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Abstract Cancer vaccine trials frequently report on
immunological responses, without any clinical beneWt. This
paradox may reXect the challenge of discriminating
between eVective and pointless immune responses and
sparse knowledge on their long-term development. Here,
we have analyzed T cell responses in long-term survivors
after peptide vaccination. There were three main study
aims: (1) to characterize the immune response in patients
with a possible clinical beneWt. (2) To analyze the long-
term development of responses and eVects of booster vacci-
nation. (3) To investigate whether the Th1/Th2-delineation
applies to cancer vaccine responses. T cell clones were gen-
erated from all nine patients studied. We Wnd that surviving
patients harbor durable tumor-speciWc responses against
vaccine antigens from telomerase, RAS or TGF� receptor

II. Analyses of consecutive samples suggest that booster
vaccination is required to induce robust T cell memory. The
responses exhibit several features of possible clinical
advantage, including combined T-helper and cytotoxic
functionality, recognition of naturally processed antigens
and diverse HLA-restriction and Wne-speciWcity. CD4¡CD8¡

T cell clones display unconventional cytotoxicity and spe-
ciWcally kill tumor cells expressing mutated TGF� receptor
II. Cytokine proWling on the long-term survivors demon-
strates high IFN�/IL10-ratios, favoring immunity over tol-
erance, and secretion of multiple chemokines likely to
mobilize the innate and adaptive immune system. Interest-
ingly, these pro-inXammatory cytokine proWles do not fol-
low a Th1/Th2-delineation. Most IFN�high/IL4low/IL10low

cultures include high concentrations of hallmark Th2-cyto-
kines IL-5 and IL-13. This does not reXect a mixture of
Th1- and Th2-clones, but applies to 19/20 T cell clones
conWrmed to be monoclonal through TCR clonotype map-
ping. The present study identiWes several factors that may
promote clinical eYcacy and suggests that cytokine proWl-
ing should not rely on the Th1/Th2-paradigm, but assess
the overall inXammatory milieu and the balance between
key cytokines.
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TA Tumor antigen
IP-10 Interferon-inducible protein-10

Introduction

Immune responses against tumor antigens have been dem-
onstrated in a number of cancer vaccine trials. Clinical
responses, however, are less frequent, and the comparison
of immune responses and clinical outcome often produces
confusing results. In the majority of trials, tumor regression
or prolonged survival is observed only for certain immune
responders, while other “responders” have no apparent clin-
ical beneWt [44, 48, 54]. This paradox points to a need for
reWning immunological monitoring in vaccine trials and to
improve our understanding of what characterizes the eVec-
tive immune response.

The cytokine proWle of an immune response may pro-
vide useful indications on clinical eVect. According to the
Th1/Th2-paradigm, eVector T cells predominantly secrete
either Th1- or Th2-cytokines. The Th1-group includes
IFN�, TNF� and IL-2, while IL-4, IL-5, IL-9, IL-10 and IL-
13 are regarded as key Th2-cytokines [17, 36]. In an anti-
tumor response, a Th1 proWle is considered to be desirable.
IFN� may promote anti-tumor responses, e.g. by stimulat-
ing CD8+ T cells and macrophages, and by inducing HLA
up-regulation on tumor cells [36]. In contrast, Th2-cyto-
kines are believed to suppress anti-tumor activity because
Th1- and Th2-responses have been shown to be mutually
inhibitory [46]. Moreover, the Th2-like cytokine IL-10 is
strongly associated with regulatory T cells and tumor toler-
ance [12, 28, 60].

In clinical trials, cytokine monitoring is often limited to
one or two cytokines, but the data tend to be interpreted as
indicators of an overall pattern. For instance, an IFN�high/IL-
4low response is frequently referred to as “Th1”, suggesting
that it is unlikely to include unmeasured Th2-cytokines like
IL-5, IL-10 and IL-13. However, though there is substantial
knowledge on the eVects of individual Th1- or Th2 cyto-
kines, the validity of the Th1/Th2-dichotomy for humans
has been questioned [11, 26]. The Th1/Th2 delineation is to
a large extent based on studies in mice models [45]. In the
human system, most experimental data have been obtained
in vitro by use of Th1/Th2 diVerentiation protocols [26].
The physiological setting is clearly diVerent, and no genetic
program has been identiWed that explain why cytokine pat-
terns would fall into two distinct categories.

Here, we report in depth analyses of T cell responses in
patients surviving for an extended time after cancer vacci-
nation. Tumor speciWc T cell clones were generated from
nine patients, from samples obtained 2–9 months (eight
patients) or 9 years (one patient) after start of vaccination.
There were three main study aims: (1) to characterize the

immune response in patients with a possible clinical ben-
eWt, as suggested by unexpected survival times. (2) To ana-
lyze the long-term development of responses and eVects of
booster vaccination. (3) To investigate whether the Th1/
Th2-delineation applies to responses elicited by cancer vac-
cination. The immunological characterisation focused on
selected factors likely to be important for clinical eYcacy:
speciWcity, duration, diversity, cytokine proWle and natural
processing of vaccine antigens. The results demonstrate
that the long term survivors harbor durable tumor-speciWc
responses. Further, a diverse spectrum of T cell clones has
been recruited, with diVerent CD4/CD8 phenotypes, HLA-
restrictions and functional properties. Regarding the Th1/
Th2-question, we have previously reported surprisingly
mixed Th1/Th2 cytokine patterns in three vaccinated mela-
noma patients, responding to unknown antigens encoded by
tumor-mRNA [40, 41]. Here, we have analyzed responses
with known speciWcity and have selected patients from
seven vaccination protocols to obtain a general picture. As
reported, we still Wnd broad cytokine patterns not Wtting
with the Th1/Th2-dichotmy. Most data forming the basis of
the Th1/Th2-theory have been obtained by analyzing T cell
clones [45]. We therefore asked whether our broad cytokine
patterns were due to a mixture of Th1- and Th2 clones. As
reported, the results demonstrate mixed Th1/Th2-proWles
even at the clonal level.

Materials and methods

Selection criteria

The present study was performed on nine cancer patients
included in peptide vaccine trials in the period 1997–2005.
The patients were selected for extended immunological
studies after completion of routine monitoring, based on
the following selection criteria: (1) measurable immune
response. (2) Availability of samples for T cell cloning/
long term monitoring. (3) Long term survival, compared to
prognosis at start of vaccination. (4) Diversity with regard
to vaccination protocol. The latter criterion was applied to
obtain a general picture on the Th1/Th2-patterns after can-
cer vaccination. Not all clones generated from the patients
could be subjected to the extensive cytokine proWling. For
this purpose, clones were selected on the following criteria:
(1) speciWcity for tumor antigens. (2) Diversity with regard
to CD4/CD8 phenotype, cytotoxic/helper functionality,
HLA-restriction and Wne-speciWcity. The diversity criterion
was again applied to obtain a general picture on the Th1/
Th2 cytokine proWles. The present report includes all
patients and all clones that were selected for cytokine pro-
Wling. The clone data from patient E are therefore reported
here, though he was not a long term survivor.
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Clinical trials

The clinical trials were conducted at Rikshospitalet Univer-
sity Hospital, Oslo, Norway, Ullevaal University Hospital
(Oslo, Norway), Akershus University Hospital (Loerenskog,
Norway) and Inselspital, Bern, Switzerland. The studies were
approved by the appropriate regulatory authorities and ethical
committees and performed in compliance with the World
Medical Association Declaration of Helsinki. Written
informed consent was obtained from the patients. Only
minor side eVects were observed, with no treatment related
grade III or IV toxicity (NCI-common toxicity criteria).

Vaccination protocols and patient characteristics

Patient characteristics, vaccination details and survival
times are summarized in Table 1. The vaccination sched-
ules started with a “priming period” of frequent vaccina-
tions (weekly/biweekly), intended to provoke a T cell
response. The clinical protocols that applied to patients A,
C, D, E, F, G and H (not Bern melanoma trial or CTN
frameshift) allowed for subsequent “booster vaccinations”,
depending on clinical development and immunological
response. The booster vaccines were administered at time
points speciWed in each protocol. All vaccines were given
as intradermal injections (right paraumbical area) with
adjuvant GM-CSF.

Patient A received vaccinations with a 12-Val mutated
p21 RAS peptide (p319), after identiWcation of this muta-
tion in her tumor biopsies [24]. K-RAS mutations in codon
12 are found in »90% of pancreatic adenocarcinomas [1].
Patient B received vaccinations with a mutated TGF�RII
peptide (p621) encompassing an HLA-A2 epitope (p573)
plus two mutated BAX-peptides ([55] and Gaudernack
et al. manuscript in preparation). The TGF�RII-mutation is
present in 50–90% of colon cancers with microsatellite
instability [43] and was demonstrated in biopsies from
patient B. The patient is to date without tumor (5 and 1/
2 years follow-up). Patients C and D (lung cancer) received
vaccination with two peptides derived from hTERT,
GV1001 and I540 [9]. Telomerase activity has been dem-
onstrated in >90% of tumors, including tumor stem cells
[29, 35, 50, 66]. Patient E was included in a GV1001 vacci-
nation study on pancreatic cancer patients [6]. Patients F
and G were included in a recently completed temozolomide +
GV1001-vaccine trial (Kyte et al. manuscript in prep.).
Temozolomide therapy started 7 days before the Wrst vac-
cine injection and was administered 5 days/month until dis-
ease progression. Patient H was initially operated for Duke
C colon cancer, but relapsed with liver metastases (Duke
D) after 1 year. He was operated by hemihepatectomi and
thereafter started vaccination with GV1001. Patient I was
operated for stage IIB melanoma and received vaccinations

with GV1001 and I540 as adjuvant therapy (Kernland Lang
et al. manuscript in preparation). After 57 months follow-up,
she has no evidence of tumor.

Peptides and recombinant hTERT protein

Vaccine peptides were manufactured in compliance with
GMP. GV1001 (EARPALLTSRLRFIPK) and I540 (ILA-
KFLHWL) were produced by Avecia Biotechnology
(Cheshire, England), manufactured by Isopharma AS (Kjel-
ler, Norway) and released by GemVax AS (Porsgrunn,
Norway). Peptides p319 (KLVVVGAVGVGKSALTI),
p621 (KSLVRLSSCVPVALMSAMT) and p573 (RLSS-
CVPVA) were produced, manufactured and released by
Norsk Hydro (Porsgrunn, Norway). Truncated peptides,
consisting of sequences contained within GV1001, were
supplied by Dr. Ø. Rekdal, University of Tromsø, Norway.
Recombinant hTERT protein (563–735) was synthesised
and tested as previously described [9].

T cell cultures and assays

PBMCs were obtained prior to start of vaccination, after a
priming period (usually week 6) and before/after booster
vaccinations [6, 9, 24]. The PBMCs were isolated and
frozen as previously described [39]. Thawed PBMCs were
stimulated once in vitro with the vaccine peptide prior to T
cell assays, as described earlier [6, 9, 24].

T cell clones were generated from post vaccination
PBMCs obtained at the following time points: Patient A
9 years; B week 6; C week 37; D week 36; E week 10; F
week 24; G week 9; H week 23; I week 10. The PBMCs
were stimulated once in vitro with the vaccine peptide, fol-
lowed by limiting dilution seeding (0.3/1/3 T cells/well).
The seeded T cells were stimulated with irradiated (30 Gy)
allogeneic PBMCs (106 c/ml), PHA (1 �g/ml) and IL-2
(10 U/ml). For patients B and I, a protocol for generating
cytotoxic T cell clones was applied. Here, CD4+ T cells
were depleted with Dynabeads (Dynal, Oslo, Norway) prior
to seeding, and IL-2 was used at 100 U/ml.

T cell proliferation assays (3H Thymidine) were per-
formed essentially as previously described [39]. Pre- and
post-vaccination samples were analyzed in parallel for
response to peptide stimulation. Irradiated autologous
PBMCs or EBV-transformed cells were used as APCs.
Stimulation with puriWed protein derivative of tuberculin or
Staphylococcal enterotoxin C was used as positive control
and as a measure of immunocompetence. T cell cultures
were tested in triplicates. SEM was usually below 10%. T
cell bulk responses were considered antigen-speciWc when
the stimulatory index (SI; response with antigen divided by
response without antigen) was above 2. All 28 T cell clones
reported here exhibited SI >5.
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Cytotoxicity assays were performed essentially as
described [25], using 51Cr-labeled tumor cells, T2 cells
(HLA A2+, antigen processing defective) or EBV-trans-
formed cells as targets. HCT116 was obtained from Ameri-
can Type Culture Collection (Rockville, MD). SpeciWc
cytotoxicity was calculated according to the formula:
(experimental release ¡ spontaneous release)/(maximum
release ¡ spontaneous release) £ 100.

Bioplex cytokine analyses were performed on superna-
tants harvested after 48 h, according to the manufacturer’s
protocol (Bio-Rad Laboratories, Hercules, CA, USA).
Supernatants were analyzed in duplicates, each parallel kept
separate through T cell stimulation and Bioplex assays.

The following mAbs were used in HLA-blocking exper-
iments, each at 10 �g/ml: W6/32: anti-HLA class I
(American Type Culture Collection, Rockville, MD, USA);
anti-HLA-DR (Becton Dickinson); B8/11: anti-HLA-DR
(gift from Dr. N. Malissen, Centre d’Immunologie, Marseille,
France); SPVL-3: anti-HLA-DQ (gift from Dr. H. Spitz,
The Netherlands Cancer Institute, Amsterdam); FN81:
anti-HLA-DQ and 22C1: anti-HLA-DP (gifts from Dr. S.
Funderud, The Norwegian Radium Hospital).

Flowcytometry

T cells were stained with the following antibodies: anti-
CD3 FITC, anti-CD4 FITC, anti-CD4 PE, anti-CD8 PE
(Becton Dickinson, San Jose, CA, USA). FITC- and PE-
conjugated IgG1 and IgG2a antibodies (Dako Cytomation,
Glostrup, Denmark) of irrelevant speciWcities were included as
negative controls. Flowcytometry was performed using a
FACSscan (Becton Dickinson).

TCR clonotype mapping

TCR clonotype mapping was performed at two centres
using diVerent techniques. Ten T cell clones were examined
by TCR clonotype mapping based on denaturing gradient
gel electrophoresis (DGGE), as previously described [37,
62]. BrieXy, cDNA was ampliWed using a panel of 24 V�
region primers. A total of 10 �l of aliquots were electropho-
resed in agarose gel, stained with ethidium bromide and
visualized in UV light. To separate fragments belonging to
the same V� region family, ampliWed cDNA-fragments
(10 �l aliquots) were loaded onto a denaturing gradient gel
containing 6% polyacrylamide and a gradient of urea and
formamide from 20 to 80%. The products were separated
by electrophoresis as previously described [37]. Molecules
that diVer in one or more nucleotide positions unwind at
diVerent concentrations in the DGGE [37, 47, 62].

Eighteen T cell clones were examined by ampliWcation
of V� and V�-rearrangements from DNA (not cDNA).
DNA was extracted from cell pellets using EZ1 DNA tissue

kit and BioRobot EZ1 (Qiagen, Hilden, Germany) after
lysation with proteinase K at 56°C. The TCR� gene analy-
sis was performed according to the BIOMED-2 protocol
[64]. The test comprised three multiplex master mixes tar-
geting conserved regions within the variable (V), diversity
(D) and joining (J) regions (InVivoScribe Technologies,
San Diego, CA, USA). The protocol for TCR� gene analy-
sis covered all possible gene rearrangements in four multi-
plex reactions [27]. The multiplex reactions all included
three J� region consensus primers (Invitrogen, Paisley, UK)
plus one out of four V� primers (V�1–8, V�9, V�10, V�11)
labeled with diVerent Xuorochromes (Applied Biosystems,
Warrington, UK). DNA (25 ng) was used for V�1–8 and
V�9, 50 ng DNA was used for V�10 and V�11 (Wnal vol-
ume 25 �l). PCR mix (Wnal concentrations): 0.1 mM dNTP
(25 �M each), 2.0 mM MgCl2, 1£ PCR GOLD BuVer,
0.2 �M J�-primers, 0.1–0.15 �M V�-primers. 0, 63 U Taq
polymerase GOLD is added per reaction (Applied Biosys-
tems). The PCR program was as follows: 7 min polymerase
preactivation at 94°C, 35 cycles (94°C for 15 s, 65°C for
15 s, 72°C for 30 s) and Wnalizing at 60°C for 30 min. PCR
products (1–2 �l) were diluted in 25 �l HiDi-formamide to
prevent dimerization and analyzed by size separation. The
products were detected via automated laser scanning
(ABI3100 Genetic Analyzer).

Results

Long term T cell responses in patients with unexpected 
survival

Nine patients enrolled in cancer vaccine trials were selected
for further immunological studies, based on the selection
criteria listed above (“Materials and methods”). In the orig-
inal trials (Table 1), the patients received vaccination over a
priming period ranging from 4 to 12 weeks. Immune
response was monitored by T cell proliferation assays on
pre- and post vaccination PBMCs. A pre-vaccine response
was observed in 1/9 patients (patient F), suggesting sponta-
neous priming against naturally presented hTERT antigens.
After vaccination, T cell responses against vaccine antigens
were demonstrated in all nine patients ([6, 9, 24] and
below). Even in the one patient with a pre-vaccine
response, vaccination appeared to enhance the response as
the stimulatory index increased from 26 to 122.

Here, we investigated the long term development of
immune responses and eVects of booster vaccination. Long
term samples were obtained from six patients with a
favourable clinical development, including unexpected sur-
vival times. Interestingly, we found that all six patients har-
bored durable T cell responses against vaccine antigens
(Table 1). Figure 1 shows long-term monitoring data for
123
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three representative patients (A, C and H). Patient A repre-
sents the maximum observation period (Table 1). She was
operated January 1997 for pancreatic adenocarcinoma, a
condition known to relapse rapidly in most patients [10].
She received four vaccinations with p319 (12Val RAS)
shortly after surgery and developed a vaccine speciWc
response (stimulatory index 5.5) [24]. The response dimin-
ished, but recovered after a sequence of four booster vac-
cines in 1998 (Fig. 1a, left chart). Unexpectedly, patient A
has since stayed in good general health with no evidence of

cancer relapse. We therefore asked her to provide new
blood samples, 9 years after start of vaccination and nearly
8 years after the last booster vaccine. The immunoassays
demonstrate that she still possesses a memory T cell
response speciWc for the RAS-vaccine peptide (Fig. 1a).

Patient C was enrolled in an hTERT vaccine trial
(Table 1). He had advanced pulmonary cancer at start of
vaccination. The tumor was inoperable and did not respond
to chemo- or radiotherapy. Interestingly, there was no
immune response in his Wrst post-vaccination tests, but a

Fig. 1 Long-term T cell 
responses after booster 
vaccination. PBMCs were 
collected at consecutive time 
points, stimulated once in vitro 
and tested for proliferation 
against irradiated 
PBMCs § peptide. Arrows 
indicate time of booster vac-
cines. a Patient A. The patient 
developed a 12Val RAS-speciWc 
response after priming vaccina-
tion in 1997 (SI 5.5; data not 
shown). The response dimin-
ished, but recovered after a 
sequence of four booster vac-
cines in 1998 (a left chart). An 
additional round of four boosts 
was given 3 months later. Bar 
chart to the right shows prolifer-
ation of T cell bulk from 2006, 
collected 73/4 years after the last 
booster vaccine. Three 12Val 
RAS-speciWc T cell clones gen-
erated from the 2006 bulk are 
included. Columns represent 
mean CPM of triplicates or 
hexaplicates. Brackets indicate 
SEM. b T cell bulk response for 
patient C. Columns represent 
mean stimulatory index, i.e. 
response with antigen (GV1001) 
divided by response without 
antigen. c T cell bulk response 
for patient H. Columns represent 
mean stimulatory index, i.e. 
response with antigen (GV1001) 
divided by response without 
antigen. Samples at week 23 
were obtained after boost 
vaccination (arrow), all later 
samples (week 32 onwards) 
were obtained before boost
123
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response against GV1001 (16aa) emerged after booster
vaccination (Fig. 1b) [9]. The patient also developed a cyto-
toxic and proliferative response against a short nested CTL
epitope (see below). After continued booster injections at 6-
month intervals, he has developed a robust hTERT-speciWc
response that is retained even in pre-boost samples
(Fig. 1b). Remarkably, post-vaccination CT-scans have
demonstrated complete tumor response. The response
includes total regression of a 32 £ 32 mm pulmonary tumor
involving mediastinal lymph nodes [9]. Continued follow-
up including regular CT-scans shows that the patient is still
free of tumor, 6 years after start of vaccination.

Patient H started vaccination with GV1001 shortly after
surgery for relapse of colon cancer (liver metastases; Duke
D). He initially received seven vaccinations within a
5-week priming period and developed a GV1001-speciWc
response at week 6 (Fig. 1c). The T cell response appeared
to decrease in vaccine-free periods and was hardly detect-
able before booster vaccination at week 32 (SI 2.3), but
recovered after boosting (Fig. 1c). Over time, continued
vaccination has resulted in an endurable response that is
retained even in pre-boost samples, i.e. 6–8 months after
the previous vaccine. The patient is to date without tumor
(45 months follow up). In all, the data from our long-term
survivors demonstrate durable T cell responses and indicate
a beneWcial eVect of booster vaccination.

Characterisation of tumor antigen-speciWc T cell clones

T cell clones recognizing tumor antigens (TA) were gener-
ated from all nine patients and characterized as shown in
Fig. 2 and online supplemental Fig. 1 (Epub only). The
results indicated a considerable diversity in antigen sensi-
tivity and response range, even among clones from a single
patient (Fig. 2a). Some clones proliferated vividly to pep-
tide concentrations lower than 1 nM, while others required
at least 1,000 times more (data not shown). In a number of
clones, we observed bell-shaped response-curves (H #17,
Fig. 2a). This Wnding suggests that higher antigen concen-
trations may render some clones anergic.

It is desirable to identify vaccine peptides able to bind
diVerent HLA-molecules. These promiscuous peptides may
be used in a wider population and without prior HLA-typ-
ing. Moreover, a broader spectrum of T cells may be
recruited if a larger fraction of the patient’s HLA-repertoire
is used, limiting the risk of tumor escape [8]. Here, we
determined the HLA-restriction of T cell clones by block-
age with mAbs against HLA-DR, HLA-DQ or HLA DP
(Fig. 2a, Suppl Fig. 1c) and by stimulation with a panel of
EBV-transformed cells with known HLA-phenotypes (not
shown). The results demonstrated that peptide GV1001
eVectively binds to multiple DP, DQ and DR-molecules
(Table 2). Further, we noted that several of the long-term

survivors mounted broad responses covering diVerent
HLA-restrictions. In experiments with truncated peptides,
the core antigen-motives recognized by each T cell clone
were determined (Fig. 2b). Again, a considerable diversity
within each individual was observed, suggesting that their
response may circumvent limitations in peptide processing
in tumor tissue. For instance, clones #14, 17, 18 and 19
from patient H exhibited four diVerent recognition patterns
(Fig. 2b).

Recruitment of T cells may be in vain if the recognized
antigens are not naturally presented. We tested GV1001-spe-
ciWc clones for response to APCs incubated with recombinant
hTERT protein. The assays demonstrated hTERT-speciWc
proliferation in 31/34 clones tested (Fig. 2c), including
clones from all seven patients vaccinated with GV1001
(patients C, D, E, F, G, H and I). This Wnding strongly sug-
gests that epitopes associated with GV1001 are naturally
processed and presented on a wide spectrum of HLA mole-
cules. Cytotoxicity assays with tumor cell lines indicate
that also the hTERT I540 and TGF�RII p573 vaccine
peptides are naturally processed. Here, we observed spe-
ciWc killing of tumor cells expressing hTERT or mutated
TGF�RII by T cell clones speciWc for I540 or p573, respec-
tively (Fig. 3a and data not shown). Previous experiments
have demonstrated recognition of recombinant mutant p21
RAS and TGF�RII (data not shown).

Long peptides with nested CTL-epitopes elicit 
both T-helper and cytotoxic responses

Most peptide vaccine trials have evaluated short peptides
designed for eliciting CTL responses, but an eVective
response is likely to require CD4+ T cell help [5, 8]. To
recruit both CD4+ and CD8+ T cells, we have designed long
HLA class II-matched peptides including nested CTL epi-
topes [21, 23]. Colon cancer patient B received vaccination
with p621, a 19aa peptide representing a frameshift muta-
tion in TGF�RII. Interestingly, she developed T cell
responses both against p621 and p573, a short nested CTL-
epitope (Fig. 3a, b). Similarly, after vaccination with
GV1001, patient C developed cytotoxic and helper
responses against both the vaccine peptide and a nested
CTL-epitope (below and [9]).

Cytotoxic T-cell clones with diVerent CD4/CD8 
phenotypes

We identiWed cytotoxic T cell clones with three diVerent
CD4/CD8 phenotypes. Clones #6 and #26 from patient I
had a classic CD8+ phenotype and killed A2+ target cells in
an I540-speciWc manner (Suppl Fig. 2a). The CD4+ clone
C#76 [9] exhibited HLA-DQB*04-restriction and prolifer-
ated against GV1001 (16aa), but also speciWcally killed
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APCs pulsed with either the nested CTL-epitope p613 or
GV1001 itself (Suppl Fig. 2b). Experiments with truncated
peptides demonstrated that the aa-sequence recognised by
C#76 was identical to p613, while other GV1001 speciWc
clones recognised diVerent motives (Suppl Fig. 2c).

Cytotoxic T cell clones with a rare CD4¡CD8¡ pheno-
type (Fig. 3c) were generated from patient B. These clones
speciWcally killed A2+ target cells (T2 cells and autologous
EBV-transformed cells) loaded with the mutated TGF�RII-
peptide p573, as well as HLA A2+ tumor cells harbouring
the TGF�RII-mutation (Fig. 3a, Suppl Fig. 3). The killing
was blocked by mAbs against HLA class I (Suppl Fig. 3b).
The CD4¡CD8¡ clones also mounted strong, p573-speciWc
proliferation responses (Fig. 3b). These clones represent a

highly unconventional T cell fraction, as double negative T
cells are generally assumed not to be cytotoxic with the
exception of NKT-cells. Contrary to the clones from patient
B, NKT cells are not HLA class I-restricted and do not
express V�3 (Table 2) [22].

T cell bulk responses after cancer vaccination exhibit 
mixed Th1/Th2 proWles

The Th1/Th2-paradigm represents a key element in current
understanding of anti-tumor responses, but the delineation
has not been extensively studied in humans after cancer
vaccination. To explore the cytokine pattern, we have
started measuring a wide range of cytokines in patients

Fig. 2 Characterisation of GV1001-speciWc T cell clones (patient H).
T cell clone (T) proliferation after stimulation with irradiated EBV-
transformed cells (EB) § antigen. Columns represent mean CPM of
triplicate wells. Brackets indicate SEM. a Antigen sensitivity was
determined by titration of GV1001. HLA-restriction was determined
by blockage with mAbs against DP, DQ or DP-molecules. b Fine spec-
iWcity analysis by stimulation with truncated peptides covering the

GV1001 sequence (aa sequences given in right text box). The core
sequence recognized by each clone is highlighted (red) in text boxes
bellow chart. c Recognition of naturally processed antigens. T cell
clones were stimulated with EBV-transformed cells incubated with
recombinant hTERT protein. The assay shown indicates response to
protein in clones # 14, 17, 18 and 20 (not #19)
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from vaccine trials. Figure 4 shows data from patients B, F,
G, H and I. Their T cell bulk cultures include substantial
levels of key Th2-cytokines IL-5 and IL13, in spite of an
otherwise “Th1-like” proWle (IL4low, IL-10low, IFN�high,
TNF�high). This unconventional Th1/Th2-pattern is repre-
sentative for most analyzed patients in our peptide- and
DC/RNA vaccine trials [6, 40, 41].

In patients B and I, who responded to both HLA-class I
restricted and HLA-class II restricted peptides, we found
that stimulation with short and long peptides yielded simi-
lar cytokine proWles (Fig. 4a, b). The presence of Th2-cyto-

kines did not appear to aVect the cytotoxicity, as T cell
clones from patients B and I eVectively killed target cells
(Fig. 3a and Suppl Figs. 2a, 3). In fact, a CD8+ cytotoxic
clone (I #26) was the only T cell clone in our study display-
ing a conventional Th2 proWle (Table 3).

Mixed Th1/Th2-proWles and high IFN�/IL10 ratios 
among T cell clones

We asked whether the mixed Th1/Th2-proWles in our T cell
bulk cultures reXected activation of multiple T cell clones,

Table 2 Characterization of T cell clones

a  cDNA-fragments representing variable region of TCR �-chain (V�) were synthesized from mRNA, ampliWed by PCR and separated by DGGE.
A single band on DGGE indicate monoclonality
b  DNA-fragments representing rearranged TCR-genes were ampliWed by PCR and analyzed by size separation as

shown in Fig. 7. V�: Variable �-region of TCR. V�comp: Completely rearranged (V–D–J genes) variable �-region of TCR

V�inc: Incompletely rearranged (D–J genes only) variable �-region of TCR. The number of bands within V�, V�comp and V�inc are given. A single
V� or V�comp band (bold font) indicate monoclonality
c  nd, not done
d  Cytotoxicity demonstrated in Cr-release assays

Patient Clone no Phenotype SpeciWcity HLA restriction V�-mRNAa # TCR-bands (DNA)b Clonality

V� V�comp V�inc

A 1 CD4+ Val12 RAS p319 nd – – ndc

A 2 CD4+ Val12 RAS p319 DR*1302 – 2 1 3 Monoclonal

A 3 CD4+ Val12 RAS p319 DR*1302 – 1 1 1 Monoclonal

B 26 CD4¡CD8¡d TGF�RII p573 A2 V�3 (1 band) mRNA-method Monoclonal

B 30 CD4¡CD8¡d TGF�RII p573 A2 V�3 (1 band) mRNA-method Monoclonal

C 13 CD4+ GV1001 DP*0401/0402 – 2 1 0 Monoclonal

C 76 CD4+d GV1001 + p613 DQ*04 – 1 2 0 Monoclonal

D 71 CD4+ GV1001 DP*0401 V�6 2 1 1 Monoclonal

D 84 CD4+ GV1001 DR*1501 – 2 1 2 Monoclonal

D 97 CD4+ GV1001 DP*0401 – 2 1 1 Monoclonal

D 135 CD4+ GV1001 DP*0401 V�2+V�13 mRNA-method Biclonal

D 136 CD4+ GV1001 DR V�7+V�12 4 2 4 Biclonal

E 31 CD4+CD8+ GV1001 DQ – 2 1 1 Monoclonal

E 35 CD4+ GV1001 DQ*0602 – 2 2 0 Mono- or bi

E 48 CD4+ GV1001 DR nd

E 49 CD4+ GV1001 DP*0401 – 2 1 1 Monoclonal

E 51 CD4+ GV1001 DP*0401 – 2 1 1 Monoclonal

F 5 CD4+ GV1001 DR V�7 (1 band) mRNA-method Monoclonal

F 45 CD4+ GV1001 DR V�6+V�8 mRNA-method Biclonal

G 64 CD4+ GV1001 DR*1401 – 4 2 2 Biclonal

G 73 CD4+ GV1001 DR*1401 V�13 1 1 0 Monoclonal

H 14 CD4+ GV1001 DR*1401 – - nd

H 17 CD4+ GV1001 DQ*0202 – 2 1 2 Monoclonal

H 18 CD4+ GV1001 DQ*0202 – 1 1 2 Monoclonal

H 19 CD4+ GV1001 DP*0402 – 2 1 1 Monoclonal

H 20 CD4+ GV1001 DQ*0202 – 2 1 1 Monoclonal

I 6 CD8+d I540 A2 V�18 (1 band) mRNA-method Monoclonal

I 26 CD8+d I540 A2 V�16 (1 band) mRNA-method Monoclonal
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each displaying conventional Th1- or Th2-proWles. To
obtain a general picture, a highly diverse set of 28 clones
was analyzed (Table 2). The clones represent seven vacci-

nation protocols, four cancer forms and a wide range of
antigen speciWcities, HLA-restrictions and phenotypes
(CD4+ cytotoxic, CD4+ helper, CD8+ cytotoxic,
CD4¡CD8¡ cytotoxic, CD4+CD8+ helper). Flowcytometry
stainings of CD4¡CD8¡ and CD4+CD8+ T cell clones are
shown in Fig. 3c.

The vast majority of T cell clones displayed a broad
cytokine proWle including both Th1- and Th2 cytokines
(Table 3). In particular, IFN�, TNF�, IL-5 and IL-13 were
produced by most clones, while secretion of IL4-, IL9- and
IL-10 was more restricted. Low levels of Th2-cytokines
may be outweighed by large amounts of Th1-cytokines, and
vice versa. We therefore looked for Th1/Th2-deviations by
calculating ratios between key cytokines. The biological
activity diVers among particular cytokines at a given con-
centration, and it is not possible to tell what ratios are
exactly “balanced”. In Table 3, we have made an assump-
tion based on current understanding of biological activity
and have highlighted ratios suggesting Th1- or Th2 devia-
tion. As shown, most clones (25/28) did not exhibit a con-
stant Th1- or Th2-deviation for the key ratios. We also
calculated cytokine activity by WHO standard units,
according to the manufacturer’s calibration data (Biorad
technical bulletin 3157). Even based on WHO activity
units, the same 25/28 exhibited mixed Th1/Th2 cytokine
proWles (not shown). In all, the results strongly suggest that
the mixed Th1/Th2-proWles in our bulk cultures was not
caused by a mixture of Th1- and Th2 clones, but by clones
with a truly broad Th1/Th2 pattern. This Wnding holds true
across the diverse set of clones investigated, regardless of
CD4/CD8 phenotype, HLA-restriction, antigen speciWcity,
cancer form and vaccination protocol.

Within the dominating group of “Th1/Th2-clones”, there
were considerable diVerences in secretion of individual
cytokines that may be of clinical signiWcance. IFN� may
induce anti-tumor eVects, while IL-10 may promote tumor
tolerance [36]. In Table 3, the T cell clones are ranked
based on IFN�/IL10-ratio. Eighteen clones had IFN�/IL10-
ratios above 5, while only two clones had ratios below 1/5.
In T cell bulk cultures, the IFN�/IL10 ratios were generally
above 10 (Fig. 4 and data not shown). There was also a ten-
dency towardsb high IFN�/IL4-ratios, particularly in bulk
cultures (Fig. 4; Table 3 and data not shown). We noted
that 10/11 clones with high IFN�/IL4-ratios (>20) had high
IFN�/IL10-ratios (>5). By contrast, there was no detectable
association between the IFN�/IL4 and IFN�/IL5-ratios
(Table 3). Most studies suggesting that a Th1-proWle is
favourable have included only measurements of IFN�
and IL4/IL10. The data from our long-term survivors
support the notion that IFN�highIL4lowIL10low responses
may be beneWcial, but reveal that T cell clones with this
favorable “Th1”-proWle may secrete high levels of IL-5
and IL-13.

Fig. 3 Characterization of CD4¡ CD8¡ and CD4+ CD8+ T cell clones.
a T cell clones #26 and #30 from patient B were tested for cytotoxicity
against HCT116 and EBV-transformed cells (EB) § p573. HCT116 is
a HLA-A2+ colon cancer cell line that expresses the p573 TGF�RII-
mutation. Peptide I540 served as negative control. E/T ratios: EB, 25:1
(#26) and 18:1 (#30). HCT116, 100:1 (#26) and 70:1 (#30). Columns
represent mean speciWc Cr-release of triplicate wells. Brackets indicate
SEM. b T cell clones B #26 and B #30 were tested in proliferation
assays by stimulation with EBV-transformed cells (EB) § p573.
Columns represent mean CPM of triplicate wells. Brackets indicate
SEM. c Flowcytometry phenotype analysis of T cell clones B #26
(CD4¡CD8¡) and E #31 (CD4+CD8+). The Wgure shows representative
dot plots after staining with antibodies against CD4 and CD8. Percent-
age of cells in each quartile is given. Both clones stained positive for
CD3 (not shown). T cell clones were cultured with irradiated
PBMCs + PHA prior to staining. The PBMCs visualize as background
dots in all quartiles (B #26), unless the PBMCs are completely outnum-
bered by T cell clone growth (E #31)
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Secretion of chemokines and pro-inXammatory cytokines 
by T cell clones

MIP-1�, MIP-1� and RANTES are considered to be key
players in attracting monocytes and lymphocytes to tumor
[3, 52]. As shown in Fig. 5, all T cell clones available for
analysis secreted these three chemokines, generally at high
levels. One T cell clone, G #64, stood out from the others
by secreting substantially lower amounts of MIP-1�, MIP-
1� and RANTES (Fig. 5). This feature did not reXect a
generally attenuated response, as clone G #64 secreted
considerable levels of other pro-inXammatory cytokines.
Moreover, clone G #64 had retained GV1001-speciWc
proliferation in 3H-thymidine assays performed simulta-
neously with the Bioplex measurements (Suppl Fig. 1c).
Monocyte chemoattractant protein-1 (MCP-1) was secreted
by about 50% of the clones, generally at low levels. Clone
G #73 represented a notable exception, producing more
than Wve times more MCP-1 and IL-9 than any other clone.
We also observed a strong general association between
MCP-1 and IL-9, as the 10 top-producing clones of these
two cytokines were identical. Eotaxin was secreted by all T
cell clones tested, suggesting that basophils and eosinophils
may be attracted (Fig. 5).

IL-1� represents a powerful driver of inXammation that
is blocked by IL-1ra [38]. All 17 clones analyzed for IL-1�/
IL-1ra secreted both factors, and the levels tended to corre-
late (Fig. 5). Regarding other pro-inXammatory cytokines,
most clones produced GM-CSF, IL-8 and IL-6. The
CD4+CD8+ T cell clone (E #35), which was HLA-class II

restricted, diVered from the CD4+ CD8¡ T cell clones by
not producing IL-8 and secreting only low levels of GM-
CSF.

IL-17 secreting T cell clones produce IL-15, 
G-CSF and angiogenic factors

T cells producing IL-17 are suggested to represent a distinct
subset, termed Th17 [18, 53]. Among our clones, IL17-
secretion was closely correlated to secretion of IL-15,
G-CSF and PDGF BB (Fig. 6a). Indeed, the four clones
secreting the highest levels of IL-17 were the only ones to
secrete IL-15 and PDGF. IL17-secreting clones also gener-
ally produced high levels of TNF� and IL-1�, both reported
to be produced by “Th17-cells”, and of fellow angiogenic
factors FGFb and VEGF (Fig. 6b, c). Regarding Th1/Th2-
cytokines, the Th17 cells secreted both IFN�, IL-4, IL-5
and IL-13 (Fig. 6d–e; Table 3).

TCR clonotype mapping

The T cell clones were generated by conventional limiting
dilution seeding, but it is well known that such “clones” are
not always derived from a single cell. To determine whether
the broad cytokine patterns represented truly monoclonal
cultures, we performed TCR clonotype mapping. Twenty-
Wve out of the 28 clones were available for mapping. The
TCR analysis was performed by two methods. Ten clones
were examined by PCR-based ampliWcation of V�-frag-
ments from cDNA. The results demonstrated ampliWcation

Fig. 4 Secretion of Th1/Th2-cytokines in post-vaccination T cell bulk
cultures. T cells from post vaccination samples (patient B week 10; F
week 36; G week 9; I week 12; H month 37) were stimulated with irra-
diated PBMCs § peptides. Supernatants were analyzed by Bioplex
cytokine assays. Because the measured concentrations vary between
the patients, the data are visualized in two separate bar charts (a, b)
with diVerent Y-axis scales. Columns represent mean concentration
(pg/ml). Brackets indicate SEM. Peptides: p621 (19aa TGF�RII pep-

tide), p573 (nested 9aa CTL epitope within p621), GV1001 (16aa
hTERT peptide), I540 (9aa hTERT peptide). Broad cytokine responses
were also observed in T cell bulk cultures from patients C (month 63),
D (month 16) and E (week 10) (data not shown). Statistical analysis
(Wilcoxon signed ranks test), comparing § peptide for all cytokines
taken together, demonstrated peptide speciWc responses (P < 0.05) in
all bulk cultures tested
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of only a single V� region in 7/10 clones (Table 2). The
remaining three clones had two V� regions. The latter obser-
vation indicates biclonal cultures, but do not imply that both
clones contribute to the cytokine response. A biclonal cul-
ture most likely included only one TA-speciWc clonal popu-
lation, as only a minority of seeded T cells were TA-speciWc.
Two or more clones expressing the same V� region would
not be distinguished by simple agarose electrophoresis.
AmpliWed cDNA products were therefore separated by
DGGE [37, 47, 62]. The seven clones in which only a single
V� region was ampliWed, were all conWrmed to be monoclo-
nal by DGGE (of cDNA samples) or by the DNA-based
analysis described below (Table 2).

Eighteen T cell clones were examined by ampliWcation
of V� and V�-fragments from DNA (not cDNA) and subse-
quent high resolution capillary electrophoresis (Fig. 7). T
cells usually rearrange two V�-regions at the DNA-level
and may also rearrange two complete V�-regions, in addi-
tion to incomplete V�-rearrangements [64]. In 15/18 T cell
clones, we identiWed only one completely rearranged V�-
region or one V�-region and thus demonstrated monoclo-
nality (Table 2). In total, 20/25 clones available for TCR
mapping were found to be monoclonal. This Wnding dem-
onstrates that the observed broad cytokine patterns were not
a result of polyclonal T cell cultures.

TCR mapping was also utilized to determine if T cell
clones were diVerent or originated from the same clone in
vivo. We identiWed three pairs of clones with identical
TCRs, B #26&30, E #49&51 and H #17&20 (Fig. 7). These
Wndings Wtted well with data from functional assays. Clones
H #17&20 and E#49&51 displayed identical HLA-restric-
tion and similar cytokine proWles, while B #26&30 shared a
rare cytotoxic CD4¡CD8¡ phenotype. The other 19 clones
analyzed by TCR mapping were demonstrated not to be sis-
ter clones. Regarding the three clones not growing well
enough for TCR-mapping, HLA-restriction data suggested
that E #48 and H #14 were unique (Table 2). In all, the
results indicated that the 28 T cell clones originated from
24 or 25 diVerent clones in vivo.

Discussion

The vaccines given to the present patients include antigens
associated with key oncogenic pathways (K-RAS, TGF�
�RII, hTERT) [35, 43, 50, 68]. By targeting antigens of
biological importance, we aim to reduce the risk of tumor
escape. In previous phase I/II trials with K-RAS and
hTERT vaccines, we have observed increased survival for
immunological responders as compared to non-responders

Table 3 Secretion of Th1/Th2-cytokines by TA-speciWc T-cell clones

a  T cell clones ranked according to IFN�/IL10-ratio
b  T cell clones were stimulated with irradiated APCs and the peptides listed in Table 2. Supernatants were analyzed in Bioplex cytokine assays.
Values represent mean concentrations (pg/ml). Backgound in controls without peptide has been substracted
c  Cytokine ratios suggesting Th1-deviation are written in blue (IFN�/IL10 > 5; TNF�/IL4 > 10; IFN�/IL4 > 20; IFN�/IL5 > 5; IFN�/IL13 > 1).
Ratios suggesting Th2-deviation are written in red IFN�/IL10 < 0,2; TNF�/IL4 < 0,5; IFN�/IL4 < 1; IFN�/IL5 < 0,2; IFN�/IL13 < 0,05)
d nd not done

>19000 332 2888 >19000 254 Th1 
>530 9.3
521
165 36 35
117 27.2
85
64 13.8 73
59 43
43 16.6
41 17.6 136 476 Th1 
37
32
30 14.3
24 25.9
16
9.0
6.4
5.0

>129 >98

19.0

0

0.10 <0.02
0.020

0.08 0.025

0.09

0.30 0.008
0.11 0.019
0.10 0.019

0.045
0.44 0.28

0.12 0.048
0.07 0.011
0.19

0.036
0.11 0.020

0.018
0.04 0.026

<0.02 <0.01
<0.17
0.13
0.02 0.005

0.11 0.38 0.10 Th2
0.07 0.05 0.021

Clonea Classification
IFNγ TNFα IL-2 IL4 IL-5 IL-9 IL-10 IL-12 IL-13 IFNγ/IL10 TNFα/IL4 IFNγ/IL4 IFNγ/IL5 IFNγ/IL13

E #48 19,064 2,191 62 7 0 <2 0 <2 75
A #2 1,614 0 2,120 100 173 <2 <3 <2 24,359 16.1 0.066 Th1/Th2
I #6 1,562 1,097 ndd 753 nd nd 3 nd nd 1.5 2.1 nd nd Th1/Th2
C #13 2,229 2,258 45 63 22,232 <2 13 40 >110,000 Th1/Th2
A #3 1,425 39 1,107 52 3,246 <2 12 <2 64,124 0.75 0.44 Th1/Th2
H #17 2,739 1,062 790 177 34,935 797 32 5 110,482 6.0 15,5 Th1/Th2
H #18 10,951 2,066 <2 149 14,802 272 170 7 71,896 0.74 0.152 Th1/Th2
E #49 4,568 642 10 107 3,837 16 77 <2 83,943 6.0 1.19 0.054 Th1/Th2
B #26 283 832 1,603 50 3,009 66 7 <2 4,519 5.7 0.063 Th1/Th2
H #14 8,278 1,068 <2 61 17 2 203 <2 9,411 0.880
A #1 638 58 398 190 5,713 66 17 <2 83,810 3.4 0.11 Th1/Th2
H #20 1,928 863 106 332 18,326 nd 61 5 104,148 2.6 5.8 Th1/Th2
E #51 1,467 1,256 141 88 15,209 78 50 <2 77,798 16.8 Th1/Th2
D #136 1,412 314 220 54 1,353 326 60 <2 31,117 5.8 1.04 Th1/Th2
C #76 1,647 2,622 nd 5,898 nd nd 100 nd nd nd nd Th1/Th2
F #5 257 261 <2 64 2,172 nd 29 3 5,405 4.1 4.0 Th1/Th2
D #135 903 1,186 3,027 312 12,306 nd 141 <2 80,835 3.8 2.9 Th1/Th2
D #71 6,694 388 <2 240 35,302 585 1,329 <2 105,987 1.6 28 0.063 Th1/Th2
E #35 780 131 <2 74 1,643 <2 324 <2 21,886 2.4 1.8 11 0.48 Th1/Th2
D #84 2,257 234 29 192 20,355 281 2,221 <2 112,213 1.0 1.2 12 Th1/Th2
G #64 296 389 <2 <3 557 51 320 <2 16,308 0.93 0.53 Th1/Th2
D #97 300 386 2 69 6,858 nd 359 15 11,377 0.84 5.6 4.4 Th1/Th2
G #73 646 521 125 152 >38,000 4,318 810 5 >120,000 0.80 3.4 4.2 Th1/Th2
E #31 6,290 1,952 1,013 532 >38,000 244 8,807 12 >120,000 0.71 3.7 12 <0.06 Th1/Th2
B #30 431 874 1,560 46 3,370 <2 709 2 3,301 0.61 9.3 0.130 Th1/Th2
H #19 448 102 <2 133 26,481 nd 782 <2 84,042 0.57 0.77 3.4 Th1/Th2
I #26 76 286 nd 754 nd nd 721 nd nd nd nd
F #45 119 163 2 51 2,255 nd 1,815 17 5,637 3.2 2.3 Th1/Th2

Cytokine concentration (pg/ml)b Ratio between Th1/Th2-cytokinesc
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[6, 9, 24]. Similar survival observations have also been
reported by others after vaccination with hTERT- or RAS-
derived peptides [16, 63]. The correlation between immune
response and survival is of interest, though the phase I/II

study design does not allow for conclusions on clinical ben-
eWt. Eight out of the nine patients included in the present
study represent long term survivors based on their progno-
sis at start of vaccination. The study is merely descriptive in

Fig. 5 Cytokine secretion by TA-speciWc T cell clones. T cell clones
were stimulated with irradiated EBV-transformed cells § peptides.
The following peptides were used for clones from the diVerent pa-
tients: A p319; B p573; I I540; C,D,E,F,G,H GV1001. Supernatants
were analyzed in Bioplex assays. The Wgure includes all clones ana-

lyzed for each cytokine. Mean concentration is displayed (pg/ml), after
subtraction of background in controls without peptide. Bar chart at
bottom right shows clones ranked according to levels of IL-1�. The
other bar charts show clones listed patient by patient
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Fig. 6 Cytokine proWle of IL17 secreting (Th17) T cell clones. The
Wgure shows clones listed according to IL-17 levels and include all
clones analyzed for IL-17. Only cytokines of particular interest for the
Th17-subset are displayed. a Cytokines secreted only by IL-17high

clones. b, c Cytokines secreted at higher levels by IL-17 secreting
clones. d, e Hallmark Th1- and Th2-cytokines (IFN� and IL-4, respec-
tively), compared to levels of IL-17. T cell clones were stimulated with
APCs § peptides, as outlined in legend to Fig. 5. Supernatants were
analyzed in Bioplex assays. Mean concentration is displayed (pg/ml),
after subtraction of background in controls without peptide

Fig. 7 TCR clonotype mapping. DNA was extracted from T cell clone
cultures. Fragments representing rearranged TCR-genes were ampli-
Wed by PCR and separated by capillary electrophoresis. DNA-frag-
ments visualize as peaks separated according to base pair (bp) length
(resolution 1–2 bp). The Wgure includes all fragments detected for
clones # 31, 49 and 51 from patient E. V�: Variable �-region of TCR.
V�comp: Completely rearranged (V–D–J genes) variable �-region.
V�inc: Incompletely rearranged variable �-region (D–J genes only;
non-functional). Clones # 31, 49 and 51 exhibit a single V�comp band,
indicating monoclonality. Clones #49 and #51 display bands at identi-
cal bp lengths, indicating identical TCRs (sister clones). Rfu relative
Xuorescence unit
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terms of clinical observations, but the patients investigated
provide a valuable source of insight. They represent human
“models” for in vivo processing and presentation of vaccine
peptides, recruitment of T cell clones, induction of cytokine
proWles, long term development of T cell memory, etc. In
particular, the immunological footprint left in patients with
a favourable clinical development is of interest.

Here, we report that the long-term survivors harbour
TA-speciWc T cell responses exhibiting several features of
possible importance. First, the responses are highly durable.
Sustained T cell responses are detected throughout the
observation period (maximum 9 years) in all six patients
available for continued immunological follow-up. Second,
several of the study patients have mounted diverse
responses including T cell clones with a wide range of epi-
tope-speciWcities and HLA-restrictions. This diversity may
be important to combat tumor escape. Third, experiments
with recombinant protein and tumor cell lines indicate that
the T cell clones recognize naturally processed epitopes.
The diversity observed in vitro may therefore translate to
tumor-tissues. Fourth, the long-term survivors exhibit cyto-
kine proWles that may be beneWcial, as discussed below.
Fifth, the responses in several patients comprise both cyto-
toxic and T-helper cells. In one patient, we identify uncon-
ventional CD4¡CD8¡ cytotoxic T cell clones. Regarding
peptide vaccine design, our results support the strategies of
developing HLA-promiscuous peptides and long T-helper
peptides with short nested CTL epitopes. Both hTERT
GV1001 ([9] and present paper), TGF�RII p621 (present
paper) and mutant RAS peptides [23, 25] elicit cytotoxic
responses against short nested CTL epitopes, in addition to
CD4+ T-helper responses against the full-length peptides.
These observations suggest that the peptides are eYciently
processed by APCs in vivo. GV1001, p621 and mutated
RAS peptides also exhibit highly promiscuous HLA-bind-
ing properties, paving the way for studies in large patient
populations without HLA typing ([9, 25], present paper and
unpublished data). Based on Wndings in the present study
and our previous GV1001 trials [6, 9], two multi-centre
phase III trials evaluating GV1001-therapy in pancreatic
cancer have started.

There is no agreement as to how long vaccination should
continue [32, 51]. Most trials are performed on patients
with short life-time expectancy, and there is a lack of long
term data. Circulating tumor antigens might be assumed to
provide continuous boosts, but these antigens are presented
in a non-inXammatory environment favoring tolerance
rather than immunity. The results reported here suggest that
repeated immunization may be required. The responses
observed 1–2 weeks after boost were generally stronger
than in pre-boost samples (Fig. 1 and data not shown).
Moreover, the responses decreased after priming and
became undetectable in 3/6 patients (Fig. 1), while all six

patients developed robust TA-speciWc responses after
continued vaccination. Importantly, these “galvanized”
responses prevailed through extended vaccination-free
periods lasting up to 8 years. Regarding T cell memory, it
may also be of importance that the present vaccines include
T-helper epitopes. Considerable evidence suggests that
CD4+ T cell help is mandatory for establishing CD8+ T cell
memory [33, 58].

Further, we investigated whether the Th1/Th2-dichot-
omy applies to cancer vaccine responses. IFN�-assays are
frequently employed as the only indicator of the cytokine
proWle in clinical trials [4, 15, 30, 31, 56, 61]. It is impor-
tant to recognize that a positive IFN�-assay does not indi-
cate an overall “Th1-pattern”. To determine the Th1/Th2-
proWle, some research groups include assays for IL-4 and/or
IL-10 [49, 57, 59]. Such assays should probably routinely
be included, but the interpretation is still delicate. First,
some cytokines may be biologically active at low concen-
trations, and the sensitivity of the assays depends on the
detection antibodies. Second, our data suggest that even
IFN�-responses devoid of IL-4/IL10 should not be labelled
“Th1”. We Wnd that most IFN�high IL-4low IL-10low T cell
cultures include substantial levels of the hallmark Th2-
cytokines IL-5 and IL-13. These unconventional cytokine
proWles do not reXect a mixture of Th1- and Th2 clones in
bulk cultures, but apply even to clones conWrmed to be
monoclonal through TCR clonotype mapping (Tables 2, 3).
Further, the patterns do not appear to represent a Th0 phe-
notype during an early stage of diVerentiation, but are dem-
onstrated in T cell clones obtained up to 8 years after last
vaccination (patient A). Interestingly, the mixed Th1/Th2
proWles are observed throughout a highly diverse set of T
cell clones, with diVerent CD4/CD8 phenotypes, antigen
speciWcities, HLA-restrictions and helper/cytotoxic func-
tionalities. Data from in vitro generated clones should
always be interpreted with caution. T cell clones surviving
in vitro represent a highly selected fraction and their cyto-
kine proWle may be inXuenced by repeated stimulations.
However, we also observe mixed Th1/Th2 proWles in bulk
cultures tested after only a single in vitro stimulation. This
applies not only to the study patients reported here, but
even to bulk cultures from virtually all other patients tested
in our trials. It may also be recalled, that much data forming
the basis of the Th1/Th2-paradigm themselves derive from
in vitro generated T cell clones [45]. We have not investi-
gated, whether the broad Th1/Th2-proWles are present at the
single cell level. In vivo, the most important issue is the
overall cytokine milieu. We have therefore concentrated on
the cytokine proWles of bulk cultures and clonal popula-
tions. The mixed Th1/Th2 proWles appear to represent a
general phenomenon in our trials, as they are observed both
after DC/mRNA-vaccination [40, 41] and in seven diVerent
peptide vaccine protocols (Table 1). In all, our Wndings
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suggest that Th1/Th2-labels should probably be avoided
in cancer vaccination studies. The message may be more
accurately conveyed by referring to key cytokines, e.g.
“IFN�high/IL-10low responses”.

We describe multiple T cell clones secreting substantial
levels of IL-10, but not Wtting into the conventional Tr1-
cell category due to high secretion of IFN� [42]. The impli-
cations of this IL10+IFN�++ cytokine proWle are not clear.
IL-10 is strongly associated with tumor tolerance, but most
data have arisen from studies where IL-10 has not been
“balanced” by IFN� [12, 36, 60, 65]. A recent study on
glioblastoma has suggested that a moderate threshold level
of IL-10 may be required to uphold an IFN�-driven
response [14].

The major goal of our cytokine studies is to identify pat-
terns of clinical beneWt. A high IFN�/IL10-ratio (>10) was
observed in 8/9 patients. Further, the T cell clones from our
long term survivors secreted a rich array of chemokines and
other pro-inXammatory cytokines, pointing to an intriguing
ability to transform the inXammatory tumor milieu. This
ability extends well beyond conventional “T-helper” eVects
and is not limited to the CD4+ T cell subset, but also found
in CD8+, CD4¡CD8¡ and CD4+CD8+ T cell clones. A
broad cytokine repertoire may be important for clinical
eYcacy. Studies of immunity against infection have sug-
gested that T cells secreting multiple cytokines, termed
multifunctional T cells, are functionally superior [34] and
associated with protection against HIV and Leishmania [7,
13, 19]. In upcoming trials, we will characterize the cyto-
kine proWle in all immunological responders and contrast
the proWle in patients with favourable contra poor clinical
outcome.

The recently described Th17 cells are potent inducers of
granulocytic inXammation and probably key players in
autoimmunity [18, 53]. The suggested ability of these cells
to shape the inXammatory milieu may also be important in
cancer vaccine responses, but their overall cytokine proWle
has not been clariWed. Annunziato and co-workers have
suggested a developmental relationship between Th17 and
Th1 cells, as opposed to Th2 cells, after observing multiple
IL17+ IFN�+ clones and no IL17+ IL4+ clones [2, 53]. By
contrast, all our Th17 clones produced both IL-4 and IFN�,
as well as IL-5 and IL-13. Further, we observed that IL-17
production was associated with secretion of IL-15, G-CSF
and several angiogenic cytokines (PDGF BB, FGFb,
VEGF, IL-1�, TNF�). This proWle suggests that Th17 cells
may promote tumor immunity, in particular through IL-15
[67], but also enhance tumor angiogenesis. In all, further
studies are needed to determine the cytokine proWle and
beneWcial or contra-productive role of Th17 cells in cancer
vaccine responses.

In the present study, we have characterized immune
responses in patients with a possible beneWt from cancer

vaccination, as suggested by extended survival times. We
demonstrate that these patients have mounted tumor spe-
ciWc T-cell responses against antigens associated with key
mechanisms in oncogenesis, and that the responses exhibit
several features of possible clinical advantage. In particu-
lar, the responses are durable, diverse and directed against
naturally processed antigens. The follow-up data suggest
that booster vaccination may be important both to enhance
activity and to induce tumor-speciWc T cell memory. With
regard to cytokine proWles, we Wnd that the long-term survi-
vors exhibit high IFN�/IL10-ratios, favoring immunity over
tolerance. Further, their polyfunctional T cells secrete mul-
tiple chemokines likely to mobilize the innate and adaptive
immune system. The cytokine data do not Wt with the Th1/
Th2-dichotomy, but point to a continuum of diVerent cyto-
kine proWles. Importantly, the broad Th1/Th2-patterns do
not reXect a mixture of Th1- and Th2 clones in bulk cul-
tures, but are observed in T cell clones conWrmed to be
monoclonal through TCR clonotype mapping. The reported
results suggest that cytokine proWling of anti-tumor
responses should not rely on the Th1/Th2-paradigm, but
adapt a wider focus on the overall inXammatory milieu and
assess the balance between individual cytokines of particu-
lar importance.
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