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Abstract Both we and others have
observed a relative resistance of solid
tumor cells to immunological effec-
tor cells in vitro, which may be one
reason for the clinical phenomenon
of resistance of patients with pancre-
atic carcinoma or other solid tumors
to immunological therapeutic ap-
proaches. Dendritic cells (DC) are
professional antigen-presenting cells
which can process and present tumor-
associated antigens such as CA 19-9.
Here we tested DC pulsed with se-
rum containing CA 19-9 for their ca-
pacity to stimulate immunological ef-
fector cells against pancreatic carci-
noma cells. Coculture of immunolog-
ical effector cells with DC led to a
significant increase in cytotoxic ac-
tivity as measured by a lactic dehy-
drogenase release assay. Most inter-
estingly, cytotoxic activity against tu-
mor cells was further increased using
DC pulsed with patient-derived
CA 19-9 containing serum. Similar
results have been obtained using ei-
ther autologous or allogeneic serum

from patients with pancreas carcino-
ma. The effect of serum on the cyto-
toxicity of effector cells increased in
a dose-dependent manner. Interest-
ingly, heat inactivation led to a sig-
nificant loss of immunostimulatory
capacity of the serum. Cytotoxicity
was partially inhibited by using an
antibody directed against CA 19-9 on
the surface of the target cells. Best
results were obtained when adding
CA 19-9 protein to CA 19-9 contain-
ing serum for pulsing of DC. In con-
clusion, DC pulsed with CA 19-9
containing serum increased the cyto-
toxic activity of immunological ef-
fector cells against pancreatic cancer
cells. DC pulsed with CA 19-9 con-
taining serum with or without addi-
tional exogenous CA 19-9 protein
may have an impact on immunother-
apeutic protocols for patients with
CA 19-9 secreting tumors.
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and colorectal cancer patients

Introduction

Both we and others have observed a relative resistance
of pancreatic and colon carcinoma cells to immunologi-
cal effector cells in vitro [1]. This resistance may be one
reason for the clinical phenomenon of these tumors with-
standing immunotherapeutic approaches in humans.
Dendritic cells (DC) may be used to overcome such a re-
sistance since DC play a major role in the immune re-
sponse to tumor-associated antigens (TAA) in humans.

Peripheral DC capture and process antigens, express
lymphocyte costimulatory molecules, migrate to lym-
phoid organs, and secrete cytokines to initiate immune
responses [2]. DC can now be readily obtained in suffi-
cient quantities to allow biological studies and clinical
trials. Therefore DC represent a powerful tool for manip-
ulating the immune attack against TAA. Only few TAA
have been characterized, one of which, CA 19-9, a car-
bohydrate-derived marker related to the Lewis blood
group antigen, is elevated in more than 70% of patients
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with pancreatic cancer. Pulsing of DC with exogenous
CA 19-9 protein increases their immunostimulatory ca-
pacity against CA 19-9 positive tumor cells [3].

Here, we tested dendritic cells pulsed with serum de-
rived from patients with elevated CA 19-9 protein levels
for their immunostimulatory capacity of immunological ef-
fector cells against colon and pancreatic carcinoma cells.

Materials and methods

Generation of dendritic cells

Peripheral blood lymphocytes were isolated from buffy coats or
blood from patients with pancreatic carcinoma by Ficoll density
gradient centrifugation (Lymphoprep, Nycomed, Oslo, Norway).
Blood was drawn according to our protocol, accepted by the local
ethics committee. The cells were allowed to adhere in six-well
plates in a density of 5×106 cells/ml for 1 h at 37°C in RPMI 1640
with 10% autologous serum. The nonadherent cells were collected
for generating immunological effector cells (see below). The ad-
herent cells were cultured in 2 ml RPMI 1640 with autologous se-
rum, 750 U/ml granulocyte-macrophage colony stimulating factor
(GM-CSF) and 500 U/ml interleukin (IL) 4 (Essex Pharma, 
Nuremberg Germany) per well.

Generation of immunological effector cells

Effector cells were generated as described previously [4, 5]. In
brief, nonadherent Ficoll separated human peripheral blood mono-
nuclear cells were prepared and grown in RPMI 1640 medium
(Gibco BRL, Berlin, Germany), consisting of 10% fetal calf serum
(Gibco BRL), 25 mM hydroxyethylpiperazine ethane sulfonic ac-
id, 100 U/ml penicillin, and 100 U/ml streptomycin. Human re-
combinant interferon-γ (1000 U/ml; Boehringer-Mannheim,
Mannheim, Germany) was added on day 0. After 24 h of incuba-
tion 50 ng/ml of an antibody against CD3 (Orthoclone OKT3, 
Cilag, Sulzbach, Germany), 100 U/ml IL-1β, and 300 U/ml IL-2
(Boehringer-Mannheim) were added. Cells were incubated at
37°C in a humidified atmosphere of 5% CO2, pH 7.4 and subcul-
tured every 3 days in fresh medium and IL-2 at 3×106 cells/ml.

Pulsing of dendritic cells with exogenous CA 19-9

Dendritic cells were pulsed on day 1 with 100 U/ml CA 19-9 pro-
tein (Calbiochem, Bad Soden, Germany) or 100 ng myoglobin
(Sigma, Deisenhofen, Germany) as irrelevant protein. Pulsing was
stopped on day 4 of culture by change of medium.

Pulsing of dendritic cells with serum

The dendritic cells were pulsed on day 1 with autologous or allo-
geneic serum from patients with pancreas carcinoma or from heal-
thy donors in concentrations varying from 10% to 50% of medi-
um. The serum was either heat-inactivated for 30 min at 56°C or
native. Pulsing was stopped on day 4 by change of medium.

Origin of serum

Serum used for pulsing of DC was derived from patients with pan-
creatic or colorectal cancer. Serum was obtained from supernatant
after Ficoll density gradient. CA 19-9 levels were determined by
electro-chemiluminescence immunoassay (ELECSYS; Boehrin-

ger-Mannheim). The interassay coefficient of variation (n=10) was
3.6%, and the intra-assay coefficient (n=10) was 1.6%.

Coculturing of effector cells with autologous DCs

Effector cells were harvested on day 7 and cocultured for 8 days
with dendritic cells at a stimulator to responder ratio of 1:5.

Cytotoxicity assay

A CytoTox 96 nonradioactive assay (Promega, Madison, Wis.,
USA) was used to measure cytotoxic activity, which is a colorimet-
ric alternative to the 51Cr release assay. This quantitatively measures
lactate dehydrogenase (LDH) released upon cell lysis in the same
way as 51Cr-labeled LDH in culture supernatants was measured af-
ter 30 min of incubation using a coupled enzymatic assay. The den-
sity of color formed is proportional to the number of lysed cells.
Absorbance data were collected using a 96-well plate reader at
490 nm. Target cells (20,000) were plated in triplicate in a U-bottom
96-well tissue culture plate and incubated for 4 h with various ratios
of effector to target cells. After incubation 50-µl aliquots from each
well were transferred to a fresh 96-well plate. The quantity of 50 µl
of the substrate mix was added to each well and incubated at room
temperature for 30 min in the dark. Before measuring 50 µl of a stop
solution was added to each well. Maximal release of LDH was per-
formed by incubating the target cells with 0.1% Igepal (anionic de-
tergents from Sigma, Deisenhofen Germany). Target cells without
effector cells were used as negative control (spontaneous release).
The calculation of cytotoxicity was made by the following formula:
percentage cytotoxicity=[(experimental absorbance minus spontane-
ous release of effector cells) minus spontaneous release of target
cells])/(maximal release minus spontaneous release of target cells).

Flow cytometry

Cells were incubated with the corresponding antibodies on ice for
15 min. Cells were washed with phosphate-buffered solution with
(PAA, Cölbe, Germany) with 1% for bovine serum albumin from
(Sigma). Dual-color flow cytometric analysis was performed on a
Coulter Epics XL Cytometer (Coulter Immunotech, Krefeld, Ger-
many). Data from 30,000 cells were collected and analyzed. DC
were phenotyped with the following monoclonal markers: CD1a,
CD80, CD86, HLA-ABC, HLA-DR (all from Pharmingen, Ham-
burg, Germany), CD83 (Coulter Immunotech), and CMRF-44 (a
kind gift from D.N.J. Hart, New Zealand). CA 19-9 staining of
target cell lines was performed with a monoclonal antibody ob-
tained from Coulter Immunotech.

Cell lines

DAN-G cells (pancreas carcinoma) were purchased from Deut-
sche Sammlung für Mikroorganismen und Zellkultur (Braun-
schweig, Germany). Colo 205 (colon carcinoma). Cells were
maintained in RPMI 1640 supplemented with 10% fetal calf se-
rum (PAA), 100 U/ml penicillin, and 100 U/ml streptomycin (Se-
romed, Jülich, Germany). The cell lines expresses CA 19-9 on
their surface.

Primary cultures from colorectal carcinoma

Primary cultures were established by a single-cell isolation meth-
od from patients’ colorectal tumors as described elsewhere [6] af-
ter obtaining informed consent according to the policy of our insti-
tution. In brief, adjunct non-carcinoma-containing tissue was re-
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moved by scalpel, and tumors were subsequently cut into frag-
ments as small as possible and then forced through a nylon mesh
(pore size 100 µm). Tumor fragments were then put into isolation
solution [Hank’s balanced salt solution (Gibco) containing
100 U/ml DNase I (Boehringer); 50 U/ml collagenase III,
150 U/ml collagenase IV (Biochrom); 200 U/ml hyaluronidase
(Sigma); and 0.08 U/ml insulin (Hoechst)} at 37°C on a shaker for
15 min. Supernatant was removed and centrifuged for 5 min at
400 g. The pellet was resuspended in 10 ml erythrocyte lysation
buffer (8.29 g/l NH4Cl, 1.0 g/l KHCO3, 0.0371 g/l EDTA in Aqua,
all from Sigma) and incubated at room temperature for 15 min.
Cells were centrifuged (7 min at 400 g) and the pellet was resus-
pended at a density of 106–107 cells/ml in Leibovitz medium (con-
taining 10% fetal calf serum, 1 mM L-glutamine, 1×MEM vita-
mins, 2.5 mg/ml transferrin, 1 g/l sodium bicarbonate, 1 g/l glu-
cose, 80 U insulin, 10 mg/ml gentamicin, all from Gibco). The
isolation and erythrocyte-depletion steps were performed three
times. Cells were spliced 1:2 when confluent. The cells were ad-
herent and showed identical morphology typical of colorectal
cells. Cells were epithelial-like; they showed no fibroblast mor-
phology, i.e., they were not bipolar spindle-shaped. Cultures con-
taminated with fibroblasts were rejected. Primary cultures were
used in a cytotoxicity assay after a maximum of two passages.

Blockage of stimulatory effect of pulsing by addition 
of an anti-CA 19-9 antibody

A total of 2×106 target cells (DAN-G) were preincubated with
6.25 µg monoclonal antibody against CA 19-9 for 15 min before
addition of effector cells in a cytotoxicity assay.

Results

In vitro generation of DC

DC were generated from buffy coats or blood from pa-
tients with colorectal or pancreatic carcinoma using GM-
CSF and IL-4 as described above. Adherent cells showed
cytoplasm processes typical of DC. After coculturing
with effector cells DC formed typical clusters. The per-
centage of monocytes (CD14+) declined during culture;
on day 14 the purity of DC was 79.1±0.5% as deter-
mined by HLA-DR positivity and CD14 negativity in
flow cytometric analysis.

Cell surface marker expression of DC cultures

DC were stained with various monoclonal antibodies to
determine the expression of cell surface markers. DC
cultures displayed CMRF-44 and CD83, two markers
known to be expressed on DC (Table 1).

Effect of pulsing of DC with patient-derived CA 19-9
containing non-heat-inactivated serum

In further experiments DC derived from healthy individ-
uals were pulsed with serum derived from patients with
metastatic pancreatic cancer with elevated CA 19-9 se-
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Table 1 Immunophenotype of dendritic cell culture (percentages).
Flow cytometric analysis of cell surface expression of DC cul-
tures. Peripheral blood mononuclear cells were cultured with IL-4
and GM-CSF for up to 13 days as described in the text. Cells were

either unstimulated or stimulated with human albumin and cocul-
tured with effector cells. After incubation, cells were stained with
various antibodies and analyzed by flow cytometry. Data are
shown as mean ±standard error from four separate experiments

Day of culture (coculture with effector cells at day 7)

1 3 5 9 11 13

CD1a expression
On native DC 0.4±0.2 11.1±1.7 13.5±1.2 19.2±3.8 34.8±1.3 25.7±1.6
On stimulated and cocultured DC – – – 30.0±1.5 49.4±3.3 38.8±1.8

CD80 expression
On native DC 10.7±1.6 20.5±0.8 15.6±3.1 28.3±0.2 50.3±0.8 47.2±4.1
On stimulated and cocultured DC – – – 45.5±0.7 54.8±3.1 56.8±1.3

CD83 expression
On native DC 8.2±1.0 21.0±1.9 11.2±1.1 24.4±0.9 35.8±5.8 35.0±7.0
On stimulated and cocultured DC – – – 37.1±0.7 37.9±5.0 42.5±0.9

CD86 expression
On native DC 35.9±2.3 28.3±2.1 32.2±2.8 42.8±7.9 57.1±4.3 52.1±4.0
On stimulated and cocultured DC – – – 60.8±1.8 65.8±1.8 65.3±0.2

HLA-ABC expression
On native DC 70.7±5.5 75.2±0.2 65.6±10.3 86.5±1.8 87.9±1.8 85.4±2.9
On stimulated and cocultured DC – – – 90.9±0.9 93.8±0.6 92.9±0.2

HLA-DR expression
On native DC 27.9±0.3 25.3±0.4 25.5±1.0 51.2±3.1 47.9±1.5 50.9±2.9
On stimulated and cocultured DC – – – 75.7±5.4 85.9±6.1 79.1±0.5

CMRF-44 expression
On native DC 12.0±1.5 28.7±3.3 24.1±3.2 52.5±2.0 49.7±4.1 54.5±3.0
On stimulated and cocultured DC – – – 60.8±1.8 51.2±4.5 55.2±1.8
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Effector cells cocultured with DC cultured in serum from patients with elevated CA 19-9 level
Effector cells cocultured with DC cultured in serum from healthy donors
Effector cells cocultured with DC cultured in serum from patients without CA 19-9 level

Target of effector ratio
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Fig. 1 Pulsing of dendritic cells with CA 19-9 containing patient-
derived non-heat-inactivated serum. DC derived from healthy in-
dividuals were generated and tested for their capacity to stimulate
immunological effector cells. Autologous effector cells were co-
cultured from days 7 to 14 with DC as described in the text. DC
were pulsed either with non-heat-inactivated CA 19-9 positive se-
rum from patients with pancreatic cancer, serum from healthy do-
nors, or serum from patients with pancreatic cancer without ele-

vated CA 19-9 serum levels. The serum levels from the four dif-
ferent donors with elevated serum levels varied from 5000 to
8000 U/ml; the serum levels from the two patients without elevat-
ed serum levels were below 50 U/ml. Cytotoxic activity of effec-
tor cells at various effector to target cell ratios was measured by
LDH release assay. DAN-G cells were used as targets. Results re-
present data from four separate experiments. Data are shown as
mean ±standard error

Target to effector ratio
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Effector cocultured with DC cultured in 10% serum from patients with pancreas carcinoma
Effector cocultured with DC cultured in 20% serum from patients with pancreas carcinoma
Effector cocultured with DC cultured in 50% serum from patients with pancreas carcinoma

Fig. 2 Titration of non-heat-in-
activated serum for pulsing of
DC cocultured effector cells.
Effector cells were cocultured
from days 7 to 14 with autolo-
gous DC cultures 7 days of age
as described in the text. 
DC pulsed with various con-
centrations of non-heat-activat-
ed serum. Serum containing
various amounts of CA 19-9
was derived from various pa-
tients. Cytotoxic activity of ef-
fector cells at various effector
to target cell ratios was mea-
sured by LDH release assay.
DAN-G cells were used as tar-
gets. Data from three experi-
ments are shown as mean
±standard error



Fig. 3 Pulsing with non-heat-
inactivated serum with addi-
tional CA 19-9. DC were gen-
erated from healthy individuals
were cultured with IL-4 and
GM-CSF for up to 14 days as
described in the text. Cells
were either unstimulated or
were stimulated with human al-
bumin; unstimulated and stimu-
lated dendritic cells were co-
cultured with effector cells on
day 7. Serum was derived from
patients with pancreatic carci-
noma; the serum level varied
between 1000 and 5000 U/ml.
In addition, exogenous CA 19-
9 was added. Data are shown as
mean ±standard error from
three separate experiments
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Table 2 Titration of non-heat-inactivated serum for pulsing of DC
cocultured effector cells (percentages). Effector cells were cocul-
tured from days 7 to 14 with autologous DC from healthy donors
as described in the text. DC were pulsed with various amounts of
non-heat-activated serum and were cocultured with effector cells.

Serum from three patients was titrated to equivalent doses of
CA 19-9 (100 U/ml) and the results were compared with the im-
munostimulatory capacity of exogenous CA 19-9. Cytotoxic activi-
ty of effector cells at various effector to target cell ratios was mea-
sured by LDH release assay. DAN-G cells were used as targets

Effector to target ratio Serum
concentration

2.5:1 5:1 10:1 20:1 in medium

DC pulsed with patient serum containing 100 U/ml CA 19-9
From patient 1 6.8 17.5 42.2 80.7 5.3
From patient 2 11.3 20.8 46.9 83.9 18.9
From patient 3 6.5 18.4 37.2 78.4 29.6
Mean ±standard error 8.2±2.2 18.9±1.4 42.1±3.9 81.0±2.3
DC pulsed with 100 U/ml exogenous CA 19-9 (n=3) – 21.8 58.3 86.0 10 Serum from

a healthy donor

Effector cells cocultured with DC cultured in serum from patients with pancreas carcinoma and
addition of exogenous 100U/ml CA 19-9

Ly
si

s

Target to effector ratio
Effector cells cocultured with DC cultured in serum from patients with pancreas carcinoma

rum levels between 5000 and 8000 U/ml. DC were tested
for their capacity to stimulate effector cells. Pulsing of
DC with non-heat-inactivated serum derived from pa-
tients with pancreas carcinoma led to significantly great-
er cytotoxic activity than that of DC cultured in non-
heat-inactivated serum from healthy donors. For exam-
ple, lysis increased from 63.2±10.8% to 92.8±9.6% at an
effector to target cell ratio of 20:1 (Fig. 1; P=0.05).

The increase in cytotoxic activity mediated by non-
heat-inactivated patient-derived serum was dose depen-
dent. This was determined by pulsing DC with various
concentrations of serum (Fig. 2), containing 5000 U/ml
CA 19-9. Furthermore, serum derived from various pa-
tients with various CA 19-9 serum levels showed similar
effects on cytotoxic activity when titrated to a constant
dose of 100 U/ml CA 19-9 (Table 2). This effect was in-

dependent of the serum concentration in medium. Serum
derived from healthy individuals did not increase the
stimulatory activity of DC. The cytotoxicity was seen in-
dependent of the allogeneic or autologous character of
the serum (data not shown). 

The increase in cytotoxic activity mediated by pulsed
DC was further augmented by addition of exogenous
CA 19-9. For example, lysis increased from 82.9±19.3%
to 95.8±5.1% at a target to effector cell ratio of 1:20
(Fig. 3; P=0.03). Concentrations higher than 500 U/ml
exogenous CA 19-9 lead to an inhibition of tumor cell
lysis (Fig. 4). 

The increase in the stimulatory effect of DC by non-
heat-inactivated serum was demonstrated using autolo-
gous DC, autologous serum, and the pancreas carcinoma
cell line DAN-G. Lysis increased from 35.0±2.5% to
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Effector cells cocultured with DC pulsed with 100U/ml CA 19-9
Effector cells cocultured with DC pulsed with 300U/ml CA 19-9
Effector cells cocultured with DC pulsed with 500U/ml CA 19-9

Fig. 4 Titration of exogenous CA 19-9 for pulsing of DC cocul-
tured effector cells. Effector cells were cocultured from days 7 to
14 with autologous DC cultures 7 days of age as described in the
text. DC were pulsed with various concentrations of exogenous
CA 19-9. Cytotoxic activity of effector cells at an effector to target
cell ratio of 40:1 was measured by LDH release assay. DAN-G
cells were used as targets. Data from three experiments are shown
as mean ±standard error

Effector cells from patients with pancreas carcinoma cocultured with autologous DC cultured in
10% heat-inactivated autologous serum
Effector cells from patients with pancreascarcinoma cocultured with autologous DC cultured in
10% non-heat-inactivated autologous serum
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Target to effector ratio

Fig. 5 Cytotoxicity against al-
logeneic tumor cells after puls-
ing with autologous non-heat-
inactivated serum. DC derived
from patients with metastatic
pancreatic cancer with elevated
CA 19-9 serum levels were
generated and tested for their
capacity to stimulate effector
cells. Effector cells were cocul-
tured from days 7 to 14 with
autologous DC. DC were
pulsed with non-heat-inactivat-
ed serum. Cytotoxic activity of
cocultured effector cells at var-
ious effector to target cell ratios
was measured by LDH release
assay. DAN-G cells were used
as targets. Results represent da-
ta from five separate experi-
ments and are shown as mean
±standard error

77.7±8.9% at an effector to target cell ratio of 40:1
(Fig. 5; P=0.04).

Cytotoxicity of cocultured immunological effector cells
against autologous primary cultures

When using a complete autologous model with primary
cultures of colorectal carcinoma cells as targets, effector

cells also showed an increase in target cell lysis. Effector
cells cocultured with autologous DC pulsed with autolo-
gous serum and exogenous CA 19-9 showed an increase
in lysis from 40.6±11.5% to 98.3±1.7% as compared to
addition of exogenous CA 19-9 to DC cultured in heat-
inactivated serum at an effector to target cell ratio of
80:1 (Fig. 6).

Partial blockage of stimulating effect of pulsing 
by addition of an anti-CA 19-9 antibody

Addition of a monoclonal antibody against CA 19-9 to
CA 19-9 positive target cells (DAN-G cells) decreased
the cytotoxicity of effector cells cocultured with dendrit-
ic cells, which were pulsed either with exogenous
CA 19-9 or non-heat-inactivated serum from patients
with elevated CA 19-9 levels. For example, lysis de-
creased from 49.1±2.8% after stimulation with 250 U/ml
CA 19-9 to 13.8±3.7% at an effector to target cell ratio
of 20:1 (Fig. 7; P=0.01).

Discussion

The ability of malignant cells to survive exposure to cy-
totoxic agents is a major obstacle to an effective therapy
in cancer patients. Immunological effector cells such as
lymphokine-activated killer cells [7], tumor-infiltrating
lymphocytes [8] or natural killer-like T cells termed cy-
tokine-induced killer cells [4] may be suitable to remove
residual tumor cells resistant to chemotherapy. Large



Fig. 6 Cytotoxicity against au-
tologous tumor cells after puls-
ing with autologous non-heat-
inactivated serum. DC derived
from patients with metastatic
colorectal cancer were generat-
ed and tested for their capacity
to stimulate effector cells. Ef-
fector cells were cocultured
from days 7 to 14 with autolo-
gous DC. DC were pulsed with
non-heat-inactivated serum. In
addition, exogenous CA 19-9
was added. Cytotoxic activity
of effector cells at various ef-
fector to target cell ratios was
measured by a LDH release as-
say. Autologous tumor cells
were isolated as described in
the text and were used as tar-
gets. Data from two experi-
ments are shown as mean
±standard error

Fig. 7 Partial blockage of stim-
ulating effect of pulsing by ad-
dition of an anti-CA 19-9 anti-
body. DC were either unstimu-
lated or stimulated with myo-
globin, with serum from pa-
tients with elevated CA 19-9
levels or with exogenous
CA 19-9. Cytotoxic activity of
effector cells was measured by
LDH release assay at an effec-
tor to target cell ratio of 20:1.
DAN-G cells were used as tar-
gets. For blockage of CA 19-9
on target cells, antibody against
CA 19-9 was added before
LDH assay was performed. Da-
ta are shown as mean ±standard
error from three separate exper-
iments
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Target to effector ratio

Effector cells from patients with colorectal carcinoma with autologous DC cultured in
non-heat-inactivated autologous serum and addition of exogenous 100U/ml CA 19-9
Effector cells from patients with colorectal carcinoma with autologous DC cultured in heat-inactivated
autologous serum and addition of exogenous 100U/ml CA 19-9

60%

50%

40%

30%

20%

10%

0%

Ly
si

s

Negativ target cells

Addition of moAB CA 19-9
to target cells

numbers of these cells are necessary for effective immu-
notherapy. However, in some patients it is difficult to ob-
tain sufficient effector cell numbers since these cells
grow poorly in vivo.

We reported a protocol generating large numbers of
efficient immunological cells [5, 9]. Immunological ef-
fector cells were generated by incubation of peripheral
blood lymphocytes with anti-CD3 monoclonal antibody,
IL-2, IL-1, and interferon-γ [10]. These effector cells
possess greater cytotoxicity and a higher proliferation
rate than lymphokine-activated killer cells [5, 11, 4].

They are derived from T cells [12] and are capable of
promptly producing several cytokines including IL-4 and
interferon-γ [13].

Pancreatic and colon cancer cells have been shown to
be more resistant to immunological effector cells than
lymphoma cells. A possible reason for this relative resis-
tance is the lack of CD80 expression on pancreatic and
colon cancer cells [14]. The absence of costimulatory
molecules has been described as one of the reasons for
the resistance of these tumor entities to immunological
effector cells [14] which kill their targets depending on



the CD80 and CD86 expression on the target cell sur-
face. This resistance can be overcome by coculture of
immunological effector cells with DC. DC cultures can
be grown both from healthy individuals and from cancer
patients [14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26]. In our experiments almost 60% of DC cultures ex-
pressed CMRF-44, a DC-specific cell surface marker, af-
ter 13 days of cultivation and coculturing with effector
cells. Similarly, CD80 and CD86 expression increased to
65%. As outlined above, the expression of these costim-
ulatory molecules is known to be essential for the im-
munostimulatory effect of DC.

We have recently shown that DC pulsed with CA 19-
9 protein increases the cytotoxic effect of effector lym-
phocytes on Colo 205 and DAN-G cells significantly [3].
Optimal cytotoxic activity was reached by prior incuba-
tion of DC with CA 19-9 protein. These results are in ac-
cordance with the results obtained with coculture of DC
with carcinoembryonic antigen peptide [27].

We tested the antigenic potential of serum derived from
patients with elevated CA 19-9 levels. We demonstrated
that a dose-dependent immunostimulatory effect is ob-
tained with such a serum for pulsing of DC, comparable to
that of exogenous CA 19-9. However, addition of CA 19-
9 containing serum and exogenous CA 19-9 produced the
best results. We consider this effect to be partially CA 19-
9 dependent, because serum derived from healthy individ-
uals had no effects on immunological cells, and antibody

against CA 19-9 reduced the cytotoxicity of cocultured
lymphocytes. Presumably other proteins in addition to
CA 19-9 may also be responsible for the immunomodula-
tory capacity of patient-derived serum.

Either autologous or allogeneic CA 19-9 containing
serum can be used for immunostimulation. However, it
appears important that the serum is not heat-inactivated.
Heat inactivation leads to a significant loss of immuno-
stimulatory capacity of the serum.

In conclusion, DC increased the cytotoxic activity of
immunological effector cells against colon carcinoma
and pancreatic cancer cells. The cytotoxic activity was
further increased by pulsing DC with serum derived
from patients with elevated CA 19-9 serum levels, in
particular when exogenous CA 19-9 was added. Similar
results were obtained with immunological cells derived
from patients with pancreatic carcinoma. Furthermore,
we demonstrated cytotoxicity of immunological effector
cells from patients with colorectal carcinoma against au-
tologous primary cultures expressing CA 19-9. DC
pulsed with CA 19-9 containing serum with or without
additional exogenous CA 19-9 protein may have an im-
pact on immunotherapeutic protocols for patients with
CA 19-9 secreting tumors.
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