
M
esothelial cells form monolayers that line the body

cavities, such as the pleural cavity (parietal

pleura) and the outer surfaces of the organs within (vis-

ceral pleura covering the lungs). The mesothelium is in-

volved in the transport of fluids and solutes, in both direc-

tions, between the circulation and the body cavity, as was

evident in patients receiving peritoneal dialysis.1 During

bacterial infection of the pleura cavity (empyema), the

mesothelium is responsible for the initiation of the inflam-

matory response by phagocytosis, and the releasing of a

lot of chemokines and cytokines to attract and transport

neutrophils from the systemic circulation and through the

mesothelium.2-9 Mesothelial cells are closely related to

endothelial cells; both are effective presenters of antigens

to specific T-helper lymphocytes.10

An accumulation of mesothelial cells, lymphocytes,

macrophages, and tumor cells in the pleural fluid has

been found frequently in malignant effusions secondary

to pleural involvement and/or metastases by malignan-

cies.11,12 It was noted that mesothelial cells were abun-

dant in the early phase of the formation of malignant

pleural effusion. However, the mesothelial cells de-

creased in number as the tumor burden increased in the

effusions, and finally disappeared in the effusions with

only tumor cells left.11,12 The role of mesothelial cells in

the local cellular immune reaction against cancer cells

was much less clear than their role in the immune reac-

tion against bacterial infection.2-10

In our previous studies, we found there was a sig-

nificant elevation of interleukin-10 (IL-10), in favor of

the T-helper (Th) 2 pathway, in malignant pleural effu-

sion when compared with peripheral blood levels.13

Lymphocytes isolated from malignant pleural effusion

were in an immunosuppressed status, and could be re-
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Mesothelial Cellular Functioning Against

Autologous Tumor Cells

Background. The present study was designed to determine the different effects of

cytokines or antibodies (IL-2, IL-4, IL-7, IL-10, IL-12, �CD3) in stimulating the cel-

lular functions of mesothelial cells isolated from malignant pleural effusion.

Methods. Mesothelial cells were isolated from 27 patients with malignant pleural ef-

fusion. The cultured cellular interferon-� (IFN�) and IL-10 production, proliferative

response, and cytolytic activity against autologous tumors and K-562 cells were mea-

sured.

Results. Stimulation with IL-2 alone significantly increased the mesothelial cells’

proliferative response (p < 0.001) and cytolytic activity against autologous tumors (p

= 0.025). The further addition of other cytokines did not increase these functions. The

IFN�/IL-10 ratio data showed that the T-helper (Th) pathway was shifted from the

Th-2 pathway to the Th-1 pathway (increase of IFN�/IL-10 ratio) when mesothelial

cells were stimulated with IL-2. Further stimulation with IL-2 plus IL-12 or �CD3

shifted the Th pathway further in the Th-1 direction, but without statistical signifi-

cance.

Conclusions. The mesothelial cell proliferative response is enhanced with IL-2 stim-

ulation alone. The T-helper pathway is also shifted from the Th-2 to the Th-1 re-

sponse (increase of IFN�/IL-10 ratio) after IL-2 stimulation of mesothelial cells.

Mesothelial cells had cytolytic activity against tumor cells, and this activity could be

augmented by IL-2 stimulation.
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activated by two-signal stimulations.14-16 In spite of

these studies, we still could not identify the role of

mesothelial cells in the local tumor immune reaction of

the pleural cavity.

In the present study, we used mesothelial cells iso-

lated from malignant pleural effusion to study the differ-

ent effects of IL-2, IL-4, IL-7, IL-10, IL-12, and/or �CD3

on the stimulation or suppression of the cellular functions

of mesothelial cells, including cytokine production in re-

lation to the Th pathway (interferon-�, IL-10), cell prolif-

eration, and cytolytic activity against tumor cells.

METHODS

Patient population

Pleural effusion samples were collected from 27

newly-diagnosed cancer patients with malignant pleu-

ral effusion. All patients had had a positive effusion cy-

tology examination for malignant cells, and included

22 patients with pulmonary adenocarcinoma, 4 with

poorly differentiated carcinoma of the lung, and 1 with

adenocarcinoma of the breast. None of the patients had

received anti-cancer treatment, corticosteroid, or other

non-steroid anti-inflammatory drugs within 1 month

before sample collections.

Preparation of effusions

Pleural effusion specimens were collected in acid ci-

trate dextrose (ACD solution-C) bottles to prevent clot-

ting. The effusion was immediately centrifuged, and the

cell pellet was resuspended in RPMI 1640 (Whittaker

Bioproducts, Walkersville, MD, USA), and then layered

on Ficoll-Hypaque (Amersham Biosciences, Uppsala,

Sweden) cushions. After centrifugation, the tumor cells

and mononuclear cells were collected from the interface

and washed twice in RPMI 1640. Tumor cells were then

separated from mononuclear cells by centrifugation on a

discontinuous Percoll density gradient.

Separation of mesothelial cells from tumor cells

The tissue culture medium (TCM) contained RPMI

1640 supplemented with 10% fetal bovine serum (GIBCO,

Grand Island Biological Co., Grand Island, NY, USA), 2

mM glutamine (GIBCO), 50 �g/mL streptomycin, and

500 units/mL penicillin. Percoll (Amersham Biosciences,

Uppsala, Sweden) was adjusted to 20% and 40% in the

TCM. Cells from pleural effusion were resuspended in

20% Percoll and layered on 40% Percoll, then centri-

fuged at 312 � g for 60 min at 25�. After centrifugation, 3

layers of cells were noted. Cells from each band were

then collected, washed, and resuspended in TCM. Cells

from the upper band of the effusions were 90-98% tumor

cells; they were washed and subsequently cultured for

use as autologous tumor target cells. Cells from the mid-

dle band of the effusions were mainly mesothelial cells,

with less than 15% mononuclear cells and/or tumor cells

each. Cells from the bottom band consisted of more than

98% mononuclear cells, with less than 1-2% tumor cells

or mesothelial cells, and some red cells. Cells from the

middle band were washed with TCM twice and served as

mesothelial cells for culturing in different conditions.

The cell viability was greater than 95%, as determined

by trypan blue dye exclusion.

Mesothelial cell culture

Cells from fraction 2 were mainly mesothelial cells

and were resuspended at 4 � 105 cells/mL in TCM, and

allowed to adhere in plastic flasks overnight. The non-

adherent fraction was removed, and the adherent frac-

tion (enriched for mesothelial cells) was allowed to

grow in TCM. Macrophages were diluted out with sub-

sequent passaging of confluent cultures; tumor cell out-

growth is rare under these conditions.10 After 2 pas-

sages, the cells were harvested and used as mesothelial

cells for culturing in different conditions. Mesothelial

cells were confirmed by cytologic examinations of the

harvested cells.

Tumor cell culture

Tumor cells were cultured in ACL-4 medium sup-

plemented with 5% fetal bovine serum (GIBCO), 2 mM

glutamine (GIBCO), 50 �g/mL streptomycin, and 500

units/mL penicillin. After one or 2 passages, they were

harvested and used as autologous tumor cell targets.

Cytokines and monoclonal antibodies (MoAb)

Purified human IL-2, IL-4, IL-7, IL-10, and IL-12

were purchased from R & D Systems, Inc., (Minneapolis,

MN, USA). The �CD3 Ab was produced in hybridoma
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OKT3, and the culture supernatant was used.17

Activation of effectors

Mesothelial cells were incubated at 4 � 105 cells/mL

in TCM alone or with the different concentrations of

cytokines mentioned above and/or �CD3. A cell prolif-

eration assay was performed after 3 days of culture at 37

�C in a CO2 incubator. Cell-mediated cytotoxicity, and

interferon-� (IFN�) and IL-10 production by the meso-

thelial cells, were determined after 6 days of culture at 37

�C in a CO2 incubator.

ELISA analysis of IFN� and IL-10 levels

The 6-day cultured media of the various groups were

centrifuged at 4 �C, and supernatants were collected and

stored at -70 �C in aliquots of 0.25 mL in microcentri-

fuge tubes. IFN� and IL-10 were determined in duplicate

by employing the ELISAkit (Quantikine, R & D System,

Inc., Minneapolis, MN, USA) for a solid-phase ELISA

method that employed the quantitative “sandwich” en-

zyme immunoassay technique. Positive and negative

controls were included in the assay.

Cell proliferation assay

The effects of different treatments on the prolifera-

tion of activated mesothelial cells were determined by a
3H-thymidine incorporation assay. In brief, 0.2 mL of

mesothelial cells was cultured (alone or incubated with

cytokines) directly in 96-well flat-bottom microplates in

triplicate, and the cells were incubated at 37 �C in a CO2

incubator for 3 days. Then, 3H-thymidine at 2 �Ci/mL

was added to each well and incubated overnight. The in-

corporation of 3H was determined by a Beta-plate coun-

ter, with results expressed as CPM � SEM.

Cell-mediated cytotoxicity assay

Overnight 51Cr release assay was used to detect the

cell-mediated cytotoxicity. The results were expressed as

total percentage of lysis and net percentage of lysis, ac-

cording to the following formulas:

Total % lysis =
cpm in supernatant

total cpm
�100

Net % lysis = (total % lysis of the test effectors) - (to-

tal % lysis of the medium control).

Statistical analysis

The Wilcoxon signed ranks test was used to determine

whether or not there existed a significant difference (p <

0.05) in cytokine production, proliferative activity, and

cytolytic activity among the different culture conditions.

RESULTS

IL-2 stimulation alone induced the best

proliferative response of mesothelial cells

Twenty-three samples of freshly isolated mesothelial

cells from 27 patients with malignant pleural effusion re-

ceived a proliferative examination on day 4 of culturing.

The proliferation elicited by IL-2, IL-4, IL-7, IL-10,

IL-12, and �CD3 on these freshly isolated mesothelial

cells is depicted in Table 1 and Fig. 1. A significantly

higher proliferative response was achieved with IL-2,

IL-7, or �CD3 stimulation alone. IL-4, IL-10, or IL-12

alone was useless in stimulating the proliferative re-

sponse of the mesothelial cells. This proliferative re-

sponse was highest with IL-2 stimulation. Next, the com-

bined effect of IL-2 with other cytokines on the pro-

liferative response was also examined, and revealed no

further enhancement of proliferation, even depressing it

as compared to an IL-2 culture alone (Fig. 1).
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Fig. 1. Proliferation elicited by IL-2, IL-4, IL-7, IL-10,
IL-12, or �CD3 on freshly isolated mesothelial cells. Freshly
isolated mesothelial cells (4 � 105/mL) were cultured with
IL-2 150 IU/mL, IL-4 10 ng/mL, IL-7 10 ng/mL, IL-10 10
ng/mL, IL-12 10 ng/mL, �CD3 1/100 dilution, or IL-2 in
combination with other cytokines. A proliferation assay was
performed on day 3. A significantly higher proliferative re-
sponse was achieved with IL-2, IL-7 and �CD3 (*p < 0.01,
compared with mesothelial cells alone). S.I.: stimulation in-
dex (mean cpm of test samples/mean cpm of mesothelial cell
culture alone). The mean value of the cpm of the mesothelial
cell culture alone in 23 samples was 1090.



IL-2 stimulation shifted the Th pathway from

Th-2 to Th-1

The ratio of IFN�/IL-10 could be used as an indicator

of the T-helper (Th) pathway. The supernatants of 7 cases

of mesothelial cells cultured under different cytokine

stimulations were collected for IFN� and IL-10 produc-

tion analysis. The results showed that the Th pathway

was shifted from the Th-2 pathway toward the Th-1 path-

way (increasing the ratio of IFN�/IL-10) in the presence

of IL-2, IL-12, or �CD3. IL-4, IL-7, and IL-10 were use-

less in the stimulation of the Th-1 pathway. Further stim-

ulation with IL-2 plus IL-12, or IL-2 plus �CD3 shifted

the Th pathway more in the Th-1 direction, but without

statistical significance (Table 2).

IL-2 stimulation alone enhanced mesothelial cell

cytolytic activity against autologous tumor cells

Among the 27 study cases, only 8 cases had adequate

mesothelial cells and autologous tumor cells for cytotoxic

studies. The cell samples underwent a cytotoxic test after
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Table 1. Proliferative response of mesothelial cells to different stimulations (n = 23)

S.I. Mean SEM Range p value* p value
#

M 1.00 0.00 1.00 - -

M + IL2 150 U/mL 6.13 1.92 1-41.9 < 0.001 -

M + IL4 10 ng/mL 1.57 0.25 0.8-3.01 0.109 < 0.001

M + IL7 10 ng/mL 1.76 0.27 0.97-3.4 0.011 0.008

M + IL10 10 ng/mL 0.88 0.22 0.3-1.6 0.416 < 0.001

M + IL12 10 ng/mL 1.25 0.14 0.3-2.5 0.121 < 0.001

M + �CD3 (1/100 dilution) 3.07 0.69 0.1-12 0.006 0.112

M + IL2 + IL4 3.88 1.11 0.8-10.2 0.011 0.011

M + IL2 + IL7 4.67 1.28 1.48-11.8 0.008 0.173

M + IL2 + IL10 4.02 0.92 2.01-8.2 0.028 0.249

M + IL2 + IL12 2.63 0.63 0.2-14.57 0.002 < 0.001

M + IL2 + �CD3 4.22 0.87 0.1-14.3 0.006 0.248

Abbreviations: S.I. = stimulation index (mean cpm of test samples/mean cpm of mesothelial cell culture alone); M = mesothelial

cell; SEM = standard error of the mean.

* Compared with the mesothelial cell culture alone.

# Compared with the mesothelial cell + IL2 culture.

Table 2. IFNr/IL10 ratio of mesothelial cells stimulated by different cytokines (n = 7)

Mean SEM Range p value* p value
#

M 1.21 0.93 0-6.7 - -

M + IL2 150 U/mL 35.63 29.85 0.03-214.5 0.028 -

M + IL4 10 ng/mL 0.81 0.49 0-2.8 0.461 0.018

M + IL7 10 ng/mL 1.86 1.42 0-10.1 0.461 0.018

M + IL10 10 ng/mL 0.007 0.005 0-0.04 0.068 0.018

M + IL12 10 ng/mL 32.84 12.50 2.3-83.8 0.018 0.498

M + �CD3 (1/100 dilution) 15.07 4.14 0.8-31 0.028 0.612

M + IL2 + IL4 3.09 1.95 0-14.5 0.500 0.176

M + IL2 + IL7 5.84 2.52 0-19.1 0.028 0.499

M + IL2 + IL10 0.83 0.45 0-2.1 1.000 0.068

M + IL2 + IL12 173.73 116.40 4.2-852.2 0.018 0.128

M + IL2 + �CD3 81.73 58.14 0.2-426.6 0.018 0.063

Abbreviations: M = mesothelial cell; SEM = standard error of the mean.

* Compared with the mesothelial cell culture alone.

# Compared with the mesothelial cell + IL2 culture.



culturing under different conditions. Cytolytic activity

against autologous tumors and K-562 cells was tested af-

ter culturing with IL-2 with/without IL-12 or �CD3. The

majority of the test samples showed an autologous tumor

cell-killing effect in proportion to E:T ratios; the higher

the ratio the higher the killing effect, at E:T ratios of

50:1, 15:1, 5:1, or 15:1, 4.5:1, 1.5:1. The cytolytic effect

against K-562 cells was relatively lower and inconsis-

tent. A representive case is shown in Fig. 2 (Panel A).

The addition of IL-2 significantly increased the meso-

thelial cells’ cytolytic activity against autologous tumors

cells (p = 0.025), but not against K-562 cells (p = 0.249)

(Fig. 2, Panel B). The cytolytic activity of the meso-

thelial cells was also increased in the presence of IL-12

or �CD3 stimulation, but not to statistical significance

(Table 3). Cytolytic activity against autologous tumors

was not further significantly increased when �CD3 or

IL-12 was added in addition to IL-2 (Fig. 2).

DISCUSSION

The use of immunostimulatory cytokines has be-

come an increasingly promising approach in cancer im-

munotherapy. The major goal of immunotherapy is the

activation of tumor-specific killer cells capable of reject-

ing tumor cells in cancer patients. IL-2, IL-4, IL-7,

IL-10, and IL-12 have been used to promote the genera-

tion of LAK cells, to stimulate CTL development, or to

induce tumor rejection or reduce metastases.16

It has been found that mesothelial cells can produce

inflammatory cytokines (G-CSF, GM-CSF, IL-1, and IL-6)

in malignant effusion.18 In addition, an intraperitoneal

injection of genetically modified human mesothelial

cells, as a type of systemic gene therapy, has been used in

an athymic mice model to produce human growth fac-

tor.19 However, whether or not mesothelial cells can be
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Fig. 2. Mesothelial cells’ cytolytic activity was restored by
IL-2 stimulation. The results were obtained by testing 8 in-
dividual patients. The mesothelial cells were cultured with
IL-2 150 IU/mL, with/without IL-12 10 ng/mL or �CD3
1/100 dilution, and 6-day cultured cells were tested against
the autologous tumor target and K562 cells. Panel A. A rep-
resentative case with cytolytic activity expressed as % lysis
at an effector/target ratio of 50/1, 15/1, and 5/1 is shown.
Panel B. Cytolytic activity is expressed as % lysis at an
effector/target ratio of 15/1. *p = 0.025, compared with the
mesothelial cell culture alone.

Table 3. Cytolytic activity of mesothelial cells stimulated by different cytokines (n = 8)

% lysis* Autologous tumor K562 cells

Mean Range SEM p value# Mean Range SEM p value#

M 10.85 0-20 3.02 - 1.41 0-7.8 1.56 -

M + IL2 28.94 3.5-63.9 7.14 0.025 10.70 0-46.6 7.63 0.249

M + IL12 19.22 5-37.8 4.56 0.128 3.74 0-14.1 2.84 0.600

M + OKT3 20.31 2-45.1 5.88 0.310 13.91 0-53.5 8.43 0.249

M + IL2 + IL12 25.82 7-50.8 5.21 0.092 0.06 3-18.3 2.34 0.116

M + IL2 + OKT3 32.48 14-70.5 6.27 0.612 19.22 0-76.1 11.94 0.249

Abbreviations: M = mesothelial cell; SEM = standard error of the mean.

*At effector/target ratio of 15/1.

#Compared with the mesothelial cell alone.



used in immunotherapy against autologous tumor cells is

still unknown.

Mesothelial cells can grow and proliferate in com-

monly used tissue culture medium for 6-9 generations,

and survive 1-2 months. In the present study, we did not

use a medium containing epidermal growth factor, hy-

drocortisone, or iron-fortified calf serum,19 because in

this study, we wanted to study mesothelial cell function-

ing soon after the cells were taken from the human body,

instead of using a long-term culture of mesothelial cells

whose functioning might already have been changed by

the agents added in the medium. For example, addition

of epidermal growth factor to the culture medium could

stimulate mesothelial cell growth.20

We found that IL-4, IL-7, and IL-10 were useless in

the stimulation of the cellular functioning of mesothelial

cells. There were also some minor differences among the

mesothelial cells that were reactivated with IL-2 only,

IL-2 plus IL-12, or IL-2 plus �CD3 stimulation. IL-2

plus IL-12- or �CD3-stimulated mesothelial cells had a

higher IFN�/IL-10 ratio than those stimulated with IL-2

alone, although not of statistical significance (Table 2).

For cytolytic activity against autologous tumors, IL-2

plus �CD3-stimulated mesothelial cells had a higher, but

insignificant, activity than IL-2-stimulated mesothelial

cells. In contrast, cytolytic activity against K562 cells,

indicating a non-specific killing activity, was also in-

creased under these conditions.

Our previous studies revealed that lymphocytes

isolated from malignant pleural effusion were in an

immunosuppressed status that could be reversed with

cytokine stimulation, and the restoration of functions

required two-signal stimulation.16 In contrast, IL-2

alone was enough to induce mesothelial cell prolifera-

tion and Th-1 pathway cytokine production, and to kill

autologous tumor cells.

Activated lymphocytes, isolated from malignant

pleural effusion after double-signal stimulation, may be

an ideal source of effectors for use in adoptive immu-

notherapy.16 They can be obtained in large quantities

and can be activated to produce high levels of cytolytic

activity against autologous tumors. The use of EAL or

the direct manipulation of EAL in the pleural cavity

may prove to be an alternative method to treat patients

with malignant effusion.16 However, it was more diffi-

cult to use activated mesothelial cells for adoptive

immunotherapy because of the difficulty in obtaining

large quantities of mesothelial cells, and because the

activated cytolytic activity of the mesothelial cells was

not higher than that of the activated lymphocytes from

malignant pleural effusion, when compared with our

previous studies.14-16 Only a small minority of patients

with malignant pleural effusion was able to yield

enough mesothelial cells with/without cancer cells. The

present study covered 2 years, with a collection of more

than 200 cases of malignant pleural effusion, of which

only 27 cases were successfully separated and yielded

enough mesothelial cells for the tests (Fig. 3 and Table 4).

In addition, there still may have been a small amount of

lymphocytes that could not be completely separated

from the mesothelial cells (including those lympho-
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Fig. 3. Two photos of a representative primary culture of
mesothelial cells and tumor cells, stained using the Papa-
nicolaou method. Panel A. Mesothelial cells. Panel B. Tumor
cells.



cytes that could have been attached to the culture plate

and/or mesothelial cells). Thus, all the immune re-

sponses mentioned in the present study could also have

been affected by the remaining lymphocytes. Neverthe-

less, activated mesothelial cells might be used in con-

junction with activated lymphocytes in order to get a

higher immune response to cancer cells.

In summary, mesothelial cell proliferative and cy-

tolytic activity can be enhanced with IL-2 stimulation

alone. The T-helper pathway can also be shifted from

Th-2 to Th-1 responses (increase of IFN�/IL-10 ratio) af-

ter IL-2 stimulation of mesothelial cells. Gaining a more

clear understanding of the effects of mesothelial cells on

lymphocytes is deserving of further study.
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