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Abstract
Background The human 5T4 (h5T4) oncofoetal antigen is
expressed by a wide variety of human carcinomas including
colorectal, ovarian, gastric and renal, but rarely on normal
tissues. Its restricted expression on tumour tissues as well
as its association with tumour progression and bad progno-
sis has driven the development of a MVA-based vaccine
(TroVax) which has been tested in several early phase clin-
ical trials and these studies have led to the start of a phase
III trial in renal cell carcinoma patients. We have recently
shown that CD8+ T cells recognizing h5T4 can be gener-
ated in the absence of CD4+ T cells from peripheral blood
lymphocytes of human healthy individuals.
Results We report the existence and expansion of human
CD4+ T cells against h5T4 by stimulation with autologous
monocyte-derived dendritic cells infected with a replication
defective adenovirus encoding the h5T4 cDNA (Ad-h5T4).
The h5T4-speciWc T-cell responses in normal individuals
are enhanced by initial depletion of CD25+ cells (putative T

regulatory cells) prior to the in vitro stimulation. We have
identiWed a novel h5T4-derived 15-mer peptide recognized
by CD4+ T cells in HLA-DR4 positive healthy individuals.
Interestingly, CD4+ T cells spontaneously recognizing a
diVerent 5T4 epitope restricted by HLA-DR were identiWed
in tumour-inWltrating lymphocytes isolated from a regress-
ing renal cell carcinoma lung metastasis.
Conclusion Our data show that CD4+ T cells recognizing
h5T4 can be expanded and detected in healthy individuals
and a renal cell carcinoma patient. Such h5T4-speciWc
CD4+ T cells boosted or induced by vaccination could act
to modulate both cell or antibody mediated anti-tumour
responses.
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Abbreviations
Ad Adenovirus
CTL Cytotoxic T lymphocyte
DC Dendritic cells
DMSO Dimethyl sulfoxide
ELISA Enzyme linked immunosorbent assay
ELISPOT Enzyme linked immunospot
GFP Green Xuorescent protein
GM-CSF Granulocyte-macrophage colony stimulating

factor
h5T4 Human 5T4
HD Healthy donor
IFN-� Interferon gamma
LPS Lipopolysaccharide
MHC Major histocompatibility complex
MVA ModiWed vaccinia Ankara
PBL Peripheral blood lymphocytes
PBMC Peripheral blood mononuclear cells
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Pfu Plaque forming unit
PP Peptide pool
rhIL Recombinant human interleukin
SEB Staphylococcal enterotoxin B
TAA Tumour-associated antigen
TCR T cell receptor
TILs Tumour-inWltrating lymphocytes
Treg T regulatory cells

Introduction

Following the landmark studies of Boon [1] and Rosenberg
[2], the expression of certain antigens on human cancer
cells that can be speciWcally targeted by cellular immunity,
is driving the design and clinical testing of antigen-speciWc
cancer immunotherapy [3]. Anti-tumour immune responses
appear to be widely mediated by T cells rather than by anti-
bodies [4], and current evidence suggests that both CD8+

CTL and CD4+ T helper cells are required for inducing
eVective anti-tumour immunity [5]. Therefore, identiWca-
tion of CD8+ and CD4+ epitopes presented by MHC class I
and II molecules, respectively, on tumour cells is important
for the design of active immunotherapy and/or their
immune monitoring. As the tumour-associated antigens
(TAA) are often potential autoantigens, it is clear that any
induced immunity must be accompanied by minimum dele-
terious autoimmune reactions.

The human oncofoetal antigen 5T4 (h5T4) is a 72 kDa
cell leucine-rich region repeat membrane glycoprotein [6,
7], which is highly expressed in trophoblast but shows rela-
tively limited expression in other normal tissues [8]. In con-
trast the h5T4 antigen is upregulated in a wide variety of
human carcinomas including colorectal, gastric, and ovar-
ian where it is associated with poor clinical outcome [9–
13]. Recently, we have also reported that renal cell carci-
noma express h5T4 [14]. The restricted expression of h5T4
antigen on tumour tissues as well as its association with
tumour progression have led to appropriate preclinical and
clinical trials of a MVA based vaccine [15, 16] and an anti-
body delivered superantigen therapy [17, 18] as well as
other preclinical studies using chimeric immune receptors
of polyclonal T cell populations [19, 20].

Natural and inducible T regulatory cells (hereafter
termed Treg) are subsets of lymphocytes able to suppress
immune responses by direct interaction with other immune
cell types or through secretion of immune suppressive cyto-
kines and Treg appear crucial in maintaining immune
homeostasis, mediating peripheral tolerance and preventing
autoimmunity [21–23]. Emerging evidence suggests that
these regulatory T cells may also suppress host T-cell activ-
ity against TAA [24–26], thereby facilitating tumour escape
from immunological control/rejection. Naturally occurring

T-regulatory cells are identiWed by expressing CD4 and
high levels of CD25 as well as the nuclear transcription
repressor forkhead box P3 (FOXP3) which distinguishes
them from activated T cells [27–29].

In this study, we have investigated the existence of CD4+

T cells speciWc for h5T4 in the circulation of healthy individ-
uals and assessed the impact of depleting T regulatory cells,
as deWned by CD25 expression, on the generation of h5T4-
speciWc CD4+ T-cell responses in vitro. Healthy donors (HD)
required CD25+-cell depletion for in vitro induction of sig-
niWcant h5T4-speciWc CD4+ T-cell responses. We identiWed
a novel HLA-DR4-restricted h5T4-derived 15-mer peptide.
Additionally, a population of CD4+ T cells spontaneously
recognizing another HLA-DR restricted h5T4 epitope was
also characterized in tumour-inWltrating lymphocytes from a
renal cell carcinoma metastasis.

Materials and methods

Peptides

Individual peptides consisting of 32 amino acids, overlap-
ping by 12–15 amino acids, were designed to span the
whole sequence of h5T4 and synthesized as previously
described [30]. Six peptide pools (PP) were prepared by
mixing four individual peptides, except PP6 by mixing
three peptides. Sequences of individual peptides and
description of PP are shown in Table 1. Potential HLA-
DR4 binding peptides derived from h5T4 were predicted
using diVerent algorithms. Three peptides were chosen for
further investigation and named h5T4106–120 (P1; AGA-
FEHLPSLRQLDL), h5T4190–204 (P2; SNHFLYLPRDV-
LAQL), and h5T4222–236 (P3; YVSFRNLTHLESLHL).
They were synthesised by Sigma-Genosys Ltd, Haverhill,
UK with a purity of ¸95%.

Generation and infection of monocyte-derived 
dendritic cells

Peripheral blood was collected from HD following
informed consent. Peripheral blood mononuclear cells
(PBMCs) were isolated from fresh whole blood by Ficoll–
Paque density gradient centrifugation. PBMCs (3 £ 106/
ml) were suspended in X-VIVO 15 medium (Cambrex,
UK) supplemented with L-glutamine and penicillin/strepto-
mycin, and 3 ml were added into each well of 6-well plates.
Cells were allowed to adhere in a 5% CO2 incubator at
37°C for 90 min. Non-adherent cells were collected as
peripheral blood lymphocytes (PBLs) and the adherent
cells were washed and cultured in X-VIVO 15 medium
supplemented with rhGM-CSF (100 ng/ml) and rhIL-4
(50 ng/ml) (both from R&D, Oxford, UK) for 5–6 days to
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be used as antigen presenting dendritic cells (DC). DC were
infected with adenovirus encoding for human 5T4 (Ad-
h5T4) or Ad-GFP, as a control, by co-incubation with
1,000 pfu per cell for 4 h at 37°C. Following the infection
period the virus was removed and replaced with fresh com-
plete X-VIVO 15 together with rhGM-CSF and rhIL-4 and
culturing was continued for a further 48 hours. Expression
of h5T4 on DC was examined by staining with 1 �g/ml
mouse anti-human 5T4 monoclonal antibody [31] for
30 min on ice, followed by incubation with FITC-conju-
gated polyclonal rabbit anti-mouse Ig (Dako, UK) diluted
1:20 in PBS. Usually >70% of DC expressed h5T4 follow-
ing infection, as shown in Fig. 1a. The mouse melanoma
cell line B16 transfected with h5T4 was used as a positive
control.

Generation of h5T4-speciWc CD4+ T cells

Peripheral blood lymphocytes were subjected to CD8+

depletion by attachment of anti-CD8-conjugated micro-
beads (Miltenyi Biotech, Surrey, UK) and subsequent
removal of CD8+-labelled cells using auto MACS™ sepa-
rator in accordance with the manufacturer’s instructions.
After that, negatively selected CD4+-enriched PBLs were
either depleted or not of CD25+ cells using anti-CD25-

conjugated microbeads (Miltenyi Biotech). EYciency of
CD8 and CD25 depletion was assessed by Xow cytometry
following direct staining of CD8 or CD25-depleted PBLs
with anti-human CD8-FITC or anti-human CD4-FITC and
anti-human CD25-PE (Fig. 1b, c). CD4+-enriched PBLs
(<0.5% residual CD8+ T cells) or CD25-depleted (<0.1%
residual CD25+ cells) were co-incubated with autologous
DC (T cells:DC = 10:1) expressing h5T4 (or GFP) in
complete RPMI supplemented with 10% human AB serum
and 10 ng/ml rhIL-7 (R&D, UK) to generate week one
h5T4-speciWc CD4+ T cells. Subsequent re-stimulations
were performed by co-incubation with autologous mono-
cyte-derived DC expressing Ad-h5T4 (or Ad-GFP) in com-
plete RPMI with an additional supplement of 25 IU/ml
rhIL-2 (R&D Systems, UK), starting from day 3 of the sec-
ond stimulation. For generation of peptide-speciWc CD4+ T
cells, day 5 or 6 immature DC were incubated with 0.5 �g/
ml LPS (Escherichia coli 026:B6, Sigma, Poole, Dorset,
UK) for 48 h at 37°C. Mature DC were then washed three
times, resuspended into serum-free RPMI and pulsed with
10 �g/ml of 15-mer individual peptide for 2 h at 37°C.
CD4+-enriched PBLs or CD25+-depleted CD4+-enriched
PBLs were co-incubated with autologous peptide-pulsed
mature DC (T cells:DC = 10:1) for one or two rounds of in
vitro stimulation.

Table 1 Description of 
peptides and peptide pools used 
in this study

Peptide pool Peptide code Sequence

PP1 A SSSSPTSSASSFSSSAPFLASAVSAQPPLPDQ

B PFLASAVSAQPPLPDQCPALCECSEAARTVKC

C PALCECSEAARTVKCVNRNLTEVPTDLPAYVR

D VNRNLTEVPTDLPAYVRNLFLTGNQLAVLPAG

PP2 E RNLFLTGNQLAVLPAGAFARRPPLAELAALNL

F AFARRPPLAELAALNLSGSRLDEVRAGAFEHL

G SGSRLDEVRAGAFEHLPSLRQLDLSHNPLADL

H PSLRQLDLSHNPLADLSPFAFSGSNASVSAPSPLV

PP3 I SPFAFSGSNASVSAPSPLVELILNHIVPPEDE

J PLVELILNHIVPPEDERQNRSFEGMVVAALLA

K RQNRSFEGMVVAALLAGRALQGLRRLELASNH

L GRALQGLRRLELASNHFLYLPRDVLAQLPSLR

PP4 M FLYLPRDVLAQLPSLRHLDLSNNSLVSLTYVS

N HLDLSNNSLVSLTYVSFRNLTHLESLHLEDNA

O FRNLTHLESLHLEDNALKVLHNGTLAELQGL

P LKVLHNGTLAELQGLPHIRVFLDNNPWVCDCH

PP5 Q HIRVFLDNNPWVCDCHMADMVTWLKETEVVQG

R MADMVTWLKETEVVQGKDRLTCAYPEKMRNRV

S KDRLTCAYPEKMRNRVLLELNSADLDCDPIL

T LLELNSADLDCDPILPPSLQTSYVFLGIVLAL

PP6 V IGAIFLLVLYLNRKGIKKWMHNIRDACRDHME

W NRKGIKKWMHNIRDACRDHMEGYHYRYEINAD

X RDACRDHMEGYHYRYEINADPRLTNLSSNSDV

Each peptide pool (PP) is pre-
pared by mixing four (except 
PP6 is made of three peptides) of 
the 32-mer peptides. Each 32-
mer peptide is given a code from 
A to X. The sequence of these 
peptides is shown and the one-
letter code for amino acids is 
used
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Antigen recognition assays

ELISPOT

The protocol for IFN-� or IL-10 ELISPOT assay (Immuno-
diagnostic Systems, Boldon, Tyne & Wear, UK) was used
with some modiWcations, as described by the manufacturer
(Diaclone Research, Besancon, France). BrieXy, Multi-
screen-HA 96-well Wlter plates (Millipore, Etten-Leur, The
Netherlands) were coated overnight at 4°C with an anti-
IFN-� capturing antibody in sodium hydrogen carbonate
buVer, pH 9.6. PBMCs were pulsed for 2 h at 37°C with
40 �g/ml of peptide pool (10 �g/ml of individual peptide).
Unpulsed or peptide-pulsed PBMCs were used as stimula-
tors, and incubated with in vitro-expanded eVectors (105/
well) overnight. Cells were then removed and plates pro-
cessed according to the manufacturer’s instructions. Spots
were counted with a computer-assisted video-imaging ELI-
SPOT reader (AID ELISPOT, Germany). SpeciWc spots
were calculated by subtracting the mean number of spots of
the medium only control or vector control from the mean
number of spots in experimental wells. h5T4-speciWc T-cell
frequencies were considered to be increased compared to
the controls when speciWc T-cell frequencies were ¸10/105.

IFN-� intracellular staining

Expanded cells were washed three times and resuspended
in RPMI supplemented with 5% human AB serum. Cells
were incubated with 10 �g/ml peptide, 1 �g/ml staphylo-
coccal enterotoxin B (Sigma) as a positive control, or
mock-stimulated with equivalent concentration of DMSO
for 6 h at 37°C in the presence of 1 �l/ml GolgiPlug con-
taining brefeldin A (BD Biosciences, UK). Samples were
stained for CD3 and CD4 surface antigens using anti-CD3-
PerCP and anti-CD4-FITC (BD Pharmingen, UK) followed
by Wxation and permeabilisation for 20 min at 4°C using
Wxation/permeabilisation solution (BD Biosciences). Sam-
ples were then washed twice in perm/wash buVer (BD
Biosciences), blocked with 1% normal mouse serum for
15 min, and stained for intracellular IFN-� with 0.2 �g anti-
human IFN-�-PE (BD Pharmingen) or mouse IgG1-PE iso-
type negative control for 30 min at 4°C. A minimum of
100,000 events for each sample was collected on a FAC-
SCalibur (BD Biosciences, CA, USA) and data were ana-
lysed using WinMDI 2.8 software by gating Wrst on the
lymphocyte population identiWed by forward and side scat-
ter and then by analysis of IFN-�-positive population within
the CD3 and CD4 double-positive gate.

Fig. 1 EYciency of DC infec-
tion and CD8/CD25 depletion. 
a B16 cell line expressing h5T4 
is stained for h5T4 as a positive 
control and h5T4 expression on 
dendritic cells (73.4%) infected 
with Ad-h5T4. CD4+-enriched 
subpopulations were assessed by 
FACS analysis for contamina-
tion with residual CD8+ T cells 
(<0.4%, b) or CD25+ cells 
(<0.1%, c)
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Phenotypic identiWcation of T regulatory cells

T regulatory cells were identiWed by expression of CD4,
CD25 and FOXP3 transcription factor using the human reg-
ulatory T cell staining kit from eBioscience (San Diego,
CA, USA). Cells were Wrst stained for cell surface CD4 and
CD25 markers using CD4/25 cocktail (a cocktail of anti-
human CD4-FITC and anti-human CD25-APC). Following
Wxation and permeabilisation, the cells were washed and
blocked for non-speciWc binding sites using normal rat
serum. Anti-human FOXP3-PE or rat IgG2a-PE isotype
negative control were then added for 30 min before wash-
ing twice and Xow cytometric analysis using a FACSCali-
bur Xow cytometer.

Antibody blocking assay

To determine whether CD4+ T-cell recognition of P3 15-
mer peptide could be blocked by speciWc antibodies, we
measured IFN-� secretion in an ELISPOT assay in the
absence or presence of monoclonal antibodies. These anti-
bodies included W6/32 (anti-HLA-ABC, Serotec, UK),
L243 (anti-HLA-DR, BD Pharmingen, UK), and isotype-
matched control (mouse IgG2a, Serotec), and were added at
10 �g/ml to P3-expanded CD4+ T cells in the presence of
10 �g/ml of P3.

Isolation of tumour-inWltrating lymphocytes (TILs) 
from a lung metastasis of a renal cell carcinoma patient

Tumour material was isolated from a lung lesion by chop-
ping with scalpels. The tumour was then chopped into

smaller pieces, and approximately 2 mm3 samples were
placed into 6 well plates containing RPMI + 10%
AB + 100 IU/ml IL-2. Growing cells were expanded by
further culture in RPMI + 10% AB + 100 IU/ml IL-2. The
original tumour material was kept in wells containing TILs
at all times. More than 95% of TILs were CD4+ T cells as
conWrmed by Xow cytometric analysis.

Results

h5T4-speciWc CD4+ T-cells are detectable at low frequency 
in some healthy individuals in the presence 
of CD25+ T cells

PBLs were depleted of CD8+ T cells to enrich for CD4+ T
cells. EYciency of CD8 depletion is shown in Fig. 1b.
CD4+-enriched PBLs undepleted of CD25+ T cells were
stimulated with autologous monocyte-derived DC
expressing h5T4. A single in vitro stimulation could not
induce detectable h5T4-speciWc CD4+ T-cell responses as
tested in IFN-� ELISPOT versus six pools of peptides
covering the sequence of human 5T4 molecules. How-
ever, two successive stimulations did generate IFN-�-
secreting CD4+ T cells against h5T4-derived peptides in
three of nine healthy donors (HD1, HD3 and HD7, shown
in Table 2). No h5T4-speciWc CD4+ T-cell responses were
generated when donor CD4+-enriched PBLs were stimu-
lated twice with autologous Ad-GFP-expressing DC (3
donors tested and frequency always <1/104 against any
peptide pool). Presumably the frequency of h5T4-speciWc
CD4+ T cells in the peripheral blood of some HD is too

Table 2 Summary of h5T4-speciWc CD4+ T-cell responses in nine healthy donors

h5T4 speciWc IFN-�-producing CD4+ T-cell responses to 6 pools of h5T4 32-mer peptides following 2 rounds of stimulation with autologous DC
infected with Ad-h5T4. SpeciWc h5T4-peptide responses were calculated by subtracting the mean number of spots in CD4+ T cells plus PBMC (in
the absence of peptides). SpeciWc frequencies are shown per 105 cells. Bold indicates donors where a frequency >1/104 and with an increase in the
CD25+-depleted CD4+ T responders compared with undepleted cells

HD Healthy donor, CD25+ undepleted population, CD25¡ CD25-depleted population

Peptide Pool 1 Pool 2 Pool 3 Pool 4 Pool 5 Pool 6

Donor CD25+ CD25¡ CD25+ CD25¡ CD25+ CD25¡ CD25+ CD25¡ CD25+ CD25¡ CD25+ CD25¡

HD1 7 7 9 6 5 8 12 202 19 2 5 5

HD2 0 8 0 5 6 12 0 32 0 6 0 13

HD3 1 0 40 213 25 51 21 63 10 6 9 0

HD4 1 21 0 9 0 16 0 17 0 11 0 1

HD5 0 2 0 4 2 4 1 14 1 4 0 4

HD6 8 4 0 3 0 13 0 4 0 3 3 28

HD7 0 0 0 0 49 78 0 0 0 0 31 54

HD8 0 0 0 0 3 12 0 2 0 0 0 21

HD9 2 3 0 0 5 2 3 4 0 0 7 0
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low to be detected without two rounds of stimulation and
expansion.

Higher frequency of h5T4-speciWc CD4+ T cells 
can be generated in most healthy individuals 
in the absence of CD25+ T cells

To explore any possible inhibitory eVect of T regulatory
cells, as deWned by CD25 expression, on the h5T4-speciWc
CD4+ T-cell responses, CD4+-enriched PBLs were
expanded in the absence of CD25+ T cells. CD4+-enriched
PBLs depleted of CD25+ T cells (eYciency of CD25 deple-
tion is shown in Fig. 1c) were cultured with autologous DC
expressing h5T4. SpeciWcity to h5T4 was investigated by
expanding eVector cells with DC infected with Ad-GFP (3
donors frequency always <1/104 against any peptide pool).
Interestingly, IFN-�-secreting h5T4-speciWc CD4+ T cells
were now detected in eight of nine HD, compared to three
without CD25+ T-cell depletion. Typically the frequency of
IFN-�-secreting h5T4-speciWc CD4+ T cells was higher in
the CD25+-depleted populations than the undepleted popu-
lations (Table 2). For example, in HD3, responses to PP 2,
3, 4 increased 5-, 2- and 3-fold, respectively (Fig. 2),
whereas in 5 donors there were de novo responses detected
(HD2, 4, 5, 6 and 8). One possible interpretation of this
result is that Treg can play a role in inhibiting h5T4-speciWc
CD4+ T-cell responses, and the initial depletion of CD25+

cells enables detection of additional responses in vitro. The
diVerential peptide pool ELISPOT responses of individual
donors are likely to reXect the polyclonal repertoire of
CD4+ T-cell responses to h5T4 and derived, at least in part,
from HLA polymorphism.

Treg expansion is favoured by the IL-2-based culture
conditions used to expand other eVector populations [32].
In order to determine the eVect of the in vitro culture sys-
tem on the expansion of Treg and whether the initial deple-
tion of CD25+ cells may reduce Treg percentage (as deWned
by markers typically expressed by Treg), FOXP3 expres-
sion levels were measured in unexpanded or expanded
CD4+ T cells depleted or not of CD25+ cells. Indeed, Fig. 3
shows an increased frequency of FOXP3-expressing CD4+-
enriched PBLs following two rounds of in vitro stimulation
with h5T4-expressing DC. However, the proportion was
higher in CD4+ T-cell populations undepleted compared to
those previously depleted of CD25+ T cells. These marker
studies are consistent with higher h5T4-speciWc CD4+ T-
cell responses detectable when there are lower proportions
of Treg natural or induced.

Predicted HLA-DR4-binding peptides

Prediction of candidate 15-mer epitopes derived from h5T4
that have the potential to bind HLA-DR4 motif was
performed using four diVerent algorithms, as shown in
Table 3. For example these peptides gave the maximum
binding scores using the SYFPEITHI [33] and Leiden [34]
algorithms. We noticed responses were generated against
PP2, PP3 and PP4 in the majority of donors especially the
HLA-DR4 positive subjects (HD3, HD4 and HD5), as
shown in Table 2. Therefore, three peptides which gave
high binding scores using these prediction algorithms and
also their sequences were located within the PP2, PP3 and
PP4, as shown in Table 3, were selected as candidate HLA-
DR4-restricted peptides for further investigation.

IdentiWcation of one HLA-DR4-restricted peptide

CD4+-enriched PBLs from HLA-DR4 positive HD were
stimulated twice with autologous DC expressing h5T4.
These eVectors were then tested for recognition of candi-
date 15-mer h5T4 peptides using functional Xow cytometry
assays detecting peptide-induced intracellular IFN-� pro-
duction. As can be seen in Fig. 4, the response against the
15-mer peptides (P3 in this example) was only generated in
the CD25+-depleted fraction. Therefore, CD4+-enriched
PBLs were depleted of CD25+ cells prior to any polyclonal
activation in all subsequent experiments. Figure 5 shows
that CD4+ T cells speciWc for h5T4222–236 15-mer peptide
(P3), but not against P1 or P2, were detected in an HLA-
DR4 positive donor (one representative plot from two per-
formed is shown) using intracellular IFN-� Xow cytometric
assays. The net estimated frequency of P3-speciWc CD4+ T
cells was 0.25% of CD3+CD4+ T cells (Fig. 5).

When the individual 32-mer peptides covering the
complete sequence of h5T4 were used to restimulate

Fig. 2 Depletion of CD25+ cells prior to cell expansion signiWcantly
enhances h5T4-speciWc CD4+ T-cell responses in healthy individuals.
CD4+-enriched PBLs undepleted or depleted of CD25+ cells were ex-
panded in vitro for two stimulations using h5T4-expressing DC. The
reactivity of expanded eVectors against autologous PBMC pulsed with
h5T4-derived peptide pools is measured in IFN-� ELISPOT assays.
The data are means of triplicate determinations §SE. NC is negative
control where expanded eVectors were incubated with media alone
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CD25+-depleted CD4+ T cells previously expanded by two
stimulations, only peptides N (net 0.1%) and O (net 0.57%)
generated speciWc IFN-� positive CD4+ cells (Fig. 6a). The
other peptides only gave background levels but the same
donor showed 0.6% IFN-� positive CD4 cells when stimu-
lated with peptide P3 (Fig. 6a). Importantly, the whole
sequence of P3 peptide is within the N peptide but for the O
peptide, 12 amino acids are shared (Fig. 6b). Whereas the
15-mer (P3) or the 32-mer (O) stimulates similar levels of T
cells, N peptide does signiWcantly less. This may result
from amino acids N-terminal to the tyrosine at position 222
of h5T4, which is the start position of peptide P3, inhibiting

presentation. In addition, the O sequence contains 3 further
15-mer sequences which are predicted to bind to DR4,
albeit with lower relative strength (26 as predicted by SYF-
PEITHI), and thus may also contribute to the repertoire of
T cells stimulated.

IFN-�-secreting P3-speciWc CD4+ T cells are detected 
in 4 of 9 HLA-DR4 positive HD

To determine whether the 15-mer P3 can stimulate immune
responses, CD4+-enriched PBLs (undepleted or depleted
of CD25+ cells) isolated from HLA-DR4 positive HD (or

Fig. 3 Increase of FOXP3 
expression in the T-cell culture 
especially in the CD25+-unde-
pleted populations. FOXP3 
positive cells are expressed as 
percentage of CD4 positive cells 
because it was diYcult to 
delineate CD25high cells in the 
expanded cell populations. 
Histograms from two 
representative experiments out 
of four performed are shown. 
Grey Wlled histograms show 
cells stained for negative isotype 
control and M1 region identiWes 
FOXP3 positive population

Table 3 Prediction of HLA-DR4 binding peptides derived from h5T4 using diVerent algorithms

Maximum score for HLA-DR4 (R) is 28. Maximum score for HLA-DR4 (L) is 50. P1, P2 and P3 15-mer sequences are located within the sequence
of G (PP2), L (PP3) and N or O (PP4) 35-mer peptides, respectively

R Rammensee [33], L Leiden [34], S Singh [56], Re Reche [57], NB non-binder

Peptide 
code

Position Sequence Purity
(%)

Score 
(R)

Score
(L)

Score (S)
(%)

Score 
(Re)

32mer 
(PP) 

P1 106–120 AGAFEHLPSLRQLDL 98 28 50 34 NB G (PP2)

P2 190–204 SNHFLYLPRDVLAQL 95 28 50 23 NB L (PP3)

P3 222–236 YVSFRNLTHLESLHL 95 28 50 51 38.7% N, O (PP4)
123



840 Cancer Immunol Immunother (2008) 57:833–847
HLA-DR4 negative as controls) were expanded with autol-
ogous P3-pulsed DC. ELISPOT assays were used to screen
for any IFN-� secretion in response to P3 or media alone to
subtract any background. Following one round of in vitro
stimulation, some IFN-�-secreting CD4+ T cells against P3
were detected in the expanded eVectors from CD25+-unde-
pleted population, but their frequency was signiWcantly
enhanced after two stimulations (Fig. 7a). The HLA-DR
restriction of P3-speciWc T-cell lines was conWrmed using
antibody to HLA-DR, but not to HLA-ABC or mIgG2a
control (Fig. 7b).

Unlike polyclonal activation using h5T4-expressing DC,
we found that responses to P3 were higher in the CD4+

T cells expanded from CD25+-undepleted population
(Fig. 7a). These results were conWrmed in four of nine
HLA-DR4 positive healthy individuals, as shown in
Fig. 7c. Intracellular IFN-� Xow cytometric staining (Fig. 7d)
in response to P3 stimulation (6 h) for one of the donors
showed the same phenomenon (undepleted = 0.54% versus

depleted = 0.25%). The speciWcity of this peptide was
examined in 3 HLA-DR4 negative donors and no IFN-�
secretion was detected in response to P3 in any of them as
measured by ELISPOT.

Spontaneous recognition of h5T4 by CD4+ T cells isolated 
from a regressing renal cell carcinoma lesion

Tumour-inWltrating lymphocytes were isolated from a
regressing lung metastasis of a RCC patient. Since most
RCC are h5T4 positive [14], we examined the reactivity of
TILs against the six diVerent PP derived from h5T4 using
ELISPOT assays. There was a prominent (>95%) CD4+ T-
cell population with very few (<2%) cells with Treg pheno-
type (CD4+CD25+FOXP3+) in these TILs. CD4+ T cells
secreted IFN-� in recognition of QRST peptide pool and to
a lesser extent to MNOP, as shown in Fig. 8a. Fine epitope
mapping against single peptides constituting MNOP and
QRST PP conWrmed that Q and R single peptides induced

Fig. 4 IFN-�-secreting P3-spe-
ciWc CD4+ T cells are generated 
in the CD25+-depleted subpopu-
lation following polyclonal 
stimulation with h5T4-express-
ing DC. Reactivity of the 
expanded CD4+ T cells 
(undepleted or depleted of 
CD25+ cells) from HLA-DR4 
positive healthy individual 
against P3 15-mer was evaluated 
in intracellular IFN-� Xow 
cytometric assays. Cells 
stimulated with 1 �g/ml 
staphylococcal enterotoxin B 
(SEB) are shown as a positive 
control. Cells were incubated 
with equivalent amount of 
DMSO (used to dissolve 
peptide) to subtract any 
background. No IFN-�-secreting 
CD3+CD4+ T cells speciWc for 
P3 were detected in the CD25+-
undepleted subpopulation, while 
0.17% of CD3+CD4+ T cells 
secreted IFN-� in response to P3 
in the CD25+-depleted 
subpopulation
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signiWcant responses (Fig. 8b). This response was con-
Wrmed to be HLA-DR restricted as shown by blocking IFN-
� response to R peptide using antibody to HLA-DR, but not
to HLA-ABC or mIgG2a control (Fig. 8c). Interestingly,
Q and R peptides overlapped by 16 amino acids (Fig. 8d)
and this overlapping sequence (h5T4273–288: MADMVTWL
KETEVVQG) may represent another HLA-DR-restricted
h5T4-derived epitope, which warrants further investigation.
Interestingly, in addition to IFN-�, these CD4+ T cells
secreted IL-10 in response to QRST peptide pool (Fig. 8e)
and again such response was against Q and R single pep-
tides, which was blocked with antibody to HLA-DR, but
not to HLA-ABC or mIgG2a control (Fig. 8f).

Discussion

Over the past decades, several TAA have been character-
ized as targets for cancer immunotherapy, and many eVorts
have been made to identify MHC class I and II-restricted
epitopes. It is now apparent that both CD8+ CTL and CD4+

T helper cells are essential for generating eVective anti-
tumour immune responses. Indeed, several cancer immuno-
therapy trials may have failed because of the focus on
inducing CD8+ CTL responses without taking into consid-
eration the importance of CD4+ T helper cells in generating
and maintaining eVective anti-tumour immune responses
[35]. In considering cancer vaccine approaches, it is impor-
tant to investigate the recognition of any TAA by both
CD8+ and CD4+ T cells. The h5T4 oncofoetal antigen is the
target of diVerent immunotherapeutic approaches for can-
cer including as a vaccine [15, 16]. We have previously
shown that CD4+-depleted CD8+ T cells can recognize
HLA class I restricted h5T4 antigens when stimulated by
autologous DC infected with Ad-h5T4 [30]. In this study,
we show h5T4 recognition by CD4+ T cells from normal
donors and that the frequency of response is enhanced with
the initial depletion of the CD25+ (putative Treg) cells prior
to antigen polyclonal stimulation. These observations might
imply that the availability of the h5T4 recognition of both
CD4+ and CD8+ T cells are optimally accessed in the
absence of T regulatory activity.

Fig. 5 Response against P3 is 
generated in HLA-DR4 positive 
healthy donors following 
polyclonal stimulation. CD25+-
depleted CD4+-enriched PBLs 
were expanded twice with h5T4-
expressing DC. They were then 
incubated with DMSO (to 
calculate background), P1, P2, 
or P3 15-mer peptides for 6 h. 
IFN-� secretion from 
CD3+CD4+ T cells was assessed 
by Xow cytometric analysis. 
0.25% of CD3+CD4+ T cells 
secreted IFN-� in response to P3 
but not to P1 or P2 peptides. One 
representative experiment of two 
performed is shown
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The frequency of h5T4-speciWc CD4+ T cells generated
by two stimulations with Ad-h5T4-transfected DC of
CD8+-depleted CD4+ T cells was generally low. While the
frequency of IFN-�-secreting h5T4-speciWc CD4+ T cells
is, in general, higher in the CD25+-depleted populations
than in the non-depleted populations, there are occasionally
some exceptions. For example, in HD1, the response to
peptide pool Wve in the CD25+-depleted population (2/105)
is lower than in the non-depleted population (19/105)
(Table 2). The higher frequency in the CD25+-depleted
populations may reXect the removal of T regulatory cells
because the vast majority of Treg cells resides in the
CD25 high region and these express FOXP3 but also some
CD25 intermediate cells express FOXP3. Therefore, we
depleted CD25+ cells (CD25 high and CD25 intermediate
cells) prior to T-cell expansion to remove any potential
contamination of CD4+ T cells with low levels of
CD4+CD25+ Treg cells, which can be expanded during the
in vitro stimulation process. Similar results have been
obtained by Mesel-Lemoine et al. [36] where CD25+ Treg-
cell depletion prior to the activation/expansion of T cells in
the presence of IL-2 preserved the functionality of T cells
by preventing any possible imbalance between T-eVector
cells and Treg.

Although, Foxp3 expression can be considered as a
deWnitive marker for Treg in mouse because it is not induc-
ible following T-cell activation [37], in human Treg
FOXP3 expression is inducible [38]. Therefore, in stimu-
lated CD25+-depleted or undepleted lymphocyte popula-
tions, FOXP3+ cells could be generated by the conversion
of CD4+CD25¡ T cells, and/or the expansion of previously
existing natural Treg, respectively. We found that the Wnal
frequency of CD4+FOXP3+ cells in stimulated lymphocyte
cultures is reduced in CD25+-depleted compared to unde-
pleted populations and this correlated with increased detec-
tion of h5T4-speciWc CD4+ T-cell responses. Studies of the
association of FOXP3 induction with suppressive activity
have provided conXicting results. For example, induction of
FOXP3 expression conferred a regulatory activity in stimu-
lated human CD4+CD25¡ T cells [39], and TGF-beta
induced a regulatory activity in CD4+CD25¡ T cells
through the induction of FOXP3 expression [40], while
other reports showed that the induction of FOXP3 did not
correlate with Treg characteristics (anergy and suppressive
activity) [41–44]. Since we did not perform functional
assays for the expanded eVectors, the induction of lower
FOXP3 expression in the CD25+-depleted populations, by
itself, might not explain the higher h5T4-speciWc CD4+

Fig. 6 Expanded CD4+ T cells from HLA-DR4 positive healthy donor
respond to 32-mer peptides (N and O) containing the sequence of P3.
CD4+-enriched PBLs were expanded for two stimulations with h5T4-
expressing DC. Cells were then incubated for 6 h with DMSO, or any
of the 32-mer peptides. IFN-� secretion was assessed by Xow cytomet-

ric analysis. Cells responded to N and O 32-mer and P3 15-mer pep-
tides a and the schematic diagram b showing that the sequence of P3
15-mer peptide is located within the sequence of N and O 32-mer pep-
tides
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T-cell responses and there might be other factors contribut-
ing towards such stronger response.

Depletion of CD25+ cells prior to initial expansion using
DC genetically modiWed to express prostate-speciWc anti-
gen leads to generation of T cells reactive to both dominant
and subdominant epitopes [45]. In our study, depletion of
CD25+ cells prior to polyclonal expansion using h5T4-
expressing DC signiWcantly enhanced the h5T4-speciWc
CD4+ T-cell responses, while responses to 15-mer peptide
(P3) were higher in the presence of CD25+ cells, following
expansion with mature peptide-pulsed DC. One possible
explanation for this diVerence is feeding DC with whole
protein requires processing of the protein before class II
epitopes are presented, and the peptides generated resemble
the natural situation. On the other hand, loading a 15-mer
peptide allows for direct binding on the outside of the DC
in empty class II molecules which is not likely to be a natu-
ral situation. Since it has been suggested that Treg are edu-
cated to induce tolerising responses to “self”, it may not be
surprising that Treg activity is maximal following more
natural processing. A second possibility is the speciWc DR4
peptide may not generate any Treg activity whereas the
CD25 depletion may reduce non-speciWcally the T-cell pre-
cursor frequency. By contrast in the polyclonal stimulation,
the potentially entire h5T4 repertoire can be activated as
well as viral-related responses and these include popula-

tions capable of immune modulation (speciWc and/or
non-speciWc Treg which limit the detectable h5T4-speciWc
IFN-� responses). A third possibility is the diVerence in
phenotype and/or functional activity of LPS-matured DC
versus transfected DC. There are some published studies
supporting the third possibility that diVerent DC types
might have diVerent eVects on controlling Treg activity and
inducing antigen-speciWc responses. By comparing diVer-
ent types of APC, Fehervari and Sakaguchi showed that
LPS-matured DC are the most eVective APC at overcoming
the suppressive activity of Treg while maintaining stable
expression of Foxp3 [46]. We used LPS to mature DC
before pulsing with the P3 15-mer and these DC might be
able to overcome tolerance to P3 peptide in the presence of
Treg activity. In an in vivo mouse model for comparing
hemagglutinin-encoding recombinant viruses versus hem-
agglutinin-pulsed DC to reverse hemagglutinin-speciWc
CD8 tolerance, it has been reported that viral vaccines
could break tolerance in the presence of CD4+CD25+ Treg,
while DC-based vaccine required Treg depletion to achieve
that [47]. In another study, two diVerent types of geneti-
cally modiWed DC were compared for inducing antigen-
speciWc responses; DC transfected with the full length of
the human prostate-speciWc antigen with a signal peptide
sequence (named secreted vaccine, sVan) or DC transfected
with antigen lacking the signal peptide sequence (antigen

Fig. 7 Response against P3 15-mer peptide is generated in HLA-DR4
positive healthy donors. CD4+-enriched PBLs (undepleted or depleted
of CD25+ cells) from 9 HLA-DR4 positive healthy donors were ex-
panded with mature P3-pulsed DC, and reactivity against P3 15-mer
peptide was detected in ELISPOT assays. The data are means of tripli-
cate determinations §SE. One round of in vitro stimulation generated
weak P3-speciWc CD4+ T-cell responses and two stimulations were re-
quired to amplify responses a. Response to P3 peptide was blocked

with anti-HLA-DR (L243) but not with anti-HLA-ABC (W6/32) or
control mIgG2a b. P3-speciWc CD4+ T cells were detected in 4 out of
9 healthy donors following two stimulations c. Response against P3
was higher in the CD25+-undepleted subpopulation compared to
CD25+-depleted subpopulation c and this was conWrmed (0.53 vs
0.24%) by performing intracellular IFN-� staining for cells expanded
from one healthy individual (donor 1, d). SFC is spot forming cell
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retained in the cytosol, named truncated vaccine, tVan)
[45]. DiVerences between these DC in inducing antigen-
speciWc responses were reported. tVan induced response to
dominant and subdominant epitopes while sVan induced
responses to only dominant epitopes and depletion of
CD25+ T cells prior to initial expansion was required to
reveal responses to subdominant epitopes [45]. Therefore,
it is clear that diVerent types of DC can induce diVerent
responses and CD25+ T-cell depletion can be necessary in
some cases to reveal responses to certain epitopes. It was
postulated that CD4+CD25+ Treg selectively suppress
weakly activated T cells, but not T cells strongly activated
by stimuli such as pathogenic microbes, to undergo clonal
expansion. Supporting this notion, it has been shown in the
literature that T cells receiving strong TCR or costimula-
tory signal are resistant to Treg [48]. Given that optimally
activated DC (such as LPS-matured DC) upregulate a panel
of costimulators, which can, in turn, render T cells resistant
to Treg-mediated suppression, it is possible that depletion
of CD25+ cells may not enhance the responses of h5T4-spe-
ciWc T cells that are stimulated by LPS-matured DC. The
higher frequency of h5T4-speciWc CD4+ T cells in unde-
pleted population compared to CD25+-depleted cells

following stimulation with peptide-pulsed DC might be
explained by the removal of some eVector cells as activated
T cells are known to express CD25 marker. The in vitro
polyclonal stimulation of CD4+ T-cell responses to h5T4 is
clearly potentiated by CD25 depletion in vitro and this
observation prompts speculation about exploitation in can-
cer vaccination in vivo.

It is now well established that CD4+ CD25+ T regulatory
cells can suppress auto- and anti-tumour immunities [49].
The T cell receptor (TCR) repertoires of Treg and
CD4+CD25¡ are similarly diverse, but Treg seems to have
substantially more eYcient interactions with MHC class II
bound self-peptides from the periphery than CD4+CD25¡ T
cells [50]. Given that many TAA recognized by T cells are
self-antigens, Treg cells engaged in the maintenance of
self-tolerance are more likely to simultaneously inhibit
anti-tumour immune responses, and their removal might
improve these responses. Autoreactive CD4+ T cells were
detected in healthy individuals, and the removal of Treg
enabled a rapid expansion of these autoreactive cells [51].
Similarly, Treg were found to control the induction of NY-
ESO-1 speciWc CD4+ T-cell responses in cancer patients
[52]. In case of the h5T4, it is possible that the T regulatory

Fig. 8 Response to h5T4-derived peptides in TILs isolated from a
regressing lung metastasis of a RCC patient. TILs were incubated over-
night with the peptide pools of h5T4 and their reactivity was measured
using ELISPOT assays. The data are means of triplicate determinations
§SE. TILs secreted IFN-� in response to peptide pool 5 (QRST), and
weaker response to peptide pool 4 (MNOP) a. By performing Wne epi-

tope mapping, the IFN-� secretion was in response to Q or R 32-mer
peptides b. IFN-� response to R peptide was blocked with anti-HLA-
DR (L243) but not with anti-HLA-ABC (W6/32) or control mIgG2a c.
Q and R peptides overlap by 16 amino acids d. TILs secreted IL-10 e
in addition to IFN-� in response to the same peptide pool (QRST), and
this response was blocked with anti-HLA-DR (f)
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activity is generated to control any potential autoimmunity
against this oncofoetal antigen. In a recent study, it has
been reported that Treg cells inhibit the h5T4-speciWc
immune responses in colorectal cancer patients [53]. More
recently, we have shown potentiation of h5T4-speciWc pro-
liferative responses following adoptive transfer of Treg-
depleted autologous T cells in one of six patients with renal
cell carcinoma, and this increase was associated with a
nadir of Treg frequency [54].

In summary, the present study shows that CD4+ T-cell
precursors with speciWcity for h5T4 are present and can be
expanded in most healthy individuals and the initial deple-
tion of CD25+ cells prior to cell activation and/or expansion
is a useful approach to prevent putative Treg activity and
generate stronger h5T4-speciWc T-cell responses in vitro.
Using this approach, a new h5T4-derived MHC class II
restricted epitope was identiWed. In addition, h5T4 speciWc
CD4+ T cells were detected in a regressing tumour lesion.
Interestingly, these cells produced both IFN-� and IL-10,
which is a characteristic of Treg speciWc for human papillo-
mavirus identiWed in cervical carcinoma TILs [55]. Inter-
estingly, disease control in TroVax immunized colorectal
cancer patients correlates with induction of high titre anti-
h5T4 antibody responses [15] and possibly 5T4-speciWc
CD4+ T-cell responses may be important in this regard. A
more systematic clonal analysis of such h5T4-speciWc
CD4+ T cells to assess their biological relevance must now
be pursued including in cancer patients unvaccinated or
vaccinated with TroVax.
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