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Elevated expression of prostaglandin receptor and increased
release of prostaglandin E, maintain the survival of CD45R0™
T cells in the inflamed human pleural space
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Introduction

Summary

Throughout the body, the distribution and differentiation of T-cell sub-
sets varies in a way that optimizes host responses. The role of activation-
induced cell death (AICD) in altering the distribution of T-lymphocyte
subsets at an immune or inflammatory sites has been unexplored. The
objective of this study was to assess whether pleural macrophages modu-
late AICD of specific pleural T-lymphocyte subsets. We found that pleural
T-lymphocytes spontaneously undergo apoptosis, which is associated to
increased expression of both FAS and FAS ligand, to decreased expression
of Bcl 2 and to caspase 8 and 3 activation. While pleural T lymphocytes
were partly protected from apoptosis, autologous peripheral blood
T lymphocytes increased their apoptosis when cultured with exudative pleu-
ral fluids. Pleural CD45RO™ T cells, in comparison to pleural CD45RA*
T cells, were more susceptible to apoptosis, but were preferentially protected
by exudative pleural fluids. Pleural prostaglandin E 2 (PGE,) was implicated
in protecting T-lymphocytes from apoptosis because exudative pleural
T lymphocytes highly express PGE, receptors, and because exudative
pleural fluid contained high concentrations of PGE,. Activated pleural
macrophages released PGE, and reduced the spontaneous apoptosis
of pleural T lymphocytes and depletion of PGE, from pleural fluids
decreased this protective effect. This study demonstrates that PGE,,
released in the pleural fluids following pleural macrophage activation, pro-
longs the survival of specific T-cell subsets, resulting in differentiation of
the T-cell repertoire within the inflamed pleural space.
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vated pleural macrophages actively contribute to the
regulation of inflammation and cell-mediated immunity

Chronic pleural inflammation can have devastating conse-
quences as it promotes formation of an inelastic mem-
brane around the lung leading to lung entrapment as well
as to fibrothorax and consequently to impaired respirat-
ory function. Consequently, the immune response in tis-
sue compartments such as the pleural space is regulated
to optimize host defence with a minimum of damage.
The aetiological agents or malignant cells penetrate into
the pleural space resulting in local activation of both
structural cells such as mesothelial cells' and immuno-
competent resident cells such as pleural macrophages.?
Pleural macrophages represent the major cellular com-
ponent of the pleural lavage of normal subjects.” Acti-

by promoting the accumulation® and the activation of
T lymphocytes in the pleural space* as well as possibly
regulating the T-lymphocyte response.

Multiple regulatory mechanisms contribute to immune
homeostasis. These include functional inactivation of cells
and killing of no-longer needed or potentially dangerous
immune cells.” Activation-induced cell death (AICD), a
form of apoptosis characterized by specific cell morpho-
logical features, is one of the important mechanisms
involved in the limitation of inflammatory and immune
responses by deleting activated lymphocytes.® Apoptotic
lymphocytes are removed from the site of inflammation
by macrophages that ingest the lymphocytes without

Abbreviations: PGE,, prostaglandin E,; EP, prostaglandin E receptors; mAb, monoclonal antibody; CM, complete medium;

CHEF, congestive heart failure.
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releasing inflammatory agents, thus contributing to the
resolution of the inflammatory process.” The accumula-
tion of T lymphocytes at the site of inflammation in
other compartments®'® has been demonstrated to be
related to a dysregulation of T cell apoptosis. Appropriate
signals may prevent cell apoptosis in specific cell subsets,
thus allowing their accumulation in specific compart-
ments."" Recently, the contribution of CD62L and chemo-
kine receptors such as CCR7 to the homing of memory T
cells has been defined'”> but it is not known to what
extent selective apoptosis might also contribute to that
process. Although it has been previously demonstrated
that in pleural fluids there is an increased numbers of
CD45R0" T cells'' it is not known whether apoptosis
contributes to the altered distribution of CD45R0 positive
T-cells.

Furthermore, although the role of lymphocyte apopto-
sis in the resolution of inflammation has been demonstra-
ted in a variety of diseases,® ' it is unknown whether, in
the pleural space, this phenomenon is regulated by pleural
macrophages during pleural inflammation.

The aims of the present study were to determine whe-
ther: (1) pro- or anti-apoptotic factors are present in exu-
dative pleural fluids; (2) pleural macrophages control
T lymphocyte apoptosis in the pleural space via the
release of a specific soluble factor; or (3) apoptosis was in
part responsible for the increased numbers of CD45RO™
T cells in the pleural compartment.

Materials and methods

Pleural fluid collection

Pleural fluid was collected by thoracentesis from hospital-
ized patients with congestive heart failure (CHF) (n =9,
age range 48-78 years), tuberculosis (TB) (n =7, age
range 38—64), cancer (n = 24, age range 45-73 years). All
subjects gave informed written consent and the study was
approved by the institutional review board for human
studies. The effusions were first classified as transudates
or exudates by meeting at least one of the criteria des-
cribed by Light."? Standard clinical, laboratory, and radio-
logical investigations were used to establish the diagnosis
for each patient, as previously described."* No patients
were undergoing anti-inflammatory or steroid therapies.
The fluids were drawn into polypropylene bags containing
heparin (10-20 IU/ml) and were subsequently centrifuged
at 400 g for 10 min. The identification of cancer cells was
performed by the Department of Pathology of our Hos-
pital (Ospedale V. Cervello, Palermo, Italy, or Foothills
Medical Centre, Calgary, Alberta), following the standard
diagnostic procedures, using a panel of monoclonal anti-
bodies (mAbs), including anti-human calretinin (Dako,
Glostrup, Denmark), as recommended by the current
consensus. "
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Cell-free fluids were immediately frozen at —70° until
they were analysed for total protein and prostaglandin E,
(PGE,) concentrations.

Isolation of T lymphocytes

Lymphocyte-enriched fractions were obtained from pleu-
ral fluids and from peripheral blood by Ficoll-Hypaque
centrifugation followed by fractionation on a one-step
Percoll (Pharmacia, Uppsala, Sweden) gradient. The lym-
phocyte-enriched fraction was passed through a nylon
wool column to further purify the T-cell population
(1 hr, 37°, 5% CO,) as previously described.? The recov-
ered T-cell fraction was >95% CD3-positive as assessed
by cytofluorimetric analysis. Pleural T lymphocytes were
cultured at 37° and 5% CO, for 24, 72, and 144 hr in
complete medium (RPMI-1640 + 10% fetal calf serum +
25 mm HEPES + 2 mm glutamine + 100 ng/ml penicillin +
100 ng/ml streptomycin) (Gibco, Paisley, UK) and, in
some experiments, with pleural fluid supernatants, with
autologous pleural macrophages, or with PGE,-depleted
pleural fluid supernatants.

Determination of T lymphocyte apoptosis

Pleural T lymphocyte apoptosis was evaluated by staining
with annexin V-fluorescein isothiocyanate (FITC) and
propidium iodide using a commercial kit (Bender Med-
System, Vienna, Austria) following the manufacturer’s
directions.® Cells were analysed using a FACStar Plus
(Becton Dickinson, Mountain View, CA) analyser
equipped with an Argon ion Laser (Innova 70 Coherent)
and Consort 32 computer support. We evaluated as apop-
totic cells, the cells that were annexin V positive and pro-
pidium iodide negative.

Expression of Bcl 2, Fas and FasL

The expression of Bcl2, Fas and Fas ligand (FasL) was
evaluated at the same experimental conditions described
above. To evaluate intracellular expression of Bcl 2, cells
were permeabilized using a commercial fix-perm cell per-
meabilization kit (Caltag Laboratories, Burlingame, CA).
Cells were then washed, resuspended in phosphate-
buffered saline (PBS) at the concentration of 5 x 10%/ml
and 0-1 ml aliquots were incubated in the dark (30 min,
4°) with a FITC-conjugated mouse anti-Bcl2 clone 124
(Dakopatts, Glostrup, Denmark), with RPE-conjugated
mouse anti-human CD95 clone DX2 (Dakopatts) and
with mouse anti-human FITC- conjugated FasL clone
HI1 (Alexis Corporation, Lausen, Switzerland). RPE-
conjugated (Dakopatts) and FITC-conjugated mouse anti-
human immunoglobulin G1 (IgGl, Dakopatts) were used
as negative controls. Results of Fas and FasL are expressed
as percentage of positive cells.
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Determination of the expression of caspases

The expression of caspases was evaluated by Western blot
analysis as previously described.® Fifty pug of total protein
underwent sodium dodecyl sulphate—ployacrylamide gel
electrophoresis on 4-12% gradient gels (Novex, San
Diego, CA) and were blotted onto nitrocellulose mem-
branes. These were blocked with PBS containing 3%
bovine serum albumin (BSA), 0-1% Tween-20 and then
probed with a mouse antibody specific to caspase 3 and 8
(PharMingen, San Diego, CA) at 4° overnight. After serial
washes with PBS containing 0-1% Tween-20, membranes
were incubated with peroxidase-conjugated anti-mouse
antibody (Dako). Labelled proteins were revealed with an
enhanced chemiluminescence system (NEN, Boston, MA)
followed by autoradiography. Negative controls were per-
formed in the absence of primary antibody or an isotype
control antibody. Beta-actin (Sigma, St Louis, MO) was
used as control. To confirm caspase 3 activation, we per-
formed a caspase activity assay using a commercially
available kit (PharMingen).

Cell death in CD45RO" and CD45RA" positive T cells

CD3" T cells were labelled with anti-CD45RO (phyco-
erythrin, PE) and with CD45RA (FITC) or with isotype
control antibodies, all purchased from eBioscience (San
Diego, CA). The percentage of CD3/CD45RO" or CD3/
CD45RA™ cells undergoing cell death was assayed by
uptake of 7-amino-actinomycin D (7-AAD) (Guava Tech-
nologies, Hayward, CA). Data was acquired using a Guava
EasyCyte® 96-well flow cytometer and the Guava Express
Plus Software (Guava Technologies). Data analysis was
performed using FlowJo®© 6.0 (Treestar, Inc, OR).

Measurement of PGE,

PGE, concentrations were evaluated in cell-free pleural
fluids and in macrophage cell culture supernatants using
a commercial enzyme-linked immunosorbent assay
(ELISA) kit (Amersham Bioscences, Amersham, UK)
following the manufacturer’s directions. Results are
expressed as pg/ml.

Expression of prostaglandin receptors (EP)

The expression of EP2 was evaluated by Western blot as
described above using specific antibody (Cayman Chem-
ical Ann Arbor, MI).

Release of PGE, by pleural macrophages (PleM)

Macrophages were isolated from exudative and transu-
dative pleural effusions using a previously described
methodology developed in our laboratory omitting the
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adherence step.'* The isolated cell population was com-
posed of >90% of macrophages, as confirmed by
expression of CD68. Pleural macrophages were resus-
pended in RPMI-1640 (+ 1% fetal calf serum + 25 mm
HEPES + 2 mm glutamine + 100 ng/ml penicillin +
100 ng/ml streptomycin) (Gibco) at 10° cells/ml and
incubated (4, 18 hr; 37° 5% CO,) with lipopolysaccha-
ride (LPS) 1 pg/ml. In some experiments a specific
inhibitor of COX-2 (SC58236) (10 um) (COX-2 INI)
(Searle Corporation, St Louis, MO) was also included.
The tubes were then centrifuged (600 g, 10 min) and
culture supernatants were collected and stored at —70°
until used in subsequent experiments to test PGE,
concentrations.

Depletion of PGE,

To deplete pleural fluids of PGE,, pleural fluids were
mixed gently for 2 hr with a commercially available
PGE, affinity sorbent (a mouse anti-PGE, IgG covalently
bound to Sepharose 4B) with a 100% specificity
(Cayman Chemical, Ann Arbor, MI), as previously des-
cribed.'®!” Subsequently, the samples were centrifuged at
1500 g and filtered on 0-2-mm filters (Lida Manufactur-
ing Corp, Kenosha, WI), with the aim of separating the
PGE, affinity sorbent and therefore eliminating PGE,
from supernatants. The efficiency of the specific extrac-
tion of PGE, by the PGE, affinity sorbent was evaluated
in three separate pleural fluid samples that were spiked
with 1 ng of PGE, standard (Sigma-Aldrich, Milan,
Italy). Final concentrations of PGE, in samples incuba-
ted in the presence and in the absence of PGE, affinity
sorbent were assessed by specific commercial ELISA kit
as described above. The concentrations of PGE, follow-
ing affinity sorbent were below the lower sensitivity limit
of ELISA kit. To further assess the specificity of the
PGE, affinity sorbent, we measured leukotriene B,
(LTB4), before and after PGE, depletion in three differ-
ent exudates. The concentrations of LTB4 before and
after PGE, depletion were similar (before =1579 +
176 pg/ml; after =1619 £ 176 pg/ml) thus confirming the
specificity of the system for PGE,.

Statistics

Data are expressed as mean counts + standard devi-
ation. The Mann—Whitney U-test was used for compar-
ison between patient groups, while comparison between
different experimental conditions was evaluated by ana-
lysis of variance (anova). The Spearman test was used
for correlations. Linear regression was done using ANOVA
and linear integration was done using MINITAB 12
Student Edition Copyright 1999 (Minitab Inc., State
College, PA). P < 0-05 was accepted as statistically
significant.
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Results

Exudative pleural T lymphocytes cultured in vitro
undergo spontaneous apoptosis

Activation of cell apoptosis following T-lymphocyte acti-
vation is a regulatory mechanism limiting T-lymphocyte
expansion and activation. The first step of this study was
to assess whether pleural T lymphocytes isolated from
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exudative and transudative effusions underwent sponta-
neous apoptosis when removed from the pleural compart-
ment and placed in tissue culture. T lymphocytes
underwent spontaneous apoptosis in a time dependent
fashion (Fig. la). Interestingly, pleural T lymphocytes iso-
lated from exudative pleural fluids (TB and cancer)
underwent apoptosis to a greater extent when compared
to T lymphocytes isolated from transudative pleural
effusions (CHF) (Fig. 1la). In addition, the activation of
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Figure 1. Spontaneous apoptosis of pleural T lymphocytes. (a) Pleural T lymphocytes isolated from exudative (n = 7) and transudative (n = 5)

pleural fluids (see Materials and methods for details) were cultured in medium for 24, 72 and 144 hr. T-cell apoptosis was evaluated by annexin

V binding and expressed as percentage of annexin V positive cells (mean £ SD). (b) Fas and FasL expression by pleural T lymphocytes isolated

from exudative (n = 7) pleural fluids. (c) Bcl2 expression by pleural T lymphocytes from exudative (n = 5) pleural fluids. (d) Western blot ana-

lysis of pro-caspase 8 and 3 and B-actin expression by pleural T lymphocytes isolated from exudative pleural fluids (representative experiment).

Lane 1 = pleural T lymphocytes cultured for 0 hr; lane 2 = pleural T lymphocytes cultured for 24 hr; lane 3 = pleural T lymphocytes cultured

for 72 hr; lane 4 = pleural T lymphocytes cultured for 144 hr.
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apoptosis was associated with increased expression of Fas
and Fas ligand (Fig. 1b), with a decreased expression of
Bcl 2 (Fig. 1c) and with the activation of caspases 8 and 3
as detected by the decreased expression of the procaspases
(Fig. 1d). A caspase 3 activity assay showed an increase in
caspase activity during the cultures (data not shown). No
significant modifications in the expression of all the
markers studied were observed for cells isolated from
transudates (data not shown).

Exudative pleural fluids protect pleural T lymphocytes
from spontaneous apoptosis

We next explored whether the spontaneous apoptosis of
exudative pleural T lymphocytes was caused by a depriva-
tion of some soluble factors present in the pleural fluids.
We evaluated the apoptosis of T lymphocytes isolated
from exudative and transudative pleural fluids and from
autologous peripheral blood in the presence and in the
absence of autologous pleural fluids. Interestingly, when
pleural T lymphocytes isolated from exudates were
cultured in the presence of autologous pleural fluids,
apoptosis was significantly decreased in comparison to
T lymphocytes cultured in medium (Fig. 2a). In contrast,
autologous peripheral blood T lymphocytes increased
their apoptosis when cultured in the presence of pleural
fluid supernatants. (Fig. 2b). This suggests that factors in
exudative pleural fluid protect pleural fluid T cells from
apoptosis, but promote apoptosis in autologous blood
T cells. However, when pleural T lymphocytes isolated from
transudates were cultured in the presence of autologous
pleural fluids, no significant decrease in cell apoptosis was
observed (Fig. 2a).

Exudative pleural fluids preferentially protect pleural
CD45RO™ T cells

It has previously been determined that there is a prepon-
derance of CD45RO", and a paucity of CD45RA" T cells
in the human pleural space.'’ To determine whether the
protective effect of pleural fluid was specific for certain
pleural T-cell subsets, the incidence of death among
CD45RA™ T cells was compared to CD45RO" T cells
when cultured with or without pleural fluid. In two inde-
pendent experiments, the percentage of CD45RO" T cells
undergoing cell death was higher than the percentage of
CD45RA™ T cells undergoing cell death (19% and 16%
versus 9-3% and 9-3%). However, the degree of protec-
tion for CD45RO" T cells was greater than the protection
afforded to CD45RA" T cells. Addition of pleural fluid
decreased the percentage of CD45RO™ apoptotic T cells
by 13-5 and 9-9%, while it only decreased the percentage
of CD45RA™ T cells by 6-3 and 2-3%. (the first of these
two experiments is shown in Fig. 3). When comparing
the effect of increasing concentrations of pleural fluid on

© 2007 Blackwell Publishing Ltd, Immunology, 121, 427-436
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Figure 2. Exudative pleural fluids protect pleural T lymphocytes
from apoptosis. T lymphocytes isolated from exudative (n = 5) and
transudative (n = 2) pleural fluids (a) and from autologous periph-
eral blood (see Materials and methods for details) (b) were cultured
with autologous pleural fluid or with medium for 72 and for 144 hr.
T-cell apoptosis was evaluated by annexin V binding and expressed
as percentage of annexin V positive cells (mean + SD). *P < 0-05
compared to the corresponding group cultured with medium.

the percentage of dead cells by a linear integration analy-
sis, there was a significant difference between CD45RO*
and CD45RA" T cells (P = 0-02) (Fig. 3). This suggests
that pleural fluid had a greater effect on the survival of
CD45 RO™ T cells when compared to the survival of
CD45RA™ T cells.

PGE, is present in exudative pleural effusions

Because PGE, has been demonstrated to prevent the
apoptosis of activated T lymphocytes'® we determined
whether PGE, was present in pleural fluids. Interestingly,
TB and cancer exudative pleural fluids contained higher
concentrations of PGE, in comparison to transudative
(CHF) pleural fluids (Fig. 4) suggesting that the produc-
tion of PGE, within the pleura is associated to pleural
inflammation. In addition, PGE, concentrations positively
correlated with the total numbers of pleural T lympho-
cytes (Spearman correlation: p= 0-64; P < 0-0001).
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Figure 3. Exudative pleural fluids preferentially maintain the survi-
val of CD45RO™ T cells. Pleural lymphocytes isolated from exudative
pleural fluids were cultured with different concentrations of pleural
fluid for 72 hr. Cells were considered dead if they stained positive
for 7-AAD that were either CD3* CD45RA" or CD3" RO. A linear
regression analysis was performed using aNova to determine the
relationship between the percent 7-AAD" cells and the percentage of
pleural fluid in culture. Linear integration analysis was performed to
determine if there was a statistical difference between the relation-
ships for the CD45RO" and CD45RA" cells. The experiment was
repeated with similar results.
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Figure 4. PGE, is present in exudative pleural fluids. Pleural fluids
were obtained from CHF patients (n = 8); TB patients (n = 7); and
cancer patients (n = 24). PGE, concentrations were measured as
described in ‘materials and methods’ and are expressed as pg/ml
(mean + SD). *TB versus CHF P < 0-03; *Cancer versus CHF
P < 0-03; TB versus Cancer = ns.

Exudative pleural T lymphocytes express
EP2 receptors

We assessed whether pleural T lymphocytes from exu-
dates express the PGE,-specific EP2 receptors differently
from pleural T lymphocytes from transudates. Pleural
T lymphocytes isolated from exudative pleural fluids
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Figure 5. Pleural T lymphocytes highly express EP2 receptors.
Representative Western blot analysis of EP2 receptor by pleural
T lymphocytes from pleural transudates and from pleural exudates.
Lanes 1 and 2 = pleural T lymphocytes from transudates; lanes 3, 4,
5 = pleural T lymphocytes from exudates.
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Figure 6. Activated pleural macrophages highly release PGE,. Pleural
macrophages recovered from transudative effusions (CHF) (n = 5)
and from exudative effusions (n = 5) were used to assess the release
of PGE, (see Materials and methods for details). *P < 0-05 (exudates
versus transudates).

expressed EP2 receptors at higher level in comparison to
pleural T lymphocytes isolated from transudates (Fig. 5).

Pleural macrophages protect autologous pleural
T lymphocytes from apoptosis

Experiments were performed to assess whether pleural
macrophages contributed to the protection of pleural
T lymphocytes from apoptosis. We first evaluated whether
pleural macrophages isolated from exudates actively con-
tribute to the release of PGE,. Pleural macrophages isola-
ted from exudates and stimulated with LPS (1 pg/ml)
released higher concentrations of PGE, at 4 and 18 hr
when compared to pleural macrophages isolated from
transudates (Fig. 6). Furthermore, using cells isolated
from exudates, activated pleural macrophages that were
separated from T lymphocytes to avoid direct macro-
phage-lymphocyte contacts protected T lymphocytes from
spontaneous apoptosis. This phenomenon, present after
72 hr of incubation, was more evident after 144 hr of
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Figure 7. Activated pleural macrophages protect autologous pleural
T lymphocytes from apoptosis. Pleural T lymphocytes and auto-
logous pleural macrophages (lymphocyte/macrophage ratios 5/1 and
20/1) isolated from exudative and from transudative pleural fluids
(see Materials and methods for details) were cultured in transwells
to avoid direct macrophage-lymphocyte contacts for 72 hr (a) and
for 144 hr (b). T-cell apoptosis was evaluated by annexin V bind-
ing and expressed as percentage of annexin V positive cells
(mean £ SD). *P < 0-05 compared to the corresponding group cul-
tured in complete medium without autologous pleural macrophages.

incubation. No significant differences were observed at
the two different lymphocyte/macrophage tested ratios.
The addition of a specific COX-2 inhibitor restored
T lymphocyte apoptosis to baseline. No differences were
observed for cells isolated from transudates (Fig. 7).

Pleural PGE, contributes to the protection of pleural
T lymphocytes

The findings that PGE, was present in pleural fluids and
that its concentrations positively correlated with the num-
ber of pleural T lymphocytes prompted us to assess whether
PGE, present in exudative pleural fluids contributed to the
prevention of T lymphocyte apoptosis exerted by pleural
fluids. Depletion of PGE, from exudative pleural fluids sig-
nificantly increased the apoptosis of autologous activated
pleural T lymphocytes (Fig. 8) suggesting that PGE, is the
factor that protects T lymphocytes from apoptosis.

Discussion
The results of the present study demonstrate that PGE, is

increased in the inflamed pleural space and that this cor-
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sis. Pleural T lymphocytes isolated from exudative pleural fluids
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synthetic PGE,, with pleural fluids and with PGE, depleted pleural
fluids for 72 hr (a) and for 144 hr (b). T-cell apoptosis was evalu-
ated by annexin V binding and expressed as percentage of annexin
V positive cells (mean + SD). *P < 0-05.

relates with the number of T lymphocytes in the pleural
space. Exudative pleural T lymphocytes are capable of
responding to PGE, because they highly expressing the
EP2 receptor. Pleural fluid, which contains PGE, selec-
tively protects CD45RO" T lymphocytes from becoming
apoptotic. Among the cells present in the inflamed pleural
space, activated pleural macrophages release PGE, and
PGE, was shown to be the factor that protects T cells
from spontaneous apoptosis.

Naive T lymphocytes are induced to proliferate after
immune stimulation by antigens. At the end of an
immune response, the majority of the expanded popula-
tion is removed by apoptosis by two major routes: AICD
and cytokine deprivation.” Mechanisms that prevent the
apoptosis of a proportion of activated T lymphocytes may
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lead to the persistence of a memory T-cell population.
Dysregulation of this physiological process appears to be
involved in the pathogenesis of several human diseases.
For example, lack of apoptosis plays a causative role in
malignancies (haematological) and autoimmune diseases,
whereas excess apoptosis has been associated with infec-
tious processes including human immunodeficiency virus
infection, malaria, and trypanosomiasis.'” AICD is activa-
ted by the restimulation of activated T lymphocytes and
requires ligation of Fas by Fas L. Upon activation T cells
potently induce FasL expression on the surface of cells
already expressing Fas, thus causing autocrine or para-
crine cell death.”” This phenomenon may occur princi-
pally in foci of hyperactivity where large numbers of T
lymphocytes and considerable concentrations of antigens
are present.” The pleural space is a closed compartment
where both large numbers of T lymphocytes and consid-
erable concentrations of antigens may be present. Consis-
tent with these concepts, we focused our attention on
the mechanisms governing the apoptosis of pleural T
lymphocytes in an inflammatory milieu. It represented an
unique opportunity to evaluate this phenomenon on nat-
urally, in vivo-activated T lymphocytes and offered the
possibility to better understand the mechanisms condi-
tioning the fate of activated T lymphocytes at the site of
inflammation. We demonstrated that activated pleural T
lymphocytes, when cultured in vitro with medium,
increased the expression of both Fas and FasL decreased
the expression of Bcl2 and underwent spontaneous apop-
tosis. Our data extend and integrate previous results pro-
vided by Hirsch et al.'® showing that apoptosis of pleural
fluid mononuclear cells (T cells, mononuclear phagocytes)
isolated from pleural fluids of TB patients and cultured in
complete medium was augmented in comparison with
autologous peripheral blood mononuclear cells. We dem-
onstrated that T lymphocytes isolated from exudates
caused by cancer and tuberculosis undergo spontaneous
apoptosis to a greater extent than autologous peripheral
T lymphocytes or T lymphocytes isolated from transuda-
tive pleural effusions. These findings may be indicative
of the general immune activation of lymphocytes pre-
sent in the inflamed pleural space and suggest the pres-
ence of mechanisms not exclusively related to specific
pathological contexts such as TB or malignancies. Our
approach is novel as we also evaluated the apoptosis of
pleural T lymphocytes partially reproducing the pleural
inflammatory milieu by culturing the cells with pleural
fluid. However, the available previous studies evaluated,
in vitro, cell apoptosis of T lymphocytes cultured in
medium.

Several pieces of evidence suggest that the pleural
microenvironment (cells and mediators) tightly partici-
pates in the regulation of immune responses within the
pleural space.”! Pleural macrophages play a crucial role
in regulating T-cell functions in the pleural compart-
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ment.>**** Our recent reports demonstrate that pleural
macrophages also contribute to the regulation of immune
responses by secreting chemokines® by increasing the
expression of adhesion molecules'* or directly interacting
with lymphocytes.* Here we demonstrate that a soluble
factor present in exudative pleural fluids and a soluble
factor released from activated pleural macrophages are
able to protect T lymphocytes from apoptosis. This pro-
tective effect was mainly exerted on the CD45RO™ T cells
rather than on CD45RA™ T cells, suggesting that this
mechanism may contribute to the selection of specific
T-cell subsets within the inflamed pleural compartment.

The distribution of T-lymphocyte subsets in various
organ compartments is very different than the distribu-
tion of subsets in the peripheral blood. This altered distri-
bution and compartmentalization is essential for optimal
host defense. In part, the altered distribution of CD62L
and CCR7 cells bind to O-glycans of GlyCAM-1, CD34
and MAdACAM-1, and CCL21, respectively, and are selec-
tively recruited to different organ compartments.** In
addition to selective recruitment, it is possible for apopto-
sis to alter the distribution of naive and memory T-cell
subsets.” It has previously been noted that T-cell growth
factors such as interleukin (IL)-7 and IL-15 prevent apop-
tosis of memory T cells.”®> Moreover, IL-6 and CXCL12
have also been implicated in rescue from apoptosis.*® It
has been found that the majority of T lymphocytes in the
pleural compartment are CD45RO,'" a surface molecule
that has been correlated with the memory phenotype;
however, the factors involved in the preservation of this
phenotype have not been identified. The current studies
extend the observations of Atreya ef al. in the human
intestine’® and demonstrate that factors in the diseased
pleural space selectively regulate apoptosis resulting in the
maintenance of the CD45RO" memory T cells.

PGE,, the primary cyclo-oxygenase breakdown product,
is primarily released by mononuclear phagocytes.”” In this
study we show that higher concentrations of PGE, were
associated with greater numbers of T cells in the pleural
apace, that synthetic PGE, decreased apoptosis and that
depletion of PGE, from exudative pleural fluids signifi-
cantly increases the apoptosis of autologous activated
pleural T lymphocytes. Moreover, activated pleural
macrophages protect T lymphocytes from spontaneous
apoptosis and this phenomenon, while present at 72 hr of
incubation, is more evident after 144 hr of incubation.
Taken together, these findings indicate that PGE, released
following a prolonged stimulation of pleural macrophages
prevents apoptosis and might play a role in augmenting
and perpetuating T-cell responses in the pleural space.

PGE, has been associated with the prolonged survival
of immune effector cells and the persistence of inflamma-
tory responses.”® PGE, inhibits AICD by down-regulating
FasL expression and caspase 8 activation.'"®*® Consider-
ing the short in vivo half-life of PGE,** the pleural
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compartment is likely characterized by a continuous pro-
duction of PGE, to maintain PGE, at biologically relevant
levels. The biological activity of PGE, is mediated by G
protein-coupled receptors by conventionally designated
EP receptors.””?® The EP receptors can be divided into
four classes and couple with distinct signalling pathways.
The existence of this family of EP receptors coupled with
different signalling pathways provides a molecular basis
for the different biological activities of PGE,. The interac-
tion with EP2 and with EP4 promotes an increase in the
intracellular levels of cAMP which in turn, triggering
PKA-I-mediated signals, increases the survival of T cells
and enhances memory T cell commitment.>’ On the other
hand, cAMP-dependent protein kinase (PKA) signalling,
due to PGE,, suppresses T lymphocyte proliferation®® and
affects immune effector functions by decreasing T helper
1 (Thl) cytokines resulting in a shift in the Th1/Th2 bal-
ance in favour of a Th2 response.’® The effects of PGE,
on T lymphocyte apoptosis are dependent on the acti-
vation state of the cell. In this regard it has been
demonstrated that PGE, induces apoptosis in resting
T lymphocytes.”® Consistently, with this finding, we dem-
onstrate here that only exudative pleural T lymphocytes
sense the protective effect of PGE, present in pleural flu-
ids as EP2 receptors are highly expressed on exudative
pleural T lymphocytes rather than on transudative pleural
T lymphocytes. It is conceivable that, in the pleural space
during inflammation, the release of soluble mediators
increases the production of PGE, by pleural macrophages,
and the expression of EP2 receptors by T lymphocytes. In
this regard, it has been previously demonstrated that dur-
ing inflammation, intestinal epithelial cells newly and sig-
nificantly expressed EP2 receptors.”

In conclusion, this study demonstrates that PGE,
released into the pleural fluid, following pleural macro-
phage activation, prolongs the survival and alters the dif-
ferentiation of specific T lymphocytes subsets within the
inflamed pleural space.
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