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Abstract

Purpose: Monocytes detived from patients with early
breast cancer (EBC) have shown functional deficien-
cies. These functional deficiencies are characterized by
changes in phenotype and morphology. We have ex-
panded these investigations to dendritic cells generat-
ed from monocytes from patients with early breast
cancet.

Patients and Methods: Peripheral blood from 36 pa-
tients with EBC and from 26 healthy age-matched
women was drawn and prepared for ex vivo generation
of dendritic cells (DC) by incubation with granulo-
cyte/macrophage-colony stimulating factor (GM-CSF)
and interleukin 4 (IL4). The phenotype of DC was ex-
amined by flow-cytometry. T cell - proliferation was
induced with tetanus toxoid pulsed autologous den-
dritic cell.

Results: Dendritic cells generated from monocytes
from EBC-patients showed a significantly lower ex-
pression of the phenotype-associated antigens CD1a,
CD83, CD80, CD86 and CD54 than the dendritic cells
from healthy controls. T cell - proliferation in re-
sponse to TT-pulsed autologous dendritic cells was
significantly decreased when induced with dendritic
cells from patients with early breast cancer, when
compared to healthy controls. Morphologically, only
dendritic cells from healthy women possessed promi-
nent dendrites indicating maturity.

Conclusions: These findings indicate that dendritic
cells generated from monocytes from patients with
early breast cancer express an immature phenotype,
exhibit immature morphology and show functional
deficits when compared to the cells derived from
healthy age-matched controls. Whether these findings
offer a potential target for therapeutic interventions
remains to be elucidated.

Key words: dendritic cells, breast cancer, phenotype,
costimulatory molecules, antigen presentation.

Abbreviations: DCs: dendritic cells; EBC: eatly breast
cancer; MHC: major histocompatibility complex; TT:
tetanus toxoid; PBMC: peripheral blood mononuclear

cells; ICAM-1: intercellular adhesion molecule-1
(CD54); CD80: B7-1; CD86: B7-2; APC: antigen pre-
senting cell; FCS: fetal calf serum; IL-: interleukin;
TNF: tumour necrosis factor; GM-CSF: granulo-
cyte/macrophage — colony stimulating factor; LPS:
lipopolysaccharide; BSA: bovine serum albumin;
FITC: fluorescein isothiocyanate; HBSS: Hanks bal-
anced salt solution; MFI: mean channel fluorescence
intensity.

INTRODUCTION

Dendritic cells (DC) are of crucial importance for the
initiation of primary immune responses by their high
potency for antigen presentation. DC undergo a matu-
ration process characterized by changes in phenotype
and morphology. Phenotypic changes include an in-
crease in the expression of the specific surface antigen
CD&83 [1]. In addition, co-stimulatory antigens, namely
CD40, CD80, CD86, CD18/CD11a (LFA-1) and
CD58 (LFA-3) [2], antigens associated with the major
histocompatibility complex (MHC) including CD1a,
which is important for antigen capture and processing
[3], and intercellular adhesion molecules CD54
(ICAM-1), CD102 ICAM-2) and CD50 (ICAM-3) are
expressed. Morphological changes of DC are indicated
by the presence or absence of prominent dendrites.
Their appearance depends on the degree of cell matu-
ration, because immature DC do not possess den-
drites.

Similar to other antigen-presenting cells (APCs),
DC interact with T cells by presentation of processed
antigen via the T-cell receptor in the presence of CD3
and MHC-associated antigens, but also by DC-associ-
ated co-stimulatory molecules, namely CD80 and
CD86, which deliver a secondary signal to specific T-
cell-associated ligands CD28 and CD152 (CTLA-4).
The intact interaction between co-stimulatory mole-
cules and their ligands is mandatory for an appropriate
immune response, whereas the absence of co-stimula-
tory signals results in anergy or induction of apoptosis
[4]. Among other entities, cell death was suggested to
be operational in patients with early breast cancer due
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to the absence of co-stimulatory molecules CD8O0,
CD86 and CD54 on monocytes. Therefore, this ab-
sence of co-stimulatory molecules might contribute to
the development of tolerance towards malignant cell
clones [5]. Furthermore, the absence of these co-stim-
ulatory molecules has been shown to result in defec-
tive autologous T cell proliferation following exposure
to tetanus toxoid (TT)-pulsed monocytes derived from
patients with early breast cancer [5].

The present investigation expands these investiga-
tions to DC due to their crucial role for antigen pre-
sentation. It is hypothesized that their potential to
overcome the mentioned monocyte defect might re-
sult in a therapeutic modality for the manipulation of
the immune system in patients with early breast can-
cer. There is evidence that a maturation defect of DC
might exist in patients with very limited malignancies
including melanoma [6] and hepato-cellular carcinoma
[7]. Conversely, DC derived from patients with renal
carcinoma were found to express high concentrations
of the co-stimulatory molecule CD86 [8]. In eatly
breast cancer, recent investigations have vaguely pro-
posed a maturation defect of DC suggested by their
decreased ability to produce I1.12, their increased abil-
ity to induce expression of IL10 and their decreased
allo-stimulatory activity as well as rapid apoptosis [9].
This is consistent with recent reports that patients
with eatly breast cancer had significantly higher levels
of the immuno-supressive cytokine 11.-10 and reduced
levels of I1.-12, respectively [10, 11]. These findings
corroborated previous data on the low expression of
CD1a by DC derived from patients with breast cancer
[12] and the presence of immature DC within malig-
nant breast tissue [13]. A published phase I clinical tri-
al based upon 10 patients with breast cancer with
MUC-1-pulsed DC resulted in the induction of a par-
tial response in one and in a stabilization of the dis-
ease in another patient [14]. Future research results
will provide the final answer whether this is just anec-
todal coincidence or part of a larger consistent pic-
ture.

MATERIALS AND METHODS
PATIENTS AND CONTROLS

A total of 36 females with stage I or II early breast
cancer with a median age of 59 years (range: 25 to 90)
were studied. Out of these 36 patients, 17 patients had
not received any adjuvant treatment, 8 patients had re-
ceived adjuvant tamoxifen (20mg/day) and 7 were
studied on day 1 of the second cycle of adjuvant
chemotherapy with cyclophosphamide, methotrexate
and 5-fluorouracil, whereas 4 received other adjuvant
chemotherapy. From the 17 patients without adjuvant
treatment blood was drawn before surgery to exclude
any immunosuppressive effects induced by the inter-
vention itself.

Twenty six healthy age-matched women with a
median age of 53 (range: 22-87) years without an
individual or family history of breast cancer and
without clinical, radiological and serologic evidence of
the presence of breast cancer served as parallel con-
trols.
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ISOLATION OF MONOCYTES

Monocytes (peripheral blood mononuclear cells,
PBMC) were isolated by density gradient centrifuga-
tion on Ficoll-Hypaque (Pharmacia, Uppsala, Sweden)
from freshly drawn heparinized peripheral venous
blood. The cells were washed three times with 0.9%
saline, tesuspended and adjusted to 1 x 106 cells/mL
in RPMI 1640 supplemented with 10% human AB-
Serum (all from Gibco, Paisley, UK), 50 IU/mL peni-
cillin and 50 pg/mL streptomycin (HyClone, Cram-
lington, UK) and plated in Petri dishes. Non-adherent
cells were then removed by repeated washing. Purity
of cell separation was tested by non-specific esterase
staining and purity results indicate a 90-95% pure
monocyte cell population, finally.

GENERATION OF DENDRITIC CELLS FROM
MONOCYTES BY CYTOKINES AND PHENOTYPE
ANALYSIS

DC were generated from monocytes using a standard
protocol [1]. GM-CSF (1000U/mlL, Novartis Basel)
and IL-4 (1000U/mL, Pharmingen, San Diego, CA)
were added on days 2, 4 and 6. The cells were harvest-
ed on day 7 of culture.

ANALYSIS OF DENDRITIC CELL PHENOTYPE
BY FACS

The phenotype of DC was analyzed by flow cytofluo-
rometry. Cell monolayers were briefly trypsinized, vig-
orously vortexed and washed in phenol red-free Han-
ks balanced salt solution (HBSS; Gibco, UK) contain-
ing 0.3% bovine serum albumin (Sigma, St. Louis,
MO) and 0.1% NaN3. Cells were incubated with
50uL 20% human AB-Serum (BIOTEST AG, Dreie-
ich, Germany) in HBSS at room temperature for 30
minutes. Then the cells were washed twice with HBSS
and incubated with the respective antibody (see be-
low) at 4 °C for 30 minutes. After 2 more washing cy-
cles, the cells were resuspended in 300ul. of HBSS
and analyzed immediately. Indirect immunofluores-
cence and flow cytofluorometry were performed
using a FACScan (Becton-Dickinson, Comp. Moun-
tain View, CA) cytofluorometer. According to the
manufacturer’s instructions, results were calculated us-
ing the LYSYS 1I software. Background fluorescence
was assessed using murine IgG1 (20ul. per sample,
see above). The percentages of positive cells and
the fluorescence histograms were recorded for each
sample.

ANTIBODIES FOR FACS ANALYSIS

Fluorescein isothiocyanate (FITC)-labeled monoclonal
antibodies (mouse IgG1) directed against CD54 (R&D
System, Minneapolis, MN), CD1la, CD14, CDS80,
CD83 (B7-1) (all from PharMingen, San Diego, CA)
and a PE-labeled monoclonal antibody (mouse IgG1)
directed against CD86 (B7-2) and CD 152 (CTLA4;
B7-2) (PharMingen) were used. FITC and PE-labeled
mouse IgG1 antibodies (PharMingen) were used in
control experiments.
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EXCLUSION OF CONTAMINATION OF DC
PREPARATIONS BY T CELLS OR BY MONOCYTES

The presence of T cells or monocytes in the prepara-
tions of DC was controlled by the assessment of ex-

pression of antigens CD3, CD4, CD8 and CD14.
PREPARATION OF T CELL-ENRICHED LYMPHOCYTES

Monocytes were separated as described above; T cells
were separated after 2 hours. Non-adherent cells
were removed by repeated washing, and CD4*+ T cells
were isolated by magnetic immunoselection. Cells
were washed twice, mixed with sheep anti-mouse
IgG-coated beads (Dynabeads M450, Hamburg,
Germany) at a final concentration of 1 x 107 beads/mL
with 107 cells and incubated for 60 minutes at 4°C
under continuous rotation. CD4+* T cells bound
to magnetic beads and were removed with a per-
manent magnet (HPC-1, Dynal A.S., Oslo, Norway).
The remaining cells were collected, washed twice,
and analyzed by flow-cytometry. Cell purities
abound 90% - 95% CD4+ cells were considered suffi-
cient.

ANTIGEN PRESENTATION AND ASSESSMENT OF CD4+
T CELL PROLIFERATION

Triplicate cultures containing adherence-purified DC
(1 x 104/well) and CD4* T cells (1 x 105/well) were
set up in flat-bottomed microtiter plates (Falcon,
Lincoln Park, New Jersey), and 25ng of Tetanus
Toxoid (TT)/mL. (ID Biomedical Corpration,
Vancouver, Canada) were added. Cells were kept
suspended in RPMI 1640 medium supplemened with
10% (vol/vol) heat inactivated human AB serum,
100 IU/mL penicillin and 100pg /mL streptomycin
for 5 days at 37°C in a humidified atmosphere
containing 5% CO,. (?H)Thymidine (Amersham Inter-
national Life Science, Buckinghamshire, UK) at a
concentration of 0.5 pCi/well for the final 16
hours. Then the cells wete harvested with the
Harvester Micromate 196 onto Glass Fiber Filters
and the incorporation of (3H)thymidine into
DNA was measured by a Direct Beta Counter-Matrix
96 (all purchased from Packard, Groningen, Nether-
lands).

MICROSCOPIC EVALUATION

DC derived from patients and controls were examined
by light microscopy (Olympus CK2, Tokyo, Japan) for
length, location and form of dendrites.

STATISTICS

Student’s t-test was used for statistical analysis. A two-
sided p-value of <0.05 was considered to indicate
statistically significant differences. Age data was dis-
played as median and minimum and maximum. All
other data are expressed as mean ¥ standard deviation
(SD).
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RESULTS
EXAMINATION OF PURITY OF DC PREPARATIONS

All preparations of DC were checked for contamina-
tion by T cells or monocytes by expression of CD3,
CD4, CD8 and CD14 antigens. Only CD3- CD4-
CD8- and CD14 negative cell preparations were used
for further experimental evaluations. Purity of DC was
90-95% by definition of CD4-CD8- antigen expres-
sion. As described below, the presence of monocytes
was monitored in all experiments by CD14 expression.
Light microscopy of DC generated from monocytes
from healthy controls showed the expected long and
spiny processes (>10um) with large and prominent
dendrites (Fig.1A), whereas these cells presented with
shortened and badly developed dendrites when de-
rived from patients with eatly breast cancer (Fig.1B).

Fig. 1. Morphology of dendritic cells derived from a healthy
female (A) and from a patient with eatly breast cancer (B).

EXPRESSION OF CD1A AND CD83 AND OF
CO-STIMULATORY MOLECULES CD80, CD86 AND
CD54 (ICAM-1) oN DENDRITIC CELLS DERIVED

FROM PATIENTS WITH EBC AND HEALTHY

AGE-MATCHED CONTROLS

Figure 2 shows FACS histograms of DC from one pa-
tient with early breast cancer and from one healthy
control. The expression of CD1a and CD83 was sig-
nificantly lower on DC derived from patients with
early breast cancer, than on DC derived from healthy
controls (Table 1; p<0.0001 and p = 0.0001, respec-
tively). In addition the expression of the co-stimulato-
ry molecules CD80, CD86 and of intercellular adhe-
sion molecule -1 (ICAM-1, CD54) also was signifi-
cantly lower on DC derived from patients with early
breast cancer, than on those derived from healthy
controls (Table 1; p = 0.001, p<0.0001 and p<0.0001,
respectively). Adjuvant treatment (tamoxifen, chemo-
therapy) did not influence these results (data not
shown). Generation of DC from monocytes with 2-
and 5-fold concentrations of cytokines and prolonged
incubation times varying between 24 and 72 hours
yielded identical results (Table 1) thus ruling out ki-
netic effects on maturation. Two different methods
for the generation of DC from monocytes [1, 15]
were used and proved equal (data not shown).
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Table 1. Phenotype of dendritic cells generated from monocytes from patients with early breast cancer (EBC) and from healthy

age-matched control females.

CDl1a CD54 CD80 CD83 CD86
Healthy controls, n = 26 59.1 £ 34.9# 58.5 £ 23.3 36.9 £ 19.2 53.5+27.2 50.2 + 30.3
Patients with EBC, n = 36 72+ 182 10.8 £ 21.2 51%10.3 23%3.6 9.8 +18.0
Comparison p-value <0.0001 <0.0001 <0.001 <0.0001 <0.0001
# mean percentage of positive cells £ SD
TETANUS TOXOID INDUCED CD4+ T CELL cpm x 103

PROLIFERATION 0 1 2 3
CD4* T cell proliferation was measured after expo-
sure to TT-pulsed DC generated from monocytes T
from patients with early breast cancer. Patients with
EBC had a significantly lower T cell proliferation than -
healthy controls in an identical experimental setting DC+T
(Fig. 3). Adjuvant treatment (tamoxifen or chemo-
therapy) did not influence T-cell proliferation in these =
experiments (data not shown). pc+T+TssT HI—

DicussioN

We found that DC generated from monocytes from
patients with early breast cancer showed a significantly
lower expression of CD1a, CD83, CD80, CD86 and
CD54 than those of healthy age-matched controls. Be-

Fig. 3. Significantly decreased T cell proliferation by autolo-
gous dendritic cells derived from patients with EBC, as com-
pared to healthy age-matched control females. DT derived
from patients showed significantly decreased presentation of
the used antigen Tetanus Toxoid (Tsst) to T cells (T):
Tsst+DC+T.
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cause these antigens characterize mature DC these
findings indicate phenotypic immaturity. This indica-
tion of immaturity of DC derived from patients with
EBC was strengthened by morphological immaturity
indicated by a defect in dendrite formation demon-
strated by light microscopy. Additionally, TT-pulsed
DC generated from monocytes from patients with ear-
ly breast cancer had reduced ability to induce appro-
priate proliferation in T- cells.

In previous experiments monocytes derived from
patients with early breast cancer presented with an ex-
pression defect of co-stimulatory molecules CD80,
CD86 and CD54, which might contribute to the devel-
opment of tolerance towards malignant cell clones [5].
The absence of these co-stimulatory molecules has
been shown to result in defective autologous T cell
proliferation following exposure to tetanus toxoid
pulsed monocytes derived from patients with EBC [5].

The described characteristics of DC found in addi-
tion to previously described defects in co stimulatory
antigen expression and antigen presentation by mono-
cytes derived from patients with early breast cancer
may explain the reduced ability of patients with eatly
breast cancer to launch a primary immune response
[16, 17] together with a potentially defective induction
of cytotoxic T cell function directed against tumor
cells [18]. The latter is physiologically mediated by the
interaction of the DC-associated antigen CD40 with
its corresponding ligand CD40L expressed on activat-
ed T lymphocytes in the presence of a co-stimulatory
signal [19-21]. The presently described defect in the
expression of co-stimulatory molecules on DC could
not be abolished by either changes in kinetics or con-
centrations of cytokines used for the generation of
DC. Moreover, our data are consistent with obsetrva-
tions by others that breast cancer tissue either contains
low numbers or is completely void of DC simultane-
ously with a decreased expression of antigens CD83
and CD1a [15].

Maturation defects of DC have been described in
patients with melanoma [6] and hepato-cellular carci-
noma [7] In contrast, DC from patients with renal car-
cinoma were found to highly express the co-stimulato-
ry molecule CD86 [8]. In eatly breast cancer, recent in-
vestigations [22, 23] have also suggested a maturation
defect of DC based on their decreased ability to pro-
duce IL12, an increased ability to induce expression of
the immunosuppressive cytokine IL10 and their de-
creased allo-stimulatory activity as well as rapid apop-
tosis [9]. Furthermore, it has been reported recently
that patients with early breast cancer had significantly
enhanced levels of I1.-10 as well as reduced levels of
IL-12 [10, 11]. Other corroborating studies have de-
scribed low expression of CD1a by DC derived from
patients with breast cancer [12] and the presence of
immature DCs within malignant breast tissue [13]. The
physiological consequences of these observations and
their relevance for anti-tumor immunity are relatively
unclear. Clinically, the application of MUC-1-pulsed
DC in a phase I trial has resulted in the induction of
one partial response and one disease stabilization in 10
patients with breast cancer [14].

Our results are consistent with a picture of signifi-
cant immune dysfunction in early breast cancer. We
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conclude that DC generated from monocytes derived
from patients with early breast cancer had an imma-
ture phenotype which resulted in a functional deficien-
cy in antigen-induced T cell proliferation. These data
add further evidence to the concept of breast cancer
representing a systemic disorder which includes a
functional impairment of monocytes, T-cells [5], cyto-
toxic effector cells [18] and — as demonstrated in this
study - also DC. Whether these results may have con-
sequences for therapeutic approaches to induce specif-
ic anti-tumour immunity in early breast cancer needs
further investigations.
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