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Abstract Dendritic cell-based vaccines offer promise for
therapy of ovarian cancer. Previous studies have demon-
strated that oxidation of several antigens, including ovarian
cancer cells, using hypochlorous acid strongly enhances
their immunogenicity and their uptake and presentation by
dendritic cells. The response of T cells and dendritic cells
to autologous tumour from patients with active disease has
not previously been investigated. Monocyte-derived den-
dritic cells were generated from patients with active disease
and activated by co-culture with oxidised tumour cells and
the TLR agonist poly I:C. The dendritic cells showed an
activated phenotype, but secreted high levels of TGFf.
Co-culture of the antigen-loaded dendritic cells with autolo-
gous T cells generated a population of effector T cells that
showed a low level of specific lytic activity against autol-
ogous tumour, as compared to autologous mesothelium.
The addition of neutralising antibody to TGFf in DC/T cell
co-cultures increased the levels of subsequent tumour
killing in three samples tested. Co-culture of monocytes
from healthy volunteers with the ovarian cell line SKOV-3
prior to differentiation into dendritic cells reduced the
ability of dendritic cells to stimulate cytotoxic effector
cells. The study suggests that co-culture of dendritic cells
with oxidised tumour cells can generate effector cells able
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to kill autologous tumour, but that the high tumour burden
in patients with active disease may compromise dendritic
cell and/or T cell function.
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Introduction

The need to develop effective immunotherapy approaches
for cancer remains acute, particularly in ovarian cancer,
which continues to have a poor survival rate. There is
increasing evidence to support the hypothesis that ovarian
cancers are immunogenic and that anti-tumour responses
correlate with improved prognosis (for reviews see [1] and
[2]). Whilst this provides hope that immunotherapy could
improve outcome in ovarian cancer patients, the obstacles
to generate clinically beneficial anti-tumour immunity are
considerable. Dendritic cells (DC) are well known as
potent activators of T cell responses but as yet the results of
DC vaccines have with few exceptions been disappointing.
However, a DC-based vaccine has recently been approved
by the FDA for use in hormone-refractory prostate cancer
justifying further investigations in other tumours [3].
Ovarian cancer is one example where DC therapy has been
evaluated, and in a limited number of patients, there have
been encouraging results [4-7].

A major hurdle to effective immunotherapy is tolerance
to self-antigens, and many different approaches are being
investigated to enhance the immunogenicity of tumour-
associated antigens. We have a long-established interest in
the adjuvant role of oxidation via hypochlorous acid, which
we have hypothesised may be an important link between
innate immunity (neutrophil myeloperoxidase activity) and
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adaptive immunity [8]. We have previously exploited this
‘natural adjuvant’ to enhance the immunogenicity of
tumour cells [9, 10]. We have shown that oxidation of an
ovarian tumour cell line SKOV-3 with hypochlorous acid
enhances antigen uptake and processing by DC [9, 10]. DC
isolated from healthy volunteers or ovarian cancer patients
in remission and loaded with oxidised tumour cells stimu-
late specific IFN-y responses in vitro against tumour-asso-
ciated peptides [9] and autologous primary tumour [11].
Although the mechanism of enhancement is still not com-
pletely understood, hypochlorous acid was found to enhance
uptake, cross-priming and presentation. Oxidation may also
generate neo-epitopes that help bypass self-tolerance.
Future Phase 1 clinical trials of DC-based immuno-
therapy are likely to target patients who have relapsed and
have active disease. In this study, we therefore establish the
oxidised tumour cell/DC/T cell co-culture model using
cells from a group of ovarian cancer patients with active
disease. Since the patient cohort we used all presented with
ascites, we were also able to isolate both autologous
tumour cells and non-transformed mesothelial cells at the
same time as collecting PBMC. Using this model, we
tested the hypothesis that DC derived from patients with
active disease and loaded with oxidised ovarian tumour
cells (a model we have explored in detail previously [9,
11]) can stimulate cytotoxic T cells that lyse autologous
primary tumour cells and show selective killing of tumour
cells as compared to normal epithelium. Our studies sup-
port this hypothesis, but in addition, demonstrate that DC
from these group of patients show an abnormal phenotype,
secreting high levels of TGFf and yielding low levels of
lysis. This altered DC function may result from the expo-
sure of the monocyte precursors to a high tumour burden.

Materials and methods
Patients and samples

Peripheral blood samples were collected by venepuncture
from ovarian cancer patients and healthy volunteers. Pri-
mary ovarian tumour cells and mesothelial cells were
obtained by aseptic, therapeutic drainage of ascitic fluid
from in patients in relapse at UCL Hospitals Gynaecolog-
ical Cancer Centre. Patient details are shown in Table 1.
All samples were obtained after informed consent as
approved by North East London Ethics committee and
stored in accordance with the UK Human Tissue Act 2005.

Cell culture

The human ovarian carcinoma cell line SKOV-3 expresses
the tumour-associated antigens Her-2-neu and MUC-1 and
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Table 1 Patient samples used in this study

Patient Age  Time since Blood Ascitic HLA-
chemotherapy  sample  fluid sample  *0201
(weeks) (ml) (ml)
AD 1 66 3 40 4,500 -
AD 2 48 8 100 3,000 -
AD 3 64 4 100 750 +
AD 4 50 2 18 50 -
AD 5 68 4 - 85 -
AD 6 62 2 20 500 -
AD 7 64 0 20 770 +
AD 8 69 12 40 75 -
AD 9 64 16 40 150 -
AD 10 61 4 40 165 -
AD 11 85 4 20 1,200 -
AD 12 76 3 40 500 -
AD 13 54 8 - 250 +
AD 14 66 1 40 500 -
Rem 1 66 8 100 - +
Rem 2 58 7 100 - +
Rem 3 69 123 40 - -
Rem 4 68 24 40 - -
Rem 5 62 22 40 - -
Rem 6 68 9 40 - +

Peripheral blood samples were collected by venepuncture from
ovarian cancer patients in remission (Rem) or with active disease
(AD). Ascitic fluid samples were obtained by aseptic and therapeutic
drainage from symptomatic patients and were used as a source of
primary ovarian tumour cells and mesothelial cells. Table 1 shows
patient ages, HLA-*0201 status, sample volumes and time since last
cycle of chemotherapy

is HLA*0201~, HLA*0203%. An HLA*0201-expressing
cell line (SKOV-A2) was generated by retroviral trans-
duction (HLA*0201 plasmid was a kind gift from Hans
Stauss, UCL). SKOV-3 and SKOV-A2 were cultured in
IMDM media (Gibco) supplemented with 10 % FBS
(Sigma), penicillin G (50 U/ml) and streptomycin (50 mg/
ml). The GFP reporter cell line SMAD-GFP (a kind gift
from David Escors, UCL) was cultured in RPMI media
(Gibco), supplemented with 10 % FBS (Sigma), penicillin
G (50 U/ml) and streptomycin (50 mg/ml).

PBMCs were purified by Histopaque (Sigma) density
gradient separation. CD14" cells were isolated from
PBMC:s using CD14 human microbeads (Miltenyi Biotec)
as per manufacturer instructions. The negative fraction was
retained to use as effector cells. CD14™" cells were cultured
in AIM-V media supplemented with IL-4 (50 ng/ml) and
GM-CSF (100 ng/ml) for 5 days, after which non-adherent
DC were removed and pulsed with oxidised tumour cells.
All primary cells were cultured in serum-free conditions in
AIM-V medium (AIM-V). In some experiments, purified
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CD3" effector cells were obtained using CD3 negative
selection beads (Miltenyi Biotec).

Oxidation of SKOV-3 ovarian cell line was carried out
using HOCL, prepared from NaOCL reagent (Sigma-
Aldrich) as previously described [9]. Washed, oxidised
SKOV3 cells were added to DC cultures at a ratio of 1:1 at
a density of 1 x 10%ml and maturation factors added,
including IFN-y (10 ng/ml), MPL (200 ng/ml) and poly I:C
(PIC) (50 pg/ml). After 24 h, supernatants were collected
and frozen for cytokine analysis. DC were washed and
analysed for surface markers by flow cytometry or used to
set up co-cultures with autologous effector cells.

‘Tumour-educated” DC were generated as follows.
Monocytes from healthy donors were seeded in the bottom
of six-well plates, with confluent SKOV-3 cells in trans
well inserts above. After 24 h, the upper chambers con-
taining tumour cells were removed and the monocyte layer
given fresh media supplemented with IL-4 and GM-CSF.
After 5 days, non-adherent DC were obtained and used as
previously described.

DC were co-cultured with effector cells at a ratio of
1:100 for 7 days in AIM-V media (Gibco). In TGFf
blocking experiments, anti-human TGFf clone 2E6 (Ab-
cam) was added to DC at a concentration of 20 pg/ml for
30 min prior to the addition of effector cells and added
again on days 3 and 6. Mouse anti-influenza A nuclear
antigen (unconjugated, azide free) was used as a control
antibody. At the end of the culture period, effector cells
were washed and reseeded in fresh media prior to use in
chromium release assays.

Primary tumour cells and mesothelium were obtained
from ascitic fluid by centrifugation and seeded at 1 x 10°
cells/ml in RPMI supplemented with 10 % FBS (Sigma),
penicillin G (50 U/ml) and streptomycin (50 mg/ml). After
1 h at 37 °C, % CO0,, two distinct populations were visible,
strongly adherent mesothelial cells and loose clumps of
non-adherent tumour cells. Non-adherent tumour cells
were removed by gentle washing and reseeded in fresh
media. In some cases, ascitic fluid was heavily blood-
stained and required density gradient extraction prior to
cells being separated by adherence.

Cytokine analysis

DC with or without oxidised antigen and maturation factors
were seeded at 1 x 10%ml in AIM-V media. Twenty-four
hours later, supernatants were collected and frozen for
cytokine analysis. Primary tumour cells were seeded at 1 x
10%ml in AIM-V media, and supernatants collected 24 h
later for cytokine analysis. Supernatants were analysed for
the presence of IL-1f, IL-6, 1L-10, IL-12 and TNF using
cytokine flex set bead array (BD) as per the manufacturer’s
instructions, in duplicate. TGF-f levels were determined

using a TGF-f responsive cell line, SMAD-GFP, which
was generated by PSIN-SMAD-GFP lentiviral transduction
of 293T cells [12]. SMAD-GFP cells were cultured for
24 h in culture supernatant samples or known concentra-
tions of TGFf and induced GFP levels determined by
FACS analysis.

Flow cytometry

FACS analysis of cell surface molecules on DC and pri-
mary tumour cells was carried using antibodies from
Becton-Dickinson, Oxford, UK (HLA-DR, DP, DQ-FITC,
CD86-FITC, CDS80-FITC) or eBioscience (HLA,B,C-PE,
CD40-PE, HLA-G-PE and E-cadherin-PCPeFluor, CD44-
FITC). Cells were washed and stained with antibody for
30 min at room temperature, in the dark, in the presence of
1 % FBS. Matched isotype controls were included for each
sample. Flow cytometric analyses were carried out using a
FACScalibur cytometer (BD Biosciences). Mean fluores-
cence values were calculated by subtracting the fluores-
cence from isotype controls.

Chromium release assays

SKOV-A2, primary ovarian cancer cells or mesothelial
cells were labelled with >'Chromium (MP Biomedicals) for
1 h at 37 °C, washed and seeded in AIM-V media in
96-well v-bottomed plates. Effector cells were washed,
resuspended in fresh AIM-V media and added to the
labelled target cells at various effectors to target cell ratios,
in triplicate. Plates were incubated for 4 h at 37 °C, 5 %
CO,. Then, 25 pl of supernatants were removed and mixed
with 175 pl of scintillation fluid prior to counting with a
beta counter. Percentage lysis was calculated in relation to
total and background levels of lysis.

Statistical analysis

The data were analysed using Student’s T test, analysis of
variance or Pearson’s correlation (95 % confidence inter-
val), as noted in text or legend of figures.

Results

Primary tumour cells isolated from ascites express high
levels of class I MHC, low levels of HLA-G and secrete
immunomodulatory cytokines

Tumour cells frequently evade detection by cytotoxic T
cells either by HLA loss [13] or by expression of the non-
classical HLA-G molecule [14, 15]. In order to determine
whether ovarian cells would act as potential targets for
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Fig. 1 Primary ovarian cancer cells isolated from patients with
progressive disease express high levels of MHC class I, low levels of
HLA-G and high levels of immunosuppressive cytokines. Primary
ovarian cancer cells were obtained from the ascitic fluid of 14 ovarian
cancer patients and analysed by FACS for the presence of MHC class
I, CD44, E-cadherin and HLA-G. a shows mean fluorescence for each
sample, together with a representative FACS profile of tumour cells
from AD patient 2 co-stained with MHC I and HLA-G. Primary
tumour cells were seeded at 1 x 106/m1, cultured in vitro for 48 h and
supernatants collected for cytokine analysis. b shows the concentra-
tion of IL-1p, IL-10, TGF-f5, TNF-o and IL-6 in pg/ml in cell culture
supernatants as determined by ELISA. Four samples secreted more
than 2,000 pg/ml IL-6 and are shown as 1,500 pg/ml

cytotoxic T cells, expression of MHC Class I, and HLA-G
on ovarian tumour cells isolated from ascites was measured
by flow cytometry (Fig. la). MHC class I levels were
variable, but all samples expressed significant levels of
class I molecules (the monomorphic antibody used did not
distinguish between class I alleles). In contrast, HLA-G
expression was not detected on any sample. The primary
tumour cells were also assessed for spontaneous secretion
of cytokines (Fig. 1b). All samples tested secreted detect-
able levels of the proinflammatory cytokines IL1f and
IL-6. The majority of supernatants also contained detectable
levels of the immunosuppressive cytokine TGFf.

PIC enhances the activity of DC loaded with oxidised
tumour cells

The TLR-3 agonist PIC has been used as an adjuvant in
vivo [16]. We first tested whether activation with PIC
would enhance the ability of DC to drive the generation of
effector T cell activity. Monocyte-derived DC generated
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Fig. 2 PIC enhances activity of DC loaded with oxidised tumour
cells. Dendritic cells were generated from peripheral blood monocytes
obtained from HLA*0201" healthy donors and ovarian cancer
patients in remission. The ovarian cancer cell line SKOV-3 was
oxidised with HOCL and washed 3 times prior to use as an antigen
source. Immature DC were incubated with oxidised tumour cells at a
ratio of 1:1 and combinations of IFN-y (10 ng/ml), MPL (200 ng/ml)
and P:iC (50 pg/ml) for 24 h. Pulsed, matured DC were then washed
and co-cultured with autologous CD3™ T cells for 7 days. Stimulated
T cells were tested in chromium release assays for their ability to lyse
SKOV-A2 target cells. Graph shows percentage of lysis of SKOV-A2
achieved with different DC maturation conditions using cells from
three patients (Rem) and three healthy donors (HD), at an effector to
target ratio of 100:1. The difference between unstimulated DC and
PIC stimulated DC was significant, p < 0.01, paired 7 test, n = 6

from PBMC of HLA*0201" healthy donors or ovarian
cancer patients in remission were incubated with oxidised
SKOV-3 cells with or without combinations of PIC, IFN-y
and the TLR4 agonist MPL. After 24 h, DC were collected
and co-cultured with autologous CD3" T cells. After
7 days of culture, stimulated T cells (no detectable levels
of NK cells were present in the cultures) were tested for
their ability to kill SKOV3 cells transfected with HLA-A2
(SKOV-A2) (Fig. 2). PIC stimulation enhanced the level of
killing (p < 0.01, n = 6), with levels of killing ranging
from 10 to 40 %. Addition of IFN-y or MPL to the PIC
gave no additional benefit. All further experiments were
therefore carried out using DC cultured with PIC.

Differences between DC from patients with active
disease and DC generated from healthy donors
or patients in remission

The cytokine secretion profile and surface phenotype of
DC loaded with oxidised SKOV3 and activated by PIC
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Fig. 3 Differences between DC from patients with active disease and
DC generated from healthy donors or patients in remission. Graphs
show cytokine secretion (pg/ml in culture supernatants) and surface
molecule expression (mean fluorescence) of DC generated from six

isolated from healthy donors, remission patients and
patients with active disease were compared (Fig. 3). DC
from patients in remission secreted more IL-18, IL-6 and
IL-10 than DC generated from the other two sample
groups. Interestingly, many of the DC samples cultured
from PBMC of patients with active disease also secreted
TGFf, a cytokine that was never detected in supernatants
of DC generated from healthy donors and remission
patients (p = < 0.01, Student’s T test, n = 6-14). DC
from patients with active disease expressed comparable
levels of MHC and CD40 to DC from the other two groups,
but more CD80 (p = < 0.01, Student’s T test).

DC from patients with active disease stimulate effector
T cells showing preferential lysis of primary autologous
tumour compared to mesothelium

Lymphocytes (CD14" depleted PBMC) from patients with
active disease were co-cultured with autologous DC pre-
viously incubated with oxidised SKOV-3 (which we have
previously shown can be used as a generic source of

healthy donors (HD), six patients in remission (Rem) and twelve
patients with active disease (AD). Statistically significant differences
between groups as calculated by unpaired, two-tailed T test are
denoted by *p < 0.05 or **p < 0.01

ovarian tumour-associated antigens [9, 11]) and poly I:C.
At the end of the culture period, stimulated effector cells
were tested in chromium release killing assays. Figure 4a
shows the phenotype of the patient effector cells with
regard to CD4" and CD8™ at the beginning and end of the
culture period. In almost all experiments, stimulation of
lymphocytes with DC loaded with oxidised SKOV-3
increased the percentage of CD4" and CD8™ cells, whilst
absolute cell numbers in the cultures fell (not shown).
Because the number of T cells was often very low and
limiting, no further fractionation of T cells was included.
The stimulated effector cells showed variable levels of
tumour cell killing, which ranged from 1 to 40 %. A degree
of killing of mesothelium was apparent in some cases, but
was significantly less than tumour killing, and was not
dependent on addition of oxidised antigen to DC (Fig. 4b,
p < 0.01, two-way analysis of variance). No correlation
was found between tumour lysis and DC phenotype,
tumour phenotype or time since the last cycle of chemo-
therapy. However, an inverse relationship between patient
age and tumour killing was statistically significant (p < 0.05)
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Fig. 4 DC generated from patients with active disease stimulate
effector cells with activity against primary ovarian cancer cells. DC
were generated from patients with active disease and incubated with
or without oxidised SKOV-3 cells and PIC. These DC were then used
to stimulate autologous effector cells in vitro. a CD4 and CD8
expression on effector cells pre- and post-culture with DC. b After
1 week of in vitro stimulation, effector cells were tested in chromium
release assays for activity against autologous tumour or mesothelium.
The data are shown as individual bar charts for each patient

by Pearson’s two-tailed test. In a small subset of patient
samples (n = 3), DC loaded with autologous oxidised
tumour cells were compared to DC loaded with oxidised
SKOV-3 in stimulating lytic function in effector cells.
Primary cells and the cell line gave comparable results,
providing further evidence that SKOV-3 is suitable as a
generic source of antigen for ovarian cancer immunother-

apy (Fig. 4c¢).
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representing the mean of triplicate values at an effector to target
ratio of 100:1, with error bars showing standard deviation. The killing
of tumour cells was significantly greater than of mesothelium
(p < 0.01, two-way analysis of variance, n = 14). ¢ Autologous
tumour was compared to SKOV-3 as a source of oxidised antigen
using cells from AD patients 2,3 and 4 and tested against autologous
tumour (/eft panel ¢) or autologous mesothelium (right panel c). There
were no significant differences between killing of autologous tumour
generated by the two antigen sources

Addition of anti-TGF-f to DC/T cell co-cultures
enhances killing of primary autologous tumour

Since a considerable proportion of DC from the patients
with active disease secreted TGFf, we investigated whe-
ther the presence of TGF-f blocking antibody could
enhance the cell-mediated tumour killing stimulated by DC
from patients with active disease. In all three patient
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Fig. 5 Addition of anti-TGFf to DC/T cell co-cultures enhances
killing of primary autologous tumour. DC generated from active
disease patients 11, 12 and 14 were incubated with oxidised SKOV-3
and PIC for 24 h prior to co-culture with autologous effector cells.
During the culture period, anti-TGF; or control antibody (mouse anti-
influenza A nuclear antigen) were added to the co-cultures. Stimu-
lated effector cells were then tested in chromium release assays for
activity against autologous tumour or mesothelium as previously.
Graphs show individual points for each patient (mean of triplicate
values). Lysis of primary tumour was significantly higher (p < 0.05)
by effector cells stimulated in the presence of anti-TGFf antibody
compared to control antibody as determined by one-tailed, paired
T test. Levels of TGF-f (pg/ml) secreted by the different patient’s DC
are shown alongside each data set

cultures, there was a trend for enhanced lysis of autologous
tumour in the presence of anti-TGF-f antibody to the
DC-effector cell co-cultures compared to a control anti-
body (Fig. 5).

Reduced cytotoxic killing after stimulation
with oxidised tumour-loaded DC generated
from monocytes pre-exposed to SKOV-3 tumour cells

A low level of killing against autologous tumour was
observed in this study. One possible factor contributing to
this low level of killing was the functional state of the DC,
which, as shown in Fig. 3, clearly showed differences from
DC prepared from monocytes taken from healthy volun-
teers or patients in remission. Since in our studies, DC are
differentiated in vitro, away from any influence of tumour
cells, this would suggest that tumour cells can alter the

properties of monocytes (the DC precursors in our exper-
iments) in such a way as to influence their ability to
respond to GM-CSF/IL4 and hence result in an abnormal
DC functional phenotype. Monocytes isolated from the
PBMC of patients with active disease have often been
exposed to very high tumour load in vivo, since ascites
specimens may typically contain around 10° ovarian
tumour cells per ml (23). We wished to explore whether we
could show some evidence for this type of interaction in
vitro, by exposing monocytes to SKOV-3 tumour cells, and
then differentiate them and test for antigen presenting cell
activity. For this purpose, it was important to use both DC
and T cells from healthy individuals, where no prior
exposure to tumour had occurred. However, since this
obviously precludes the use of autologous tumour cells as
targets, we developed an alternative model, in which
SKOV-3 cells could be used both as source of antigen
(using oxidised cells as in our previous experiments), and
also as a target tumour cell for cytotoxic activity assays. In
order to minimise variation due to HLA mismatching, we
used SKOV-3 cells transfected with HLA-A?2 as targets and
restricted ourselves to DC and T cells from HLA-A2
healthy volunteers. Monocytes were cultured in close
proximity (but not in contact) with live SKOV-3 cells for
18 h using transwells that allowed soluble factors from the
tumour cells in the upper chamber to access the monocytes
in the lower chamber. The SKOV-3 cells were then
removed, and the monocytes cultured in the presence of
GM-CSF and IL-4 according to the standard protocol.
“Tumour-educated DC’ and control DC (prepared using the
same transwell culture conditions but without the presence
of SKOV-3 cells in the upper chamber) were then loaded
with oxidised SKOV-3 cells, activated with poly I:C and
compared for their ability to stimulate cytotoxic T cells
(Fig. 6). Paradoxically, DC from monocytes exposed to
SKOV3 showed a trend towards a hyper-activated pheno-
type (higher mean levels of MHC Class II, CD86 and
DC-SIGN), but stimulated less cytotoxic effector activity
against SKOV-A2 (Fig. 6b, p < 0.01, paired T test, n = 3).

Discussion

In this report, we describe an in vitro evaluation of DC-
based therapy using samples collected from ovarian cancer
patients during relapse. The immunosuppressive nature of
primary ovarian cancer cells with regard to MHC molecule
downregulation [17, 18], HLA-G expression [15] and
secretion of suppressive cytokines [19, 20] is well docu-
mented. Furthermore, ascitic fluid from patients with
ovarian cancer has been shown to be highly suppressive of
T cell function and T cells isolated from ascitic fluid to be
unresponsive in vitro [21]. The majority of published data
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Fig. 6 Reduced cytotoxic killing after stimulation with oxidised
tumour-loaded DC generated from monocytes pre-exposed to SKOV-3
tumour cells. Monocytes were isolated from three healthy donor
PBMC samples and cultured below transwell inserts containing
tumour cells (SKOV-3) or media alone for 24 h. Transwells were then
removed, and ‘tumour-educated’ and control monocytes were differ-
entiated into DC by culture in GM-CSF and IL-4 for 5 days. The
resulting ‘tumour-educated’ (TE DC) and control DC were compared
phenotypically and functionally. a Mean fluorescence for MHC II,

on the phenotype of primary ovarian cancer cells concern
samples collected at presentation [2]. In contrast, we have
collected samples from patients with progressive disease,
often after multiple relapses. These primary ovarian tumour
cells showed high levels of MHC I, whilst HLA-G
expression was barely detectable, suggesting that these
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CD86, DC-sign and CDla. Differences between groups were not
significant (p > 0.05). b ‘“Tumour-educated’ and ‘control’ DC were
co-cultured with autologous CD3™ T cells for 1 week. At the end of
the culture period, stimulated T cells were tested in chromium release
assays for their ability to lyse SKOV-A2 target cells. The mean values
from three donors are shown, with error bars showing standard
deviation. The killing by control DC plus oxidised SKOV-3 is
significantly higher than by TE-DC plus oxidised SKOV-3 (p < 0.01,
paired T test, n = 3)

cells should in principle be sensitive to cytotoxic T cell
killing. Escape from cytotoxic T cell killing, at least by
these pathways, was not therefore the major driver of
tumour progression in these patients.

The tumour cells were, however, found to secrete both
proinflammatory (IL1f, and IL-6) and anti-inflammatory
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(TGFp) cytokines. The close link between inflammation
and tumour progression is now well established [22], and
IL-6 has been specifically linked to chemo-resistance
and poor prognosis in ovarian cancer [23]. TGFf is a
well-established immunosuppressive cytokine, with well-
defined roles in the differentiation of certain types of reg-
ulatory T cell [24, 25]. In addition, TGFf may play an
important direct role in facilitating ovarian cancer metas-
tasis [26].

Choosing the optimal activation/maturation stimuli for
preparing DC for human adoptive immunotherapy has been
the subject of extensive study [27-29]. We initially
examined a variety of maturation factors and found that
PIC enhanced DC activity. This is in agreement with other
reports on the effectiveness of PIC in activating DC from
healthy donors and ovarian cancer patients [30]. Therefore,
we used PIC in all subsequent experiments.

Interestingly, the DC generated from monocytes isolated
from patients with active disease showed differences to DC
from either healthy volunteers or patients in remission. In
particular, the DC showed significantly elevated levels of
surface CD80 and of secreted TGFf. Although CDS8O0 is a
receptor for CD28 on T cells and is generally regarded as
delivering necessary costimulation signals to T cells, a
recent report has suggested elevated CD80 may be a
characteristic feature of myeloid-derived suppressor cells
[31]. As discussed above, TGFf is generally immunosup-
pressive and plays a role in differentiation of Tregs [24,
25].

Encouragingly, T cells stimulated by tumour-loaded DC
showed cytotoxic activity against autologous tumour cells
isolated from patient ascites. Furthermore, cytotoxic
activity was selective for tumour cells, with little or no
specific kill of autologous normal mesothelium. Lower
levels of mesothelium lysis could reflect a natural resis-
tance of these cells to cytotoxic T cell lysis or, alterna-
tively, a differential expression of antigens from
transformed epithelial cells. Further studies using specific
peptides to pulse mesothelium or tumour targets will be
required to distinguish these two possibilities. In either
case, the results suggest that selective killing of tumour
cells in vivo may be achievable. However, tumour killing
in general was quite low and highly variable between
patients. We believe that this reflects the abnormal phe-
notype of the DC compared to DC isolated from healthy
volunteers or patients in remission (Fig. 3), as a result of
exposure to high tumour burden in vivo. This hypothesis is
supported by the in vitro data illustrated in Fig. 6 as dis-
cussed in further detail below. These results therefore
suggest that using DC vaccination for poor prognosis
patients in temporary disease remission may be a more
suitable clinical scenario than in patients with active
disease.

There was no obvious correlation between tumour kill
and any other parameter measured. We obtained optimal
killing after a single round of in vitro stimulation, indeed
effector cells from these patients did not culture well, and
numbers declined rapidly after 1 week of culture. Recent
chemotherapy or the high tumour burden present at the
time of blood sampling may have contributed to this poor
in vitro viability. These technical difficulties may account
for why the majority of in vitro studies on T cell activity
against ovarian cancer cells utilise healthy donor T cells
[32], ovarian cancer cell lines [33, 34] or peptide pulsed
targets [35]. Hence, reports using patient effector cells and
primary tumour [36, 37] are limited, especially using
samples from patients in relapse.

Since DC from patients with active disease secreted
higher levels of the immunosuppressive cytokine TGFf
than healthy donors and remission patients, we examined
whether TGFf blockade could enhance the stimulatory
ability of DC from a small subset of patients. The results of
these experiments were promising, since the presence of
anti-TGFf antibody in the DC-effector cell co-cultures
increased subsequent Kkilling of autologous tumour,
although these experiments need to be repeated in a larger
group of individuals. TGFf blockade has already been
evaluated in pre-clinical models of cancer and fibrotic
disease [38, 39], and the first Phase I clinical trial in
patients with advanced glomerulosclerosis using the anti-
TGF antibody fresolimumab was published recently [40].
Thus, dendritic cell immunotherapy under cover of a TGFf;
blockade may offer an interesting future strategy.

In addition to TGFf, however, it is likely that other
tumour-derived suppressive factors may contribute to
enhance an immunosuppressive/tolerogenic rather than
immunostimulatory phenotype. In the case of relapsed
ovarian cancer patients, the PB monocytes that serve as DC
precursors are exposed to an enormous tumour burden in
vivo. It has previously been reported that monocytes and
DC can obtain a suppressive phenotype after exposure to
tumour cells [41-43]. We therefore investigated a similar
model using DC from healthy volunteers cocultured with
SKOV-3 cells. The DC exposed to SKOV-3 via transwell
filters showed an activated phenotype including enhanced
DC-sign expression [31], but no difference in cytokine
secretion in the three donors tested. However, the ability of
‘tumour-educated” DC to stimulate T cell-mediated lysis of
SKOV-A2 was reduced. Whilst the precise molecular
details of this inhibitory activity has still to be resolved,
these experiments provide an in vitro model using human,
rather than mouse cells which can readily be used for
further more detailed mechanistic studies of this important
phenomenon. Future studies comparing the immunomod-
ulatory effects of tumour cells with normal ovarian epi-
thelium cells will be required to determine whether these
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effects are tumour specific. In addition, this model uses
SKOV-3 cells as both a source of antigen and a target of
cytotoxic activity. Thus, the model may favour responses
that are specific to the SKOV-3 cell line. However, pre-
vious studies from our laboratory have shown that the
SKOV-3 line provides a source of tumour antigens such as
MUC-1 and Her2Neu, which are shared by many ovarian
tumours [9, 11]. Future studies using primary tumour cells
in place of SKOV-3 will be valuable to judge whether the
property of modulating monocytes is general for all ovarian
cancer cells.

In conclusion, our study establishes an in vitro model
that can be used to evaluate DC immunotherapy protocols,
and uses this model to study the responses of DC and T
cells to hypochlorous acid—treated SKOV-3 cells as a
generic source of multiple tumour-associated antigens. The
model was tested in the context of patients with advanced
relapsed ovarian cancer, with ascites, allowing a ready
access to autologous tumour targets for cytotoxicity assays.
The study showed that this protocol can be used to stim-
ulate cytotoxic effector cells, at least in vitro. Although it is
not possible to compare directly with cells from healthy
volunteers (since autologous tumour is obviously not
available), a number of observations suggest that DC
derived from patients with active disease are suboptimal,
perhaps a result of being derived from monocytes exposed
to a large tumour burden in vivo. Our results suggest that
although, partly for ethical reasons, patients with active
disease are often used for Phase I trials of novel thera-
peutics, this group may be suboptimal for attempts at
immunotherapy. Instead future trials on patients in remis-
sion may offer a more favourable setting for successful
immunotherapeutic intervention.
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