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Abstract

Background Dendritic cells (DCs) are the most effec-
tive antigen-presenting cells. In the last decade, the use
of DCs for immunotherapy of cancer patients has been
vastly increased. High endocytic capacity together
with a unique capability of initiating primary T-cell
responses have made DCs the most potent candidates
for this purpose. Although DC vaccination occasion-
ally leads to tumor regression, clinical efficacy, and
immunogenicity of DCs in clinical trials has not been
yet clarified. The present study evaluated the safety
and effectiveness of tumor-lysate loaded DC vaccines
in advanced colorectal cancer (CRC) patients with car-
cinoembryonic antigen (CEA) positive tumors.

Results  Six patients HLA-A*(0201-positive were vac-
cinated with autologous DCs loaded with tumor lysates
(TL) together with tetanus toxoid antigen, hepatitis B,
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and influenza matrix peptides. Two additional patients
were injected with DCs that were generated from their
sibling or parent with one haplotype mismatch. All
patients received the vaccines every 2 weeks, with a
total of three intra-nodal injections per patient. The
results indicated that DC vaccination was safe and well
tolerated by the patients. Specific immune responses
were detected and in some patients, transient stabiliza-
tion or even reduction of CEA levels were observed.
The injection of haplotype mismatched HLA-A*0201-
positive DCs resulted in some enhancement of the
anti-tumor response in vitro and led to stabilization/
reduction of CEA levels in the serum, compared to the
use of autologous DCs.

Conclusion ~ Altogether, these results suggest that
TL-pulsed DCs may be an effective vaccine method in
CRC patients. Elimination of regulatory mechanisms
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as well as adjustment of the vaccination protocol may
improve the efficacy of DC vaccination.

Keywords Dendritic cells - Carcinoembryonic
antigen (CEA) - Immunotherapy

Introduction

Colorectal cancer (CRC) is a common type of cancer,
with one million cases diagnosed each year. It has a
poor prognosis with 60% survival rate at 5 years. CRC
is treated by surgery, chemotherapy/radiotherapy, and
with anti-proliferative drugs [1]. However, if these
treatments fail there are no effective alternative thera-
pies. Over the past few years, there has been increased
understanding of the progression of CRC from ade-
noma, a benign epithelial tumor, to carcinoma, a malig-
nant tumor, thereby enabling the development of
novel therapeutic strategies [2]. Among these are
immunotherapy methods, which aim to target CRC-
related tumor antigens [3].

The most commonly expressed tumor-associated
antigen on gastrointestinal carcinomas is the carcino-
embryonic antigen (CEA). This glycosylated oncofetal
protein plays a key role in differentiation and mainte-
nance of cells and promotes intracellular adhesion.
CEA is found in high levels at early stages of the
embryonic period (9-14 weeks) and is expressed at low
levels on a variety of normal human cells. However, it
is found at abnormally high levels in a variety of malig-
nant tumors, including cancer of the colon, stomach,
small intestine, rectum, pancreas and liver as well as
breast, and non-small lung carcinomas [4, 5]. In addi-
tion, expression of CEA has been correlated with
metastasis [6-8]. CEA has been used as a target for
immunotherapy not only because it is highly expressed
on tumor cells, but also because it contains multiple
epitopes that can bind to numerous HLA class-I mole-
cules [9, 10].

Dendritic cells (DCs) play a crucial role in immu-
nity, as they are highly specialized in the capture and
presentation of antigen to T cells [11, 12]. These special
properties of DCs enable them to initiate or modulate
immune responses against microbial as well as tumor
and self-antigens [13-15]. During the last decade, DCs
have been increasingly used in immunotherapy trials
for the treatment of different types of cancer. In vitro,
they were shown to effectively process and present
tumor antigens via the distinctive mechanism of cross-
priming. Under some circumstances, they display
efficient effector functions against cancer cells and
activate resting T cells to release IFN-y and to trigger
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anti-tumor cytolytic activity [16-18]. Several DC-based
clinical trials have demonstrated potent immunological
and some clinical responses [19-21]. A variety of DC
vaccines have been tested against CEA expressing
tumors, among which are DCs pulsed with CEA pep-
tides (CEApep) [21-23], and CEA-mRNA-loaded
or transfected DCs [24-26]. Although tumor and
peripheral blood-based immune responses were dem-
onstrated in these studies, the clinical responses were
minor. In order to enhance the diversity of the immune
response and to engage multiple CD4 and CDS8
epitopes, tumor lysate (TL)-pulsed DC-based cancer
vaccines have been used for the treatment of various
types of cancer [27-30]. Recently, application of this
approach to the treatment of CEA-expressing tumors
was tested both in vitro and in vivo [31, 32], however,
the later studies mostly monitored clinical rather than
antigen-specific responses.

In the present study, the safety and efficacy of
TL-loaded DCs vaccination in CRC patients with
CEA-expressing tumors was evaluated. Autologous
and HLA mismatched DCs were used. DCs were
injected into the patient’s uninvolved inguinal lymph
nodes, every 2 weeks, for a total of three vaccinations.
Immune responses as well as clinical outcomes were
evaluated before, during and after the administration
of the vaccines.

Materials and methods
Patients

Eight patients, HLA-A*0201 positive were enrolled
in this study and were recruited from Hammersmith
Hospital, London, UK. All patients had histologically
proven colorectal liver metastases, which were unsuit-
able for any further radiotherapy, chemotherapy, or
surgery. In addition, all patients demonstrated evi-
dence of progressive disease, with over-expression of
CEA in the blood serum. Availability of a healthy sib-
ling or parent was required for patients who received
haplotype mismatched DCs. Patients with evidences of
autoimmune disease, active infection, acute or chronic
hepatitis or human immunodeficiency virus (HIV)
were excluded from the study. Patients who have had
no Hepatitis B (HB) were defined negative for this dis-
ease, however, it was not recorded whether they were
vaccinated against it or not. The selected patients were
chemotherapy or radiotherapy free at least 6 weeks
before the start of vaccination. The protocol was
approved by the local ethics committee. Signed informed
consent was obtained from each patient and donor
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(when appropriate). The list of all patients who partici-
pated in this study with their clinical data is presented
in Table 1.

Generation of clinical graded DCs

An amount of 150 ml of peripheral blood was taken
from the patient or the donor at the start of the study
and heparinized. A further 20 ml of non-heparinized
blood was also taken from the patients, for the prepa-
ration of serum. DCs were generated from the adher-
ent population of peripheral blood mononuclear cells
(PBMCs) and cultured in X-VIVO 15 (BioWhittaker,
Walkersville, MD, USA) and Gentamycin (20 pg/ml)
(Hoechst Marion Roussel, Kansas City, MO, USA)
supplemented with 2% autologous plasma and with
GM-CSF and IL-4 (20 ng/ml each, both from First-
Link, Brierley Hill, UK). All the reagents were good
manufacturing practice (GMP)-approved. On day 5,
DCs were harvested and pulsed overnight with TL
(100 pg/ml) and 0.08 IU/ml tetanus toxoid (TT)
(Adsorbed Tetanus Vaccine, Evans Vaccines Ltd., Liv-
erpool, UK). On the following day, DCs were pulsed
for 2h with 2.5 pg/ml HB HLA-A2-binding peptide
(FLLSLGIHL) and 2.5 pg/ml influenza virus matrix
HLA-A2 binding peptide (MP) (GILGFVFTL) (both
from Bachem Ltd., St. Helens, Merseyside, UK). The
cells were then divided into three cryovials (one for
each vaccination) and stored at —140°C.

Preparation of tumor lysate

A sample of liver metastases was obtained from the
patients using ultrasound guided transcutaneous
biopsy. The biopsy cores were divided into minute
pieces. Small volume of normal saline was added and
the mixture was passed through a 19G needle, attached
to a 5 ml syringe, several times, until the passage of the
mixture occurred without difficulty. The process was
repeated with 21G, 23G, and if possible 25G needle.

Table 1 Baseline patient data

The entire mixture was placed in liquid nitrogen until
frozen, and then thawed in a water bath at 42°C. The
freezing and thawing was repeated for a total of five
times. The sample was passed through another 23G or
25G needle to disperse any clumps. The tube was
sealed and irradiated at 10,000 rads, then stored at
—140°C.

Vaccination protocol and patients monitoring

Antigen-pulsed autologous or haplotype-mismatched
DCs were thawed, extensively washed and suspended
in serum free medium X-VIVO 15 (Bio Whittaker)
containing 1% autologous plasma. The vaccine was
injected under ultrasound guidance into a lymph node
in the inguinal region. Patients were vaccinated at
three time points normally 2 weeks apart between
each vaccination (days 0, 14, and 28). Whole blood
(20 ml) was collected from the patients before each
injection and after 42 days from the start of the trial,
to evaluate immune response before the trial, and
after the first, second, and third vaccinations. PBMCs
were purified from these blood samples and cryopre-
served until further use. For the immunological moni-
toring, DCs were generated in serum free medium
supplemented with 2% human serum (HS) in the pres-
ence of GM-CSF and IL-4 (20 ng/ml each, both from
FirstLink). On days 5 and 6, DCs were pulsed with the
various peptides/antigens and TL as described in the
preparation of the vaccine section above. Thirty-six
hours after pulsing, DCs were analyzed or used in
functional assays. In each assay, all samples from each
patient were tested together. In addition, serum was
generated at each time point from 10 ml of non-hepa-
rinized patient’s blood. CEA FElisa kit was used to
measure periodical CEA levels in the serum (Oxford
Biosystems, Wheatley, UK). Clinical monitoring
included evaluation of a tumor biopsy that was taken
under computerized tomography (CT) scan before
and after vaccination.

Patient Gender Age CEA level on Albumin (g/1)/bilirubin Hb (g/dl) /WCC Allo/auto
number entry (ng/ml) levels (pmol/l) on entry (WCC/) levels on entry

P02 Female 49 209 32/7 1177 Auto

P05 Male 62 296 37/9 16/7 Auto
P06 Male 72 1,041 32/32 10/13 Auto
P04 Female 56 101 38/13 15/6 Allo

P08 Male 75 116 38/8 16/11 Auto
P19 Male 56 5,965 36/17 13/8 Auto
P09 Male 64 3,899 33/12 12/8 Allo

P20 Female 62 271 34/9 12/10 Auto

Pre-vaccination data of the patients in the present study
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Flow cytometry analysis

Dendritic cells were stained on day 6 of culture with
various antibodies for 30 min at 4°C. Analysis was per-
formed by using FACSCalibur flow cytometer and
CellQuest Software (Becton Dickinson, Oxford, UK).
The following mouse-anti human Fluorescein Isothio-
cyanate (FITC)-labeled monoclonal antibodies were
used: anti-CD11c (DAKO, Glostrup, Denmark), anti-
HLA-DR (Sigma, St Louis, MO, USA) anti-CD86, and
anti-CD83 (both from Caltag, Burlingame, CA, USA).
Isotype-matched-irrelevant antibodies: anti-IgG1 (Sigma)
and anti-IgG20 (Pharmingen, San Diego, CA, USA)
were used as negative controls.

Evaluation of antigen uptake by DCs

The capacity of DCs to capture antigen via the man-
nose receptor or by macro-pinocytosis was measured
by incubating DCs (10° cells per sample) for different
time periods at 37 and 4°C (negative controls) with
either FITC-conjugated Dextran (FD) or Lucifer Yel-
low (LY) (both from Sigma, Dorset, UK) at a final con-
centration of 1 mg/ml. Endocytosis was terminated by
washing cells in ice-cold PBS-containing 0.1% sodium
azide and 1% FCS. Cells were then analyzed by flow-
cytometry as above. The staining results of samples
incubated with FITC-Dextran (FD) or LY at 4°C were
subtracted from the results of samples stained at 37°C.

ELISpot

Day 5 DCs (5 x 10 cells per well) that were obtained
before, during and after the vaccination period were
separately pre-pulsed in tubes with 10 pg/ml thCEA
antigen (CEAag) (Protein Sciences Corporation, Meri-
den, CT, USA), 100 ug/ml CEApep (Gift of Prof. J
Schlom, NIH, USA), TL, TT antigen, MP peptide, and
HB peptide (concentrations indicated above) or were
left unpulsed, and incubated at 37°C. The cells were
then transferred to multi-screen ELISpot filtration
plates (Millipore, Bedford, MA, USA), which were
pre-coated with anti-IFN-y or IL-4 mAb (Mabtech,
Nacka, Sweden). Autologous or allogeneic T cells
(2 x 10° cells per well) were then added (as indicated)
to the DCs. Unstimulated T cells were used as negative
control and positive controls were T cells stimulated
with IL-2 (10 U/ml) and phytohaemagglutinin (PHA)
(2 pg/ml). After incubation for 36 h at 37°C, cells were
washed extensively and stained with a biotinylated
anti-IFN-y or IL-4 mAb (Mabtech) for 2 h followed
by addition of streptavidin-alkaline phosphatase for
45 min. After extensive washing, the substrate solution
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BCIP/NBT (BioRad, Richmond, CA, USA) was added
to allow color development. Spots were counted using
an AID ELISpot reader system (Autoimmun Diagnos-
tika, Strassberg, Germany). The numbers of spots
obtained with unpulsed DCs were subtracted from the
numbers of spots obtained with the corresponding DCs
pulsed with antigens or peptides.

Tetramer staining

The following HLA-A*0201 tetramers (PE) were used
in this study: MP (GILGFVFTL) (A*0201 58-66), HB
(FLLSLGIHL) (A*0201 573-581), and two epitopes of
the CEA: C-1 (YLSGANLNL) (A*0201 571-579) and
C-2 (GVLVGVALI) (A*0201 694-702) (all from Pro-
immune, Oxford, UK). T cells (10° cells per staining)
were incubated with the tetramers for 20 min at room
temperature. Following washing with FACS buffer, cell
were co-stained with mAbs specific for CD3 (APC)
and CD8 (FITC), incubated on ice for 30 min, washed
and analyzed by flow cytometry. The percentage of tet-
ramer positive cells has been calculated in respect to
CD3*/CD8" T cells.

Results
Characterization of patient DCs

The efficacy of DC-based immunotherapy is dependent
on the functional activity of DCs. We assessed the
function of DCs generated from blood monocytes of
eight cancer patients before and during vaccination.
DCs were evaluated 6 days after isolation for the
expression of CD11lc, CD86, HLA-DR, and CD&3
(Fig. 1a). CD11cM¢"CD83" DCs were generated from
the patients before the start of vaccination and had a
similar phenotype to DCs generated from healthy indi-
viduals (Fig. 1b). DCs obtained from patients following
the first and second vaccinations generally displayed a
more mature phenotype, with increased expression of
CD86 and HLA-DR, similar to healthy individual
LPS-stimulated DCs. In contrast, DCs generated after
the third vaccination displayed a phenotype similar to
the DCs obtained before vaccination or from healthy
controls. As the number of DCs generated was very
limited, phenotype was obtained for two patients only.

In the preparation of the vaccine, DCs were pulsed
in vitro with autologous tumour lysate before being
injected into the patients. Patient DCs at day 5 of cul-
ture were analyzed by flow cytometry to assess their
ability to capture antigen using either FITC-dextran
(Fig. 2a) or Lucifer-Yellow (LY, Fig. 2b). Patient DCs
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were as efficient at antigen capturing as DCs from
healthy individuals, as shown in Fig. 2.

Evaluation of vaccination-related toxicity

All the patients were monitored for toxicity or autoim-
munity, during and following the vaccination period.
Our evaluation of toxicity was based on the NCI rec-
ommendations [33]. In each patient, body temperature,
blood pressure, heart rate, and general well-being were
monitored. Patients were also monitored for the
appearance of signs typical of common autoimmune
malignancies such as Sjogren’s syndrome or Systemic
Lupus Erythematosus (SLE). There was no indication
of toxicity or autoimmune reactions in any of the
patients, during and following the trial.

Evaluation of the immune response

We monitored the immune response in the patients
before, during and following DC vaccination. HB-neg-
ative HLA-A*0201-positive CRC patients were vacci-
nated with either autologous (patients 2, 5, 6, 8, 19, and

=

100% 99%
137 60

95% 5%

10

~
S
—r

20) or allogeneic (patients 4 and 9) DCs, pulsed over-
night with TL and TT antigen and then for 2 h with
HLA-A2 binding peptides. Patient PBMCs were
obtained before the first vaccination (pre) and 2 weeks
after each vaccination (post-first, post-second, and
post-third vaccinations) and then cryopreserved. In
patients 4 and 9, who had stable disease, PBMCs were
also obtained 3 months from the start of the study.
Results from patient 2, post-second vaccination were
not obtained due to a technical problem. Frozen blood
samples from each patient at different time points were
analyzed on the same day.

Analysis of cytokine production during the vaccination
by Elispot

Cytokine production (IFN-y and IL-4) were measured
by ELISpot, in order to assess whether DC vaccination
in CRC patients could induce specific immune
responses. Patient DCs were pulsed separately with
three antigenic preparations (TL, CEA, and TT) and
three synthetic peptides (MP, CEA, and HB) as
described in Materials and methods (that was described

@ Springer
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Fig. 2 Patient DCs were capable of capturing antigen. DCs were
generated from a patient and from a healthy individual. On day 5,
DCs were harvested and incubated with FD (a) and LY (b) for
different periods of time, at 37 and 4°C. DCs were then acquired
by FACS for the analysis of antigen uptake, presented by mean
florescence intensity (M FI). The results obtained with FITC-Dex-
tran or Lucifer Yellow staining at 4°C were subtracted from the
staining results at 37°C. The data are representative of experi-
ments with two patients and of at least five experiments with
healthy individuals

already). As expected, the positive controls displayed
the maximum numbers of IFN-y and IL-4 spots (data
not shown) (part of this text was added to figure leg-
ends). ELISpot results of IFN-y (Fig.3) and IL-4
(Fig. 4) production show that for all patients (except
for patients 5 and 19 for whom no ELISpot data were
obtained for technical reasons), IFN-y production was
observed in response to one or more of the antigen/
peptide-pulsed-DC conditions. IL-4 was undetectable
in patients 4 and 20 to any of the antigenic prepara-
tions. In response to TT-pulsed DCs (Figs. 3a, 4a), a
significant IFN-y production was detected in three
patients (patients 2, 4, and 9), but IL-4 release was
observed in patient 8 only (Fig. 4a). Interestingly, two
of the three patients that responded to TT, received
DCs from an allogeneic source (patients 4 and 9).
Stimulation with MP-pulsed DCs induced production
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of IFN-y (Fig.3b) and IL-4 (Fig.4b) in the same
patients (patients 2 and 6.) but at different levels. In
contrast, HB-pulsed DCs predominantly induced IL-4
production (Fig.4c) which was about eight times
higher in patients 6 and 8 compared to their IFN-y pro-
duction (Fig. 3c).

In response to TL-pulsed DCs, IFN-y production
was observed in only two patients (patients 2 and 6)
(Fig. 3d) while four patients (patients 2, 6, 8, and 9)
produced IL-4. However, in patient 9, IL.-4 production
was already present before vaccination (Fig. 4d). The
enhanced response to tumor antigens displayed by
IFN-y production was further confirmed in patient 2
in response to CEAag-pulsed DCs (Fig. 3e) and in
patient 6 to both the CEAag and CEApep (Fig. 3f).
In patient 6 only, IL-4 was produced after vaccination in
response to both CEA antigen and peptides (Fig. 4e, f).
In most patients, though, the antigen-specific response
was down-regulated toward the end of the trial.

Analysis of tetramer positive T cells during
the vaccination

T cells derived from each patient and after each vacci-
nation were also stained with four different tetramers
(MP, HB, and two CEA peptide sequences) and ana-
lyzed by flow cytometry. Figure 5 represents the com-
plete tetramer staining for patient 6. In this patient,
CD8* T cells were detected in staining with C-1 tetra-
mer before the trial and their number increased during
the vaccination period. CD8" T cells positive for C-2,
MP, and HB tetramers were also detected after the
first vaccination but the response was down-regulated
over subsequent vaccinations.

In Fig. 6, the response to all antigenic preparations
is presented as percentage of positive cells calculated.
In some patients, no positive tetramer staining was
obtained in some stages during the trial. Three of eight
patients (patients 2, 4, and 5) had a high level (2.5, 3.3,
and 4.2%, respectively) of MP tetramer positive cells
before the start of the trial (Fig. 6a). While during
the trial the percentage of tetramer positive T cells
increased in patients 2 and 4 (32 and 22%, respec-
tively), in patient 5 it diminished. The most striking
response was seen in patient 19 in whom, after the sec-
ond vaccination, the population of MP tetramer posi-
tive cells was sixfold higher than before vaccination.
However, after the third vaccination, these levels fell to
background levels. Patient 20 had an essentially unal-
tered number of MP-tetramer positive T cells up to the
third immunization. Similar to MP tetramer staining,
many patients had a detectable percentage of T cells
specific for HB-tetramer before the trial (Fig. 6b). Only
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CEA antigen (CEAag), CEA peptide (CEApep), hepatitis B
(HB) peptide, and matrix peptide (MP) as described in Materials
and methods. Some DCs were left unpulsed (cDCs). DCs

patient 4 exhibited enhanced HB-positive staining at
the end of the trial (0.72%) while a similar trend was
seen in patients 2, 9, 19, and 20 but up to the second
vaccination only.

Tetramer staining to detect tumor specific T-cell
responses was performed with tetramers expressing
two different CEA epitopes, GVLVGVALI (C-1) and
YLSGANLNLI (C-2). C-2 is considered to be the
immunodominant epitope and it has been previously
used for the generation of CEA-specific cytotoxic T
cells in vitro [34] as well as in vaccination trials in vivo
[21, 35]. This epitope (C-2) was used in this study as the
synthetic peptide in the ELISpot assays. Staining was
more consistent among the different patients with C-1
tetramer (Fig. 6¢). Some T cells specific for C-1 and C-
2 were detected before the trial with the highest level
of C-1 positive staining seen in patient 2, which was
further elevated during the trial. Similarly, in patient 4
and 6, the highest percentages of T cells specific for C-1
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(5 — 6 x 10%) were then co-cultured in ELISpot plates with autol-
ogous T cells (2 x 10° T cells/well). Background control of cyto-
kine production from unpulsed cells was subtracted from the data
obtained with the corresponding peptides/antigens. Where the
adjusted values were below zero, the values were expressed as
zero in the figures

were observed at the end of the trial. In patient 9, a
threefold increase was found up to the second vaccina-
tion only, with a major down-regulation afterward.
Finally, patient 19 and 20 exhibited a substantial
decrease in C-1-tetramer positive T cells during the
trial. As for C-2 staining, only patients 2 and 4 demon-
strated high levels of positive cells. Patient 2 had 4.54%
positive cells after the first vaccination, but this
response was twofold lower after the last vaccination,
further confirming the ELISpot responses to CEA
antigen and peptide. In contrast, patient 4 maintained
high levels of C2-positive staining but these were lower
than the pre-trial levels. A summary of the data for all
patients is given in Table 2.

Evaluation of clinical response

Elevations of circulating levels of CEA in blood serum
were shown to correlate with disease progression
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Fig. 4 Summary of IL-4 production in ELISpot from T cells stim-
ulated with antigen-pulsed DCs. Day 5 DCs were pulsed or left
unpulsed as described in the legend of Fig. 3. DCs were then

[36-38]. Stabilization or partial stabilization of this
marker levels in the blood serum may well indicate
treatment effectiveness [39-41]. In healthy individu-
als, CEA is found in the blood serum in small
amounts (around 5 ng/ml) and it is elevated in smok-
ers and elderly persons [42, 43]. To see whether the
immunological monitoring results correlated with the
clinical outcomes, serum CEA levels were measured
in each patient. The first evaluation was conducted
14 days before the trial (pre) and then following each
immunization. In patients 2 and 5, there was a partial
stabilization of CEA levels at different stages during
the trial, between the first and second and between
the second and third vaccination, respectively
(Table 3). It is interesting to note that although only
two patients in this study (patients 4 and 9) received
allogeneic haplotype mismatched DCs, both demon-
strated stabilization/reduction in their CEA levels
during and/or following the vaccination period.
Patient 4 had stable levels of CEA during the vacci-
nation (but not after) and in patient 9, an initial

@ Springer

washed and co-cultured in ELISpot plates with autologous T
cells. Number of IL-4 spots obtained is per 2 x 10° T cells tested

amplification of CEA expression was demonstrated
up to the second vaccination but was then decreased
by 25 and 32% after the third vaccination and post-
42 days, respectively. In all other patients, augmenta-
tion of CEA levels in the serum was shown. Finally,
CT scans of patient tumors were conducted before
and after vaccination. Progressive disease was indi-
cated in all patients before and after the vaccination
period.

Discussion

In the present study, TL-pulsed DCs were adminis-
tered to CRC patients with CEA expressing tumors.
Autologous DCs were used in six patients and alloge-
neic DCs in two patients. The vaccination was
performed three times into the patient’s uninvolved
inguinal lymph nodes, every 2 weeks. Immune responses
as well as clinical outcomes were evaluated before
and after the administration of the vaccines.
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Fig. 5 Patient T cells could generate specific immune responses
as was indicated by tetramer staining. T cells were generated from
blood withdrawn at different stages of the trial and were co-
stained with mAb specific for CD3 (FITC), CD8 (APC), and with
a tetramer specific either for MP, HB C-1 or C-2. First, bright
CD3*CD8" cells were selected and gated. This population was

then used to compare staining with the different tetramers (PE).
The cells were acquired and analyzed by FACS. Negative con-
trols were T cells stained with anti-CD3/CDS8 only. A positive
control for MP staining was a MP-specific cell line (not shown).
The results in this figure were obtained in patient 6
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Fig. 6 Summary of T-cell staining by tetramers. Patient T cells were co-stained with specific mAb and tetramers as indicated in Fig. 5.
The figure provides a summary of tetramer staining for each tetramer separately, in all the patients that were tested

First, the feasibility and safety of the DC-vaccina-
tion procedure was evaluated. The in vitro preparation
of the DC vaccine was performed in a laboratory
approved under the Good Laboratory Practice (GLP)

regulations. No toxicity or significant side effects were
reported by the patients during the trial or after it. This
conclusion has been recently confirmed in another
clinical trial, where TL-pulsed DCs were injected to
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Table 2 Summary of all results obtained in the study

Patient number IFN-y ELISpot IL-4 ELISpot Tetramer staining CEA
up ca tI fl tt hb cp up Ca tl fl tt hb cp fl hb c1 2

P02 Pre ++ + + ++ o+ + ++ =
Post-first + o+ o+ o+ = ++ o+ + ++ =
Post-third + 4+t 4+ = 4+ 4+ 4+ + - + - +

P05 Pre ++ o+ + + +
Post-first - - - +
Post-second - - - - -
Post-third = - - - -

P06 Pre + + o+ + + + +
Post-first + 4+ 4+ 4+ = ++ = 4+ 4+ = 4+ 4+ o+ - = - + +
Post-second + = 4+ = = = 4+ 4+ - = = - - - - = + + +
Post-third ++ = ++ = = = ++ 4+ = = - - - = = ++ o+ +

P08 Pre + + 4+ o+ + +
Post-first ++ - - - - - +
Post-second - + o+t - - - - +
Post-third - + + + = + + 4+ + = - = - +

P19 Pre + + +
Post-first + + - - +
Post-second ++ 4+ - _ +
Post-third = + _ - +

P20 Pre + + 4+ o+ 4+ + + + +
Post-first ++ 4+ + = 4+ 4+ = - - +
Post-second ++ = + + + - - +
Post-third = - + - - +

P04 Pre + ++ o+ + ++ o+
Post-first = + - = - - =
Post-second = 4+ = - - - =
Post-third = + + + - - =
Post-three mos ++ o+ + -

P09 Pre + ++ + + + ++
Post-first = - - = - - "
Post-second ++ - - + ++ o+ -
Post-third = - - - - + = -
Post-three mos - - - = +

Summary of results from ELISpot (IFN-y and IL-4), tetramer staining and assessment of CEA levels in serum. Symbols are as follow:
up unpulsed, ca CEA antigen, ¢/ tumor lysates, fl flu matrix, # tetanus toxoid, 4b hepatitis B, cp CEA peptide, (+) increased levels, (-)
decreased levels, (=) no changes, double sign (++ or —) means stronger changes

Table 3 CEA levels in the

. Patient Pre-vaccination Post-first Post-second Post-third Post-42
patient sera .. e L
vaccination vaccination vaccination days
2 280 420 430 710
4 200 180 160 200 750
5 370 500 750 730
Serum was separated from 6 200 360 600 780
non-heparinized blood 8 260 200 780 860
of patients. CEA levels were 2 400 240 700 530 480
measured by Elisa and 19 100 160 240 400
20 1,150 1,300 1,500 1,670

expressed as ng/ml

hepatocellular carcinoma patients [32]. Monitoring any
potential development of autoimmunity has been of
particular importance in this work because of the use
of TL. TL contain multiple antigens, among which are
self-antigens expressed on normal tissues, therefore a

@ Springer

response against self-antigens could have been
induced. Autoimmune syndromes such as Syogren’s
syndrome, which involves decreased saliva and conse-
quently dry eyes, or SLE, which is indicated by renal
failure, were not detected in these patients. Indeed, in
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other studies in mice or in humans, vaccination with
shared antigens has not resulted in induction of
autoimmunity [19, 20, 44].

In this study, T-cell responses to tumor and control
antigens were monitored by ELISpot and by tetramer
staining. IFN-y ELISpot has been a common way to
assess CD8* and CD4"* responses following DC vacci-
nation against tumor antigens [45-47]. IFN-y has been
shown to be produced by peptide-specific CD8* T cells
that were able to lyse target cells pulsed with tumor
peptide [48]. Release of I1L.-4 has also been shown to
contribute to immune responses against tumors [49, 50]
as was observed in our study in response to TL-DCs in
three of four patients. Finally, several studies have
demonstrated a correlation between cytokine produc-
tion in ELISpot and positive clinical outcomes [51-53].

The addition of highly immunogenic antigens has
been suggested to improve the efficacy of cancer vac-
cines [54]. This idea has been further confirmed by
Banchereau et al. who have previously reported that
DC vaccination in metastastic melanoma patients rap-
idly induced KLH and MP specific responses that were
detectable within 2 weeks, after the first DC vaccina-
tion [53]. Similarly, after the same period of time, a
response against melanoma antigens was found in 5 of
11 patients. In our study, a rapid increase in tetramer
positive T cells specific for tumor antigens was
observed in some patients.

The efficacy of vaccination with haplotype mis-
matched DCs was also investigated in this study. The
hypothesis behind the use of allogeneic DCs was that
the alloantigens expressed by DCs would have stimu-
lated a CD4 helper response. Unfortunately, after
screening for HLA-A2 positive patients and applying
inclusion/exclusion criteria among the selected patients
and donors, it was possible to find suitable donors for
two patients only. Interestingly, these two patients
(patients 4 and 9) responded only to TT in ELIspot. TT
has been broadly used in immunotherapy trials against
cancer [55, 56] and in particularly against CEA-
expressing tumors [57, 58]. It was found that TT-spe-
cific IFN-y secretion was predominantly mediated by
CD4* T cells and it was HLA class II-restricted [59]. In
a recent trial, allogeneic DCs were used to vaccinate
against metastatic renal cell carcinoma. Although allo-
genic immunotherapy was feasible and well tolerated,
the immunogenicity of allogeneic DCs was less pro-
nounced than that of autologous DCs [60]. However,
this study demonstrates that the allogeneic-DC vacci-
nated patients produced antigen-specific immune
responses to some of the antigens/peptides used. More-
over, stabilization/reduction of CEA levels in the sera
of these two patients was observed.

Expression of CEA in the patient serum was used as
a factor that defines clinical outcomes in these patients
as it has been previously reported that CEA expression
positively correlates with disease progression [61]. In
four patients (2, 5, 4, and 9), partial or complete stabil-
ization of CEA expression was shown. However, lack
of any other clinical benefit, even partial, may indicate
that this parameter cannot be regarded as a clinical fac-
tor on its own.

The main setback in this study was the down-regula-
tion of the immune responses to tumor as well as to
control antigens toward the end of the trial. This con-
clusion is mostly based on tetramer staining results,
although a reduction in T-cell responses was also
observed in ELISpot. Interestingly, in almost all cases
where no CD8* T cells were detected against a certain
peptide (mainly against HB) before the trial, they
could be detected following vaccinations. This finding
may indicate that primary responses could be induced
even in patients with progressive disease. However,
existing specific CD8" T cells were more likely to be
down-regulated within the trial. Perhaps, DC injection
every 2 weeks while being optimal for the induction of
primary T-cell responses, may be too frequent for the
maintenance of an existing response. Different proto-
cols of DC vaccination have been recently used in can-
cer patients, however with limited success [32, 62].

The tumor microenvironment induced in progres-
sive diseases may impose regulatory mechanisms.
Terabe et al. have shown that NKT cells down-regu-
lated anti-tumor immunity by mediating IL-13 and IL-
4R-STAT6 pathways [63]. In addition, others have
shown that regulatory T cell (Trl and CD4*CD25* T
cells) suppress immune responses against tumors [64—
66]. A promising strategy in vaccination trials has been
recently aimed on the transient block of regulatory T
cells, by using antibodies, such as anti-CTLA-4 [67, 68]
or anti-IL-10 [69, 70]. However, in such trials, signs of
autoimmunity should be monitored carefully. Finally,
there are increasing evidences in mice and in humans
that leptin affects immunity and that in the absence of
leptin, the immune response is down-regulated [71-73].
Leptin levels in the patient sera were measured and
displayed a rapid decrease during the vaccination
period (data not shown).

Altogether, results from this phase I study are
encouraging. Because of high levels of immunosup-
pression normally observed in late-stage cancer
patients, this vaccination method may be more benefi-
cial in cancer patients with less advanced malignancy.
Also, because our current vaccine was unable to induce
long-lasting effective immune responses in the patients,
we have proposed a follow-up study, which involves
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removal of regulatory T cells pre-therapy with adop-
tive T-cell therapy in CRC patients in combination
with preceded TL-pulsed autologous DC injections.
This method may enable a better control of T-cell stim-
ulation by DCs and of antigen-specific CD8" T-cell
expansion.
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