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Abstract
Background and aims We investigated the immune status
in 32 pancreatic cancer patients (PC) in comparison with
healthy controls (HC).
Materials and methods Using flow cytometry, peripheral
blood lymphocytes (PBL) were characterized by the
expression of surface markers for T helper cells (CD4), T
suppressor cells (CD8), B cells (CD19) and NK cells
(CD56). The blastogenic response of PBL was analyzed
after stimulation with concavalin A (ConA), phytohemag-
glutinin (PHA), pokeweed mitogen (PWM) and anti-CD3
antibodies. The serum levels of TNF-α, IL-1β, IL-2, IL-10,
IL-12, IL-18, IL-1RA, sIL-2R and TGF-β were determined
by ELISA.
Results No differences in the distribution of peripheral
immunocytes in PC were found, whereas the blastogenic
response of peripheral blood lymphocytes (PBL) after
stimulation with PHA or anti-CD3 antibodies was signifi-
cantly decreased in PC. In PC, we found reduced serum
levels of IL-2 and significantly elevated levels of TNF-α,
TGF-β1, IL-10, IL-2R, IL-1β and IL-1RA.

Conclusion These data provide evidence for a systemic
immune dysfunction in pancreatic cancer patients charac-
terized by a shift towards a T helper cell type 2 cytokine
profile, a significant elevation of substances related to T cell
suppression and a reduced blastogenic response to PHA
and anti-CD3 antibodies of PBL.
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Introduction

Pancreatic cancer is the fifth leading course of cancer
deaths in the Western world, and is associated with a poor
prognosis and a 5-year survival rate of less than 4% [1].
Clinically, pancreatic cancer is characterized by rapid tumor
progression, early metastization and unresponsiveness to
most conventional treatment modalities [1]. On the molec-
ular genetic level, mutations in oncogenes like K-ras or
tumor-suppressor genes like p53 are frequently found [2].
Furthermore, pancreatic cancers are known to produce a
wide variety of growth factors, which promote tumor
growth like EGF or PDGF or act as tumor-promoting
agents and immunosuppressive substances like TGF-β [2].

Cancers, including those of the pancreas, are vulnerable
to immune effector cells such as natural killer cells (NK),
lymphokine-activated killer cells and tumor-specific cyto-
toxic T lymphocytes [3]. However, most cancers can evade
this immune surveillance by several distinct mechanisms
like production of immunosuppressive factors (e.g. TGF-
β), inactivation of infiltrating lymphocytes by the FAS/FAS
ligand system or by downregulation of the CD3 ζ-chain via
caspase-3 induction [4].

We have recently shown that pancreatic carcinoma
cells and surrounding tumor-infiltrating lymphocytes
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express caspase-1 and caspase-3 [5] and that pancreatic
cancer patients with elevated markers of macrophage
activity like neopterin or sCD44v6 have a highly signif-
icant improved prognosis than patients with depressed
serum levels of these factors [6, 7]. To test whether the
distribution or function of peripheral immunocompetent
blood cells is reduced in pancreatic cancer patients in
terms of a tumor-driven immunosuppression, we deter-
mined (1) the distribution, (2) the blastogenic response of
these cells and (3) the serum concentrations of various
immunosuppressive, Th1-related or Th2-related cytokines
and growth factors in pancreatic cancer patients and
compared these data with a gender-matched and age-
matched group of healthy volunteers.

Materials and methods

Patients

Between June 1997 and June 1999, 32 patients diagnosed
as having pancreatic cancer were enrolled into the prospec-
tive study. Three patients were classified UICC stage I, 2
patients were UICC stage II, 15 patients were UICC stage
III and 12 patients were UICC stage IV. Fifteen patients
underwent resection of the tumor. In 17 patients, palliative
operations were performed due to irresectability or distant
metastization of the tumor. In all patients, the diagnosis of
adenocarcinoma of the pancreas was confirmed by histo-
logical examination. The mean age was 65.5 years ranging
from 51 to 83 years. All patients enrolled into this study
had no hyperbilirubinaemia at the time of investigation. Of
the 32 patients, 20 were male and 12 were female. In all
patients, 15 ml of heparinated blood was drawn before
operation and immediately proceeded for the examinations
concerning the immune status. Furthermore, 10 ml of blood
was drawn and serum was obtained by centrifugation,
aliquoted and stored at −80°C until the determination of the
cytokine concentrations. The control group comprised 24
healthy volunteers (mean age 64.7 years ranging from 48 to
79 years), 8 were female and 16 were male.

All patients gave informed consent to the study, which
was performed according to the guidelines of the local
ethics community.

Phenotyping of peripheral blood lymphocytes

For the identification of peripheral blood lymphocytes in
whole blood, we used a four color flow cytometric method
as described previously [8]. The lymphocyte sub-sets were
counted using antibodies from BD Biosciences, Heidelberg,
Germany, to CD3 (clone SK7), CD4 (clone SK3), CD8
(clone SK1), CD45 (clone 2D1), CD16 plus CD56 (clones

B73.1 and NCAM16.2), and CD19 (clone SJ25C1)
conjugated to flourescein isothiocyanate (FITC), peridinin-
chlorophyll protein (PerCP), phycoerythrin (PE), or allo-
phycocyanin (APC). Isotypic immunoglobulin G1 (IgG1)
and isotypic immunoglobulin G2 (IgG2) served as back-
ground control. Fifty microliters of EDTA-anticoagulated
blood was incubated with the appropriate mixture of
antibodies for 15 min at room temperature. After incubation
for 10 min with 2 ml of FACS lysis solution, cells were
washed twice with PBS-0.3% bovine serum albumin and
fixed with PBS-1% paraformaldehyde. At least 5,000 cells
were analyzed on the flow cytometer (FACSCalibur,
Becton Dickinson, Heidelberg, Germany) after gating on
lymphocytes for all antibody combinations. Sub-set analy-
sis was performed using the CellQuest software (Becton
Dickinson).

Determination of proliferative capacity of peripheral blood
lymphocytes

The proliferation capacity of peripheral blood lymphocytes
after stimulation with phytohemagglutinin (PHA), conca-
valin A (ConA), pokeweed mitogen (PWM) and anti-CD3
antibodies was determined by using a commercially
available kit (Blastest, YLEM, Roma, Italy). Immediately
after puncture, 250 μl of heparinated whole blood were
incubated in 3 ml of culture medium and incubated at 5%
CO2 atmosphere at 37°C in a glass vial. Every blood
sample consisted of five stimulation cultures, namely, PHA-
stimulation, ConA-stimulation, PWM-stimulation, anti-
CD3-stimulation and control. After a 72 h incubation
period, nuclei were isolated and stained with propidium
iodide according to the manufacturer’s instructions. The
nuclei were analysed on a FACScan (Becton Dickinson,
Germany) using the CellQuest program. The corrected
stimulation index (CSI) was calculated by the following
formula:

CSI ¼ S=G2� phase% stimulated cultureð Þ
� S=G2� phase% control cultureð Þ

Determination of serum concentrations of cytokines

Serum concentrations of the cytokines TNF-α, IL-1β, IL-2,
IL-10, IL-12 (total), IL-18 the IL-1RA (receptor antago-
nist), the soluble IL-2 receptor (IL-2R) and TGF-β1 were
determined by commercially available ELISA kits (DPC
Biermann, Bad Nauheim, Germany and R&D Systems,
Oxford, UK). As markers for monocyte/macrophage re-
lease, IL-12, IL-18, TNF-α, the proinflammatory IL-1β and
its receptor antagonist IL-1RAwere chosen. As markers for
lymphocyte activation, the soluble cleaved interleukin-2
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receptor CD25 (IL-2R) was measured. For evaluation of
Th1 and Th2 lymphocyte activities, IL-2 and IL-10 were
determined, respectively. For the estimation of immuno-
suppressive potential, the serum levels of TGF-β1 were
determined.

Statistics

All statistics were calculated using the Medcalc® Software
Package. Significance was set at p<0.05. Significance was
calculated using the Student’s t-test.

Results

The function but not the distribution of peripheral blood
immunocytes is altered in pancreatic cancer patients.

Immunofluorescence analysis of the peripheral blood of
pancreatic cancer patients revealed a distribution of
immunocytes very similar to the distribution found in the
healthy volunteer group (Table 1). T lymphocytes (CD3+/
CD4+ and CD3+/CD8+), NK cells (CD56+) and B
lymphocytes (CD19+) did not differ significantly between
cancer patients and healthy volunteers. The CD4+/CD8+
ratio was also not different between these two groups
(Table 1). It is interesting to note that the blastogenic
response of the peripheral immunocytes was significantly
reduced in pancreatic cancer patients compared to the
healthy controls. The blastogenic response of the peripheral
blood immunocytes was comparable in both groups after
stimulation with ConA and PWM, whereas the blastogenic
responses after stimulation with PHA or anti-CD3 anti-
bodies were significantly diminished in pancreatic cancer
patients, which can either be due to a primary dysfunction
of the T cells or the immunosuppressive activity of
monocytes (Fig. 1).

Pancreatic cancer patients exhibit an immunosuppressive
cytokine profile

Determination of the cytokines revealed that in pancreatic
cancer patients TNF-α was significantly elevated compared
to the control group (p<0.05, Fig. 2). Similarly, TGF-β1,
which is supposed to be involved in immunosuppressive
mechanisms in cancer was significantly higher in pancreatic
cancer patients than in the control group (p<0.05 and p<
0.005, respectively, Fig. 2). IL-2, mainly produced by type
1 T helper cells (Th1) cells, was significantly reduced in
pancreatic cancer patients (p<0.005), whereas IL-10
reflecting the type 2 T helper cell (Th2) activity was
significantly elevated in cancer patients (p<0.05) pointing
to a predominance of Th2 cells (Fig. 2). This imbalance in
T cell-related activity was also reflected in increased levels
of IL-2R in pancreatic cancer patients resulting in a
significant decrease in the IL-2/IL-2R ratio in these patients
(pancreatic cancer: 0.22 (SEM 0.05); healthy controls: 1.29
(SEM 0.4), p<0.001). The cytokine IL-1β and its receptor
antagonist IL-1RA as markers for monocyte/macrophage
cytokine release were also significantly higher in pancreatic
cancer patients (p<0.05 and p<0.005). However, IL-12 and
IL-18 levels did not differ between pancreatic cancer
patients and healthy controls (Fig. 2).

The reduced blastogenic response in pancreatic cancer
patients correlates with increased serum concentrations
of IL-1β, TGF-β, TNF-α and IL-2R and reduced
concentrations of IL-2

To evaluate the relationship between the reduced
blastogenic response observed in pancreatic cancer

Table 1 Number of lymphocytes in peripheral blood in pancreatic
cancer patients and healthy volunteers

Healthy volunteers Pancreatic cancer

Total lymphocytes/μl 1,311 (76) 1,386 (140)
CD56+/μl 215 (35) 174 (21)
CD19+/μl 152 (18) 143 (19)
CD3+/μl 919 (46) 1,028 (110)
CD3+/CD4+/μl 627 (44) 702 (70)
CD3+/CD8+/μl 273 (22) 288 (43)
T4/T8 ratio 2.43 (0.27) 2.94 (0.25)

Values are expressed as the means (SEM).
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Fig. 1 Blastogenic response of peripheral blood lymphocytes from
pancreatic cancer patients and healthy controls after stimulation with
concavalin A (ConA), phytohemagglutinin (PHA), pokeweed mitogen
(PWM) or anti-CD3 antibodies (anti-CD3). The corrected stimulation
indices (CSIs) in pancreatic cancer patients were significantly lower after
stimulation with PHA or anti-CD3 compared to the healthy controls
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patients and the increased serum concentrations of the
cytokines described above, we performed correlation
analyses between the serum concentrations of the
cytokines and the CSIs from the blastogenic response
assays (Table 2). IL-2 serum concentrations correlated

positively with the blastogenic response after stimulation
with PHA or anti-CD3 antibodies, whereas elevated serum
concentrations for IL-1β, TGF-β, TNF-α and IL-2R were
associated with low proliferation rates after stimulation of
peripheral blood with PHA or anti-CD3 antibodies, which
supports the hypothesis of a cytokine-driven immune
dysfunction in these patients.

The reduced blastogenic response of peripheral blood
after stimulation with anti-CD3 antibodies
and the increased levels of TGF-β1 are associated
with advanced stages of pancreatic cancer

To evaluate whether the immune dysfunction in pancreatic
cancer patients increases with the extent of the disease, we
performed sub-group analyses correlating the clinicopatho-
logical features with the investigated parameters. No
correlation was found between tumor stage or metastization
and serum levels of TNF-α, IL-1β, IL-1RA, IL-2, IL-2R,
IL-10, IL-12 or IL-18. However, pancreatic cancer patients
with UICC stage IV tumors had significantly higher serum
concentrations of TGF-β1 than patients with UICC stage I–

Table 2 Correlation between serum concentrations of IL-1β, TGF-
β1, TNF-α, IL-2 and IL-2R and blastogenic response to PHA or anti-
CD3 stimulation in pancreatic cancer patients

PHA Anti-CD3

IL-1β r=−0.55 r=−0.39
p<0.01 p<0.05

TGF-β1 r=−0.22 r=−0.39
p=0.29 p<0.05

TNF-α r=−0.58 r=−0.36
p<0.005 p=0.07

IL-2 r=0.38 r=0.40
p<0.05 p<0.05

IL-2R r=−0.67 r=−0.53
p<0.0005 p<0.005
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Fig. 2 Serum concentrations of cytokines a TGF-β1, TNF-α; b IL-2, IL-2 receptor (IL-2R), IL-10; c IL-1β, IL-1RA, and d IL-12, IL-18 in
pancreatic cancer patients and healthy controls. * indicates p<0.05 compared to the controls, ** indicates p<0.005 compared to the controls
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III tumors (UICC stage I–III: 5.8 ng/ml, SEM 0.5 ng/ml;
UICC stage IV: 16.3 ng/ml, SEM 5.8 ng/ml, p<0.05). The
same correlation was found with regard to the reduced
blastogenic response after anti-CD3 antibody stimulation
and advanced tumors that already had spread into distant
organs (UICC stage I–III: 8.25%, SEM 1.1%; UICC stage
IV: 4.4%, SEM 1.2%, p<0.05).

Discussion

In recent years, it has become clear that host defense
against tumors are controlled by several immunological
mediators including cytokines that play an important role in
tumor/immune system conflict [9]. Evidence was provided
that tumor cells are able to produce growth factors such as
TGF-α, IGF-1 [10], or TGF-β1 [11], which on the one
hand promote the growth of the tumor cells themselves and
on the other hand like TGF-β are able to influence tumor-
infiltrating lymphocytes e.g. by downregulation of T cell
receptor ζ-chain [4]. Furthermore, a variety of cytokines
can be produced by the tumor cells themselves, disturbing
the machinery of immune-activating mechanisms. Recently,
Bellone et al. demonstrated that pancreatic carcinoma cells
express and secrete the proinflammatory cytokines IL-8 and
IL-18, whereas IL-2 and IFNγ are not expressed. On the
other hand, the anti-inflammatory cytokines TGF-β1, TGF-
β2 and TGF-β3 were also expressed and secreted by the
tumor cells [12]. Halak et al. were able to show that IL-10
can be produced by tumor cells leading to an inhibition of
type 1 immune responses directed at a tumor antigen and
non-tumor antigens present at the tumor site [13]. Evidence
was provided indicating that cytokines produced by both
Th1 (T helper 1) and Th2 (T helper 2) cells play an
important role during the development of an immune
response and its regulation. While Th1 cells producing IL-
2 and IFNγ induce a cellular type immune response, Th2
cells secrete IL-4, IL-5, IL-6 and IL-10 and promote
humoral immune response. A correlation between the
progression of some diseases, such as human infectious
and inflammatory autoimmune diseases, and the balance
between Th1 and Th2 responses was suggested. In human
cancer diseases, few studies identifying the Th1/Th2
balance were described in non-small cell lung cancer and
colorectal cancer patients [14, 15]. In the bone marrow and
the blood of pancreatic cancer patients, high numbers of
tumor-reactive T cells secreting TH2 cytokines upon
stimulation with tumor antigens were found suggesting a
shift towards a TH2 profile [16]. In our study, we also
found significantly elevated levels of IL-10 and significant-
ly reduced levels of IL-2 in the serum of pancreatic cancer
patients compared to a sex-matched and age-matched
control group. Furthermore, we found significantly elevated

levels of TGF-β1 and TNF-α, both of which are suggested
to be actively involved in the immune dysfunction in cancer
patients [16]. The cytokine IL-1β and its receptor antagonist
IL-1RA were also significantly elevated in cancer patients,
whereas IL-12 and IL-18 representing in part the monocytic
lineage did not differ significantly compared to the control
patients, although serum levels of these cytokines were
slightly elevated in pancreatic cancer patients compared to
the control group. Anyhow, the problem of identification of
the source of certain cytokine production remains difficult,
especially in view of the fact that many tumors are able to
produce several cytokines like IL-10, IL-1β or the growth
factor TGF-β isoforms themselves [13, 17, 18]. Neverthe-
less, in our group of pancreatic cancer patients, we found a
shift in the cytokine profile from a Th1-like type towards a
Th2-like type. These cytokine profiles were also reflected in
the blastogenic response of peripheral blood to stimulation
with ConA, PWM, PHA or anti-CD-3 antibodies. The
blastogenic response of cells of the B cellular lineage was
not affected in pancreatic cancer patients, whereas the CSIs
after stimulation with PHA or anti-CD3 antibodies were
significantly diminished in pancreatic cancer patients. It is
interesting to note that the number and the distribution of
peripheral immunocytes did not differ between the control
group and pancreatic cancer patients, whereas the prolifer-
ation capacity of peripheral blood immunocytes after PHA
or anti-CD3 antibody stimulation was dramatically dimin-
ished, pointing to a qualitative but not quantitative suppres-
sion of immunocytes in pancreatic cancer patients. These
results are supported by the observation of Yanagimoto et al.
who found an impaired function of circulating dendritic
cells in patients with pancreatic cancer [19]. Our data
underline the hypothesis that the immune response in cancer
patients is altered [3]. However, our observations in
pancreatic cancer patients are clearly different from the
generalized immunosuppression seen in patients receiving
high doses of corticosteroids or chemotherapy. As described
by Finke et al., the term immune dysfunction seems to be
more adequate to describe the observed changes in immune
function in cancer patients. One possible underlying
mechanism could be the interaction of TGF-β and the
downregulation of the T cell receptor ζ-chain [3]. Gastman
et al. were able to demonstrate that the TCR ζ-chain is
downregulated by stimulation with TGF-β via induction of
caspase-3 in T cells [4]. Our data support this observation
from the clinical point because TGF-β1 levels correlated
significantly with the blastogenic response of blood from
pancreatic cancer patients to anti-CD3 antibodies. Further-
more, TGF-β1 serum levels and the unresponsiveness after
stimulation with anti-CD3 antibodies increased with in-
creasing tumor stages. Together with the elevated serum
levels of TGF-β1 and the depressed levels of IL-2, these
observations could also explain in part the decrease in
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blastogenic T cell response in pancreatic cancer patients and
could be one explanation for the success of combined
immunochemotherapy in this disease [20].

In conclusion we could demonstrate an extensive system-
ic immune dysfunction in pancreatic cancer patients. On the
serum cytokine level, we found a shift towards a Th2 type
cytokine profile and a significant elevation of substances
related to T cell suppression like TGF-β1, whereas serum
levels of IL-2 were significantly decreased. The hypothesis
of the immune dysfunction in pancreatic cancer patients is
further supported by a significantly diminished blastogenic
response of peripheral blood lymphocytes after stimulation
with PHA or anti-CD3 antibodies. These observations could
be the background for the further development of immuno-
therapeutic strategies in this disease.
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