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Abstract Tumor-derived immunosuppressive factors
contribute to the evasion of malignant cells from the
immune response, partially by hampering dendritic cell
(DC) differentiation. Here, we analyze whether soluble
mediators released by the most frequent histological
types of non-small cell lung carcinoma, squamous cell
carcinoma (SCC), and adenocarcinoma (AD) cells, af-
fect the development and functionality of DC. Mono-
cytes from healthy donors were differentiated in vitro
into DC with granulocyte–macrophage colony-stimu-
lating factor (GM-CSF) and interleukin (IL)-4, in the
absence or presence of soluble factors (SF) from SCC or
AD cell lines. Monocytes were differentiated in parallel
into macrophages (MF s) with macrophage colony-
stimulating factor (M-CSF). SF-treated DC were phe-
notypically and functionally more similar to MF s than
to untreated DC [control DC (Ctrl-DC)]. Both tumors
increased myelomonocytic markers (CD14, CD16,
CD32, and CD163) and impaired CD1a expression on
DC. SF-treated DC increased their endocytic capacity,
and released higher levels of IL-6, IL-10, and lower

levels of IL-12, compared to Ctrl-DC. SF-treated DC
were poor stimulators in mixed lymphocyte reactions,
and naı̈ve CD4+ T lymphocytes stimulated by SF-
treated DC secreted lower levels of interferon (IFN)-c
and higher amounts of IL-10 than controls. In contrast
to AD, the effects caused by SCC were mostly abolished
by IL-6 neutralization during monocyte differentiation.
However, tumor-derived prostanoid blockade recovered
the IFN-c levels secreted by lymphocytes stimulated
with SF-treated DC, whereas prostanoid/IL-6 or pro-
stanoid/IL-10 blockade decreased IL-10 production only
by SCC-DC-stimulated lymphocytes. Thus, we provide
evidence that lung SCC and AD cause comparable
deficiencies on DC in vitro, skewing monocyte differ-
entiation from DC to MF -like cells, but most of these
changes occurred via different mediators.
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Abbreviations AD: Adenocarcinoma Æ APC: Antigen
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cell Æ GM-CSF: Granulocyte–macrophage
colony-stimulating factor Æ IFN: Interferon Æ IL:
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colony-stimulating factor Æ MF: Macrophage Æ NSCLC:
Non-small cell lung carcinoma Æ PBMC: Peripheral
blood mononuclear cells Æ PG: Prostaglandin Æ SCC:
Squamous cell carcinoma Æ SF: Soluble factors Æ TGF:
Transforming growth factor Æ TNF: Tumor necrosis
factor Æ TT: Tetanus toxoid

Introduction

Worldwide, lung cancer is the leading cause of death by
malignant diseases [1]. Despite the advances in diagnosis
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and treatment in the past two decades, the prognosis of
lung cancer is still poor [2]. Non-small cell lung carci-
noma (NSCLC) accounts for 70–80% of all lung cancer
cases. They represent a heterogeneous group of tumors,
consisting mainly of squamous cell carcinoma (SCC),
adenocarcinoma (AD), and large cell carcinoma [3]. The
first two histopathological types of NSCLC show the
highest incidence.

The main obstacles for further improving survival of
patients with lung cancer are the lack of effective
methods for early detection and strategies for treating
patients with advanced tumors. The high incidence and
mortality rates of NSCLC have led to design adjuvant
therapies to reduce tumor progression [4]. Immuno-
therapy protocols based on the use of monocyte-de-
rived dendritic cells (DC), which have succeeded with
some tumors, show limited responses in NSCLC pa-
tients [5]. DC are the most powerful antigen presenting
cells (APCs) of the immune system, and are recognized
by their unique ability to activate T-cell primary re-
sponses. The poor results of DC-treated NSCLC pa-
tients may be explained in part by the low
immunogenicity of tumor-associated antigens. How-
ever, lung cancer patients show defects in DC function
[6], which could result in tumor evasion from the im-
mune response. Furthermore, in vitro studies have
demonstrated inhibitory effects caused by non-well-de-
fined lung tumor-derived suppressor factors acting on
DC [7–9]. Though it is unknown how these failures in
DC function take place in vivo, and the molecules or
mechanisms involved remain elusive.

Monocytes recruited into inflamed tissues are pre-
cursors of DC and macrophages (MF) in vivo [10].
Recently, Rotta et al. [11] demonstrated that activation
of T lymphocytes in vivo against particulate antigens is
mainly dependent of monocyte-derived DC, confirming
the biological relevance of these cells. The balance of
DC/MF differentiation from monocytes in situ is af-
fected by the tissue microenvironment. Tumor growth
factors such as interleukin (IL)-10 or IL-6 [12], which
are secreted at high levels during the establishment and
development of some tumors, favor monocyte differ-
entiation toward the MF pathway and prevent the
generation of DC [13]. Furthermore, improved im-
mune responses are frequently associated with the
presence of mature DC in the tissues [14], whereas an
abundance of MF correlated with diminished re-
sponses and, in the case of tumors, with progressive
disease [15, 16].

Tumor and tumor-infiltrating cells in the lung pro-
duce a variety of pro-inflammatory factors and anti-
inflammatory factors, such as transforming growth fac-
tor (TGF)-b, tumor necrosis factor (TNF)-a, IL-6, IL-8,
or prostanoids [17, 18], and some of them are involved in
the pathogenesis and progression of lung carcinomas. In
NSCLC patients, high IL-6 serum levels are associated
with tumor progression, lower response to chemother-
apy, and short survival rate [19, 20]. In addition, aug-
mented IL-6 receptor (IL-6R) intracellular signaling

activity is related with enhanced survival of NSCLC cells
[12], and over-expression of IL-6 in transfected lung-
cancer cell lines increases tumor replication in vivo [21].
However, some reports have demonstrated that primary
lung SCC preferentially express IL-6 compared with
primary lung AD [17].

Here, we hypothesized that soluble factors (SF)
produced by lung carcinoma cells might affect the dif-
ferentiation or functionality of DC. Thus, the aim of this
study was to compare the effects of conditioned medium
from AD to SCC cell lines on human monocyte-derived
DC phenotype and function.

Materials and methods

Media and reagents

Tumor cell lines were cultured in RPMI 1640 medium
supplemented with 10% heat-inactivated fetal calf ser-
um, 2 mM L-glutamine, 1 mM sodium pyruvate,
0.1 mM nonessential amino acids, (Hyclone Labora-
tories, Logan, UT, USA), 100 U/ml penicillin, 100 lg/
ml streptomycin, and 50 lM 2-mercaptoethanol (Gibco
BRL, Grand Island, NY, USA), referred as complete
medium. For monocyte culture, 5% heat-inactivated
pooled AB human serum from healthy volunteers was
added. The following reagents were used: human re-
combinant granulocyte–macrophage colony-stimulating
factor (GM-CSF, 1000 U/ml), interferon (IFN)-c
(1000 U/ml), rat neutralizing monoclonal antibody
(mAb) to IL-10 (JES3-19F1, 5 lg/ml) and its Ig isotype
control (BD PharMingen, San Diego, CA, USA); hu-
man IL-2 (20 U/ml, PeproTech, Rocky Hill, NJ, USA);
human IL-4 (15 ng/ml), and macrophage colony-stim-
ulating factor (M-CSF, 30 ng/ml) (Calbiochem, La
Jolla, CA, USA); mouse neutralizing mAb to IL-6
(6708, 5 lg/ml), to TGF-b1 (9016, 5 lg/ml) and their
respective Ig isotype controls (R&D Systems, Minne-
apolis, MN, USA); lipopolysaccharide (LPS) from
Escherichia coli 0111:B4 (LPS, 0.5 lg/106 cells/ml,
Sigma-Aldrich, St Louis, MO, USA); cyclooxygenase
(COX)-1/-2 inhibitor indomethacine (10 lM, Cayman
Chemical, Ann Arbor, MI, USA); carboxyfluorescein
diacetate succinimidyl ester (CFSE, Molecular Probes,
Eugene, OR, USA); tetanus toxoid (TT, 1 lg/ml,
kindly supplied by the National Institute of Hygiene,
Mexico).

Lung carcinoma cell lines

The following lung carcinoma cell lines were used: SK-
MES-1 and Calu-1 as representative of SCC, and A-549,
A-427, and SK-LU-1 as representative of AD, all from
the ATCC (Rockville, MD, USA). The AD cell line
3B1A, obtained from a patient and established in our
laboratory, was also included in this study. Peripheral
blood mononuclear cells (PBMC) from healthy donors

599



were used as negative control cells. Conditioned media
(CM) were obtained by culture of carcinoma cell lines
(1·106 cells) or PBMC (5·106 cells) in 10 ml of com-
plete medium for 24 h, as it has been reported [7].
Occasionally, CM was prepared in the presence of in-
domethacine. CM was recovered after centrifugation to
remove the cells and frozen at �80�C.

Cell separation and differentiation of peripheral blood
monocytes

Peripheral blood mononuclear cells were isolated from
buffy coats of healthy volunteers using Lymphoprep
(Axis-Shield, Oslo, Norway) density gradient centrifu-
gation. CD14+ monocytes were separated by positive
selection with magnetic cell sorting (MACS, Miltenyi
Biotec, Bergisch Gladbach, Germany). Allogeneic naı̈ve
CD4+ CD45RO� T lymphocytes and autologous
memory CD4+ CD45RA� T cells from TT-vaccinated
individuals were isolated by negative selection using
MACS CD4+ T-cell isolation kit (Miltenyi Biotec),
followed by incubation with MACS anti-CD45RO mAb
or anti-CD45RA mAb, respectively.

Isolated monocytes were cultured at 106 cells/ml
supplemented with GM-CSF and IL-4 to obtain DC or
with M-CSF to generate MF . The cultures were fed
with fresh medium and cytokines every 2 days. When
used, TT was added to DC at fifth day of culture. After
6 days, non-adherent DC or MF were harvested. To
assess the effect of lung-carcinoma supernatants on DC
differentiation, 50% of the culture medium [7] was re-
placed with CM from SSC or AD cell lines, and added
every 2 days along with fresh medium and cytokines. As
a negative control, CM from PBMC was supplied to the
cells. In some assays, neutralizing mAb to IL-6, IL-10,
or TGF-b1 were added to the cultures, and replaced
together with fresh media and cytokines every 2 days.
Morphological changes were documented by inverted
phase microscopy (Olympus IMT-2, Japan).

Immunofluorescence assays

The following mAb were used: anti-HLA-A,B,C (G46-
2.6), anti-HLA-DR (TU36), anti-CD1a (HJ149), anti-
CD11b [ICRF44(44)], anti-CD14 (M5E2), anti-CD16
(3G8), anti-CD32 [FLI8. 26(2003)], anti-CD40 (5C3),
anti-CD80 (BB1), anti-CD83 (HB15a), anti-CD86
(IT2.2), anti-CD163 (Ber-MAC3), and anti-CD206
(19.3), all from BD PharMingen except CD163 (Dako,
Carpinteria, CA, USA) and CD83 (Immunotech, Mar-
seille, France). After 6 days of culture, DC were stained
with the above mAb followed by FITC-labeled goat
F(ab¢)2 anti-mouse Igs polyclonal antibody (Dako).
Endocytic activity of DC and MF was assessed by up-
take of soluble FITC-coupled dextran (Mr=40,000,
Molecular Probes), as was described previously [22].
Samples were analyzed on a FACSCalibur using the

CellQuest software (Becton Dickinson, Mountain View,
CA, USA).

Cytokine detection

Total RNA was isolated from (2.5–5)·105 DC, MF, or
from 1·106 tumor cell lines, using Trizol reagent (Gibco
BRL). cDNA was synthesized by reverse transcription
and PCR was performed as described previously [22]. b-
Actin was amplified as an internal control, and the ratios
of cytokine/b-actin band densities were determined in
order to evaluate the relative expression of each cytokine
mRNA. Oligonucleotide primers and the expected sizes
of PCR products were published elsewhere [22, 23].
Production of IL-6, IL-10, and IL-12 p70 in the super-
natants of DC or MF was quantified by ELISA kits
from BD PharMingen. Cells were incubated for 24 h
with LPS and IFN-c at the concentrations mentioned
before. Controls were established with cells cultured for
24 h without additional stimulus. TGF-b1, TNF-a, IL-6,
and IL-10 production by lung carcinoma cell lines was
measured with ELISA kits (BD PharMingen) from 24-h
supernatants of 1·106 cells/10 ml.

T-cell activation

For proliferation assays, allogeneic PBMC from healthy
donors (3·105) were seeded into 96-well round-bottom
microplates and cultured with graded numbers of stim-
ulator cells (DC or MF) in complete medium. Prolifer-
ation of T cells was measured on day 5 after an 18-h
pulse with [3 H] thymidine (0.5 lCi/well; Amersham
Biosciences Corp., Piscataway, NJ, USA). For T-cell
memory lymphocyte proliferation assays, lymphocytes
were labeled with CFSE as described [24] and co-cul-
tured with TT-pulsed DC at 8:1 ratio for 5 days. Then,
lymphocytes were labeled with phycoeritrin (PE)-con-
jugated CD25 (M-A251, BD PharMingen) and analyzed
by flow cytometry.

For cytokine production assays, (2–4)·105 naı̈ve or
memory T cells were co-cultured with allogeneic or TT-
pulsed DC, respectively, at 10:1 ratio in complete med-
ium. Controls were set without addition of DC. After
5 days of priming, T cells were expanded with IL-2 for
additional 5 days. Lymphocytes were then washed
extensively and restimulated for 24 h with immobilized
anti-CD3 mAb (5 lg/ml, UCHT1, BD PharMingen) for
quantitation of cytokine secretion. Measurement of
IFN-c, IL-4, and IL-10 in the supernatants was per-
formed by ELISA kits from BD PharMingen.

Statistical analyses

Data were expressed as mean ± SD of independent
experiments. The statistical significance of the data was
determined by the Student’s two-tailed paired t-test,
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assuming equal variances. ANOVA test was used for
pairwise multiple comparisons.

Results

Cytokine mRNA relative expression and secretion by
lung carcinoma cell lines

Relative expression of COX-2, IL-1b, IL-10, IL-6, TNF-
a, and TGF-b transcripts was studied in AD and SCC
cell lines. All lung carcinoma cell lines expressed TGF-b
transcripts and protein as was previously reported
(Fig. 1a, b; Ref. [25]), and they constitutively expressed
COX-2 mRNA, but SCC cell lines had higher levels of
transcripts. Furthermore, SCC cells secreted higher lev-
els of TGF-b compared with AD cells (Fig. 1b, p<0.05).
Conversely, we did not detecte IL-10 or TNF-a mRNA
(Fig. 1a) and protein (data not shown) in these tumor
cell lines. In addition, IL-1b transcripts and IL-6 tran-
scripts and protein were detected in SCC but not in AD
cell lines (Fig. 1a, b, p<0.05), in accordance with pre-
vious reports [17].

CM from AD or SCC cell lines induce alterations
in DC morphology and phenotype

To characterize the effects caused by SF derived from
lung AD or SCC cells on DC differentiation, human
monocytes were differentiated into DC in the presence of
CM derived from several AD (AD-DC) or SSC (SCC-
DC) cell lines. Untreated DC or DC differentiated with
PBMC-CM were used as controls. In the subsequent
experiments, since no significant difference on DC
function or phenotype was detected between the two
control conditions (not shown), we will refer to them
indistinctly as control DC (Ctrl-DC). Given the influ-
ence of the cytokines secreted by the lung carcinoma cell
lines analyzed here on DC differentiation from mono-
cytes [13], we also included controls of monocyte-de-
rived MF for comparison.

Morphological, phenotypic, and functional changes
induced by AD-CM or SCC-CM were analyzed at the
end of the DC differentiation process (day 6 of culture).
Tumor cell-treated DC presented morphological mod-
ifications compared to Ctrl-DC (Fig. 2). A number of
AD-DC and SCC-DC acquired a rounded appearance
similar to MF differentiated in vitro with M-CSF,
which was more evident in SCC-DC. With regard to
phenotypic changes in AD-DC and SCC-DC, we de-
tected a diminution of CD1a and an increase of CD32
expression to different degrees in DC treated with CM
from all the tumor cell lines tested compared to Ctrl-
DC (Fig. 3a), analogous to the expression found in
MF . According to these results, and in order to sim-
plify the analysis of the biological effects of AD-CM
and SCC-CM on DC differentiation, the following re-
sults will show alterations induced by Calu-1 (as rep-

resentative of SCC cell lines) and A-427 (as
representative of AD cell lines). No changes in the
surface expression of HLA-DR, CD40, CD86, CD206
(mannose receptor) (Fig. 3b), HLA class I, CD11b,
CD80, or CD83 (not shown) were observed in tumor
cell-treated DC compared to controls. A significant
increase (p<0.05) of myelomonocytic markers such as
CD14, CD16, CD32, and CD163 (a member of the

Fig. 1 a, b Cytokine and COX-2 detection on different SCC and
AD cell lines. a AD cell lines (A-549, A-427, SK-LU-1, and 3B1A)
and SCC cell lines (SK-MES-1 and Calu-1) were cultured at 106

cells/10 ml for 24 h. Then, total RNA was extracted and RT-PCR
for the indicated molecules and b-actin was performed. Agarose gel
electrophoresis of RT-PCR fragments is shown from a represen-
tative experiment. b Analysis of IL-6 and TGF-b1 production by
A-427 (AD) and Calu-1 (SCC) cell lines. Cells were harvested after
24 h of culture, and cytokines in the supernatants were evaluated
by ELISA. Results are the mean ± SD of three independent
experiments. Statistical analysis (AD versus SCC): * p<0.05
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scavenger receptor family) was detected in tumor cell-
treated DC with respect to Ctrl-DC (Fig. 3c). In
addition, CD1a expression was greatly diminished in
AD-DC (by fivefold) and to a lesser extent in SCC-DC
(by twofold) (Fig. 3c, p<0.05). Overall, the phenotype
of tumor cell-treated DC showed more similarities to
monocytes/MF than to Ctrl-DC (Fig. 3c).

Increase of endocytic capacity on tumor cell-treated DC

Dendritic cell differentiated in the presence of CM de-
rived from tumor cell lines increased their capacity to
uptake FITC-dextran (Fig. 4a). AD-DC accumulated
roughly threefold more dextran (MFI: 137.2±53) than
Ctrl-DC (MFI: 49.5±30, p<0.05). SCC-DC inter-
nalized approximately twofold more antigen (MFI:
87.2±39) than Ctrl-DC (not significant). MF showed an

endocytic ability similar or slightly superior (MFI:
67.5±23) than Ctrl-DC (Fig. 4a).

Tumor cell-treated DC modify their cytokine mRNA
expression and protein secretion profile

The relative expression of transcripts for IL-6, IL-10,
IL12 p40, TNF-a, and TGF-b in DC cultured in the
presence or absence of CM derived from carcinoma cell
lines was evaluated (Fig. 4b and Table 1). Under steady-
state conditions, no detectable levels of IL-12 p40
mRNA were found (data not shown). A decreased rel-
ative expression of TNF-a transcripts was observed in
tumor cell-treated DC compared to Ctrl-DC (p<0.05
with AD-DC); in contrast, an increased expression of
IL-10 (p<0.05 with AD-DC) and TGF-b transcripts
was detected. De novo expression of IL-6 mRNA was
found in SCC-DC and AD-DC (p<0.05). The mono-
cyte-derived MF population showed a cytokine mRNA
expression profile similar to tumor cell-treated DC.

Dendritic cell from different treatments and MF were
stimulated with LPS and IFN-c in order to induce
cytokine secretion. A statistically significant (p<0.05)
reduction of IL-12 production was detected in tumor
cell-treated DC compared to Ctrl-DC (Fig. 4c). In
contrast, IL-6 and IL-10 secretion was significantly in-
creased (p<0.05) in both SCC-DC and AD-DC
(Fig. 4c). MF produced similar levels of IL-12, IL-6,
and IL-10 than tumor cell-treated DC (Fig. 4c).

T lymphocyte stimulation by tumor cell-treated DC

Despite tumor cell-treated DC had equivalent expression
of antigen presentation and costimulatory molecules
than Ctrl-DC, their differential production of cytokines
such as IL-10 or IL-12 prompted us to study the
capacity of these DC to induce allogeneic T-cell prolif-
eration. As shown in Fig. 5a, the immunostimulatory
capacity of DC previously treated with SCC-CM or AD-
CM was lower with respect to DC treated with Ctrl-CM,
and analogous to what was found by using MF as
APCs. Further, we analyzed the influence of tumor cell-
treated DC on the extent of allogeneic naı̈ve CD4+ T-
cell polarization (Fig. 5b). Primed CD4+ T cells stimu-
lated by AD-DC secreted lower amounts of IFN-c
compared to controls (n=6, p=0.01). The average of
IFN-c secretion by SCC-DC-stimulated lymphocytes
tended to be lower than controls, but differences were
not significant. Moreover, T cells stimulated by tumor
cell-treated DC showed a great increase of IL-10 secre-
tion, which was significant with SCC-DC (n=3,
p<0.05). No major changes on IL-4 levels were ob-
served (n=3).

Memory T-cell responses against TT were also af-
fected when the antigen was presented by tumor cell-
treated DC (Fig. 5c). T cells stimulated with AD-DC or
SCC-DC showed slightly lower rates of proliferation,

Fig. 2 Conditioned media (CM) derived from lung AD or SCC cell
lines induce changes on DC morphology. Monocytes were
differentiated into DC or MF, and DC were treated with PBMC
supernatants as a control (Ctrl-DC), or with A-427 (AD-DC) and
Calu-1 (SCC-DC) supernatants. Morphology under the inverted
phase microscope of the resulting cell populations is shown
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but their expression of CD25 was similar, compared
with Ctrl-DC. Nevertheless, TT-specific memory T cells
primed with AD-DC still secrete lower levels of IFN-c
than Ctrl-DC (Fig. 5c).

Blockade of IL-6 during monocyte differentiation
with tumor-CM restores DC phenotype

A variety of tumor-derived immunosuppressive factors
have been involved in alterations of DC development
from human monocytes: vascular endothelial growth
factor [26], IL-6 [13, 27], IL-10 [28, 29], TGF-b1 [30] or

prostaglandin (PG) E2 [31]. According to our results, A-
427 cells secrete TGF-b1, and their production of PGE2

has been reported [32]. On the other hand, Calu-1 cells
secrete IL-6 and TGF-b1. Finally, tumor cell-treated DC
had the ability to secrete IL-10 (see Fig. 4c). Therefore,
we consider these factors as candidates to cause the
changes detected on AD-DC and SCC-DC. Their role
was evaluated by neutralizing IL-6, IL-10, and TGF-b1
during DC differentiation with mAb. COX-1/2-derived
prostanoid activity was assessed by treatment of tumor
cells with indomethacine for 24 h before CM was har-
vested.

The use of neutralizing mAb to IL-6, mAb-IL-10 or
mAb-TGF-b1, isotype-matched control mAb, or CM
derived from indomethacine-treated PBMC, did not
modify Ctrl-DC phenotype (Fig. 6a, and data not
shown). IL-6 blockade during monocyte differentiation
with SCC-CM completely reverted cell phenotype, and
we found expression of CD1a, CD14, CD16, CD32, and
CD163 to the levels of Ctrl-DC (Fig. 6a). CD32 dimi-
nution was partially dependent on TGF-b1 (Fig. 6a),
since IL-6 alone did not cause this effect (not shown). In
AD-DC, IL-6 neutralization reverted CD14 and CD163
expression to the levels shown by Ctrl-DC (Fig. 6a). The
effect of IL-6 on CD163 was reproduced when IL-10 and
prostanoids were neutralized (Fig. 6a). A slight decrease
on CD32 expression was also observed on AD-DC
attributable to a synergistic effect of both IL-6 and

Fig. 3 a–c Phenotypic changes induced by tumor-derived CM on
DC. a CD1a and CD32 expression on MF and DC cultured in the
absence (Ctrl-DC) or presence of supernatants from AD (A-427-
DC, A-549-DC, SK-LU-1-DC) and SCC cell lines (Calu-1-DC and
SK-MES-1-DC). Results are presented as the mean ± SD of five
independent donors. b HLA-DR, CD40, CD86, and CD206
expression (gray histograms) on Ctrl-DC, A-427-DC, and Calu-1-
DC, analyzed by flow cytometry. Mean of fluorescence intensity
(MFI) for each marker is indicated on the top of the histograms.
Empty profiles represent isotype-matched irrelevant antibodies
used as negative controls. c Phenotype analysis as in b including a
representative result of MF . MFI for CD1a and CD32 and the
percentage of positive cells for CD14, CD16, and CD163 are
indicated on the top of the histograms. MFI and percentage of
positive cells in b and c are the mean ± SD of five donors. Results
shown are from a representative experiment. Statistical analysis
(MF or tumor cell-treated DC versus Ctrl-DC): * p<0.05
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TGF-b1 neutralization (Fig. 6a). The blockade of IL-10,
TGF-b or prostanoids alone did not reestablish the
phenotypic alterations on both AD-DC and SCC-DC
(not shown).

IL-6 neutralization decreased the endocytic capacity and
the ability to secrete high levels of IL-6 and IL-10 on
SCC-DC

The effects of IL-6, IL-10, TGF-b1 and prostanoids
observed on DC phenotype indicated that they were
present during monocyte differentiation with both AD-
CM and SCC-CM. We then investigated their effects

during monocyte differentiation on DC endocytic
activity and cytokine secretion.

IL-6 neutralization decreased the antigen uptake
capacity of SCC-DC to the levels of Ctrl-DC (p<0.05),
whereas AD-DC were not affected (Fig. 6b). IL-10,
TGF-b or tumor-derived prostanoid blockade had no
effect on the endocytic ability of tumor cell-treated DC
(data not shown).

IL-6 and prostanoids were responsible for the gen-
eration of DC able to secrete high levels of IL-6 and IL-
10 when cells were treated with SCC-CM (p<0.05), and
these factors had no synergistic effects (Table 2). Addi-
tionally, IL-10 was also responsible for the high
amounts of IL-10 secreted by SCC-DC (p<0.05, Ta-
ble 2), and no synergistic effect with IL-6 or prostanoids
was observed (not shown). In contrast, blockade of IL-6,
IL-10, TGF-b1, prostanoids, or their combinations

Fig. 4 a–c Functional characterization of tumor cell-treated DC. a
Endocytic activity of DC differentiated in the presence of CM from
tumor cell lines. Ctrl-DC, A-427-DC, Calu-1-DC, and MF were
incubated with FITC-dextran at 37�C or at 4�C as a control of
internalization, and then analyzed by flow cytometry. The
experiment shown is representative of four similar performed ones.
Values to the right are the mean ± SD of FITC incorporation of
the independent experiments. b Cytokine mRNA detection on the
above cell populations. RT-PCR for the following molecules was
performed: TNF-a (lane 1), IL-10 (lane 2), IL-6 (lane 3), TGF-b1
(lane 4), and b-actin (lane 5). Shown is an agarose gel electropho-
resis of RT-PCR fragments in a representative experiment out of
five. c Cytokine secretion by Ctrl-DC (white bars), A-427-DC
(black bars), Calu-1-DC (gray bars), and MF (hatched bars). Cells
were stimulated with LPS plus IFN-c, and the supernatants were
harvested after 24 h. Production of IL-6, IL-10, and IL-12 was
evaluated by ELISA. Data shown are the mean ± SD of four
independent experiments. Statistical analysis (MF or tumor cell-
treated DC versus Ctrl-DC): * p<0.05

Table 1 Relative expression of cytokine mRNA in DC and MF

TNF-a TGF-b1 IL-6 IL-10

Ctrl-DC 0.47±0.02 0.35±0.29 0.00±0.01 0.27±0.30
A-427-DC 0.08±0.07*, a 0.80±0.15* 0.20±0.13* 0.45±0.04
Calu-1-DC 0.25±0.70 0.85±0.9 0.50±0.19* 0.6±0.14
MF 0.1±0.07* 1.5±0.18* 0.60±0.3* 1.6±0.2*

RT-PCR was performed as indicated in Fig. 4b. Bands from aga-
rose gel electrophoresis were quantified by densitometry, and the
data were individually normalized to the values of b-actin. Results
are presented as mRNA amount in arbitrary units (mean ± SD of
four independent experiments)a Statistical analysis (A-427-DC,
Calu-1-DC and MF versus Ctrl-DC): * p<0.05
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(Table 2, and data not shown) had no effect on the high
levels of IL-6 secreted by AD-DC. Among these factors,
only IL-10 altered monocyte differentiation with AD-
CM, by generating cells capable to produce elevated
amounts of IL-10 (p<0.05). Finally, none of the factors
tested restored the ability of tumor cell-treated DC to
secrete high levels of IL-12 (Table 2).

Presence of IL-6, IL-10, and prostanoids during DC
differentiation with tumor-CM interfere the cytokine
secretion profile of DC-stimulated T lymphocytes

We subsequently analyze the influence of IL-6, IL-10,
TGF-b, and tumor-derived prostanoids on DC capacity
to induce T-helper cell polarization and lymphocyte
proliferation. We found that blockade of each factor
during monocyte differentiation did not modify the low
capacity of tumor cell-treated DC to elicit allogeneic
lymphocyte proliferation (data not shown). However,
blockade of tumor-derived prostanoid production fully
restored the capacity of AD-DC to induce high pro-
duction of IFN-c by allogeneic naı̈ve CD4+ T lym-
phocytes (Fig. 7a). No changes were observed after IL-
6, IL-10, or TGF-b1 blockade (Fig. 7a). Therefore, AD-
derived prostanoids appear to be solely responsible for
generating DC that induce low levels of IFN-c on lym-
phocytes.

High production of IL-10 by naı̈ve CD4+ T lym-
phocytes was dependent on tumor-derived prostanoids
together with IL-6 or IL-10 activity only when mono-
cytes were differentiated in the presence of SCC-CM, but
not in the presence of AD-CM (Fig. 7b). Tumor-derived

Fig. 5 a–c T-cell function is modified after stimulation with tumor
cell-treated-DC. a Lymphoproliferative capacity of Ctrl-DC, A-
427-DC, Calu-1-DC, and MF in a mixed lymphocyte reaction.
Graded doses of the above cells were incubated with 3·105
allogeneic PBMC for 5 days, followed by an 18-h pulse of [3 H]
thymidine. One experiment out of four is shown. Results are
presented as [3 H] incorporation (c.p.m) and are averages of
triplicates. b Production of IFN-c, IL-10, and IL-4 after co-cultures
of allogeneic naı̈ve CD4+ CD45RO� T lymphocytes with Ctrl-DC
(filled squares) or with DC treated with CM from A-427 (open
triangles) or Calu-1 (filled diamonds) cell lines, as described in
Materials and methods. Cytokines in culture supernatants were
analyzed by ELISA. Each symbol represents the result of a single
donor, and average values are indicated with horizontal bars and
numbers. c Stimulatory ability of DC in recalls responses. TT-
pulsed DC were cultured for 5 days with CFSE-labeled autologous
memory CD4+ T cells, stained with CD25-PE and analyzed by
flow cytometry. Numbers in the dot plots represent percentages of
CD25+ proliferating cells. Right IFN-c production by T cells in the
same experiment
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prostanoids, TGF-b1 or IL-10 alone did not influence
the ability of tumor cell-treated DC to induce high levels
of IL-10 on T lymphocytes, while blockade of IL-6

partially diminished this effect (Fig. 7b). None of the
factors tested during AD-DC differentiation had a sig-
nificant influence on the high levels of IL-10 secreted by
AD-DC-stimulated T lymphocytes.

Discussion

Non-small cell lung carcinoma is represented by two
main histological types, AD and SCC, which have a
range of similarities and differences at the genetic level,
clinical manifestations, response to treatments, and
survival rate of the patients [3, 4, 33]. In cancer-bearing
patients, a number of tumor-derived factors have been
associated with immunosuppression, partially through
modifications of DC function or development [7–9]. In
the present study, we compared for the first time the
potential of SF released by lung AD and SCC cells to
alter the differentiation of human DC.

We confirmed that both AD and SCC cells secrete
TGF-b1 [25] and constitutively express COX-2 mRNA.
However, SCC cell lines secrete higher amounts of TGF-
b1 and express greater levels of COX-2 transcripts,

Fig. 6 a, b Effect of IL-6, IL-10, TGF-b1, and tumor-derived
prostanoids on DC phenotype and endocytic activity. Monocytes
were cultured for 6 days with GM-CSF and IL-4, in the presence of
PBMC-CM (Ctrl-DC), AD-CM (A-427-DC) or SCC-CM (Calu-1-
DC). At the beginning of cultures, anti-IL-6, anti-IL-10, or anti-
TGF-b1 neutralizing mAb, and their corresponding isotype-
matched control mAb, were added. Tumor-derived prostanoid
blockade was achieved by incubating tumor cell lines with
indomethacine for 24 h. Control CM for these supernatants was
obtained from PBMC after the same treatment. Cells received the
treatments alone or in combination. a Surface marker expression of
cells treated with isotype-matched control mAb and/or indometh-
acine-PBMC-CM (solid gray histograms) or with neutralizing mAb
and/or indomethacine-tumor-CM (empty black histograms). Treat-
ments and the markers analyzed are indicated on the top. Dotted
histograms represent the fluorescence of an irrelevant isotype-
matched control mAb for each marker. Shown is a representative
experiment out of three. bDay-6 monocyte-derived cells cultured as
above were incubated with FITC-dextran for 30 min at 37�C or at
4�C (as a control). After washing, fluorescent cells were evaluated
by flow cytometry. Treatment of the cells is indicated on the top.
Histograms are representative of one of two independent experi-
ments
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which probably leads to a higher production of PGE2, a
factor that critically affect DC differentiation [34]. We
also observed that only the SCC cell lines tested here
express IL-1b transcripts and produce IL-6, in keeping
with recent reports that lung SCC secrete higher levels of
IL-6 than AD cells [17, 21]. Both cytokines might be
involved in the elevated levels of COX-2 mRNA ex-
pressed by SCC cells [35, 36]. Additionally, we demon-
strated that neither AD nor SCC cells secrete detectable
levels of IL-10, which is consistent with previous reports
of human NSCLC cell lines [37]. Hence, our data sup-
port the notion that AD and SCC cells secrete common
(i.e. TGF-b1) and different mediators (i.e. IL-6) with
immunosuppressive capacities [30, 38].

It is noteworthy that, regardless of the difference on
the type or amount of the factors released, AD and SCC
cell lines cause similar phenotypic and functional alter-
ations on cells generated by culture of circulating
monocytes with GM-CSF and IL-4, and we suggest that
they skew DC differentiation toward cells with MF
characteristics. A number of differentiating DC cultured
with tumor-CM showed round morphology, expressed
typical monocyte/MF markers (CD14, CD163), inhib-
ited the full induction of CD1a (a classical marker of
monocyte-derived DC not expressed by MF), increased
their endocytic ability, and altered their pattern of
cytokine secretion analogous to what is found on
monocyte-derived MF . Furthermore, tumor cell-treated
DC (as well as MF) were poor stimulators of T-lym-
phocyte proliferation compared with DC cultured in the
absence of tumor-CM, and changed the pattern of
cytokine secreted by naı̈ve T CD4+ lymphocytes after
priming. Overall, these lymphocytes produced low
amounts of IFN-c and increased levels of IL-10. Mem-
ory T-cell responses were also altered by tumor cell-
treated DC, being the most relevant feature the low
levels of IFN-c secretion induced by AD-DC. Taken
together, the present results suggest that lung tumor-

derived factors promote the commitment of monocyte
precursors into the MF lineage. We favor the hypothesis
of switching monocyte differentiation from DC to MF
over a prevention of monocyte differentiation since they
were cultured with GM-CSF, which allows monocyte
differentiation, the resulting cells had larger size than
monocytes (comparable to MF, Fig. 2), and they ex-
pressed lower levels of CD14 and higher levels of HLA-
DR and CD86 than monocyte precursors (not shown).
However, we cannot rule out the presence of some cells
with monocyte characteristics.

In our system there is a complex interplay of factors
secreted by carcinoma cell lines and those derived from
GM-CSF/IL-4-treated monocytes. Differentiating DC
have the potential to secrete IL-6, M-CSF [28, 39], and
PGE2 [40] under steady-state conditions. IL-4 plays a
pivotal role promoting monocyte differentiation into
DC and blocking the alternative MF lineage pathway.
Conversely, GM-CSF favors MF development via M-
CSF, IL-6, and M-CSF receptor (CD115) induction. M-
CSF is a key MF differentiation factor, but its presence
in the culture does not skew monocyte differentiation
from DC to MF [27, 28]. Other cytokines such as IL-6
or IL-10 increase CD115 expression on differentiating
DC, which renders monocytes fully responsive to M-
CSF, allows autocrine M-CSF consumption, and
switches monocyte differentiation toward the MF line-
age [13, 28]. In addition, tumor-derived factors such as
prostanoids [31], VEGF [26], bombesin-like peptides [9],
or mucins [41], can modify the characteristics of DC
generated from GM-CSF/IL-4 cultured monocytes, and
the magnitude of this alteration is often dependent on
the concentrations of the mediators involved [34, 38].

According to our results, AD-DC produced IL-10
and IL-6 during the culture, and SCC-DC secreted at
least IL-10. These cytokines were detected in superna-
tants of AD-DC and SCC-DC at low levels (data not
shown), but most important, their neutralization pre-

Table 2 Regulation of cytokine secretion by Ctrl-DC, A-427-DC (AD-DC), and Calu-1-DC (SCC-DC)

Isotype
Control Ab

Ab anti-IL6 Ab anti-IL10 Ab anti-TGF-b1 Indomethacine Ab anti-IL-6 plus
indomethacine

IL-6
Ctrl-DC 6.4±1.6 5.1±0.7 7.9±1.8 5.1±1.1 6.7±1.0 5.5±0.8
AD-DC 16.8±0.7*,a 16.0±1.6 18.4±1.4 17.6±1.5 17.6±1.9 17.3±0.6
SCC-DC 15.8±1.7* 6.4±0.5**,b 16.8±2.6 16.7±2.6 8.0±0.5** 7.5±0.3**

IL-10
Ctrl-DC 0.07±0.02 0.06±0.03 0.01±0.01 0.05±0.01 0.07±0.02 0.12±0.03
AD-DC 2.16±0.16* 1.6±0.1 0.19±0.07** 2.0±0.23 1.9±0.2 1.51±0.08
SCC-DC 1.4±0.15* 0.4±0.06** 0.36±0.18** 1.8±0.33 0.4±0.1** 0.37±0.08**

IL-12
Ctrl-DC 1.3±0.1 1.5±0.3 1.5±0.5 1.1±0.2 1.9±0.7 2.1±0.6
AD-DC 0.1±0.03* 0.3±0.3 0.6±0.4 0.04±0.06 0.3±0.03 0.25±0.04
SCC-DC 0.09±0.04* 0.3±0.3 0.1±0.03 0.07±0.08 0.2±0.2 0.23±0.08

DC were obtained as in Fig. 6. After 6 days of culture, cells were
stimulated with LPS plus IFN-c for 24 h, and then supernatants
were harvested. Production of IL-6, IL-10, and IL-12 was evalu-
ated by ELISA, and results are presented in ng/ml. Data shown are

the mean ± SD of four independent experiments Statistical anal-
ysis: a* p<0.05 compared to corresponding Ctrl-DC b** p<0.05
compared to corresponding carcinoma-treated DC in the presence
of isotype control mAb
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vented some of the changes induced by tumor-CM.
Tumor-derived PGE2 is a likely candidate for IL-6 and
IL-10 induction on DC, as well as IL-6 in the case of
SCC cells [42, 43]. These and the above results suggest
that at least TGF-b1, IL-6, IL-10, and prostanoids were
present during monocyte differentiation with AD-CM
and SCC-CM, probably at different levels according to
the type of tumor. Interestingly, some of the factors
found in our experimental conditions have been re-
ported to mediate alterations on DC development or

function: IL-6 and IL-10 favor the differentiation of
monocytes into MF [13, 29], IL-10, and TGF-b generate
tolerogenic or regulatory DC [44], and PGE2 down-
regulates the ability of monocyte-derived DC to activate
polarized Th1 responses [34].

Tumor-derived TGF-b1 was barely implicated in any
of the changes observed on AD-treated DC or SCC-
treated DC. In contrast, IL-10 secreted by tumor cell-
treated DC stimulated its own secretion in an autocrine/
paracrine manner and it was implicated in the increment
of IL-10 secretion by T-lymphocytes primed with SCC-
DC. The latter effect was dependent on the combined
action of prostanoids [31, 34] and IL-10 or IL-6 during
SCC-DC differentiation. In that sense, we suggest that
SCC-derived IL-6 activates IL-10 secretion by SCC-DC
[45], and the combined effect of IL-10 together with
prostanoids ultimately mediates the abnormal produc-
tion of IL-10 by lymphocytes. Therefore, it is possible
that the high levels of prostanoids and IL-6 produced by
SCC cells are the main contributors to generate DC,
which prime T lymphocytes to secrete great amounts of
IL-10. In contrast, the levels of prostanoids produced by
AD cells might not be sufficient to alter the ability of DC
to induce IL-10 on T lymphocytes, and other factors not
analyzed here should produce this effect. In any case,
because tumor-infiltrating regulatory T lymphocytes
have been described in NSCLC [46], it is tempting to
speculate that both AD-DC and SCC-DC can generate
‘‘regulatory’’ T cells with a high capacity to secrete IL-10
and a low rate of proliferation (see Fig. 5a).

The role of tumor-derived IL-6 in immune suppres-
sion has been studied mainly in non-solid tumors such as
multiple myeloma and chronic lymphocytic leukemia
[47, 48], where IL-6 hampered the development and
maturation of DC. However, few studies have reported a
direct effect of IL-6 secreted by solid tumors on DC
differentiation or function [13, 38, 49], and its role has
not been addressed in the context of NSCLC. Under in
vitro conditions, we showed that lung SCC, but no AD,
cell lines express and secrete IL-6, and that blockade of
IL-6 activity during SCC-DC differentiation abolished
most of the MF -like characteristics of these cells:
expression of myelomonocytic markers, low induction of
CD1a, high endocytic activity, and increased production
of IL-6 and IL-10 after LPS/IFN-c stimulation. These
results are consistent with a role of IL-6 increasing the
levels of CD115 on differentiating DC [13, 27, 49], thus it
is plausible that IL-6 acts indirectly by rendering
monocytes responsive to endogenously produced M-
CSF. Interestingly, blockade of IL-6 activity on AD-DC
also impaired the expression of some myeloid markers
(CD14 and CD163), suggesting that their expression
could be modulated with low levels of IL-6, whereas
other markers might need a more potent signaling via
IL-6R. In fact, most of the MF -related characteristics
of AD-DC were not abolished by blocking IL-6, IL-10,
TGF-b, or prostanoid activity. As was mentioned be-
fore, other factors released by tumor cells could modify
DC phenotype and function. Some of these mediators

Fig. 7 a, b Effect of IL-6, IL-10, TGF-b1, and tumor-derived
prostanoids on DC ability to promote cytokine secretion on
allogeneic naı̈ve CD4+ T lymphocytes. DC were obtained as in
Fig. 6, and co-cultures with T lymphocytes were established as
described in Materials and methods. Cytokines in culture super-
natants were determined by ELISA. a Analysis of IFN-c secretion
on culture supernatants of lymphocytes stimulated with Ctrl-DC
(white bars) or A-427-DC (black bars). b Analysis of IL-10 on
culture supernatants of lymphocytes stimulated with Ctrl-DC
(white bars), A-427-DC (black bars) or Calu-1-DC (gray bars).
DC treatments are indicated on the x-axis in a and b, and results
are the mean ± SD of three independent experiments. Statistical
analysis (tumor cell-treated DC versus Ctrl-DC): * p<0.05

608



(i.e. MUC1 and MUC5AC mucins) are over-expressed
in AD cells [50], therefore they are potential candidates
to explain the development of AD-DC.

A common characteristic of several tumor-derived
immunosuppressive factors is their role on the develop-
ment of DC with low production of IL-12 and high
production of IL-10 [31, 34, 41, 51]. Here, we observed
that tumor cell-treated DC secretes limited amounts of
IL-12. Low production of IL-12 is a characteristic of
MF derived from monocytes cultured with M-CSF [52],

which reinforce the hypothesis that this cytokine could
play an important role in our system. In spite of PGE2

[34, 40] or IL-10 [51] can selectively block IL-12 syn-
thesis; our data demonstrate that none of these factors
are implicated in this process. In that sense, Sombroek
et al. [31] demonstrated that IL-12 secretion couldn’t be
fully restored on DC treated with CM from colon car-
cinomas by blocking tumor-derived prostanoid activity,
hence other components of the CM might act synergis-
tically with prostanoids to reduce IL-12 production by
DC. Regarding the high levels of IL-10 secreted by tu-
mor cell-treated DC, they are dependent indistinctly on
IL-6 or prostanoids in SCC-DC, whereas a mechanism
that relies on the autocrine/paracrine consumption of
IL-10 is predominant in AD-DC. We hypothesized that
overproduction of IL-6 by SCC cells could activate
autocrine PGE2 production [36], and the effect of tumor-
derived IL-6 on IL-10 production by SCC-DC might be
mediated indirectly by tumor-derived PGE2 [31, 53].
Conversely, AD cells may synthesize reduced levels of
PGE2 based on their COX-2 mRNA expression, which
could be associated with their lack of IL-6 production.
In that scenario, the action of autocrine IL-10 might be
predominant, although at present it is uncertain what
tumor-derived mediators are responsible for IL-10
induction on AD-DC.

The finding that T lymphocytes stimulated with tu-
mor cell-treated DC secrete low levels of IFN-c is in
keeping with the low IL-12 production by these DC [31,
34, 40]. Nevertheless, the absence of IL-12 did not
completely abolish IFN-c production [54]. Here we
demonstrated that tumor-derived prostanoid activity
during DC differentiation negatively influences IFN-c

Fig. 8 Model for in vitro differentiation of monocyte-derived DC
in the presence of SF released by lung AD and SCC cell lines. In
standard conditions, human monocytes can generate DC by culture
with GM-CSF and IL-4. However, in the presence of SF secreted
by AD and SCC cells, monocyte-derived cells have characteristics
similar to MF . Tumor cell lines produce SF such as TGF-b1
(both) and IL-6 (SCC only), among others. They do not secrete
detectable levels of TNF-a or IL-10. Furthermore, it is likely that
both tumor types produce PGE2, since they constitutively express
COX-2. Tumor cell-treated DC increased their levels of IL-6, IL-
10, and TGF-b1 transcripts. Overall, TGF-b1 exerts little effect on
the system. In contrast, most of the changes observed on SCC-DC
could be attributable to IL-6 secreted by SCC cell lines. IL-6
increases CD115 (M-CSF receptor) expression in differentiating
DC [13], rendering cells responsive to endogenously produced M-
CSF during monocyte differentiation with GM-CSF and IL-4.
Thus, M-CSF could ultimately skew monocyte differentiation
toward MF -like cells. Minor changes in AD-DC are also due to
IL-6 (i.e. increase of CD14 and CD163 expression), which could
reflect an endogenous production of this cytokine by DC at very
low levels compared to SCC cells. However, other factors not
analyzed here are responsible for most of the MF characteristics of
AD-DC. Tumor-derived prostanoids present during monocyte
differentiation has strong influence on the generation of DC able to
modify the cytokine profile of naı̈ve CD4+ T lymphocytes.
Endogenously produced IL-10 by tumor cell-treated DC has effects
mainly on cytokine production by DC and lymphocytes
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production by T cells. This effect was reverted by
blocking COX activity in AD cells (see Fig. 7a). A
similar tendency was observed in SCC-DC (data not
shown), although these cells induce only slightly reduced
levels of IFN-c compared with Ctrl-DC (see Fig. 5b).
Since prostanoids do not appear to influence IL-12 levels
in our system (Table 2), their effect on IFN-c secretion
could be mediated by nonidentified factors differentially
secreted by SCC-DC and AD-DC.

In summary, our results suggest that lung SCC and
AD cells switch monocyte differentiation from DC to
MF -like cells trough IL-6-dependent and IL-6-inde-
pendent mechanisms, respectively (Fig. 8). The function
of this type of MF -like cells might be correlated with
that of tumor associated MF, which are involved in
tumor growth and invasion [55]. Thus, based on our
findings, IL-6 could play an important role in the
pathogenesis of SCC partly through the suppression of
an effective immune response.
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