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ABSTRACT

Immunotherapy against a variety of malignancies, including pleural-based malignan-
cies, has shown promise in animal models and early human clinical trials, but successful
efforts will need to address immunosuppressive factors of the tumor and host, particularly
certain cytokines and CD4* CD25* regulatory T cells (Treg). Here, we evaluated the
cellular and cytokine components of malignant pleural effusions from 44 patients with
previously diagnosed mesothelioma, non-small cell lung cancer (NSCLC), or breast cancer
and found significant differences in the immune profile of pleural effusions secondary to
mesothelioma vs. carcinoma. Although a high prevalence of functionally suppressive
CD4+* CD25* T cells was found in carcinomatous pleural effusions, mesothelioma pleural
effusions contained significantly fewer CD4* CD25* T cells. Activated CD8* T cells in
pleural fluid were significantly more prevalent in mesothelioma than carcinoma. However,
there is clear patientto-patient variability and occasional mesothelioma patients with high
percentages of CD4+ CD25* pleural effusion T cells and low percentages of CD8*
CD25+ pleural effusion T cells can be identified. Mesothelioma pleural effusions contained
the highest concentrations of the immunosuppressive cytokine transforming growth factor
(TGF)-B. Thus, the contribution of cellular and cytokine components of immunosuppression
associated with malignant pleural effusions varies by tumor histology and by the individual
patient. These results have implications for the development of immunotherapy directed to
the malignant pleural space, and suggest the need to tailor immunotherapy to overcome
immunosuppressive mechanisms in tumor environments.

INTRODUCTION

Malignancy in the pleural space portends a dismal prognosis, with life expectancy of six
to nine months. A high percentage of malignancies in the pleural space are associated with
effusions, and current therapy consists largely of palliative measures designed to drain or
obliterate the pleural space.!> Immunotherapy is a promising strategy which has been
shown to be effective against mouse models of various thoracic tumors’ including non-
small cell lung cancer (NSCLC) and mesothelioma, and has demonstrated some effect in
human trials for both of these diseases. Intrapleural immunotherapy has been tested in
human clinical trials for pleural-based malignancies® and is ongoing at our cancer center.

Early results from these efforts, and other approaches in cancer immunotherapy, make
clear the need to address immuno-suppressive factors of the tumor and host, particularly
immuno-suppressive cytokines (such as TGF-B)° and the recently described CD4* CD25*
regulatory T cell (Treg) that infiltrate tumors and suppress immunity.” In the 19807,
North demonstrated the existence of a T  cell-mediated mechanism of immuno-suppression
that prevented adoptive tumor-sensitized T cells from mediating regression of tumors in
recipient mice.®? This suppressor notion was largely abandoned in the 1990’s, but has now
resurfaced in mouse models and in human studies. In humans, a naturally occurring
subpopulation of Treg cells constitutively expressing CD25 (the IL-2 receptor-o. chain)
comprises approximately 5-15% of peripheral blood CD4* T cells.!? Treg cells inhibit
autoimmune diabetes, prevent inflammatory bowel disease, mediate transplantation toler-
ance, impede antitumor immunity and prevent the expansion of other T cells in
vivo.”!112 Tn particular, human Treg cells markedly inhibit CD8* T cell activation.!?

Since our initial description of functionally suppressive Treg cells in human NSCLC
and ovarian tumors, %15 numerous other studies have identified CD4* CD25* Treg cells
in the microenvironment of other cancers, including breast, pancreatic, and colon cancer.10-18
Treg cells comprise up to 30% of tumor infiltrating lymphocytes. In fact, no tumor type
has been identified that lacks Treg cells. It has been hypothesized that depletion of Treg

cells in vivo would enhance the induction of tumor immunity.!*2? In mouse models,
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injection of anti-CD25 antibody compared to
control immunoglobulin markedly enhances A
response to vaccination and induction of anti-
tumor immunity?!24 by depleting CD4* CD25*
cells in vivo.

In malignant pleural effusions, the prevalence
of Treg cells measured in concert with levels of
immunosuppressive cytokines is not known. In
this study, we evaluated malignant pleural effusions
from patients with mesothelioma, NSCLC, or

Mesothelioma

NSCLC

Breast cancer

"

16.0%

1

CD25

breast cancer to characterize and compare lymphoid
subsets and cytokine milieu. We demonstrate that B
there are significant differences in the cellular and
cytokine components of pleural effusions secondary
to mesothelioma as compared to those secondary
to carcinoma. In particular, mesothelioma pleural
effusions include significantly fewer CD4* CD25*
T cells but have the highest levels of TGF- of the

tumors we studied.

MATERIALS AND METHODS

Collection of patient samples. Pleural fluid was
obtained from 44 cancer patients undergoing thoracen-
teses at the Thoracic Surgery, Pulmonary, or
Interventional Bronchoscopy Services at the Hospital of
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the University of Pennsylvania. Peripheral blood (10 ml)
was obtained by phlebotomy. The protocols were
approved by the University of Pennsylvanias
Institutional Review Board, and signed, written
informed consent was obtained from each patient.
Patients with previously diagnosed malignant mesothe-
lioma (n = 7), NSCLC (n = 11), or breast cancer (n = 26)
were enrolled.

Sample preparation. Pleural fluid specimens were
mixed with 3.8% sodium citrate. Cytopathological
analysis was performed at the Department of Pathology of the Hospital of
the University of Pennsylvania and confirmed malignancy in each case.
After centrifugation at 1,200 g for seven minutes at room temperature,
mononuclear cells were isolated from the cell pellet using Ficoll centrifuga-
tion. Supernatant material from the first centrifugation were recentrifuged
at high speed and the supernatant frozen at -70°C for cytokine analysis.
Mononuclear cells from phlebotomy samples were isolated by Ficoll cen-
trifugation.

Cell surface phenotype analysis. Four-color flow cytometric analysis of
pleural fluid mononuclear cells was performed using monoclonal antibody
(mAb) and isotype controls as described previously.> Antibodies conjugated
with FITC, PE, PerCP or APC were purchased from BD Biosciences
(San Jose, CA) (CD3, CD4, CD8, CDl11c, CD14, CD27, CD28, CD45,
CD45RA, CD45R0O, CD62L, CD123), Immunotech (Marsailles, France)
(CD83), or Dako (Carpinteria, CA) (CD19, CD25). Flow cytometry was
petformed using a Becton Dickinson FACS Calibur flow cytometer (BD
Biosciences, San Jose, CA).

Proliferation assays. Ninety-six well plates were coated with 1 ug/ml
anti-CD3 (OKT3) and 1 ug/ml anti-CD28 Ab (clone 9.3) overnight at
37°C and then thoroughly washed. Lymphocytes from pleural effusions
were stained with CD4-APC mAb and CD25-FITC mAb and sorted for
CD4* CD25 and CD4* CD25* fractions using a MoFlo Cell Sorter
(DakoCytomation, Fort Collins, CO). Autologous peripheral blood lym-
phocytes (PBL) in complete media (RPMI 1640 containing 10% fetal calf
serum, 15 pg/ml gentamicin, and 2 mmol/L glutamine) were plated in
triplicate at 5 x 10% cells per well, and sorted populations of CD4* CD25*
or CD4*CD25" cells in complete media (or media alone) were added (2 x 104
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Figure 1. Lymphocytes from pleural effusions due to mesothelioma have significantly fewer CD4*
CD25* T cells than effusions due to NSCLC or breast cancer. (A) Representative dot plots of flow
cytometric analysis of lymphocytes from malignant pleural effusions of patients with mesothelioma,
NSCLC, and breast cancer. (B) Data from flow cytometric analysis of lymphocytes from all malig-
nant pleural effusion samples evaluated for CD45+ CD3* CD4* CD25* T cells grouped by tumor

cells per well). On day 3, [PH]thymidine was added (1 uCi/well) and plates
were harvested 18 h later. Experiments were performed in triplicates, and
cpm is shown + 1 SD.

Cytokine analysis. Concentrations of cytokines in pleural fluid were
measured by commercially available enzyme linked immunosorbent assay
(ELISA) kits for interleukin (IL)-1-B, IL-2, IL-4, IL-6, IL-10, IL-12, IL-15,
VEGE, GM-CSE PGE2, TNF-q, IFN-B, IFN-y (Pharmingen, San Diego,
CA; or R&D Systems Inc, Minneapolis, MN) according to the manufacturer’s
instructions. Bioactive TGF-§ was determined by the mink lung epithelial
cell assay (MLEC) as previously described.?

Statistical analysis. Statistical analyses of lymphoid subsets were analyzed
with unpaired Students t. Comparisons of mean cytokine levels between
groups were made by calculating the analysis of variance using StatView
(Cary, NC). Statistical significance was set at p < 0.05. Results are expressed
as mean + 1 SD.

RESULTS

Flow cytometric analysis of pleural effusion lymphocytes. Malignant
pleural effusions from 44 patients with mesothelioma, NSCLC, or breast
cancer were analyzed by flow cytometry for phenotypic evidence of CD4*
CD25* Treg, as previously described.'®!5 After isolation of pleural fluid
mononuclear cells, we gated on CD45* CD3* T cells and analyzed them for
coexpression of CD4 and CD25 (Fig. 1A). Pleural effusions secondary to
NSCLC or breast cancer had a statistically higher prevalence of CD4*
CD25* T cells than mesothelioma (15.0% + 5.9% and 15.9% =+ 3.2%,
respectively, versus 7.8% = 6.8%, p < 0.05 for both comparisons) (Fig. 1B).
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CD4* CD25* cells markedly inhibited proliferation
(Fig. 2). In contrast, equal numbers of pleural effusion
CD4* CD25" cells coincubated with autologous PBL
failed to suppress anti-CD3/anti-CD28 proliferation.
This data demonstrates that cells with this phenotype
are also functionally growth suppressive.

Other differences in lymphoid subsets between
NSCLC or breast cancer vs. mesothelioma were also
observed in pleural effusions. Most notably, the preva-
lence of CD8* CD25* cells among pleural effusion T

cells was higher in mesothelioma (10.2% + 6.2%)
N

PBL PBL
CD25- CD25+ CD25-

CD25+ CD25- CD25+

than either NSCLC (2.0% + 1.2%) or breast cancer
(3.1% = 2.3%) (P < 0.05 for both comparisons), sug-
gesting a more active state of the CD8* cytotoxic T
cell compartment in mesothelioma pleural effusions

Figure 2. CD4* CD25* T cells from carcinomatous pleural effusions inhibit the proliferation of
autologous PBLs. PBL from patients proliferated markedly to anti-CD3 and anti-CD28 stimulation
alone (PBL), or in combination with pleural effusion CD4+ CD25" cells (PBL + CD257). Coincubation
with pleural effusion CD4* CD25* T cells markedly inhibited proliferation (PBL + CD25%). Data is

representative of three experiments for carcinoma patients.

Table 1 Cytokine concentrations in malignant
pleural effusions
Cytokine  Mesothelioma NSCLC Breast Cancer
Mean SD Mean SD Mean SD
(pg/ml) (pg/ml) (pg/ml)
IL-1-B <0.1 <0.1 <0.1
IL-2 <0.1 <0.1 <0.1
IL-4 <0.1 <0.1 <0.1
IL-6 783 313 366 221 372 176
IL10 76 18 28 8 33 7
IL-12 <0.1 <0.1 <0.1
IL-15 <0.1 <0.1 <0.1
GM-CSF  <0.1 <0.1 <0.1
VEGF 1755 495 788 231 1029 316
PGE2 66 12 99 31 71 34
IFN-y <0.1 <0.1 <0.1
IFN-B <0.1 <0.1 <0.1
TGFB 1964 468 293 112 309 106
TNF-o <0.1 <0.1 <0.1

For two patients with mesothelioma, <3.0% * CD4 CD25* pleural fluid T
cells were observed whereas none of the patients with NSCLC or breast
cancer had <3.0% CD4* CD25* pleural fluid T cells. However, some hetero-
geneity was noted, including one patient with sarcomatoid mesothelioma
who had 21.0% CD4* CD25* T cells in the pleural fluid. In the peripheral
blood of mesothelioma patients (n = 6), we found that the prevalence CD4*
CD25* T cells was not significantly different that the prevalence of CD4*
CD25* T cells in the blood of breast cancer patients (n = 14) (13.6% + 6.4%
vs. 13.3% + 8.3%, P > 0.05).

To assess whether CD4* CD25* cells in pleural effusions of nonmesothe-
lioma cancer patients exhibit suppressive function associated with Treg cells,
we evaluated the effect of CD4* CD25* cells on polyclonal in vitro stimu-
lation of autologous PBL. Although PBL from patients proliferated markedly
to anti-CD3/anti-CD28 stimulation alone, coincubation with pleural effusion
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compared to NSCLC or breast cancer (Fig. 3A and B).
CD45* CD11c* CD14 myeloid dendritic cells (DC)
were identified at the same prevalence among lympho-
cytes from pleural effusions due to mesothelioma
(10.6% + 16.2%), NSCLC (8.0% =+ 2.6%), and breast
cancer (11.4% + 4.2%) (P > 0.05 for each compari-
son), but the percentage of mature DC among pleural
effusion myeloid DC (based on CD83 expression) was
greater in mesothelioma (17.5% = 13.6%) than in breast cancer (8.9% =
3.1%) (P < 0.05). In NSCLC, the percentage of mature myeloid DC was
not statistically different than the percentage in mesothelioma. CD45*
CD123* CD14" plasmacytoid DC were also identified at the same prevalence
among lymphocytes from pleural effusions due to mesothelioma (5.6% +
3.4%), NSCLC (3.6% + 2.2%), and breast cancer (5.0% + 6.0%) (P > 0.05
for each comparison), and the percentage of mature CD83* DC among
pleural effusion plasmacytoid DC was 16.2% + 13.9%, 18.0% + 11.3%,
and 23.0% + 14.5%, respectively; P > 0.05 for all comparisons). There was
large patient-to-patient heterogeneity of the maturation state of plasmacytoid
DC in pleural effusions; for each histology, there was at least one patient
with 0.0% CD83* plasmacytoid DC and at least one patient with >30%
CD83* plasmacytoid DC.

There was no statistical difference in the prevalence of pleural effusion B
cells (CD19* CD3" CD14") or natural killer cells (CD56* CD3™ CD8")
between the three tumor types. There were also no differences between the
three tumor types with regard to percent of CD4* T cells or CD8" T cells
expressing T cell memory markers including CD45RA, CD45RO, CD28,
CD27 or CDG62L.

Few patients with mesothelioma were treated with chemotherapy before
the development of pemetrexed, in contrast to the routine use of chemother-
apy for patients with either breast cancer or NSCLC. This raised the possi-
bility that the results obtained in the flow cytometric analysis of Treg cells
and activated CD8* cells might be related to treatment with chemotherapy.
To test this hypothesis, the treatment status of each patient was compared to
our flow cytometric results. Because none of the patients with mesothelioma
received chemotherapy, and all but one of the patients with breast cancer
received chemotherapy, these groups were uninformative. However, only
five of 11 patients with NSCLC had received chemotherapy. There were no
significant differences in the prevalence of Treg cells in NSCLC patients who
had received chemotherapy vs. patients who had not (data not shown).

Pleural effusion cytokine analysis. Pleural fluid was also assayed for the
concentration of 14 cytokines. Levels of 9 of these cytokines were below the
limit of detection in each patient regardless of tumor type, including IL-1-f3,
IL-2, IL-4, 1L-12, IL15, GM-CSE, IFN-y, IFN-B and TNF-o.. Measurable
levels of IL-6, IL-10, VEGE PGE2 and TGF-P were detected and several
significant differences in cytokine levels between mesothelioma vs. NSCLC
or breast cancer were detected (Table 1). Most notably, we found TGF-3
levels to be more than six times higher on average in pleural effusions secondary
to mesothelioma (1964 pg/ml, SD 468) compared to either NSCLC (293
pg/ml, SD 112) or breast cancer (309 pg/ml, SD 106) (P < 0.05 for each
comparison). Mesothelioma pleural effusions also had higher levels of VEGE
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1L-6, and IL-10 than those of NSCLC or breast cancer,
but these differences—although statistically significant
—were modest.

A

DISCUSSION
Refined knowledge of the lymphoid and

cytokine mileu of malignant pleural effusions may
assist in the development of immunogene therapies
targeting this space. Malignant pleural fluid has
been studied in the past as if it were a single entity,
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and the cellular and cytokine components have
generally not been studied by grouping them
according to tumor type.?’-? For example, a recent
study by Atanackovic et al. examined adhesion
molecules and chemokine receptors on lympho-
cytes from 16 malignant effusions due to eight
different tumor types.”” Here, we demonstrate
that there are significant differences in the regula-
tory and activated lymphoid components of pleu-
ral effusions secondary to mesothelioma as
compared to those secondary to NSCLC or breast
cancer. We found that in contrast to NSCLC and
breast cancer, which harbor significant numbers
of functionally suppressive Treg cells, mesothe-
lioma pleural effusions contain significantly fewer

% CD25+ cells among
CD45+ CD3+ CD8+ cells

Mesothelioma NSCLC Breast cancer
n=6 n=11 n=26
28
24
20
16 o
<
12 o .
8
4 ¢ ® ---mz :. !
0 Py See®8e  (033°3¢0 H

numbers of CD4* CD25" Treg cells. However,
there is clear patient-to-patient variability and
occasional mesothelioma patients with high
percentages of CD4* CD25* T cells can be iden-
tified. In contrast, the cytokines TGF-B3, VEGE
and IL-10—each with well-documented immuno-
suppressive effects®30-31—were found in mesothe-

lioma pleural effusions at levels significantly higher than NSCLC or
breast cancer. Although Treg have been implicated in the production
of TGF-B, numerous other cells can also produce this cytokine.
Most notably, malignant mesothelioma cells themselves have been
shown to produce significant levels of TGF-B.>33 Thus, the contri-
bution of cellular vs. cytokine components of immunosuppression
associated with malignant pleural effusions varies by tumor histology
such that optimal therapeutic agents for immune intervention in the
pleural space may be cancer type-specific. These findings suggest
that the desired clinical elimination of immune suppression in cancer
is not an effort that depends strictly on elimination of Tregs but that
depletion of cytokines may be equally valid depending on the histology
and the patient.

The main finding in this study is that mesothelioma pleural effu-
sions have a relatively low prevalence of CD4* CD25* Treg cells and
a relatively high prevalence of activated CD8* T cells. In contrast,
both NSCLC and breast cancer pleural effusions include relatively
high percentages of Treg cells and low percentages of activated CD8*
cells. This inverse relationship appeared independent of prior therapy
with chemotherapy. Treg comprise approximately 5-15% of periph-
eral blood CD4* T cells in normal individuals,'® but there is an
increased pool of such cells in the peripheral blood of cancer
patients.'® Physiologically, CD4* CD25* Treg cells inhibit autoimmune
reactions but in the setting of cancer, impede immunity and inhibit
activation of host lymphocytes.”>!1"13 CD4* CD25* but not CD4*
CD25 T cells isolated from human tumor lesions actively suppress
polyclonal proliferation of autologous peripheral T cells, similar to
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Figure 3. Lymphocytes from pleural effusions secondary to mesothelioma have significantly more
CD8* CD25* cells than effusions due to NSCLC or breast cancer. (A) Representative dot plots of
flow cytometric analysis of lymphocytes from malignant pleural effusions of patients with mesothe-
lioma, NSCLC, and breast cancer. (B) Data from flow cytometric analysis of lymphocytes from all
malignant pleural effusion samples evaluated for CD45* CD3* CD8* CD25* T cells are grouped
by tumor histology.

the suppression we observed in this study using CD4* CD25" cells
from malignant pleural effusions. Among tumor infiltrating lympho-
cytes and in draining lymph nodes, Treg cells comprise up to 30% of
lymphocytes, as shown in many epithelial tumors including
NSCLC, breast cancer, ovarian cancer, pancreatic cancer and nearly
every other tumor examined. Thus, it was not surprising to identify
functional suppressive CD4* CD25* in NSCLC and breast cancer
pleural effusions in study. However, the significantly lower prevalence
of Treg cells identified in mesothelioma was unexpected. An issue
that is not completely resolved is whether the difference between
mesothelioma Treg and carcinoma Treg is qualitative in addition to
quantitative. For example, it remains possible that mesothelioma
Treg cells are more potent at suppression of an MLR on a cell-for-cell
basis.

It has been hypothesized that removal of Treg cells will enhance
the induction of tumor immunity!®2® and the efficacy of
immunotherapy. Injection of mice with anti-CD25 antibody com-
pared to control immunoglobulin depleted animals of CD25* T cells
and markedly enhances response to vaccination and anti tumor
immunity?!-?4 by depleting CD4*CD25*
Cyclophosphamide has been used in both humans and mice to deplete
Treg cells in vivo prior to vaccination, and remains an agent under
intensely active study. Such maneuvers represent a growing effort to
augment immuno-stimulatory experimental therapies (such as
vaccines or adoptive immunotherapy) with agents that inhibit immune
inhibitors, including but not limited to Treg cells. Our data suggest
that in mesothelioma, there is a rationale to explore therapeutic

cells in vivo.
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modulation of immuno-suppressive cytokines such as TGF-§
instead of or in addition to modulation of Treg cells.

Our data also imply that different tumors trigger different
responses from the host immune system. Immune therapies that
work for one tumor type, or one patient, may not be effective against
another tumor type, or in other patients. The immunological envi-
ronment created by each tumor will need to be characterized with
attention paid to the point, or points, at which the immune system
fails to mount an effective anti-tumor response. As our ability to
manipulate specific stages of the immune response grows, rational
combinations of immune therapy will require detailed knowledge of
the immunobiology of each tumor type.
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