), PE and peripheral blood
(PB) from lung cancer patients (n = 15) and PB from healthy donors
(n = 13). Bars depict the mean + SE

pleural effusion were insensitive to AICD. However,
CD8+ T cells from malignant effusions, but not peripheral
blood, were highly prone to AICD.

FasL and TRAIL expressions are increased in CD8+ T
cells from lung cancer patients

To further assess the involvement of FasL and TRAIL
molecules in AICD, the expression of these molecules was
analyzed by flow cytometry. The percentages of FasL- or
TRAIL-positive CD4+ and CD8+ T cells were evaluated
after anti-CD3 mAb stimulation (Fig. 4a for representative
data). When stimulated and non-stimulated CD4+ and
CD8+ T cells were compared, no significant differences
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Fig. 3 AICD of pleural effusion CD8+ T cells from lung cancer
patients is blocked by caspase-3 inhibitor or FasL. mAb. a Data from
pleural effusion CD4+ and CD8+ T cells from a cancer patient are
shown. PEMCs were stimulated with anti-CD3 mAbs for 30 h in the
presence of a caspase-3 inhibitor, blocking anti-FasL. mAb or isotype
control. TUNEL-positive cells were determined by TUNEL versus FSC
5% contour outlier plot of CD4+ (lower row) or CD8+4 cells (upper

were found in non-malignant effusion group and in
peripheral blood samples from healthy donors (data not
shown). In cancer patients, peripheral blood and pleural
effusion samples of both stimulated and non-stimulated
CD4+ T cells showed similar percentages of FasL-positive
and TRAIL-positive cells (data not shown).

In peripheral blood and pleural effusion CD8+ T cells from
cancer patients, the percentages of FasL- and TRAIL-positive
cells were significantly higher in stimulated compared to non-
stimulated cells (Fig. 4b). Furthermore, significantly higher
percentages of FasL-positive cells were found in malignant
effusion CD8+ T cells compared to the corresponding
subpopulations from non-malignant effusions under non-
stimulated (2.2 & 0.9%vs.0.1 £ 0.1%, P = 0.023) and anti-
CD3-stimulated conditions (5.0 = 1.1% vs. 1.2 £+ 0.4%,
P = 0.042). Respect to TRAIL-positive cells, similar results
were found when comparing malignant effusion CD8+ T
cells with the corresponding subpopulation from non-malig-
nant effusions, under non-stimulated (2.9 = 0.9% vs.
0.2 & 0.1%, P = 0.026) and anti-CD3-stimulated conditions
(6.5 £ 1.0% vs. 1.2 £ 0.4%, P = 0.042).

A recent report has described a new metric parameter
conceived to increase the quantitative informational data
obtained from flow cytometric analysis, the integrated mean
fluorescence intensity (iMFI), which reflects the total func-
tional response of activated T cells [25]. iMFl is calculated by
multiplying the percentage of positive cells, which represents
the magnitude of the response, by the MFI, which represents
the quality of the response. iMFI for FasL and TRAIL from
anti-CD3-stimulated CD8+ T cells, along with the percentage
of cells and MFlIs, is shown in Fig. 4b. Pleural effusion CD8+

row), gated from CD3+- cell population, as described in “Materials and
methods”. Percentage of TUNEL-positive cells is shown. b Comparison
of apoptosis induced by anti-CD3 mAb stimulation (10 pg/ml) in
pleural effusion CD8+ T cells. Percentage of anti-CD3-induced
apoptosis is shown for isotype control, caspase-3 inhibitor (C-3 inh),
and anti-FasL mAb (n = 5). Bars depict the mean + SE

T cells from cancer patients showed the highest iMFI for FasL
and TRAIL compared with all other groups, and significant
differences were found with respect to non-malignant group.
Also, iMFI for FasL and TRAIL were significantly higher in
peripheral blood CD8+ T cells from cancer patients compared
to the corresponding subpopulation from healthy donors
(Fig. 4b). Thus, CD8+4 T cells from cancer patients showed an
increase in FasL and TRAIL expressions.

FasL. and TRAIL transcript levels are increased
in CD8+4 T cells from lung cancer patients

We next determined whether the increase in the iMFI
values of FasL- and TRAIL-positive CD8+ T cells is
associated with the upregulation of the corresponding
transcripts. In healthy subjects, FasL. mRNA levels did not
change after anti-CD3 stimulation. As shown in Fig. 5,
FasLL mRNA levels were significantly increased following
anti-CD3 stimulation in CD8+ T cells from malignant
pleural effusion (about tenfold) compared to peripheral
blood (onefold). A similar trend was observed for TRAIL
mRNA; the upregulation of TRAIL transcripts in CD84- T
cells from malignant pleural effusions stimulated with anti-
CD3 was higher than in other groups (Fig. 5).

Anti-CD3 stimulation of pleural effusion CD8+ T cells
from lung cancer patients induces two subsets

of Bcl-2-positive cells

Spontaneous and Fas-induced apoptosis have been shown
to be minimal in T cells from the peripheral blood of
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Fig. 4 The expression of FasL and TRAIL is increased in anti-CD3-
stimulated CD8+ T cells from lung cancer patients compared to non-
malignant controls. a Representative 5% contour outlier plots
showing the percentages of FasL- or TRAIL-positive CD8+ T cells
from PEMC or PBMC of a cancer patient and controls under non-
stimulated and anti-CD3-stimulated conditions. b Comparison of
FasL (upper row) and TRAIL (lower row) production, the percentage
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of cells (left), MFI (middle), and iMFI (right) of FasL or TRAIL
expressing CD8+ T cells induced by anti-CD3 mAb stimulation
(10 pg/ml) from all groups is shown. PE from non-malignant patients
(Non-mal, n = 11), PE and PB from lung cancer patients (n = 15)
and PB from healthy donors (HD, n = 13). Bars depict the
mean + SE, *P < 0.0001, **P < 0.001, *P < 0.01
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healthy donors, and this correlates with a high level of
expression of Bcl-2 [26, 27]. Bcl-2 is upregulated upon T
cell activation [28], suggesting that Bcl-2 family members
may regulate T cell apoptosis. Indeed, the pro-apoptotic
Bcl-2 family member, BIM, causes cell death of activated
T cells in vivo [16]. Thus, we evaluated the expression of
Bcl-2 and BIM in anti-CD3-stimulated CD8+ T cells. With
respect to BIM expression, pleural effusion CD4+ and
CDS8+ T cells from non-malignant and malignant origins,
and peripheral blood CD4+ and CD8+ T cells from cancer
patients and healthy donors, did not modify the MFI values
after stimulation with anti-CD3 mAb compared to corre-
sponding non-stimulated groups (Fig. 6 and data not
shown).

Anti-CD3-stimulated CD4+4 T cells from all groups
significantly increased the MFI values of Bcl-2 (Table 1
and Fig. 6a). Anti-CD3-stimulated pleural effusion CD8+
T cells from the non-malignant group increased the MFI
values approximately 1.7-fold compared to non-stimulated
cells. Pleural effusion CD8+ T cells from the cancer group
contained two subsets of Bcl-2-expressing cells (Bcl-2™
and Bcl-2"°) that were detected after anti-CD3 stimulation.
The MFI values found in the Bcl-2"'CD8+ T cell subset
were similar between anti-CD3-stimulated and non-stimu-
lated conditions.

In peripheral blood CD8+ T cells from healthy donors,
the stimulated cells increased the MFI values for Bcl-2
approximately 2.5-fold compared to non-stimulated cells.
Stimulated peripheral blood CD8+ T cells from the lung
cancer group exhibited similar MFI values compared to
non-stimulated cells (Fig. 6a and Table 1).

When the percentages of Bcl-2-positive cells were
analyzed in the groups mentioned above, pleural effu-
sion CD8+ T cells from cancer patients significantly
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Fig. 5 Pleural effusion CD8+ T cells from lung cancer patients
stimulated with anti-CD3 mAbs upregulate FasL and TRAIL mRNA
levels. PE and PB CD8+ T cells from lung cancer patients and PB
CD8+ T cells from healthy subjects (HD) were purified by negative
selection using magnetic beads. Cell stimulation was performed by
incubating with anti-CD3 mAb for 4 h. Total RNA was extracted, and

reduced the subset of Bcl-2M cells after stimulation,
this phenomenon was observed in 80% of the cancer
patients. Reduction in Bcl-2™ cells was associated with a
concomitant presence of a Bcl-2'° subset, in approxi-
mately 25% of the CD8+ T cell subpopulation (Fig. 6b).
Pleural effusion CD8+4 T cells from non-malignant
controls also showed a slight but significant increase in
the percentage of Bcl-2'° cells after stimulation; never-
theless, percentage of Bcl-2'° was significantly higher in
pleural effusion CD8+ T cells from cancer patients
(Fig. 6b). Thus, anti-CD3 stimulation of pleural effusion
CD8+ T cells from lung cancer patients decreased the
percentage of Bcl-2M-positive cells, which may favor
apoptosis.

Memory CD8+ T cell subsets from malignant effusions
are susceptible to AICD

To study whether susceptibility to AICD is associated
with a specific CD8+ T cell subset from malignant
effusions, we identified memory, terminally differenti-
ated, and naive subsets using the markers CD45RO and
CD28, as previously reported [5, 13, 29]. As shown in
Fig. 7a and b, anti-CD3 stimulation significantly
increased the percentages of annexin-V-positive cells in
each analyzed subset. For comparison, anti-CD3-induced
apoptosis was calculated in each CD8+ T cell subset.
Memory (CD45RO+ CD28+) cells showed the highest
percentages of anti-CD3-induced apoptosis (37 £ 3.5%).
Terminally differentiated cells showed moderately lower
percentages of apoptosis (for CD45RO+ CD28- cells:
22 + 2.9%, and for CD45RO-CD28- cells: 17 + 4.2%).
Percentages of apoptosis in naive (CD45RO-CD28+)
CD8+ T cells were significantly lower respect to the

° T 37 P<0.01 P<0.01
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qRT-PCR performed. The results were analyzed by the comparative
Ct method, using f-actin as an internal control (see “Materials and
methods™). The results are semiquantitative and represent the n-fold
difference of the transcript levels in a particular sample compared to
calibrator cDNA (cDNA samples from non-stimulated CD8+ T cells
from each subject). Bars depict the mean
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Fig. 6 A Bcl-2 subset is A CD4+ T cells CD8+ T cells
induced in pleural effusion - - - ry
CDS$+. but not CD4+. T cells ‘ Pleural Effusion Peripheral BIooc_j Pleural Effusron_ Peripheral B!ood

from lung cancer patients upon
anti-CD3-stimulation. a BIM
and Bcl-2 expression levels
were analyzed in cells
stimulated with anti-CD3 mAb
(black line) and non-stimulated
(gray area) for 24 h.
Histograms obtained from

! 1% L 10° 10" 10 1 1 10" 10! 107 1wt 1 .:c‘
CD4+ and CD8+ T cells from a BIM Alexa 488
lung cancer patient are shown.
Isotype control is indicated by | ' Bel-2lo Bcl-2hi Bci-2io Bcl-2hi

a gray line. b Percentages of —
Bcl-2"° cells in CD8+ T cells
from lung cancer and control
groups determined by analysis
of Bcl-2 low region (n = 7).
Bars depict the mean £+ SE
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Table 1 Bcl-2 expression in CD4+ and CD8+ cells from lung cancer and control groups after anti-CD3 stimulation

Groups Compartment Mean fluorescence intensity (MFI) £ SE

Bcl-2+ CD4+ cells Bcl-2" CD8+ cells

Non-stimulated Anti-CD3 stimulated P value Non-stimulated Anti-CD3 stimulated P value

Non-malignant (n = 6) PE 323 £ 28 474 £ 36 0.040 260 £ 17 463 + 20 0.004
Lung cancer (n = 10) PE 350 £ 61 409 + 59 0.017 305 £ 46 364 £ 60 0.030

PB 396 £ 66 516 £+ 83 0.035 323 £ 50 353 £48 0.048
Healthy donors (n = 7) PB 120 £ 5 187 £ 16 0.049 120 £ 11 320 £ 23 0.007

P values obtained from comparison between non-stimulated versus anti-CD3-stimulated conditions
PB peripheral blood, PE pleural effusion

other subsets (10 + 3.1%, P < 0.001 with respect to  Caspase-8 and -9 inhibitors block AICD of pleural
CD45RO+ CD28+ cells and P < 0.05 with respect to  effusion CD8+ T cells
CD45RO+ CD28- cells). Thus, our data suggest that

memory and, to a lesser extent, terminally differenti-  AICD stimulation is mediated through the extrinsic path-
ated CD8+ T cell subsets were more susceptible to  way [15, 16]. To corroborate this phenomenon, we deter-
AICD. mined the participation of caspase-8. As it has also been
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Fig. 7 CD8+ T cell subsets A

from malignant effusions are (Naive)
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CD45R0O-CD28-

(Memory) (Terminally differentiated)

susceptible to apoptosis after
CD3 stimulation. a Distribution
of memory, terminally
differentiated and naive CD8-+
T cell subsets and
corresponding annexin-V
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reported that the intrinsic pathway may be involved in some
cell types [27], caspase-9 was also evaluated in this study.

In CD8+ T cells from pleural effusion, caspase-8 and -9
inhibitors significantly reduced anti-CD3-mediated apop-
tosis (approximately by 35%). The percentages of apop-
tosis using both inhibitors together were slightly lower
compared to those measured after using either caspase-8
or -9 inhibitors alone (Fig. 8a).

In the naive CD8+ T cell subset, caspase-8 inhibitor
alone, or combined with caspase-9 inhibitor, significantly
reduced anti-CD3-induced apoptosis in similar percentages.
Caspase-9 inhibitor did not modify the percentages of anti-
CD3-induced apoptosis in this subset. In terminally differ-
entiated CD8+ T cells, caspase-8 and -9 inhibitors alone or
combined tended to reduce anti-CD3-induced apoptosis in
similar percentages. Remarkably, these inhibitors protected
from apoptosis to the memory CD8+ T cell subset; specifi-
cally, each inhibitor reduced anti-CD3-induced apoptosis by
approximately 30%, and addition of both inhibitors together
caused a reduction in approximately 43% (Fig. 8b).

Discussion

Many studies have demonstrated that a high frequency
of T cell apoptosis, particularly in the CD8+ T cell

p=0.0001

CD45RO+CD28+

O Non-stimulated
B Anti-CD3 stimulated

p=0.0001

1

CDA45RO+CD28-  CDA45RO-CD28-
subpopulation, occurs in patients with cancer [10, 11, 24].
Remarkably, apoptosis of T cells is not limited to the tumor
site, as an increased percentage of apoptosis has been found
in T cells from the peripheral blood of patients with breast
carcinoma, head and neck carcinoma, or melanoma [10, 11,
24]. Data from our study in lung cancer patients agree with
these reports; peripheral blood CD4+ and CD8+ T cells
show high susceptibility to spontaneous apoptosis compared
to T cell subpopulations from healthy donors. Of the T cell
subpopulations studied, spontaneous apoptosis was primar-
ily observed in CD8+4- T cells. Nevertheless, susceptibility to
spontaneous apoptosis does not lead to a reduction in the
CD8+ T cell subpopulation in peripheral blood. Indeed, no
differences in the percentages of peripheral blood CD8+ T
cells between lung cancer patients and healthy donors have
been found [5].

The Fas/Fasl. pathway has been proposed to be
responsible of spontaneous apoptosis observed in T cells
[8, 9]. In particular, it has been reported that, in tumors of
distinct origins, but not in lung cancer, peripheral blood
CD8+ T cells increase cell death after treatment with
agonistic anti-Fas antibodies, suggesting that high expres-
sion of Fas in CD8+ T cells may be responsible for T cell
death [9, 10]. We have reported an increase in the per-
centage of Fas-positive CD8+ T cells in peripheral blood
from lung carcinoma patients [5]. However, in the present
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Fig. 8 Caspase-8 and -9 inhibitors rescued memory CD8+ T cells
from AICD. a Data from pleural effusion CD8+ T cells from a cancer
patient are shown. PEMCs were stimulated with anti-CD3 mAbs in the
presence of a caspase-8 inhibitor, a caspase-9 inhibitor, or both.
Annexin-V-positive cells were analyzed by histograms within the PI
CD8+ T cell population as described in “Materials and methods”.
Percentages of anti-CD3-induced apoptosis are shown for each
condition (n = 9). b Representative analysis of memory CD8+ T

study, using the same experimental conditions previously
reported for agonistic anti-Fas antibody treatment [9], no
apoptosis in CD4+4 and CD8+- T cells was observed. These
data indicate that the spontaneous apoptosis observed in
this study is not mediated by the Fas receptor; however,
other death receptors (such as TNFR1, DR4, DRS, or
others) may be inducing this phenomenon. Furthermore,
spontaneous apoptosis may be the consequence of other
factors (described below) systemically released by tumor
or stromal cells.

In malignant pleural effusions, both neoplastic and
inflammatory cells are present [5], making them suitable
models for studying the interactions between tumor cells
and the host immune system [3-5, 30]. The ex vivo model
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cells. PEMCs were stimulated with anti-CD3 mAbs in the presence of a
caspase-8 inhibitor, a caspase-9 inhibitor, or both. Percentages of
annexin-V-positive cells were then determined in memory, naive, and
terminally differentiated subsets. Percentages of anti-CD3-induced
apoptosis are shown for each condition (n = 5). *P < 0.05 with respect
to cells without inhibitor (w/o inh), TP < 0.001 with respect to cells
without inhibitor (w/o inh)

allows for studying the effects of tumor cell-mediated
alterations in pleural effusion lymphocytes. In pleural
effusions of non-small cell carcinoma origin, some authors
[5, 30] have described an increase in the number of CD4+
T cells and a concomitant decrease in CD8+ T cell sub-
population. Pace et al. [4] studied pleural effusions from
tuberculosis and cancer patients and observed an increase
in CD3+ T cell spontaneous apoptosis. Nevertheless, the
susceptibility to spontaneous apoptosis for any particular T
cell subpopulation was not determined. Our results show
that pleural effusion CD8+ T cells from lung cancer
patients were more susceptible to spontaneous apoptosis
than CD8+ T cells from non-malignant pleural effusions,
which suggests that the underlying pathology, rather than
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the anatomical compartment, mediates CD8+ T cell death.
Of note, the percentages of spontaneous apoptosis in
pleural effusion CD8+ T cells were lower than in periph-
eral blood CD8+ T cells. These observations may be
explained by previous apoptotic elimination of a proportion
of CD8+ T cells in the pleural compartment.

Tumor cells may be releasing tumor antigens that
chronically stimulate CD8+ T cells, inducing a local acti-
vation of tumor-reactive T cells in the pleural compartment
[31]. This chronic stimulation could sensitize CD8+ T cells
to AICD. It has been shown that TILs from some human [ 18,
21, 22] and mouse tumors die by AICD [19, 20]. Based on
these reports, AICD may participate in the reduction in the
CD8+ T cell subpopulation observed in pleural effusions.
Alternatively, through secreted chemokines, cytokines or
other soluble factors, lung tumors may induce and amplify
non-HLA restricted, inflammatory responses in the pleural
compartment, leading to increased susceptibility to AICD.
Accordingly, data obtained from our study show that CD8+4-,
but not CD4+, T cells from pleural effusions underwent
AICD, and this phenomenon was not observed in peripheral
blood CD4+ and CD8+ T cells.

Inflammation caused by pleural effusion might be an
important source of various mediators and proteins, such as
damage-associated molecular patterns (DAMPs) molecules
[32]. Given that DAMPs are not exclusively related to
cancer, these molecules might sensitize CD8+ T cells to
AICD in non-malignant effusions. Accordingly, our data
show that non-malignant effusion CD8+ T cells were
susceptible to AICD, which was associated with the pres-
ence of a low percentage of Bcl-2'° CD8+ T cells, sug-
gesting that CD3-mediated apoptosis might be part of an
inflammatory process. Nevertheless, AICD was signifi-
cantly higher in pleural effusion CD8+ T cells from cancer
patients with respect to non-malignant effusions; this may
be attributed to the presence of tumor antigens in the
pleural compartment.

Increased susceptibility to AICD observed in pleural
effusion CD8+ T cells from cancer patients was associated
with increased expression of FasL. and TRAIL mRNAs.
Percentages of FasL and TRAIL-positive cells in pleural
effusion CD8+ T cells, although significantly higher than
the corresponding stimulated CD8+4 T cells from control
groups, were nevertheless relatively low. This phenomenon
might be the consequence of the release of TRAIL and
FasL to the medium in microvesicles or soluble form [33].
On the other hand, a recent report has described a new
metric parameter conceived to increase the quantitative
informational data obtained from flow cytometric analysis,
the integrated mean fluorescence intensity (iMFI), which
reflects the total functional response of activated T cells
[25]. Using this parameter, we found that expression of
FasL and TRAIL is increased in anti-CD3-stimulated

CD8+ T cells from cancer patients with respect to non-
malignant CD8+4 T cells and peripheral blood CD8+ T
cells from healthy donors. In addition, blocking with
antagonist anti-FasL. mAb partially reduced the percentage
of apoptotic cells in pleural effusion CD8+ T cells. Taken
together, our results show that FasL pathway is involved in
apoptosis induced by CD3 stimulation.

Pleural effusion CD8+ T cells showed a decrease in the
percentage of Bcl-2" cells with a concomitant presence of a
Bcl-2'° population. A similar phenomenon has been
observed ex vivo in antigen- and non-antigen-specific CD8+
T cells from HIV patients [34, 35]. Factors that could mediate
Bcl-2 downregulation are cytokine deprivation (IL-2, IL-7¢
or IL-15); in particular, lung carcinoma cells express the
alpha receptor for IL-2 ([36] and our unpublished observa-
tions), or increase in IL-21 in the microenvironment; it has
been recently reported that CD8+ T cells express lower
levels of Bcl-2 when stimulated in presence of IL-21 [37]. In
the tumor microenvironment, reduced expression of anti-
apoptotic Bcl-2 in pleural effusion CD8+ T cells, associated
with increase in FasL and TRAIL expressions, might sensi-
tize these cells to AICD and consequently impair their ability
to eliminate tumor cells.

In cancer, there are few reports that study AICD in
CDS8+ T cell subsets [22, 38]. To our knowledge, this is the
first study analyzing AICD susceptibility in CD8+ T cell
subsets from lung cancer patients. As was previously
reported, pleural effusions from lung cancer patients,
which contain high proportions of tumor cells and lym-
phocytes, show high proportions of memory and low pro-
portions of terminally differentiated CD8+ T cell subsets
[5]. Our data show that the naive CD8+ T cell subset
underwent apoptosis after CD3 stimulation. Though sur-
prising, the naive subset has been demonstrated to be
susceptible to AICD upon TCR stimulation [39]. Never-
theless, terminally differentiated CD8+ T cells were more
susceptible to AICD compared to the naive subset. More-
over, the highest susceptibility to AICD was observed in
the memory subset. Interestingly, memory CD8+ T cells
from healthy donors have been shown to be resistant to
AICD [16, 27]. Given that polyclonal stimulation of pleural
CD8+ T cells leaded to AICD, our results suggest that cell
death is a general phenomenon of both tumor- and non-
tumor-specific memory CD8+ T cells. This phenomenon is
similar to that reported by Kilinc et al. [38], who, in a
murine lung tumor model, delivered IL-12 to tumors in
situ, resulting in activation and subsequent death of total
effector/memory CD8+ T cells. Thus, susceptibility to
AICD in malignant effusion-derived memory CD8+ T
cells might hamper these cells from becoming terminally
differentiated.

Previous studies have reported two types of Fas-medi-
ated extrinsic apoptotic pathways according to the type of
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cell involved [14, 16]. Our data show that pleural effusion
CD8+ T cells were rescued from AICD by caspase-8
and -9 inhibitors. Although caspase-8 inhibitor, but not
caspase-9 inhibitor, protected naive CD8+ T cells, mem-
ory CD8+ T cells were protected from AICD by both
inhibitors. Thus, in memory CD8+ T cells, both caspase-8
and caspase-9 participate in AICD. These results are in
agreement with the presence of a Bcl-2'° CD8+ T cell
population detected after CD3 stimulation. Nevertheless, in
memory CD8+ T cells incubated with both caspase
inhibitors, the protective effect was not additive, as would be
expected if type I and type II pathways were participating
independently. Moreover, type II apoptotic signaling can be
blocked by high expression of anti-apoptotic Bcl-2 mole-
cules. In contrast, in type I cells, receptor-induced apoptosis
cannot be blocked by the expression of Bcl-2 or caspase-9
inhibitor. Type I cells, therefore, can die despite the lack of
mitochondrial involvement [14, 16]. Hence, memory, but not
naive, CD8+ T cells from malignant pleural effusion behave
like type II cells after stimulation and require the amplifi-
cation loop of the intrinsic apoptotic pathway.

The increased susceptibility of pleural effusion CD8+ T
cells to AICD might be attributed to the following:
(a) gangliosides released by tumor or stromal cells could
sensitize activated T cells to apoptosis, which involves both
the extrinsic and intrinsic apoptotic pathways, as demon-
strated in vitro [40, 41]; (b) diminished levels of CD3¢ in
CD8+ T cells, as we previously reported in lung carcinoma
patients; the tumor microenvironment could alter the
complex CD3 stoichiometry necessary to induce efficient T
cell signaling, leading to dysfunction of CD8+ T cell
responses and enhanced T cell apoptosis [13]; and (c) pro-
duction of reactive oxygen and nitrogen species, induced
by chronic presence of tumor antigens, DAMPs or other
factors secreted by tumor or stromal cells in the pleural
compartment [42]. In this regard, nitric oxide has been
shown to induce AICD dependent on Fas/FasL pathway in
vitro [43]; also, memory CD8+ T cells have been reported
to die by AICD, under both antigen-specific recognition
and oxidative stress [44, 45].

Given the high proportion of CD8+ T cells undergoing
AICD after polyclonal stimulation, we suggest that this
phenomenon is both tumor antigen-specific and non-tumor
antigen-specific. A similar phenomenon has been described
in viral infections, where non-antigen-specific CD8+ T
cells become prone, in a bystander fashion, to AICD after
TCR stimulation [46]. Bystander sensitization to AICD has
been proposed as a mechanism for immune deficiencies
associated with persistent viral infections involving chronic
T cell responses [46]. In lung cancer patients, a similar but
deregulated phenomenon might explain the immunosup-
pression detected in peripheral blood [7] as well as the
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reduced numbers of CD8+ T cells in the pleural com-
partment [5].

Several clinical trials using intrapleural administration
of diverse combinations of biological response modifiers
have been conducted to increase the host immune response
against tumor cells [47-49]; however, these treatments
have failed to show significant clinical benefits in terms of
patient survival or quality of life. Blocking the apoptotic
loop may be essential for the success of T cell-based
immunotherapeutic regimens for pleural effusions in
patients with primary thoracic malignancy and possibly for
other metastatic malignancies to the thorax.
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