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In this study , we report coexpression of transforming
growth factor-␤ (TGF-␤) and interleukin-10 (IL-10) in
pancreatic carcinoma tissue associated with significantly elevated levels of both cytokines in the sera of
pancreatic carcinoma patients. Using conditioned media (CM) of pancreatic carcinoma cells , we further
demonstrate that tumor cell-derived TGF-␤ and IL-10
inhibited in an additive fashion both proliferation
and the development of Th1-like responses in peripheral blood mononuclear cell (PBMC) preparations derived from normal donors. The antiproliferative and
Th1-suppressive activities contained in CM of pancreatic carcinoma cells were due primarily to IL-10
and/or TGF-␤ , as shown by the capacity of cytokinespecific neutralizing antibodies to reverse these effects. Finally , as compared to normal controls , PBMC
derived from pancreatic carcinoma patients displayed a Th2-like cytokine expression pattern upon
activation with either anti-CD3 antibody or Staphylococcus aureus strain Cowan I. Taken together , these
results suggest that aberrant production of TGF-␤ and
IL-10 in pancreatic tumor patients skews T-cell cytokine production patterns in favor of a Th2 immunophenotype. (Am J Pathol 1999, 155:537–547)

The recent isolation from tumor patients of T lymphocytes
reactive with tumor-associated antigens1–3 underscores
the notion that tumors can be immunogenic and, thus, are
potential targets for immune destruction. Eliciting or restoring an effective antitumor immune response provides
an attractive goal for the development of cancer vaccines
and cancer immunotherapy. A thorough understanding
of the mechanisms by which neoplastic cells evade de-

tection or destruction by the immune system is required
to guide these efforts. Tumor cells produce a variety of
immunomodulatory cytokines that can stimulate or inhibit
the host response to tumor cells (for a review see Ref. 4).
The present study was performed to explore the immunomodulatory activities of two such cytokines, transforming growth factor-␤ (TGF-␤) and interleukin-10 (IL-10),
both of which are aberrantly produced by human pancreatic carcinoma cells (this study).
TGF-␤ is a 25-kd dimeric cytokine with pleiotrophic
effects on a wide spectrum of target cells. Three highly
conserved isoforms of human TGF-␤ (1–3) encoded by
separate genes are known; the TGF-␤ isoforms share
considerable structural and sequence homology and exert similar effects when tested in biological systems.5
Aberrant expression of different TGF-␤ isoforms is widespread among human tumors,6 including pancreatic
carcinoma,7,8 breast carcinoma,9 glioma,10 –12 and malignant melanoma.13–15 In support of a significant tumorprotective role of TGF-␤ in vivo, transfection of TGF-␤1
into highly immunogenic mouse tumor cells has been
shown to enable these cells to survive in immunocompetent syngeneic animals.16 Conversely, increased immunogenicity and decreased tumorigenicity in syngeneic
animals was observed when TGF-␤ production in rat
gliobastoma cells was suppressed using antisense TGF␤2.17 In addition, neutralizing antibodies to TGF-␤ have
been shown to inhibit the tumorigenicity of human breast
cancer cells in nude mice; this effect was associated with
increased NK cell activity.18 That tumor-derived TGF-␤
may also contribute to immune evasion of human tumor
cells is suggested by studies in glioma. An activity that
inhibits proliferation of T cells and autologous lymphokine-activated killer (LAK) cells was isolated from conditioned medium (CM) of glioma cells19 and cyst fluid recovered from the tumor bed of subtotally resected
glioblastomas20; this activity was shown to be TGF-␤2.
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IL-10, like TGF-␤, is a cytokine that exerts multiple
effects on the immune system relating to antigen presentation, B- and T-cell proliferation, cytokine production,
and monocyte/macrophage function (for a review see
Ref. 21). IL-10 prevents up-regulation of B-7 expression
during macrophage activation22 and down-modulates
expression of a broad range of cytokines in peripheral
blood mononuclear cells (PBMC) preparations, including
interferon-␥ (IFN-␥),23 IL-2,24 and tumor necrosis factor-␣
(TNF-␣).25 IL-10 has been found to be commonly expressed in human carcinoma cells26,27 and in melanomas.28,29 In melanoma patients increased serum IL-10
levels have been described.30 Whether IL-10 production
by tumor cells is relevant to local and/or systemic antitumor immune responses in cancer patients is currently
unclear.
In this study, we have examined expression patterns
and functional consequences of TGF-␤ and IL-10 production by human pancreatic carcinoma cells for systemic T-cell responses in vitro and in vivo. To characterize
the relative contributions of tumor-derived TGF-␤ and
IL-10 on systemic immune parameters in pancreatic cancer patients, we determined, in the presence and absence of specific neutralizing antibodies to these cytokines, the effects of CM from pancreatic carcinoma cells
on proliferative potential, cytotoxic activity, and the Th1/
Th2-like cytokine profiles upon activation of PBMC derived from normal donors. To assess the potential effects
of tumor-derived TGF-␤ and IL-10 in pancreatic cancer
patients themselves, we also determined the Th1/Th2-like
cytokine profiles of PBMC preparations obtained from
these patients.

Materials and Methods
Tissue Samples and Patients
A group of 10 pancreatic carcinoma patients (seven men
and three women, aged 46 –71) who underwent surgical
resections at the Department of Medical-Surgical Disciplines (University of Torino, Torino, Italy) were included in
this study. All patients were affected with histopathologically confirmed primary pancreatic duct adenocarcinomas representing stage II (n ⫽ 2), stage III (n ⫽ 3), and
stage IV (n ⫽ 5) pancreatic neoplasms according to the
classification by Warshaw and Fernandez-del Castillo.31
Pancreatic cancer tissue samples and normal pancreatic
tissue were frozen in liquid nitrogen immediately after
surgical removal and before RNA extraction. Venous
blood from pancreatic carcinoma patients was collected
before anesthesia and surgery. PBMCs from patients and
age- and sex-matched healthy donors were separated by
Ficoll-Hypaque gradient centrifugation and used immediately for analysis. Donor and patient serum samples
were frozen at ⫺70°C until analysis.

Cell Lines and CM
Human pancreatic carcinoma cell lines Capan2 (American Type Culture Collection (ATCC), Rockville, MD),

PT45, and BxPC3 (kindly provided by Dr. M. F. DiRenzo,
Department of Biomedical Sciences and Human Oncology, University of Torino, Torino, Italy) were grown in
Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% fetal calf serum (GIBCO, Grand Island,
NY). All cell lines were routinely screened for Mycoplasma
contamination, using the Hoechst dye H33258. To obtain
serum-free CM, Capan2, PT45, and BxPC3 cells were
trypsinized, extensively washed with phosphate-buffered
saline (pH 7.3), and seeded at 3 ⫻ 105/ml in 5 ml of
serum-free DMEM containing 0.25 vol% fatty acid-free
bovine serum albumin fraction V (Boehringer Mannheim).
After a 48-hour incubation in a humidified atmosphere
containing 5% CO2, cell-free supernatants were collected after centrifugation, concentrated five-fold by filtration with Amicon Diaflo concentrators equipped with
YM5 membranes (Danvers, MA), and stored at ⫺70°C
until use.

Antibodies and Reagents
The hybridoma-producing monoclonal antibody (mAb)
OKT3 (anti-CD3) was obtained from the ATCC. Neutralizing anti-IL-10 goat and panspecific anti-TGF-␤ rabbit
polyclonal antibodies were from R&D Systems Europe
(Abingdon, England). For immunohistochemistry, rabbit
antisera reacting specifically with TGF-␤1, TGF-␤2, or
TGF-␤3 (epitopes corresponding to amino acid sequences mapping at the carboxy terminus of the precursor forms of TGF-␤1, TGF-␤2, and TGF-␤3 of human
origin, respectively) from Santa Cruz Biotechnology (Santa Cruz, CA) and mAbs to IL-10 (JES-9D7 and 12G8) from
Pharmingen (San Diego, CA) were used. Recombinant
human TGF-␤1, TGF-␤2, and TGF-␤3 isoforms were obtained from R&D Systems Europe. Staphylococcus aureus
strain Cowan I (SAC) was from Calbiochem (La Jolla, CA)
and was used at 1:10,000 final dilution.

Cytokine Mapping by Reverse TranscriptionPolymerase Chain Reaction (RT-PCR)
Total RNA from normal and neoplastic pancreatic tissues
and from the three pancreatic carcinoma cell lines included in this study was extracted with a commercially
available kit based on the single-step RNAzol method
(Cinna/Biotex, Houston, TX). Reverse transcription (RT)
was performed at 37°C for 1 hour, using oligo-dT primer
in a final reaction volume of 20 l containing 20 U of
MMLV reverse transcriptase, 1⫻ reverse transcriptase
buffer, 24 U of RNAse inhibitor, and 0.5 mmol/L dNTP
mix. For each polymerase chain reaction (PCR), 10 l of
first-strand cDNA was added to 20 l of PCR mix
containing 100 ng each of 5⬘ and 3⬘ cytokine-specific
primers and 1 U Taq polymerase. All PCR reagents
were purchased from Life Technologies (Paisley, Scotland). Human IL-10-specific primers were 5⬘-ATGCCCCAAGCTGAGAACCAAGACCCA-3⬘ (sense) and 5⬘AAGTCTCAAGGGGCTGGGTCAGCTA-3⬘ (antisense).
PCR conditions were as follows: 3 minutes at 94°C, 20
seconds at 60°C, and 30 seconds at 72°C (32 cycles).

Tumor-Derived Immunomodulatory Cytokines in Pancreatic Cancer 539
AJP August 1999, Vol. 155, No. 2

The predicted size of IL-10 amplimers was 325 bp. Human TGF-␤1-specific primers were 5⬘-GCCCTGGACACCAACTATTGC-3⬘ (sense) and 5⬘-GCACTTGCAGGAGCGCA-3⬘ (antisense). PCR conditions were as
follows: 4 minutes at 95°C, 1 minute at 58°C, and 35
seconds at 72°C (32 cycles). The predicted size of
TGF-␤1 amplimers was 333 bp. Human TGF-␤2 and TGF␤3-specific primers were 5⬘-AAATGGATACACGAACCCAA-3⬘ (sense) and 5⬘-GCTGCATTTGCAAGACTTTAC-3⬘ (antisense); 5⬘-AAGTGGGTCCATGAACCTAA-3⬘
(sense) and 5⬘-GCTACATTTACAAGACTTCAC-3⬘ (antisense), respectively. PCR conditions were as follows: 4
minutes at 94°C, 20 seconds at 51°C, and 25 seconds at
72°C (32 cycles). The predicted size of both TGF-␤2 and
TGF-␤3 amplimers was 247 bp. Diagnostic restriction
enzyme digestion of the PCR amplimers13 was used to
confirm the specificity of the primers used for the TGF-␤
isoforms targeted. Human ␤-actin primers and amplification conditions have been described by us previously.32
PCR products were analyzed by size fractionation, using
2% agarose gels stained with ethidium bromide.

␤-scintillation counter. In selected experiments, cell line
supernatants were preincubated for 1 hour at room temperature with neutralizing antisera to IL-10 (10 l/ml) and
TGF-␤ (5 l/ml) or control antibodies before addition to
PBMC cultures.

Determination of Cytokine Concentrations in
Sera and CM
IFN-␥, IL-10, and IL-4 protein concentrations were determined by enzyme-linked immunosorbent assay (ELISA),
using kits commercially available from Biosource (Camarillo, CA). TGF-␤1 and TGF-␤2 concentrations were determined using ELISA kits available from Genzyme (Cambridge, MA) and from R&D Systems (Minneapolis, MN),
respectively. The lower threshold of sensitivity of the
IFN-␥, IL-10, and IL-4 assays was 5 pg/ml, whereas the
TGF-␤1 and TGF-␤2 assays had a sensitivity threshold of
50 pg/ml. IL-12 levels were determined using a radioimmunoassay (RIA) specific for the p40 chain of IL-12 heterodimer, as previously described.35 The lower threshold
of detection of this assay was 30 pg/ml.

Immunohistochemical Detection of Cytokines
Sections from paraffin-embedded pancreatic carcinoma
tissue samples of the patients studied here were stained
with antibodies to IL-10 and TGF-␤ as described previously.32 TGF-␤ was detected using rabbit antisera reacting specifically with either TGF-␤1, TGF-␤2, or TGF-␤3. In
the case of IL-10 a combination of two rat mAbs (JES39D7 and 12G8) was used as described.33 Specificity of
the antibodies used was tested by preincubation with
saturating amounts of the appropriate recombinant
TGF-␤ isoforms or with IL-10 followed by immunostaining
of tissue sections.

Generation of LAK Cells and Cytotoxicity Assay
PBMCs isolated by Ficoll-Hypaque gradient separation
were cultured for 6 days in RPMI 1640 medium supplemented with 100 U/ml of IL-2 (a gift from Glaxo, Geneva,
Switzerland) in the presence and absence of 20 vol% of
5⫻ concentrated CM of pancreatic carcinoma cell lines
Capan2, PT45, and BxPC3. LAK activity of these PBMC
preparations was evaluated using standard 4-hour 51Cr
release assays,34 using the Burkitt lymphoma cell line
Daudi as a target.

PBMC Proliferation Assay
The proliferative response of T cells in response to antiCD3 mAb OKT3 was determined by measuring [3H]thymidine (TdR) uptake. PBMCs were cultured at 2 ⫻ 105
cells/well in OKT3-coated flat-bottom 96-well plates in the
presence and absence of increasing concentrations of
5⫻ concentrated CM of pancreatic carcinoma cell lines
BxPC3, Capan2, and PT45. After 48 hours of incubation,
the cells were pulsed for 6 hours with 1 Ci [3H]TdR (6.7
mCi/mmol; NEN-Dupont, Boston, MA) and harvested on
glass fiber filters. [3H]TdR uptake was measured using a

Statistical Analysis
To assess statistically significant differences between
data sets, Student’s t-tests for independent samples were
performed using SigmaPlot software.

Results
Production of TGF-␤ and IL-10 by Pancreatic
Carcinoma Cells in Vivo and in Vitro
To assess IL-10 and TGF-␤ production in pancreatic
carcinoma patients, we determined IL-10, TGF-␤1, and
TGF-␤2 serum concentrations in 10 pancreatic carcinoma patients. As compared to normal age- and sexmatched control donors not affected by obvious neoplastic or inflammatory diseases, significantly elevated mean
serum levels of all three cytokines were observed in the
majority of pancreatic cancer patients (Figure 1). The
mean serum level of TGF-␤1 in pancreatic carcinoma
patients was 320.4 ⫾ 252 ng/ml (mean ⫾ SD) as compared to 70.8 ⫾ 27.4 in normal controls (P ⬍ 0.05; Student’s t-test for independent samples). The mean serum
level of TGF-␤2 in pancreatic carcinoma patients was
947 ⫾ 620 pg/ml, as compared to 380 ⫾ 89 in normal
controls (P ⬍ 0.05). The mean serum level of IL-10 in
cancer patients was 233.7 ⫾ 13.6 pg/ml, as compared to
40.4 ⫾ 17.2 in normal controls (P ⬍ 0.05). In seven of the
patients tumor tissue was available for RT-PCR analysis
of IL-10 and TGF-␤1, -␤2, and -␤3 transcripts. Either IL-10
and/or TGF-␤ amplimers of the expected size were identified in several tumor tissue samples (Figure 2). Whereas
expression of TGF-␤1, TGF-␤2, and IL-10 mRNAs was
variable between different tumors, TGF-␤3 amplimers
were identified at comparably high levels in all pancreatic
carcinoma tissue samples. In normal pancreatic tissue,
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Figure 1. Elevated TGF-␤1, TGF-␤2, and IL-10 concentrations in the sera of pancreatic carcinoma patients (tumor) as compared to sera of donors free of
inflammatory or neoplastic diseases (normal). Bars represent median values; as determined by Student’s t-test, TGF-␤1, TGF-␤2, and IL-10 levels were significantly
higher (P ⬍ 0.05) in sera from pancreatic carcinoma patients as compared to normal controls.

RT-PCR products corresponding to TGF-␤3, but not TGF␤1, TGF-␤2, or IL-10, were identified. Immunohistochemical analysis of TGF-␤1, -␤2, and -␤3 and IL-10 expression confirmed expression of these cytokines by
pancreatic carcinoma cells. Representative results are
shown in Figure 3, revealing moderate to strong staining
for all cytokines in tumor cells.
We next examined production of TGF-␤ and IL-10 by
pancreatic carcinoma cell lines BxPC3, Capan2, and
PT45. As assessed by RT-PCR analysis, all three cell
lines expressed either IL-10 mRNA alone (Capan2), or
TGF-␤1 mRNA alone (PT45), or both cytokine mRNAs

(BxPC3) (Figure 2). To account for overall TGF-␤ expression, we also determined by RT-PCR expression of
TGF-␤2 and TGF-␤3 mRNA in these cells. Primers specific for TGF-␤2 and -␤3 yielded amplification products of
the predicted size in all three cell lines tested. Consistent
with the RT-PCR results, TGF-␤1 protein was secreted by
BxPC3 and PT45 but not Capan2 cells, and IL-10 protein
was detected by ELISA in CM of Capan2 and BxPC3
cells but not PT45 cells (Table 1). In summary, whereas
IL-10 was secreted by 2/3 pancreatic carcinoma cell
lines, at least 2/3 known TGF-␤ isoforms were expressed
by all three cell lines.

Effects of Media Conditioned by Pancreatic
Carcinoma Cell Lines on LAK Activity and
Proliferation of PBMCs

Figure 2. Expression of TGF-␤1, -␤2, -␤3, and IL-10 transcripts in pancreatic
carcinoma tissues (Lanes 2– 8) and cell lines (Lane 10, BxPC3; Lane 11,
Capan2; Lane 12, PT45) when compared to normal pancreatic tissue (Lane
1). Ethidium bromide-stained RT-PCR products generated by using cytokinespecific primers and separated by agarose gel electrophoresis are shown.
Lanes 9 and 13 show lack of amplification products in the absence of mRNA
template. To control for RNA integrity and quantity, RT-PCR products generated by using ␤-actin primers are shown in the bottom panel. The specificity of TGF-␤ primers was assessed by diagnostic enzyme digestion of
RT-PCR products.

To investigate functional consequences of IL-10 and
TGF-␤ production by pancreatic carcinoma cells on
immune parameters potentially relevant to tumor development, we next determined the effects of media
conditioned by pancreatic carcinoma cell lines on lymphokine-activated cytotoxicity and proliferative capacity
of PBMC. First, the effects of CM on LAK activity of
PBMCs derived from two normal donors was tested. To
this end, PBMCs were incubated for 6 days with 5⫻
concentrated CM of pancreatic carcinoma cell lines
added at 20 vol% to RPMI 1640 medium supplemented
with IL-2. When LAK activity was determined by 51Cr
release assays using Daudi target cells at effector-totarget ratios from 40:1 to 5:1, no significant change of
cytotoxic activity was observed when compared to medium controls (not shown). Second, we determined the
effects of pancreatic carcinoma CM on anti-CD3-dependent proliferation of PBMC obtained from three normal
donors. This was based on previous reports that both
TGF-␤ and IL-10 affect proliferation of several types of
immune cells, including T and B lymphocytes36 – 40 and
NK cells.36,41 The addition of 5⫻ concentrated pancreatic carcinoma CM to culture media at concentrations
ranging from 5 to 20 vol% resulted in dose-dependent
inhibition of [3H]TdR uptake in all three PBMC prepara-
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Figure 3. Representative immunohistochemical analysis of TGF-␤1, -2, -3, and IL-10 expression in pancreatic carcinoma tissue. Antibodies reacting specifically
with TGF-␤1 (A), TGF-␤2 (C), TGF-␤3 (E), or IL-10 (G) were used. B, D, F, and H show negative controls stained with antibodies preincubated with saturating
amounts of the appropriate recombinant proteins. Magnification, ⫻400.
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Table 1.

Secretion of TGF-␤1, TGF-␤2, and IL-10 by
Pancreatic Carcinoma Cell Lines

Cell line

TGF-␤1
(ng/ml)*

TGF-␤2
(pg/ml)†

IL-10
(pg/ml)‡

Capan2
PT45
BxPC3

⬍0.2
193.2
2006.4

1872
2661
1276

47.2
⬍5
112

* As determined by TGF-␤1-specific ELISA.
†
As determined by TGF-␤2-specific ELISA.
‡
As determined by IL-10-specific ELISA.

tions tested (Figure 4). To determine the relative contribution of TGF-␤ and IL-10 to this phenomenon, we used
neutralizing antibodies known to inhibit the biological
activity of either all three TGF-␤ isoforms and/or IL-10.
These experiments demonstrated that a combination of
the two neutralizing antibodies almost completely
(⬎90%) reversed the PBMC growth-inhibitory activity
produced by the three pancreatic carcinoma cell lines
(Figure 5). As predicted by the cytokine production patterns (see Table 1 and Figure 2), the anti-IL-10 antibody
had no significant effect in the case of PT45 cells that do
not produce IL-10. However, the TGF-␤ antibody was
sufficient to neutralize the growth-inhibitory activity
present in PT45 conditioned medium. By contrast, in
Capan2 and BxPC3 cells, the TGF-␤ antibody only partially reversed PBMC growth inhibition, whereas the IL-10
antibody was more effective. In summary, these results
show that the PBMC antiproliferative activity present in
pancreatic carcinoma CM was primarily accounted for by
the combined action of IL-10 and TGF-␤.

Effects of Tumor-Derived IL-10 and TGF␤ on
Cytokine Production by PBMCs
In certain parasitic diseases such as infection with Leishmania major, different patterns of cytokine production
have been distinguished that correspond to the induction
of functionally diverse T-cell subsets and seem to be
associated with different clinical outcomes.42,43 Generally, predominance of the Th1 cytokine pattern (IFN-␥ and
IL-12) is associated with a vigorous cytotoxic T-cell response and favorable outcome, whereas the Th2 cytokine pattern (IL-4, IL-5, IL-10) is associated with chronic
disease or disease progression. Upon antigenic stimulation, both IL-1044 and TGF-␤45,46 have been shown to
favor development of a Th2-like cytokine pattern and,
thus, are likely to affect immune responses in vivo. Based
on these findings, we asked whether IL-10 and TGF-␤
present in pancreatic carcinoma CM affected the patterns of Th1/Th2 cytokines produced by PBMC obtained
from normal donors. Specifically, we tested whether pancreatic carcinoma cell CM down-modulated the production of the Th1-associated cytokines IFN-␥ and IL-12 by
PBMCs upon activation by either anti-CD3 antibody or
SAC. As determined by cytokine-specific ELISA or RIA,
CM from all three pancreatic carcinoma cell lines significantly (P ⬍ 0.05) reduced production of IFN-␥ (Table 2)
and the p40 chain of IL-12 (Table 3) by PBMCs from three
normal donors. A combination of neutralizing antibodies

Figure 4. Inhibition of PBMC DNA synthesis by CM derived from pancreatic
carcinoma cell lines Capan2, BxPC3, and PT45. The effects of 5⫻ concentrated CM at different concentrations ranging from 5 to 20 vol% on [3H]TdR
uptake of PBMCs derived from three normal donors are shown.

to IL-10 and TGF-␤ abolished the inhibitory effect of all
three pancreatic carcinoma CMs on both IFN-␥ and IL12p40 production in the three PBMC preparations, except in two PBMC preparations pretreated with PT45 CM
(Figure 6). Optimal neutralization of the effect of pancreatic carcinoma CM on IFN-␥ production was observed
with a combination of anti-IL-10 and anti-TGF-␤ antibodies. The antibody to IL-10 had a comparatively stronger
effect in neutralizing the IL-12 suppressive activity contained in Capan2 and BxPC3 CM and a weaker effect on
PT45 CM. It should be noted that the anti-IL-10 antibody
effectively reduced the effect of PT45 CM on IFN-␥ production in 3/3 and on IL-12 production in 2/3 PBMC
preparations, although PT45 did not produce IL-10 (see
Table 1). In contrast to the anti-IL-10 antibody, the antiTGF-␤ antibody only moderately antagonized down-regulation of IFN-␥ and IL-12 production by Capan2 and
BxPC3 CM. However, it was comparatively more effective
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Table 3.

Effects of Media Conditioned by Pancreatic
Carcinoma Cells on IL-12 Production by Normal
PBMCs Stimulated with SAC
IL-12 (ng/ml)*

Donor

Control

BxPC3

Capan2

PT45

1
2
3
Mean ⫾ SD

9.9
13.2
12.8
11.9 ⫾ 1.8

4.0
4.2
5.0
4.4 ⫾0.5†

5.4
7.9
9.0
7.4 ⫾ 1.8†

7.0
10.4
11.9
9.7 ⫾ 2.5

* As determined by IL-12p40-specific RIA.
†
Statistically significant differences (P ⬍ 0.05 in Student’s ttests) of data sets when compared to medium control.

Figure 5. Effects of neutralizing antibodies to IL-10 and TGF-␤ on the inhibition of PBMC proliferation caused by CM of pancreatic carcinoma cell lines
Capan2, BxPC3, and PT45. The effects of anti-IL-10, anti-TGF-␤, and antiIL-10 plus anti-TGF-␤ are shown on anti-CD3-induced PBMC proliferation
measured in the absence (control) and in the presence of 20 vol% CM
derived from pancreatic carcinoma cell lines (all other conditions). Control
cultures also received anti-IL-10 and anti-TGF-␤ antibodies. Column 1 (❏) of
all experimental groups shows PBMC proliferation in the presence of Capan2
CM; column 2 (2) shows proliferation in the presence of BxPC3 CM; and
column 3 (o) shows proliferation in the presence of PT45 CM. Each column
shows the mean ⫾ SD of three independent experiments using three different normal donors. Results are expressed as a percentage of [3H]TdR uptake
relative to that of cells grown in the absence of either neutralizing antibodies
or CM. No effect was observed in the presence of a nonimmune rabbit
antiserum used as the control (data not shown). Asterisks indicate statistically
significant differences (P ⬍ 0.05 in Student’s t-tests) of data sets when
compared to controls in the presence of anti-IL-10 and anti-TGF-␤ neutralizing antibodies.

in the case of PT45 CM, which produces TGF-␤ but not
IL-10. These results are consistent with the view that
production of either IL-10 alone or a combination of IL-10
and TGF-␤ by pancreatic carcinoma cells contributes to
the inhibition of Th1-like responses in naive PBMCs.

PBMCs from Pancreatic Carcinoma Patients
Display a Th2-Like Cytokine Expression Pattern
To address whether elevated TGF-␤ and IL-10 serum
levels in pancreatic carcinoma patients may similarly affect the Th1/Th2-balance in vivo, we tested production of
Th1 (IFN-␥, IL-12) and Th2 (IL-4) cytokines in PBMC
preparations of six pancreatic carcinoma patients upon
stimulation with either anti-CD3 antibody or SAC (Table
4). We observed a clear preference for production of the
Th2 cytokine IL-4 but not the Th1 cytokines IFN-␥ and
Table 2.

Effects of Media Conditioned by Pancreatic
Carcinoma Cells on IFN-␥ Production by Normal
PBMCs Stimulated with Anti-CD3 Antibody
IFN-␥ (pg/ml)*

Donor

Medium
control

BxPC3

Capan2

PT45

1
2
3
Mean ⫾ SD

2098
1970
2237
2102 ⫾ 134

258
369
427
351 ⫾ 86†

856
721
896
824 ⫾ 65†

1233
973
2065
1423 ⫾ 570

* As determined by IFN-␥-specific ELISA.
Statistically significant differences (P ⬍ 0.05 in Student’s t-tests) of
data sets when compared to medium control.
†

IL-12 when compared to the cytokine patterns obtained
when using PBMCs from six normal donors. As compared to normal controls, PBMC preparations from pancreatic carcinoma cells produced, on average, 5.4-fold
higher levels of IL-4 upon stimulation with anti-CD3 antibody. In contrast, production of IFN-␥ and IL-12 was 2.7and 9.5-fold lower, respectively, than in controls; the
differences in cytokine levels were all statistically significant (P ⬍ 0.05). These data show a preference for the
development of a Th2-like response in PBMCs obtained
from pancreatic carcinoma patients.

Discussion
The results of this study provide support for the idea that,
in patients suffering from pancreatic carcinomas, elevated TGF-␤ and IL-10 serum levels affect systemic immunity in favor of a Th2-like phenotype. Overexpression
of either one of these two cytokines in other tumor types
has been recognized earlier. For example, elevated levels of TGF-␤47 have been shown in the sera of breast
carcinoma patients and of IL-1030 in the sera of melanoma patients. To our knowledge, this is the first report to
demonstrate abnormally high levels of both IL-10 and
TGF-␤ in the sera of patients with a solid malignancy.
Although it was not possible to determine with certainty
the cellular sources of serum IL-10 and TGF-␤ in the
pancreatic tumor patients, we consider it likely that at
least part of the overall serum cytokine activity originated
in the tumor tissue itself. This conclusion is based on the
demonstration of 1) TGF-␤ and IL-10 mRNA and protein
expression in tumor tissues from pancreatic carcinoma
patients, 2) coexpression and secretion of TGF-␤ and
IL-10 by 2/3 pancreatic carcinoma cell lines included in
this study, and 3) significant decreases in IL-10 serum
levels from 428 to 258 pg/ml and from 127 to 52 pg/ml,
respectively (results not shown), in two pancreatic carcinoma patients within 2 weeks after surgical intervention.
Earlier studies in syngeneic mouse tumor model systems have shown that both TGF-␤ and IL-10, when overexpressed by tumor cells, modulate the antitumor immune response with significant consequences for
survival and growth of the tumor cells in the host. However, whereas TGF-␤ is generally considered to exert
immunosuppressive effects enabling tumor cells to survive in the host, the immunomodulatory role of IL-10 as it
relates to the antitumor immune response is less clear.
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Figure 6. Effects of neutralizing antibodies to IL-10 and TGF-␤ on the inhibition of IFN-␥ (A) and IL-12p40 (B) production of normal PBMCs by pancreatic
carcinoma CM. CMs were derived from Capan2, BxPC3, and PT45 cells, as indicated. Experimental conditions were as described in the legend to Figure 5. No
effect was observed in the presence of a nonimmune rabbit antiserum used as the control (data not shown). Each column shows the mean ⫾ SD of three
independent experiments using three different normal donors. Results are expressed as a percentage of cytokine production relative to that of cells grown in the
absence of neutralizing antibodies (o) or CM (䡵).

Specifically, transfection of ultraviolet-induced mouse tumor cells with TGF-␤1 has been shown to reduce the
capacity of these cells to stimulate cytolytic T-cell responses and renders them tumorigenic in vivo.16 In contrast, high-level IL-10 expression in mouse mammary
adenocarcinoma cells induced by transfection of an
IL-10 transgene appears to augment tumor rejection.48,49
In vitro, TGF-␤ inhibits the growth of NK cells,34,41,50 T
lymphocytes,38,51,52 and B lymphocytes,53 although
TGF-␤ has also been shown to stimulate the growth and
differentiation of activated T lymphocytes.54 IL-10 has
been shown to inhibit the proliferation of T39 and B lymphocytes55 in certain experimental in vitro settings. However, the effect of tumor-derived IL-10 alone and the
combined effect of IL-10 and TGF-␤ on human PBMC
proliferation is poorly defined at present. We demonstrate
that pancreatic carcinoma-derived TGF-␤ and IL-10 cooperatively inhibited the proliferation of PBMCs derived
from normal donors. Although the contribution of either
cytokine to the overall inhibition of DNA synthesis varied

depending on the pattern of cytokine production by the
three pancreatic carcinoma cell lines investigated, either
IL-10 alone or IL-10 in combination with TGF-␤ was the
main cytokine responsible for the PBMC growth-inhibitory
activity present in pancreatic carcinoma CM. This conclusion is supported by the capacity of neutralizing antibodies to these two cytokines to reverse growth inhibition
of PBMCs by pancreatic carcinoma CM. In contrast to
their antiproliferative activity, we observed no significant
effects of pancreatic carcinoma CM on LAK activity generated in PBMCs from normal donors. This result is consistent with earlier observations that TGF-␤134 and IL1025 only weakly inhibit the cytotoxic activity of LAK cells.
Taken together, these results suggested that IL-10 and
TGF-␤ produced by pancreatic carcinoma cells can influence the nature of the antitumor immune response by
inhibiting the expansion of immune effector cells.
In addition to suppression of PBMC proliferation, we
observed inhibitory effects of pancreatic carcinoma CM
on PBMC cytokine production upon unspecific antigenic
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Table 4.

Determination of Th1 and Th2-Cytokine Patterns in PBMCs of Patients with Pancreatic Carcinoma
Case

IFN-␥ (pg/ml)

IL-12 (ng/ml)

IL-4 (pg/ml)

Normal donors
1
2
3
4
5
6
Mean ⫾ SD

1540
1600
1899
2120
2080
1343
1764 ⫾ 316

9.86
10.85
12.58
11.30
13.20
10.24
11.338 ⫾ 1.314

11.5
9.6
15.8
9
17.3
6.8
11.7 ⫾ 4.1

Pancreatic carcinoma patients
1
4
5
6
8
10
Mean ⫾ SD

409
598
936
420
658
886
651 ⫾ 224*

0.67
1.10
0.92
0.50
1.35
2.62
1.194 ⫾ 0.761*

35.6
45.7
39.6
110.5
62.7
87.4
63.6 ⫾ 29.8*

PBMCs from normal donors and pancreatic carcinoma patients were stimulated with anti-CD3 antibody (IFN-␥/IL-4) or SAC (IL-12), as described in
Materials and Methods, followed by determination of the cytokine level by ELISA (IFN-␥/IL-4) or RIA (IL-12p40) in cell-free supernatants. Asterisks
indicate statistically significant differences (P ⬍ 0.05 in Student’s t-tests) of data sets when compared with control data sets obtained using PBMCs
from normal donors.

stimulation. We focused this investigation on the modulation of IL-12 and IFN-␥ production, based on the relevance of these two cytokines to the development of Tlymphocyte-mediated adaptive immunity, which is
thought to be important for immunological tumor rejection. As in the case of PBMC proliferation, we observed
that TGF-␤ and IL-10 contained in Capan2 and BxPC3
CM cooperatively inhibited IL-12 and IFN-␥ production
induced by either SAC or anti-CD3 antibody. The contribution of TGF-␤ to the suppression of IL-12 production
was marginal, as demonstrated by the comparably small
effects of neutralizing anti-TGF-␤ antibody, whereas the
anti-IL-10 antibody alone was sufficient to neutralize the
inhibitory effect of Capan2 and BxPC3 CM on IL-12 production by PBMCs. Interestingly, anti-IL-10 treatment
also reversed some of the effect of PT45 CM on IL-12
production by PBMCs, although PT45 cells did not express IL-10 mRNA or secreted IL-10 in measurable quantities. We consider the effect of the anti-IL-10 antibody in
the absence of tumor-derived IL-10 to reflect the neutralization of PBMC-derived IL-10. This interpretation is supported by the finding that the anti-IL-10 antibody in the
absence of pancreatic carcinoma CM increased IL-12
production four-fold, presumably by neutralizing IL-10
derived from PBMCs themselves. Note that treatment
with the anti-IL-10 antibody did not completely restore
IL-12 production to control levels in 2/3 PBMC preparations exposed to PT45 CM, suggesting the presence of
yet another activity unrelated to either IL-10 or TGF-␤ that
reduces IL-12 production by PBMCs. This activity is not
likely to be prostaglandin E2 (PGE2), which has recently
been reported to be produced by tumor cells56 and to
induce Th2 cytokine patterns,57 as the pancreatic carcinoma CM used contained very low PGE2 levels (⬍25
pg/ml). At this concentration range PGE2 reportedly has
no effect on cytokine production by PBMCs56 or CD4⫹ T
cells.57
The strong inhibitory effects of pancreatic carcinomaderived IL-10 on the production of the Th1 cytokines

IL-12 and IFN-␥ in naive PBMCs suggested that elevated
serum levels of IL-10 in pancreatic carcinoma patients
could also affect T-lymphocyte responses in PBMCs derived from these patients. As expected, we found a predominant Th2-like phenotype that develops upon stimulation of PBMCs from pancreatic carcinoma patients with
either anti-CD3 antibody or SAC. Specifically, production
of IL-12 and IFN-␥ was significantly lower in all PBMC
preparations from pancreatic carcinoma patients when
compared to controls. This effect was most obvious in the
case of IL-12 in that IL-12 levels amounted to less than
10% of controls in 5/6 PBMC preparations from tumor
patients. Furthermore, the low levels of Th1 cytokine production in all six tumor patients were associated with
significantly higher levels of the Th2 cytokine IL-4. These
results demonstrate that PBMC preparations of pancreatic carcinoma patients are primed to develop a Th2-like
rather than a Th1-like response upon antigenic stimulation. A preponderance of Th2 cytokine production has
commonly been observed in mouse tumor models46 and
has also recently been described in association with
human tumors, including colorectal carcinoma,58 and in
biopsy specimens of human basal cell carcinoma but not
benign hyperproliferative lesions of the epidermis.59 Our
findings are consistent with the conclusion that, in pancreatic carcinoma patients, tumor-derived TGF-␤ and
IL-10 similarly contribute to systemic Th2-type immune
responses. Experiments are currently under way to determine whether this observation extends to specific Tcell responses to recall antigens.
The functional consequences of a predominant Th2like cytokine profile for antitumor immunity in pancreatic
carcinoma patients are not known. In experimental models both Th1 (IL-2, IL-12) and Th2 (IL-4, IL-10) cytokines,
when administered as vaccine adjuvants, have been
shown to induce protective immune responses to malignant tumors.60 – 63 These results support the conclusion
that both Th1 and Th2 cells participate in generating
effective antitumor immunity. However, at least one study
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suggests that an excessive, vaccine-induced Th2 cytokine pattern is associated with poor protection against
malignant tumors.64 In this study, the efficacy of different
vaccine preparations containing a peptide sequence
within the mammary mucin MUC1 were explored in a
mouse tumor model consisting of human mucin (MUC1)
expressed in murine BALB/c 3T3 cells. The capacity of
vaccine preparations containing MUC1 expressed on tumor cells, MUC1-containing synthetic peptides, MUC1
fusion proteins, or natural mucin (HMFG) to induce protective immunity was tested. Immunization with whole
cells expressing MUC1 induced predominantly Th1 immune responses associated with protective immunity. In
contrast, vaccine preparations containing soluble synthetic or native materials provided poor protection associated with the development of prominent Th2 responses.
It remains to be investigated whether aberrant Th2 immune responses induced by tumor-derived IL-10 and
TGF-␤ in patients serve to protect tumor cells from effective antitumor immunity.
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