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Purpose: Active immunotherapy is emerging as a potential therapeutic approach for prostate cancer.
We conducted the first phase I trial of an Ii-Key/HER-2/neu(776–790) hybrid peptide vaccine (AE37) with
recombinant granulocyte macrophage colony-stimulating factor as adjuvant in patients with HER-2/neu+

prostate cancer. The primary end points of the study were to evaluate toxicity and monitor patients'
immune responses to the vaccine.
Experimental Design: Thirty-two HER-2/neu+, castrate-sensitive, and castrate-resistant prostate cancer

patients were enrolled. Of these, 29 patients completed all six vaccination cycles with AE37. Immunologic
responses in the total patient population were monitored by delayed-type hypersensitivity and IFN-γ
ELISPOT and intracellular staining. Regulatory T-cell (Treg) frequency and plasma HER-2/neu and trans-
forming growth factor-β levels were also determined. Immunologic responses were also analyzed among
groups of patients with different clinical characteristics. Local/systemic toxicities were monitored through-
out the study.
Results: Toxicities beyond grade 2 were not observed. Seventy-five percent of patients developed

augmented immunity to the AE37 vaccine and 65% to the unmodified AE36 peptide as detected in
the IFN-γ–based ELISPOT assay. Intracellular IFN-γ analyses revealed that AE37 elicited both CD4+

and CD8+ T-cell responses. Eighty percent of the patients developed a positive delayed-type hypersensi-
tivity reaction to AE36. Additionally, significant decreases could be detected in circulating Treg frequen-
cies, plasma HER-2/neu, and serum transforming growth factor-β levels. Patients with less extensive
disease developed better immunologic responses on vaccination.
Conclusion: AE37 vaccine is safe and can induce HER-2/neu–specific cellular immune responses in

patients with castrate-sensitive and castrate-resistant prostate cancer, thus emphasizing the potential of
AE37 to target HER-2/neu for the immunotherapy of prostate cancer. Clin Cancer Res; 16(13); 3495–506.

©2010 AACR.
Despite conventional treatments for prostate cancer, such
as surgical resection and radiotherapy, many patients will fi-
nally develop metastases. Hormone deprivation is initially
effective in the majority of patients with metastatic disease
(1). Eventually, however, prostate cancer patients will
relapse due to progression of prostate cancer toward
hormone-independent growth of the tumor. Unfortunately,
advanced prostate cancer responds poorly to chemothera-
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peutic agents of which taxane-based treatments are now-
adays considered as the common treatment of castrate-
resistant prostate cancer (2). Therefore, novel approaches
are required for the prevention and/or effectivemanagement
of patients with advanced prostate cancer.
Prostate glands are frequently diffusely infiltrated with

both CD4+ and CD8+ T cells (3, 4), suggesting that pros-
tate cancer may represent an attractive target for immu-
notherapy. Indeed, several prostate-specific gene products
have been reported that may function as tumor/tissue
antigens (5–7). Active immunotherapies in prostate cancer
have used a variety of methods to augment immune re-
sponses to prostate cancer–associated antigens. Of these,
the most promising agents include PROSTVAC and
APC8015 (Provenge). PROSTVAC-VF comprises two re-
combinant viral vectors, each encoding transgenes for
prostate-specific antigen (PSA). In two phase II studies,
PROSTVAC-VF immunotherapy was well tolerated and
3495



Translational Relevance

Tolerance mechanisms against (self) tumor proteins
hamper the generation of robust antitumor responses
and thus represent a major limitation for tumor immu-
notherapy. One method to overcome such tolerance
mechanisms is to increase the immunogenicity of syn-
thetic peptide vaccines containing tumor protein epi-
topes. In a phase I clinical trial, we provided immune
activation signals through an Ii-Key/HER-2/neu(776–
790) (AE37) hybrid peptide/granulocyte macrophage
colony-stimulating factor vaccine in patients with pros-
tate cancer. We describe the safety and vaccine-induced
immunity of this combination in these patients. Our re-
sults show that the AE37 hybrid peptide/granulocyte
macrophage colony-stimulating factor vaccine strategy
is safe and effective in eliciting an immune response
against the HER-2/neu protein.

These observations suggest that further investigation
of AE37 in a randomized phase II clinical trial, in which
clinical benefit in terms of evaluating time to disease
progression can be assessed, is warranted.
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associated with a significant reduction in the death rate
and an improvement in median overall survival in men
with metastatic castrate-resistant prostate cancer (8, 9).
APC8015 is a novel immunotherapeutic, which consists
of autologous dendritic cells pulsed ex vivo with PA2024,
a recombinant fusion protein consisting of granulocyte
macrophage colony-stimulating factor (GM-CSF) and
prostatic acid phosphatase, as an immunogenic agent.
Two phase III randomized clinical trials have shown a sur-
vival benefit in patients withmetastatic hormone-refractory
prostate cancer (10, 11). A novel method to augment
potency of MHC class II epitope peptide presentation
has now become available in the form of Ii-Key/MHC
class II hybrid peptides (12). Such Ii-Key hybrid peptides
contain an immunoregulatory segment of the Ii protein
that catalyzes direct charging of MHC class II epitopes to
the peptide-binding groove, circumventing the need for
intracellular epitope processing (13). The shortest active
sequence of the Ii immunoregulatory region consists of
four amino acids [LRMK (Ii-Key peptide); ref. 12]. Cova-
lent linkage of this Ii-Key segment to MHC class II
epitopes significantly augments antigen presentation
(13–16). Work from our laboratory has shown that
the HER-2/neu(776–790) epitope serves as a compelling
tumor antigen and that CD4+ T cells primed with the
synthetic HER-2/neu(776–790) peptide help autologous
CTL for increased antitumor activity (17–19). In a series
of studies (14, 17–20), we have shown that the Ii-Key/
HER-2/neu(776–790) hybrid (AE37) induces more potent
immunologic responses both in vitro and in vivo compared
with the nonmodified HER-2/neu(776–790) peptide
(AE36). Recently, Holmes et al. (21) conducted a phase I
study of the AE37 hybrid peptide in HER-2/neu–positive
Clin Cancer Res; 16(13) July 1, 2010
breast cancer patients and showed strong immunologic re-
sponses to the vaccine.
In prostate cancer, several studies have reported increased

HER-2/neu expression in patients with clinically localized
and more advanced hormone-refractory disease (22–24).
In addition to stimulating cell division, HER-2/neu also
confers an increased malignant potential to prostate cancer
cells by activating the androgen receptor pathway in the ab-
sence of androgen (25), thus contributing to the develop-
ment of castrate-resistant prostate cancer. Indeed, clinical
studies have shown that progression of prostate cancer to-
ward androgen independence is characterized by a gradual
increase in HER-2/neu expression (26, 27). Therefore, HER-
2/neu targeting represents a promising therapeutic interven-
tion for prostate cancer patients. Active immunotherapy
provides the added benefit in that specifically activated im-
mune cells can recognize and kill tumor cells expressing
lower levels of HER-2/neu than are required for recognition
byHerceptin. We report here the results of the first trial with
AE37-immunized prostate cancer patients.

Materials and Methods

Patient population, clinical protocol, and
study design
The phase I clinical trial protocol was approved by the

Hellenic National Organization for Medicines (EOF) under
investigational number IS107/2006, EudraCT 2006-
003299-37. Patients' primary tumors were evaluated by im-
munohistochemistry (IHC) for HER-2/neu expression (27).
After proper counseling and written informed consent,
castrate-sensitive and castrate-resistant prostate cancer pa-
tients with HER-2/neu+ (IHC score 1+ to 3+), nonmetastatic
and metastatic disease, and Eastern Cooperative Oncology
Group (ECOG) 0 or 1 were considered eligible. Before vac-
cination, patients were skin tested with Candida albicans
(Lofarma) and considered immunocompetent if they re-
acted to the antigen. Exclusion criteria included patients
with ECOG ≥2; active infection; severe cardiovascular co-
morbidity; acute/chronic HBV, HCV, and HIV; HIV sero-
positivity; diagnosis of other primary solid/hematologic
malignancy and any pathologic comorbidity affecting pa-
tients' compliance in the proposed clinical protocol (e.g.,
mental disorder); and immunologic inactivity (negative
skin test). Patients were assigned to receive 500 μg of
the AE37 vaccine mixed with 125 μg of GM-CSF at each
vaccination cycle. The doses for both AE37 and GM-CSF
used were found to be optimal in a phase I study with
disease-free, node-negative breast cancer patients (21)
where a similar vaccination schedule was followed.

Vaccine
The Ii-Key/HER-2/neu(776–790) hybrid peptide, AE37

(Ac-LRMKGVGSPYVSRLLGICL-NH2), was produced in
accordance with current federal guidelines for good
manufacturing practices by NeoMPS, Inc. Peptide purity
(>95%) was verified by high-performance liquid chroma-
tography and mass spectrometry. Sterility testing was
Clinical Cancer Research



AE37 Ii-Key/HER-2/neu Vaccine for Prostate Cancer
carried out by the manufacturer. The vaccine was prepared
as previously described (21). Briefly, 500 μg of lyophilized
peptide were reconstituted in 0.5 mL of sterile saline and
mixed with 125 μg GM-CSF (Berlex) in 0.5 mL. The 1.0
mL inoculum was split and administered intradermally
at two sites 5 cm apart in the same extremity. All patients
received 6 monthly vaccinations with the AE37 vaccine.
GM-CSF was reduced by half serially in subsequent inocu-
lations when local reactions of ≥100 mm in diameter (21)
were observed. If the latter patients continued with robust
local reactions without GM-CSF, then the peptide amount
was also reduced by half serially.

Toxicity
Patients were observed 1 hour postvaccination for imme-

diate hypersensitivity and returned 48 hours later to have
the injection sites examined. Both local toxicity at the injec-
tion sites and systemic toxicity were evaluated in all patients
for all inoculations. Toxicities were graded using the Na-
tional Cancer Institute Common Terminology Criteria for
Adverse events v3.0 and were reported on a 0 to 5 scale.

Peptides and proteins
The AE37 peptide (Ac-LRMKGVGSPYVSRLLGICL-NH2)

is a fusion of the Ii-Key peptide (LRMK) with the native
HER-2/neu peptide AE36 (aa776–790: GVGSPYVSRLL-
GICL; ref. 19). To assess whether immune responses eli-
cited in vivo reflected reactivity against the native HER-2/
neu peptide, we evaluated immune responses against both
AE36 and AE37.C. albicans and pokeweedmitogen (Sigma)
were used as positive controls for in vitro immunogenicity
assays. Peripheral blood mononuclear cells (PBMC) in cul-
ture medium alone were used as a negative control.

ELISPOT assay
Blood was drawn from patients before treatment to es-

tablish a baseline (pre vac), thenmonthly before each inoc-
ulation, 1month after the final (6th) vaccination (post vac),
and 6months after completion of vaccinations (long term).
PBMCs were isolated by Ficoll gradient separation. Freshly
isolated PBMCs were cultured in X-VIVO 15 medium (Bio-
Whittaker, Cambrex) supplemented with 2%AB human se-
rum (Sigma), with the individual peptides (10 μg/mL of
AE36 or AE37) or controls (C. albicans, 1:50; pokeweed mi-
togen, 2 μg/mL) in precoated IFN-γ ELISPOT plates (MAB-
TECH AB), in quadruplicate at 2.5 × 105 cells per well. The
plates were incubated at 37°C in a humidified 5% CO2 in-
cubator for 40 hours and developed as described by the
manufacturer. Spots were enumerated using an ELISPOT
analyzer (A.EL.VIS GmbH). Data were calculated as previ-
ously described (28). Briefly, data are presented as specific
spots (experimental spots minus background spots; i.e.,
PBMCs inmedium alone) per 106 PBMCs, or as a calculated
1/frequency of specific spots in 106 PBMCs. Patients were
considered to have preexisting immunity if, at baseline,
the mean antigen-specific spots per well were statistically
different (P < 0.05) from background. Patients were consid-
ered to have increased response if the mean number of spe-
www.aacrjournals.org
cific spots per well (i.e., experimental number of spots per
well minus the mean number of spots of the background
wells at the corresponding cycle of vaccination) at a given
vaccination round was greater than 2 SD above the pre
vac–specific spots, remained the same if the mean number
of specific spots per well was within 2 SD of the pre
vac–specific spots, and decreased if the mean number of
specific spots per well was greater than 2 SD below the
pre vac–specific spots.

Intracellular staining
Cultures set up as above were harvested, and recovered

cells were stained with allophycocyanin-labeled anti-CD4
and peridinin chlorophyll protein–labeled anti-CD3 anti-
bodies (BD Biosciences) at room temperature for 15 min-
utes. Cells were then washed, fixed, permeabilized, and
stained with fluorescein isothiocyanate (FITC)–labeled
anti–IFN-γ (BD Biosciences) using BD Cytofix/Cytoperm
Fixation/Permeabilization kit (BD Biosciences) according
to the manufacturer's protocol. Stained cells were ana-
lyzed by FACSCalibur and CellQuest software (BD Bios-
ciences). The percentage of IFN-γ+ cells are presented
corrected for background.

Phenotypic characterization of Tregs
Peripheral blood from patients was collected pre vac,

post vac, and at long term. Treg cells were detected in
whole blood by a lyse-no-wash method. In brief, 50 μL
of whole blood (with heparin or EDTA) were stained for
Table 1. Patient characteristics
Age, median (range)
Clin Ca
66 y (46–84 y)
%

ncer Res; 16(
No. patients
Race

Caucasian
 100
 32
Gleason score

Low (3–6)
 31
 10

Intermediate (7)
 38
 12

High (8–10)
 31
 10
Stage*

Stage I
 0
 0

Stage II
 9
 3

Stage III
 47
 15

Stage IV
 44
 14
Biochemical castration

Castrate sensitive
 66
 21

Castrate resistant
 34
 11
PSA (ng/mL)

<0.2
 41
 13

0.2–10
 22
 7

>10
 37
 9

All median (range)
 0.86 (0.01–367)
*Staging according to American Joint Committee on
Cancer.
13) July 1, 2010 3497
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15 minutes at room temperature with pretitrated combina-
tions of anti–CD45-peridinin chlorophyll protein, CD4-
allophycocyanin, CD25-fluorescein isothiocyanate, and
CD127-phycoerythrin (all purchased from BD Biosciences).
Red blood cells were lysed with 450 μL of ammonium chlo-
ride lysing solution and analyzed within 1 hour on a FACS-
Calibur. Tregs were defined by gating on low SSC CD45+

CD4+ lymphocytes expressing high CD25 (higher than the
non CD4+ lymphocytes) and negative/low for CD127 (29).

Plasma human epidermal growth factor receptor
extracellular domain and transforming growth
factor-β determination
Plasma samples were collected pre vac, post vac, and at

long term. Commercially available immunoassay kits were
used for measurements of transforming growth factor-β
Clin Cancer Res; 16(13) July 1, 2010
(human TGF-β1 instant enzyme-linked immunosorbent as-
say, BenderMedSystemsGmbH), andHER-2/neu extracellu-
lar domain (HER-ECD; Immuno 1, Bayer Diagnostics).

Delayed-type hypersensitivity
Delayed-type hypersensitivity (DTH) reaction was done

before the vaccination regimen (pre vac DTH), post vac,
and at long term. The DTH reaction was assessed with
100 μg AE36, which were injected intradermally at a site
on the extremity opposite the one used for vaccination.
DTH reactions, as well as dermal reactions to the vaccine,
were measured in two dimensions at 48 hours using the
sensitive ballpoint pen method, and results are reported
as an orthogonal mean (21). Patients must have an indu-
ration of >5 mm post vac to be considered as having
developed a positive DTH reaction (21).
Fig. 1. Toxicity, dermal reactions, and immunity to AE37. A, maximum local and systemic toxicities observed during vaccinations (graded according to
common terminology criteria). B, dermal reactions (orthogonal mean ± SEM) were recorded 48 hours postvaccination throughout the vaccination series.
**, P = 0.0013; ***, P < 0.0001. IFN-γ ELISPOT responses to AE37 (C) *, P < 0.05; **, P < 0.01 or to AE36 (D) ***, P < 0.001 during vaccinations with
AE37. Specific spots (mean ± SEM) are shown at baseline (R0) and 1 month after each vaccination (R1–R6).
Clinical Cancer Research
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Statistical analysis
GraphPad Prism version 4 software was used for the sta-

tistical analysis of data. Two-tailed Wilcoxon matched pair
test and Spearman correlation test at 95% confidence inter-
val were used for statistical evaluation. Statistically signifi-
cant differenceswere consideredwhen the P valuewas≤0.05.

Results

Patients
Thirty-two patients with HER-2/neu+ prostate cancer

were enrolled. Patient characteristics are given in Table 1.
Twelve of the stage IV patients were metastatic with bone
metastases. Three of the enrolled metastatic patients
discontinued vaccinations (one patient at the second cycle
and two at the third cycle) at time of severe disease
progression. Thus, 29 of the patients completed all vacci-
nations and could be evaluated immunologically. Treat-
www.aacrjournals.org
ment before vaccinations included surgery, radiotherapy,
chemotherapy (docetaxel), and androgen ablation (bicalu-
tamide and luteinizing hormone-releasing hormone (LHRH)
agonist). During vaccinations, 19 patients did not receive any
other treatment; 5 patients who had progressive disease re-
ceived additional chemotherapy; the remainder received
hormonal therapy alone or combined with radiotherapy.

Toxicity
Maximum local and systemic toxicities for all 32 pa-

tients are shown in Fig. 1A. We observed no toxicities be-
yond grade 2. Predominant systemic symptoms were
grade 0, with only three patients experiencing grade 1 fever
during the first night, which was easily manageable with
paracetamol. Local toxicity was mild with most of the
patients having grade 1 symptoms (pain at the injection
site accompanied with mild swelling and itching), where-
as grade 2 symptoms (large swelling with blisters at the
Fig. 1. Continued. E, individual pre vac and maximal (max) ELISPOT IFN-γ responses obtained during vaccination. Horizontal bars, median values.
F, percent AE37 and AE36 specific immunity after vaccination. Gray, increased; hatched, unchanged; black, decreased. G, pre vac and maximal
ELISPOT IFN-γ responses in patients with preexistent immunity to AE36. H, durable immunity to AE36 induced by the AE37 vaccine: mean ± SEM. IFN-γ
ELISPOT responses to AE36 at long term did not differ compared with maximal responses. ***, P < 0.0001.
Clin Cancer Res; 16(13) July 1, 2010 3499
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injection site) were scored in six patients. Two patients re-
quired GM-CSF reduction, one after the first vaccination
and one after the fourth vaccination. One additional pa-
tient required, initially (after the first vaccine), GM-CSF re-
duction; after the second vaccine, GM-CSF omission; and
finally at the fourth vaccine, peptide reduction.

Dermal reactions
Dermal reactions at each vaccination cycle (AE37 with

GM-CSF) were determined 48 hours after immunization
by measurement of induration. Already after the first vacci-
nation, the vast majority of patients (25 of 29) developed
dermal reactions that progressively increased after the
second vaccination (27 of 29 patients), with all patients
responding after the third vaccination cycle (Fig. 1B).

The AE37 vaccine induces IFN-γ–producing
circulating T cells
To study the effect of the AE37 vaccine on the immune

system, PBMCs were isolated pre vac and during vaccina-
tions, and then analyzed for the presence of AE37-specific
T cells by IFN-γ–based ELISPOT. The overall PBMC-
derived IFN-γ response to AE37 and native AE36 peptide
pre vac and during each round of vaccination is shown in
Fig. 1C and D. The number of IFN-γ–secreting cells in re-
sponse to in vitro stimulation with AE37 increased already
after the first round of vaccination (R1) and peaked
2 months later (i.e., after the third vaccine, R3; Fig. 1C).
Patients' PBMCs were also assessed in vitro for IFN-γ re-
sponse to the nonmodified AE36 HER-2/neu(776–790)
peptide, which is naturally processed and expressed on
both tumor cell lines and primary tumors from various
types of cancers, including prostate adenocarcinomas
(18, 19). The maximum AE36 peptide–specific immune
responses were also observed after the third vaccination
(Fig. 1D). Individual patient responses are shown in
Fig. 1E. The median AE37-specific T-cell frequency pre
vac was 1 in 33,333 (Fig. 1E). The maximal response
was a median frequency of 1 in 11,765 PBMCs (P <
0.0001 compared with pre vac). Seventy-two percent of
the patients (21 of 29) developed augmented immunity
to AE37 peptide, seven patients (24%) did not increase,
and one patient had a significant decrease on immuniza-
tion (Fig. 1F). The median T-cell response to AE36 peptide
pre vac was 1 in 83,333 (Fig. 1E). During vaccinations, the
median response to this peptide was increased up to a
frequency of 1 in 19,231 (P < 0.0001 compared with pre
vac; Fig. 1E). Nineteen of 29 patients (65.5%) developed
augmented immunity, 10 patients (34.5%) did not aug-
ment, and none had a significant decrease to AE36 with
immunization (Fig. 1F). Of note, 9 (31%) of 29 patients
had preexistent immunity to the native peptide, and five
of those significantly increased their responses during
vaccinations (P = 0.0017; Fig. 1F). The average IFN-γ
response to AE36 at long-term assessment was comparable
with average maximal response (Fig. 1H) suggesting
that the AE37 vaccine induces long-lasting systemic
immunity.
Clin Cancer Res; 16(13) July 1, 2010
Both vaccine-specific and AE36-specific CD4+ and
CD8+ T cells are induced by vaccination
Development of immunity to either the AE37 vaccine

peptide or to the native AE36 peptide was shown by es-
timating the percentage of patients' circulating T cells that
positively stained for intracellular IFN-γ after exposure to
the respective peptide. As shown in Fig. 2, vaccination
caused the successful induction of patients' AE37-specific
CD4+ and CD8+ T-cell subsets (Fig. 2A and D). We also
observed a parallel increase of both T-cell subsets re-
sponding to the native AE36 peptide (Fig. 2B and E).
The median maximal percentage of CD4+ T cells specific
for AE37 was 0.025 (Fig. 2A), and 0.017 for AE36 (Fig. 2B).
Median preimmunization values were less than 0.0001%
for both AE37 and AE36. We also observed remarkable
CD8+ T cell–mediated responses to AE37 (medianmaximal
percent 0.074%; P < 0.0005 compared with pre vac) and
to AE36 (median maximal percent 0.085%; P < 0.0001
compared with pre vac; Fig. 2D and E, respectively). Aver-
age maximal responses to AE36 for both subsets remained
unchanged at long-term assessment (Fig. 2C and F).

Regulatory T cells in patients
Tregs were defined as CD4+CD25highCD127low/− cells

(29). Immunization with the AE37 peptide and GM-CSF
was associated with a statistically significant decrease of
Treg frequency at long term (median 4.89%; range 1.30–
9.00% in vaccinated versus 5.76%; range 1.46–10.75% pre
vac; Fig. 3A). Post vac Treg frequency was also reduced com-
pared with pre vac (median 5.18%; range 2.12–10.46%),
but without reaching statistical significance (P = 0.4363).

TGF-β and HER-2/neu extracellular domain
levels in plasma
TGF-β, a potent immunosuppressant of T-cell immunity

in cancer patients (30), has been shown to be elevated in
the serum of patients with prostate cancer (31, 32). The
median level of plasma TGF-β pre vac was 9.34 ng/mL
(range 4.11–31.84 ng/mL). Post vac TGF-β levels, al-
though reduced, did not reach statistical significance (me-
dian 8.46 ng/mL; range 4.42–31.99 ng/mL; P = 0.4043).
However, at long-term assessment, a statistically signifi-
cant reduction was achieved (7.49 ng/mL; range 2.90–
24.23 ng/mL; Fig. 3B) Importantly, percent changes in
long-term, compared with pre vac, TGF-β plasma levels
statistically correlated with the corresponding percent
changes in circulating Tregs (Fig. 3C).
HER-2/neu extracellular domain (HER-ECD) levels in

serum have been reported to be elevated in prostate and
breast cancer patients (33, 34). We show herein a signifi-
cant decrease in plasma HER-ECD levels post vac (median
5.9 ng/mL; range 4.0–12.5) compared with pre vac (medi-
an 9.2 ng/mL; range 6.3–15.3 ng/mL) in our prostate
cancer patients (Fig. 3D).

In vivo immunologic responses
To more closely determine the effectiveness of the AE37

vaccine at inducing in vivo immunologic responses, we
Clinical Cancer Research
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measured and compared DTH responses to the nonmodi-
fied AE36 peptide pre vac, post vac, and at long term. Of
the 29 patients who completed the vaccination series, 23
(79%) had significant post vac DTH reactions (>5 mm)
with a median post vac induration diameter of 11.5 mm
(range 0.5–38.75 mm) compared with a median of
0.0 mm (range 0.0–8.0 mm) at baseline (Fig. 4). We did
not observe any significant changes in long-term DTH
reactions (median 10.0 mm; range 0.5–45.0 mm) com-
pared with post vac DTH (Fig. 4).

Comparison of AE37-induced immunity among
different patient groups
Patients were retrospectively stratified for data analysis,

which might be useful for providing insight for patient
selection preceding a phase II clinical trial. Retrospective
stratification was done by staging [i.e., stage II-III (nonme-
tastatic patients) versus stage IV (patients with advanced
disease)], by response to testosterone lowering (i.e., cas-
trate-sensitive versus castrate-resistant), and by HER-2/neu
expression (i.e., HER-2/neu low expressors with IHC 1+

and 2+ versus HER-2/neu overexpressors with IHC 3+). As
can be seen from Fig. 5, therewas a tendency for better in vitro
and in vivo immune responses to vaccination in the groups of
www.aacrjournals.org
patients with less-progressed disease. Themaximum increase
of specific IFN-γ–producing T cells in response to vaccina-
tion with AE37, detected by ELISPOT and expressed as mean
fold increase from baseline levels, was higher in stage II-III
(Fig. 5A) and castrate-sensitive (Fig. 5B) patients compared
with stage IV and castrate-resistant patients, respectively,
although this difference was not statistically significant. Sim-
ilarly, DTH responses to the vaccine, determined as the
difference of post vac minus baseline DTH, were statistically
significantly lower in stage IV patients (Fig. 5D) and also
lower (although not statistically significant) in castrate-
resistant patients (Fig. 5E). Interestingly, IFN-γ responses in
patients with HER-2/neu–overexpressing tumor at first diag-
nosis were highly reduced (with statistical significance)
compared with patients exhibiting low HER-2/neu expres-
sion in their biopsies (Fig. 5C). However, no statistically
significant difference was observed in the DTH responses
with regard to HER-2/neu expression (Fig. 5F).
Taking into consideration that such in vitro (IFN-γ) or

in vivo (DTH) immunologic responses might have been
influenced by the tumor-induced suppressive milieu, we
also evaluated the plasma TGF-β levels and the Treg
frequencies before the initiation of vaccinations (baseline
values) in the same groups of patients. Increased baseline
Fig. 2. Increased numbers of both CD4+ and CD8+ IFN-γ–producing T cells after vaccination. Individual responses to AE37 (A and D) and AE36 (B and E).
Vaccine-induced AE36-specific CD4+IFN-γ+ (C) or CD8+IFN-γ+ (F) subsets during vaccinations (maximal responses) and at long term. *, P < 0.05; **,
P < 0.01; ***, P < 0.0001.
Clin Cancer Res; 16(13) July 1, 2010 3501
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TGF-β plasma concentrations were recorded in patients
with progressed disease, i.e., stage IV (Fig. 5G) and
castrate-resistant (Fig. 5H), compared with stage II-III
and castrate-sensitive patients, although not reaching
statistical significance. No differences in pre vac Treg
frequencies could be documented in any patient group
(Fig. 5J–L).

Discussion

We report here the results of a phase I trial evaluating
the safety and immunologic activity of a HER-2/neu
hybrid peptide vaccine (AE37) in patients with castrate-
sensitive and castrate-resistant, metastatic and nonmeta-
static prostate cancer. This treatment was not associated
with significant adverse events; as anticipated, patients
experienced local injection site reactions, and a few expe-
rienced low-grade constitutional symptoms such as fever
Clin Cancer Res; 16(13) July 1, 2010
during the first night. The majority of patients developed
T-cell (CD4+ and CD8+) immune responses specific for
AE37 as well as for the native HER-2/neu(776–790)
(AE36) peptide.
The Ii-Key technology has been designed to enhance

presentation of antigenic peptides by promoting exchange
of peptides in the MHC class II molecules at the cell sur-
face (13). Accordingly, the AE37 hybrid peptide [Ii-Key/
HER-2/neu(776–790)] is capable of directly charging the
HLA-DR alleles with the epitope(s) present in HER-2/neu
(776–790), thus inducing stronger immunologic re-
sponses in vitro and antitumor immunity in vivo than the
native AE36 peptide. Indeed, we have shown that AE37
elicits higher frequencies of IFN-γ+ CD4+ responder cells
among cancer patients' PBMC compared with AE36 and
provided significantly stronger help to autologous CTL
in lysing tumor cells both in vitro and in vivo (18, 19). Fur-
ther, the AE37 hybrid vaccine was reported to elicit strong
Fig. 3. Biological and immunologic
parameters pre vac, post vac, and
at long term. A, circulating Tregs.
Serum levels of TGF-β (B) and
HER-ECD (D). C, correlation
between percent change in TGF-β
and percent change in Treg
frequency at long term compared
with pre vac values. Horizontal
bars, median values. *, P < 0.05;
***, P < 0.001.
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HER-2/neu–specific immune responses in a trial with
breast cancer patients even in the absence of GM-CSF (21).
Peptide vaccine trials have focused predominately on

stimulating CTLs, through the administration of 8-10mers
binding on HLA class I alleles. Such vaccine-induced CTLs
can directly kill tumor cells but lack long-lasting immunity
(35). This AE37 peptide vaccine focuses on stimulating
CD4+ T-helper cells with the goals of inducing immuno-
logic memory and persistent stimulation of CTLs. Clinical
studies using class II peptide vaccines have been reported
by Disis et al. (36) in breast cancer. The Ii-Key modifi-
cation of HER-2(776–790) has been used to vaccinate
disease-free, node-negative breast cancer patients (21). In
melanoma, there are also class II peptide vaccines in
clinical trials (37, 38). This is the first clinical trial using
the Ii-Key modification in prostate cancer patients.
The HER-2/neu(776–790) peptide is promiscuously pre-

sented by many HLA-DR alleles (39). Such presentation
theoretically could reflect one epitope that binds to many
HLA-DR alleles and/or multiple closely overlapping, but
slightly offset, HLA-DR epitopes. In either case, the AE37
vaccine seems to increase presentation and potency of T-cell
activation regardless of HLA allele. Whether the Ii-Key
(LRMK) moiety actually confers additional MHC class II
promiscuity to AE36 requires further investigation. Interest-
ingly, our data from intracellular IFN-γ analyses detected
potent responses mediated by patients' CD8+ T cells, sug-
gesting that the AE37 vaccine, in addition to CD4+ T cells,
also primes CD8+ T cells. Such responses were also detected
in response to the native AE36 peptide, suggesting that the
Ii-Key moiety in AE37 enhances immunity directed against
sequences with MHC class I binding motifs encompassed
within HER-2/neu(776–790) (suggested by an algorithm-
prediction software). Moreover, IFN-γ production by
CD8+ T cells in response to AE37 may also be triggered
www.aacrjournals.org
by MHC “neo-determinants” generated by the linkage of
Ii-Key to AE36. Although this has to be confirmed, our data
suggest that this might be the case given the higher frequen-
cies of responders' IFN-γ+ cells with AE37 compared with
AE36. The efficacy of our vaccine formulation to induce a
specific T-cell response against AE37 and/or AE36 has been
confirmed by the high number of patients with augmented
immune responses. Such responses usually peaked by the
third round of vaccination and then declined. One possibil-
ity for this could be that after a number of vaccinations,
subsets of the vaccine-induced T cells acquire different mi-
gratory or homing characteristics and they selectively accu-
mulate to various body compartments, including lymph
nodes, bone marrow, and/or tumor tissue (40).
Stimulating CD4+ T-helper cells is essential for inducing

long-term immunity. In most of our vaccinated patients,
we could detect specific immunity to AE36 both in vitro
(IFN-γ) and in vivo (DTH) even 6 months after completion
of the vaccination series. However, vaccinating with MHC
class II–restricted peptides might additionally activate
Tregs, which are already elevated in prostate cancer pa-
tients (41–43). By monitoring circulating Tregs in our
AE37 trial, we detected a reduction in the frequency of
Tregs postvaccination, which was even more pronounced
at long-term assessment. Furthermore, Treg frequency re-
duction correlated with a decrease in TGF-β plasma levels,
thus indicating that vaccination with AE37 may effectively
modulate the immunosuppressive milieu induced by the
tumor. The fact that Tregs, as well as TGF-β, were found to
be more reduced 6 months after completion of vaccina-
tions (long-term values) compared with postvaccination
is indicative of ongoing immune responses triggered by
the vaccine, probably not solely against the targeted epi-
tope (AE36) but against broad tumor-associated specifici-
ties (epitope spreading). This has also been reported when
vaccinating metastatic breast cancer patients with MHC
class II–restricted HER-2/neu peptides (28).
HER-ECD serum levels have been shown to be elevated

in prostate cancer patients and shown to be an indepen-
dent prognostic factor associated with a high risk of bio-
chemical recurrence (33). For this reason, it was of interest
to determine plasma HER-ECD levels at enrollment and
after completion of vaccinations. Overall, a significant vac-
cine-induced decrease in HER-ECD plasma levels was ob-
served. Because of the limited number of patients,
however, we could not detect any statistical difference
among patients with different clinical characteristics. Fur-
ther clinical studies will be required to clarify the reason
for this decrease.
By retrospectively analyzing our patients according to

their pre-enrollment characteristics, that is, stage, sensitiv-
ity to biochemical castration, or HER-2/neu expression, we
have detected a correlation between the extent of the dis-
ease and the in vitro and in vivo vaccine-induced immune
responses against AE36. Patients with advanced disease,
stage IV and/or castrate-resistant, exhibited decreased
circulating IFN-γ–producing cells and lower post vac
DTH responses. It has been previously documented (44)
Fig. 4. DTH pre vac, post vac, and at long term. Box and whiskers (5–95%
percentile) plot. Horizontal bars, median values; vertical bars, range.
***, P < 0.0001.
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Fig. 5. Comparison of immune parameters in vaccinated patients classified according to staging (stage II-III versus stage IV), sensitivity, or resistance to
testosterone lowering (castrate-sensitive versus castrate-resistant, respectively) and the levels of their tumors' HER-2/neu expression (HER1+2+ versus
HER3+). A to C, results represent maximal-specific spots divided by pre vac–specific spots. D to F, results represent DTH post vac minus DTH pre vac.
G to I, plasma TGF-β concentrations. J to L, % circulating Tregs. Where not indicated, intragroup comparisons were not statistically significant. Total, all
patients. Bars, mean values ± SEM. **, P < 0.01.
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that cancer progression leads to tumor-mediated local and
systemic immunosuppression resulting in compromised
antitumor immunity. Indeed, we found in the present
study that prevaccination baseline plasma TGF-β levels
were increased in patients with advanced disease (stage
IV and/or castrate-resistant), at least partially accounting
for a hostile milieu in these groups leading to decreased
AE37 vaccine-induced immune responses. In contrast, sim-
ilar percentages of peripheral blood Tregs were detected
among the various groups. Our data are in line with those
of Yokokawa et al. (42) who found no significant differ-
ences in Treg populations in peripheral blood of prostate
cancer patients with localized or advanced disease, yet
showed that Tregs from metastatic patients were more
suppressive.
It has been previously reported that breast cancer patients

with low HER-2/neu (IHC 1+)–expressing tumors re-
sponded better to the E75 vaccine than those with HER-2/
neu IHC 2+ and 3+, suggesting an element of immunologic
tolerance in the high HER-2/neu expressors (45). In the
present study, we also found significantly reduced INF-γ–
producing cells and lower (although not statistically signif-
icant) DTH responses in patients with high (IHC 3+) HER-
2/neu expression compared with HER-2/neu IHC 1+ and 2+.
Given the small number of vaccinated patients, their

heterogeneity, and the various types of treatments, it was
difficult to determine whether an association exists be-
tween the development of an immune response and clin-
ical response. Thus, we could not detect a significant
association between vaccine-specific immunologic re-
sponses and PSA levels or overall survival/progression-free
survival (data not shown). Furthermore, most patients
(13 of 29, of which 12 did not receive any therapy during
www.aacrjournals.org
vaccinations), when entering the study, had negligible PSA
values that remained low (below 0.2 ng/mL) throughout
the relatively short vaccination period. Obviously, this
could be a result of (a) the previous therapies, (b) the
vaccine, or (c) a combination thereof.
In conclusion, the use of the AE37 immunotherapeutic

vaccine is a novel strategy for managing patients with pros-
tate cancer. This clinical trial shows that the vaccine is safe
and immunologically active. However, proof of clinical
benefit will require a phase II trial in a homogeneous
group of patients with less extensive disease, including
disease-free patients at high risk of recurrence.

Disclosure of Potential Conflicts of Interest

N.L. Kallinteris and E. von Hofe: ownership interest, Generex
Biotechnology.

Acknowledgments

We are indebted to our patients for their voluntary participation in this
study. We thank Dr. Angela Ferderigou, head of the Biochemistry
Department of Saint Savas Cancer Hospital, for providing us with
patients' PSA data and Joanne Calogeropoulou for excellent technical
assistance.

Grant Support

Antigen Express, Inc., and a grant from the Regional Operational
Program Attika No20, MIS code 59605GR (M. Papamichail).

The costs of publication of this article were defrayed in part by the
payment of page charges. This article must therefore be hereby marked
advertisement in accordance with 18 U.S.C. Section 1734 solely to
indicate this fact.

Received 01/13/2010; revised 05/06/2010; accepted 05/07/2010;
published OnlineFirst 05/13/2010.
References

1. Scherr D, Swindle PW, Scardino PT. National Comprehensive

Cancer Network guidelines for the management of prostate cancer.
Urology 2003;61:14–24.

2. Mancuso A, Oudard S, Sternberg CN. Effective chemotherapy for
hormone-refractory prostate cancer (HRPC): present status and
perspectives with taxane-based treatments. Crit Rev Oncol Hematol
2007;61:176–85.

3. Zhang Q, Jang TL, Yang X, et al. Infiltration of tumor-reactive
transforming growth factor-β insensitive CD8+ T cells into the tumor
parenchyma is associated with apoptosis and rejection of tumor
cells. Prostate 2006;66:235–47.

4. McArdle PA, Canna K, McMillan DC, McNicol AM, Campbell R,
Underwood MA. The relationship between T-lymphocyte subset
infiltration and survival in patients with prostate cancer. Br J Cancer
2004;91:541–3.

5. Ross S, Spencer SD, Holcomb I, et al. Prostate stem cell antigen as
therapy target: tissue expression and in vivo efficacy of an immuno-
conjugate. Cancer Res 2002;62:2546–53.

6. Wang Y, Harada M, Yano H, et al. Prostatic acid phosphatase as a
target molecule in specific immunotherapy for patients with nonpros-
tate adenocarcinoma. J Immunother 2005;28:535–41.

7. Hubert RS, Vivanco I, Chen E, et al. STEAP: a prostate-specific
cell-surface antigen highly expressed in human prostate tumors.
Proc Natl Acad Sci U S A 1999;96:14523–8.

8. Gulley J, Chen AP, Dahut W, et al. Phase I study of a vaccine using
recombinant vaccinia virus expressing PSA (rV-PSA) in patients with
metastatic androgen-independent prostate cancer. Prostate 2002;
53:109–17.

9. Kim S, Lee JB, Lee GK, Chang J. Vaccination with recombinant ade-
noviruses and dendritic cells expressing prostate-specific antigens is
effective in eliciting CTL and suppresses tumor growth in the exper-
imental prostate cancer. Prostate 2009;69:938–48.

10. Small EJ, Schellhammer PF, Higano CS, et al. Placebo-controlled
phase III trial of immunologic therapy with sipuleucel-T (APC8015)
in patients with metastatic, asymptomatic hormone refractory pros-
tate cancer. J Clin Oncol 2006;24:3089–94.

11. Higano CS, Schellhammer PF, Small EJ, et al. Integrated data from 2
randomized, double-blind, placebo-controlled, phase 3 trials of ac-
tive cellular immunotherapy with sipuleucel-T in advanced prostate
cancer. Cancer 2009;115:3670–9.

12. Kallinteris NL, Lu X, Blackwell CE, von Hofe E, Humphreys RE, Xu M.
Ii-Key/MHC class II epitope hybrids: a strategy that enhances MHC
class II epitope loading to create more potent peptide vaccines.
Expert Opin Biol Ther 2006;6:1311–21.

13. Xu M, Capraro GA, Daibata M, Reyes VE, Humphreys RE. Cathepsin
B cleavage and release of invariant chain from MHC class II mole-
cules follow a staged pattern. Mol Immunol 1994;31:723–31.

14. Gillogly ME, Kallinteris NL, Xu M, Gulfo JV, Humphreys RE,
Murray JL. Ii-Key/HER-2/neu MHC class-II antigenic epitope vac-
cine peptide for breast cancer. Cancer Immunol Immunother
2004;53:490–6.

15. Kallinteris NL, Wu S, Lu X, von Hofe E, Humphreys RE, Xu M.
Clin Cancer Res; 16(13) July 1, 2010 3505



Perez et al.

3506
Linkage of Ii-Key segment to gp100(46–58) epitope enhances the
production of epitope-specific antibodies. Vaccine 2005;23:2336–8.

16. Kallinteris NL, Wu S, Lu X, Humphreys RE, von Hofe E, Xu M. En-
hanced CD4+ T-cell response in DR4-transgenic mice to a hybrid
peptide linking the Ii-Key segment of the invariant chain to the mel-
anoma gp100(48–58) MHC class II epitope. J Immunother 2005;28:
352–8.

17. Sotiriadou R, Perez SA, Gritzapis AD, et al. Peptide HER2(776–788)
represents a naturally processed broad MHC class II-restricted T cell
epitope. Br J Cancer 2001;85:1527–34.

18. Voutsas IF, Gritzapis AD, Mahaira LG, et al. Induction of potent CD4+
T cell-mediated antitumor responses by a helper HER-2/neu peptide
linked to the Ii-Key moiety of the invariant chain. Int J Cancer 2007;
121:2031–41.

19. Sotiriadou NN, Kallinteris NL, Gritzapis AD, et al. Ii-Key/HER-2/neu
(776-790) hybrid peptides induce more effective immunological re-
sponses over the native peptide in lymphocyte cultures from patients
with HER-2/neu+ tumors. Cancer Immunol Immunother 2007;56:
601–13.

20. Mittendorf EA, Holmes JP, Murray JL, von Hofe E, Peoples GE.
CD4+ T cells in antitumor immunity: utility of an Ii-key HER2/neu
hybrid peptide vaccine (AE37). Expert Opin Biol Ther 2009;9:71–8.

21. Holmes JP, Benavides LC, Gates JD, et al. Results of the first phase I
clinical trial of the novel II-key hybrid preventive HER-2/neu peptide
(AE37) vaccine. J Clin Oncol 2008;26:3426–33.

22. Osman I, Scher HI, Drobnjak M, et al. HER-2/neu (p185neu) protein
expression in the natural or treated history of prostate cancer. Clin
Cancer Res 2001;7:2643–7.

23. Calvo BF, Levine AM, Marcos M, et al. Human epidermal receptor-2
expression in prostate cancer. Clin Cancer Res 2003;9:1087–97.

24. Montironi R, Mazzucchelli R, Barbisan F, et al. HER2 expression and
gene amplification in pT2a Gleason score 6 prostate cancer inciden-
tally detected in cystoprostatectomies: comparison with clinically
detected androgen-dependent and androgen-independent cancer.
Hum Pathol 2006;37:1137–44.

25. Mellinghoff IK, Vivanco I, Kwon A, Tran C, Wongvipat J, Sawyers CL.
HER2/neu kinase-dependent modulation of androgen receptor func-
tion through effects on DNA binding and stability. Cancer Cell 2004;
6:517–27.

26. Shariat SF, Bensalah K, Karam JA, et al. Preoperative plasma HER2
and epidermal growth factor receptor for staging and prognostica-
tion in patients with clinically localized prostate cancer. Clin Cancer
Res 2007;13:5377–84.

27. Ricciardelli C, Jackson MW, Choong CS, et al. Elevated levels of
HER-2/neu and androgen receptor in clinically localized prostate
cancer identifies metastatic potential. Prostate 2008;68:830–8.

28. Disis ML, Wallace DR, Gooley TA, et al. Concurrent trastuzumab and
HER2/neu-specific vaccination in patients with metastatic breast
cancer. J Clin Oncol 2009;27:4685–92.

29. Liu W, Putnam AL, Xu-Yu Z, et al. CD127 expression inversely cor-
relates with FoxP3 and suppressive function of human CD4+ T reg
cells. J Exp Med 2006;203:1701–11.

30. de laCruz-Merino L,Henao-CarrascoF,Garcia-ManriqueT, Fernandez-
Clin Cancer Res; 16(13) July 1, 2010
Salguero PM, Codes-Manuel de Villena M. Role of transforming
growth factor β in cancer microenvironment. Clin Transl Oncol 2009;
11:715–20.

31. Canto EI, Shariat SF, Slawin KM. Biochemical staging of prostate
cancer. Urol Clin North Am 2003;30:263–77.

32. Wolff JM, Fandel TH, Borchers H, Jakse G. Serum concentrations of
transforming growth factor-β1 in patients with benign and malignant
prostatic diseases. Anticancer Res 1999;19:2657–9.

33. Okegawa T, Kinjo M, Nutahara K, Higashihara E. Pretreatment serum
level of HER2/nue as a prognostic factor in metastatic prostate
cancer patients about to undergo endocrine therapy. Int J Urol
2006;13:1197–201.

34. Savino M, Parrella P, Copetti M, et al. Comparison between real-time
quantitative PCR detection of HER2 mRNA copy number in periph-
eral blood and ELISA of serum HER2 protein for determining HER2
status in breast cancer patients. Cell Oncol 2009;31:203–11.

35. Kennedy R, Celis E. Multiple roles for CD4+ T cells in anti-tumor im-
mune responses. Immunol Rev 2008;222:129–44.

36. Disis ML, Gooley TA, Rinn K, et al. Generation of T-cell immunity to
the HER-2/neu protein after active immunization with HER-2/neu
peptide-based vaccines. J Clin Oncol 2002;20:2624–32.

37. Wong R, Lau R, Chang J, et al. Immune responses to a class II helper
peptide epitope in patients with stage III/IV resected melanoma. Clin
Cancer Res 2004;10:5004–13.

38. Phan GQ, Touloukian CE, Yang JC, et al. Immunization of patients
with metastatic melanoma using both class I- and class II-restricted
peptides from melanoma-associated antigens. J Immunother 2003;
26:349–56.

39. Salazar LG, Fikes J, Southwood S, et al. Immunization of cancer
patients with HER-2/neu-derived peptides demonstrating high-
affinity binding to multiple class II alleles. Clin Cancer Res 2003;
9:5559–65.

40. Keilholz U, Martus P, Scheibenbogen C. Immune monitoring of T-cell
responses in cancer vaccine development. Clin Cancer Res 2006;12:
2346s–52s.

41. Gannon PO, Alam Fahmy M, Begin LR, et al. Presence of prostate
cancer metastasis correlates with lower lymph node reactivity. Pros-
tate 2006;66:1710–20.

42. Yokokawa J, Cereda V, Remondo C, et al. Enhanced functionality of
CD4+CD25(high)FoxP3+ regulatory T cells in the peripheral blood of
patients with prostate cancer. Clin Cancer Res 2008;14:1032–40.

43. Derhovanessian E, Adams V, Hahnel K, et al. Pretreatment frequency
of circulating IL-17+ CD4+ T-cells, but not Tregs, correlates with
clinical response to whole-cell vaccination in prostate cancer
patients. Int J Cancer 2009;125:1372–9.

44. Gray A, Raff AB, Chiriva-Internati M, Chen SY, Kast WM. A paradigm
shift in therapeutic vaccination of cancer patients: the need to apply
therapeutic vaccination strategies in the preventive setting. Immunol
Rev 2008;222:316–27.

45. Benavides LC, Gates JD, Carmichael MG, et al. The impact of HER2/
neu expression level on response to the E75 vaccine: from U.S.
Military Cancer Institute Clinical Trials Group Study I-01 and I-02.
Clin Cancer Res 2009;15:2895–904.
Clinical Cancer Research


