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Abstract
Peptide vaccination against tumor associated antigens (TAA) remains one of the most common
methods of immunization in cancer vaccine clinical trials. While peptide vaccination has been
reported to increase circulating antigen-specific T-cells, they have had limited clinical efficacy and
there is a necessity to increase their capacity to generate strong anti-tumor responses. We sought
to improve the clinical efficacy of peptide-based vaccines in cancer immunotherapy of metastatic
melanoma using a LHRH-agonist (Leuprolide) as adjuvant. Seventy HLA-A*0201+ Stage IIb-IV
melanoma patients were vaccinated with class I HLA-A*0201-restricted gp100209-2M peptide and
stratified for HLA-DP4 restriction. HLA-DP4+ patients were also vaccinated with class II HLA-
DP4-restricted MAGE-3243-258 peptide. Patients from both groups were randomized to receive 2
doses of Leuprolide or not. Here we report the increase in PBMC TREC levels at week 24 after
peptide vaccination which was independent of the Leuprolide treatment. This change was mirrored
by a small increase in the TREC-enriched CD8+CD45RA+RO−CD27+CD103+, but not the TREC-
enriched CD4+CD45RA+RO−CD31+ T cell population. Serum concentration of two important
factors for thymopoiesis was measured: IGF-1 levels were not changed, while a moderate increase
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in IL-7 levels was noted in the sera of all patients 6 weeks after vaccination. Increased expression
of CD127 (IL-7 receptor alpha) at week 24, compared to baseline, was only seen in the
CD8+CD45RA+RO−CD27+CD103+ T cell population. Our results suggest that Leuprolide has no
effect on thymic output when used as peptide vaccine adjuvant, but IFA-based peptide vaccination
may unexpectedly affect the thymus by increasing thymic output of new T cells.
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INTRODUCTION
It is now clear that the immune system can play an important role in antitumor response.
Therapies which broadly stimulate the immune system, such as interleukin-2 and anti-
CTLA-4, can result in long term complete response in some patients with advanced
melanoma.1–3 Although many human tumor-associated antigens (TAA) have been identified
in melanoma and other types of cancer, peptide-based vaccines have had limited clinical
efficacy, with partial or complete tumor regression being observed in less than 5% of
patients, despite inducing immunization in up to 50% of them.4,5 Peptide vaccines have been
administered with cytokines (IFN-α, IL-2, IL-12 or GM-CSF) or nonspecific immune
adjuvants (e.g. incomplete Freud’s adjuvant like Montanide ISA-51) with the aim of
augmenting their immunogenicity, but with limited success.4,5 Our group has experience
with a modified synthetic HLA-A*0201-restricted peptide of a melanocytic differentiation
antigen (gp100209-2M), that appeared to be more immunogenic when given with incomplete
Freund’s Adjuvant (IFA) and IL-2 than when given with IFA alone.6,7 Multipeptide-based
anti-melanoma vaccines have also been used to overcome the possible selection and escape
of antigen-negative clones, and to elicit both CD4- and CD8-mediated immune recognition.5

A class II HLA-DP4-restricted tumor-specific shared antigen peptide, encoded by the
cancer-germline gene MAGE-3 (MAGE-3243-258), has been shown to be immunogenic and
elicit a peptide-specific immune response.8 Despite these efforts, multi-peptide vaccination
has also shown low clinical efficacy.5 Moreover, the possible effects of peptide vaccination
on thymic activity have not been described.

One potential cause for the relative lack of efficacy for peptide vaccines may be the
increasingly diminished activity of the thymus with age. The thymus is the immune organ
where immature thymocytes derived from bone marrow stem cells undergo a series of
thymic-dependent maturation steps to become antigen-specific naïve T cells. The
progressive decline in thymus structure and function with age coincide with the increase of
sex steroid production around puberty.9 The consequence of this atrophy is the decline of
thymic input to the peripheral T cell pool,10 a limited TCR repertoire,11 altered cytokine
profile12 and a bias towards memory as opposed to naïve T cells.13 Despite the atrophy of
the thymus that comes with age, it still contains all the essential stromal elements to allow
thymocytes to differentiate normally, although with a reduced efficiency. Proof of this
comes from studies showing that the adult thymus contributes to immune reconstitution in
patients after autologous or allogeneic hematopoietic stem cell transplantation14,15 and HIV
infection.16

It has been shown that ablation of sex hormones by a LHRH (luteinizing hormone-releasing
hormone) agonist treatment can restore age-related decline of the number of developing
thymocytes in the thymus of mice17 and humans17,18 by desensitization of the pituitary
gland and gonadal atrophy.19
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In this study, we utilized an LHRH-agonist treatment to enhance thymic melanoma antigen-
specific T cell output in combination with multi-peptide vaccination with peptides
gp100209-2M and MAGE-3243-258 to try to induce melanoma specific CD8+ and CD4+ T cell
activity. Our results showed that there is no effect of the LHRH agonist on vaccination rates,
but suggest a possible effect of peptide vaccination on thymic activity.

MATERIAL AND METHODS
Patients

The 70 patients enrolled in this study had to provide a written informed consent and meet
the following criteria: HLA-A*0201 positive; age ≥ 18 years with histologically documented
diagnosis of stage IIb-IV melanomas and rendered clinically free of disease after surgery;
White Blood Cell Count (WBC) ≥ 3000/mm3; Platelet count ≥ 90,000mm3; Serum
creatinine ≤ 2.0mg/dl; Serum Alanine Aminotransferase (ALT) ≤ 3 X upper limit of normal
(ULN); to be seronegative for HIV antibody; total bilirubin ≤ 2X ULN, except for patient
with Gilbert’s syndrome who had to have a total bilirubin less than 3.0mg/dl. Women who
have menstruation in the past 12 months and without sterilization surgery had to have a
negative pregnancy test.

Patients were ineligible if they had prior systemic therapy (including immunomodulatory
agents), radiation or surgery requiring general anesthesia for melanoma within 28 days of
starting study treatment, or had autoimmune diseases, concurrent systemic or inhaled steroid
therapy, any form of active primary or secondary immunodeficiency, history of
immunization with gp100 or MAGE-3, had received a LHRH-agonist within the past 5
years, used oral contraceptive, hormone replacement therapy or androgen preparations, had
shown hypersensitivity to gonadotropin-releasing hormone analogues or had active systemic
infections requiring intravenous antibiotics.

Patients were also excluded if they had a prior malignancy, with exception of patients that
has been disease-free for 5 years.

Study Design and treatment
We assessed the effects of Leuprolide on thymic activity in melanoma patients, and the
corresponding effects on the ability to immunize against peptides from the melanoma
antigen gp100 (class I HLA-A*0201-restricted peptide gp100209-2M) and class II DP4-
restricted peptide MAGE-3243-258, derived from the MAGE-3 cancer-testis antigen.

This is a phase II randomized study in patients with stage IIb-III melanoma who have
undergone surgical resection with curative intent, and stage IV patients whose metastatic
lesion(s) has been removed surgically. Clinically all patients were rendered free of disease
(NED) at the study entry. Patients were screened for their HLA types and only those with an
HLA-A*0201 positive allele were eligible. All HLA-A*0201 positive patients were assigned
into 2 groups based on their DP4 status: Patients in Group 1 (DP4 negative) received the
gp100 vaccine. Patients in Group 2 (DP4 positive) received both the gp100 and MAGE-3
vaccines. Within each group, patients were randomized to either receive Leuprolide (Arm
A) or not (Arm B) in addition to the vaccine (FIG. 1A).

For patients receiving Leuprolide in Arm A, a 3-month 11.25 mg sustained-release
formulation of Leuprolide (Lupron Depot®) was administrated intramuscularly
approximately every 12 weeks for a total of 2 injections. Patients received the first injection
of Leuprolide (Lupron Depot®) at −3 weeks (FIG. 1B).
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gp100 and MAGE-3 vaccines were administrated subcutaneously in extremities. For patients
in Group 2, gp100 and MAGE-3 peptide vaccines were administrated subcutaneously in
separate extremities, each peptide consists of two separate injections, with each injection
being 1.0 ml in volume. All vaccines were given at an interval of 3 weeks (FIG. 1B). For
those patients receiving Leuprolide, the first vaccination(s) were given 3 weeks following
the first Leuprolide injection at time 0 (FIG. 1B). In order to boost reactivity in the same
lymph node, the same peptide was injected into the same extremity with subsequent cycles.
Because T-cells are stimulated in lymph nodes, extremities that had not undergone lymph
node dissection were used for vaccine injections. All patients received peptide vaccines for a
total of 48 weeks (32 injections for each vaccine).

Flow Cytometry Analysis
Multiparameter flow cytometric analysis of different cell subsets was performed using
Frozen/thawed PBMC from patients at different time points. For the analysis of antigen-
specific T cells (gp100/MAGE-3), cells were stained with class I HLA-A*0201-restricted
gp100209-2M APC-labeled tetramer (Beckman Coulter, CA), and class II HLA-DP4-
restricted MAGE-3243-258 PE-labeled multimer.8 The net tetramer/multimer increase was
calculated by subtracting the net baseline frequency (baseline frequency – Control tetramer
frequency) from the net frequency at any given time point (time point frequency – Control
tetramer frequency at that time point). The control for the multimer assay was a staining
without the multimer. Cells were also stained with anti-CD11c/CD14/CD15/CD16/CD19
FITC (dump channel), CD4 PerCP-Cy5.5 and CD8-APC/Cy7.

For the analysis of TREC-enriched T cell subsets (CD4+CD45RA+RO−CD31+ and
CD8+CD45RA+RO−CD27+CD103+), cells were stained with anti-CD4-AmCyan, CD8-
Pacific Blue, CD45RA-FITC, CD103-PE, CD127-PerCP-Cy5.5, CD45RO-PE-Cy7, CD27-
APC-H7 and CD31-Alexa Fluor 647.

For the analysis of T regulatory cells (CD4+CD25highFoxp3+), cells were stained with anti-
CD4-PerCP-Cy5.5, Foxp3-Pacific Blue, CD25-FITC, CD3-PE and Aqua (Live/dead
staining, Life Technologies, NY). All antibodies, except for FoxP3-Pacific Blue
(eBioscience, CA), are from BD Biosciences. The acquisition was carried out on a FACS
Canto II (BD Biosciences, CA). All analysis was done with the software FlowJo (Tree Star,
OR).

Quantitative real-time PCR for TREC
Quantitative real-time PCR for TREC was performed following a protocol previously
described.20 In brief, One million snap-frozen PBMC were lysed overnight (up to 18 hours)
at 56°C in lysis buffer (LB)20 and heat inactivated 10 minutes at 95°C. DNA was purified by
phenol-chloroform extraction. The DNA was precipitated using a 0.2x volume of 7.5 M
ammonium acetate and a 2x volume of cold 100% ethanol. The DNA pellets were dried
down and reconstituted in 35 μL of Tris-EDTA (TE) buffer and stored at −20°C until use in
the real-time PCR TREC assay.

Thymic function was assessed using the method of Harris et al.21 Delta-deletion TRECs
were amplified and quantified in a Biorad iCycler iQ Real-Time Detection System (BioRad
Laboratories, Hercules, CA) using fluorescently labeled oligonucleotides as reporter probes
in a 50 μL PCR reaction using 2X iQ Supermix (with additional MgCl2 to a final 3.5 mM
concentration) (Biorad). Primers for the TREC sequence were 5′-CCC TTT CAA CCA TGC
TGA CAC-3′ (forward) and 5′-GGG TGC AGG TGC CTA TGC-3′ (reverse), and the probe
was 5′-FAM-TCT GGT TTT TGT AAA GGT GCC CAC TCC TG-BHQ-1-3′. TREC
abundance was normalized to input cell number by a parallel amplification for the β-globin
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gene. Human β-globin primers were 5′-GAA GAG CCA AGG ACA GGT ACG-3′
(forward) and 5′-CCT GGG AGT AGA TTG GCC AA-3′ (reverse), with the probe 5′-FAM-
CTG TCA TCA CTT AGA CCT CAC CCT GTG-BHQ1-3′. Primers (all from Sigma-
Genosys, St Louis, MO) were used at 10 pmol per reaction well, and probes (both from
Biosearch Technologies, Novato, CA) were used at 5 pmol per reaction well. All standards
were run in duplicate, and all samples were run in triplicate.

ELISA
ELISA kit for human IGF-1 was obtained from R&D Systems (Minneapolis, MN).
Multiplex cytokine kits for human IL-7, IL-2 (for serum) and Th1/Th2 cytokines (IFN-γ,
IL-2, IL-4, IL-5, IL-10, IL-12p70 and IL-13; for tissue culture) were obtained from Meso
Scale Discovery (MSD, MD). Each kit was used according to the manufacturer’s
instructions.

Statistical methods
To study the Leuprolide effect on the generation of tumor-specific T cells and antigen-
specific cytokine secretion, we used a 2-tailed Mann-Whitney test. To compare different
time points within patients, a 2-tailed Nonparametric Wilcoxon signed rank test was used.
Statistical tests were performed with Prism 4 software (San Diego, Calif), and P < 0.05 was
considered significant.

RESULTS
Patient Demographics and Vaccination Schedule

Between November 2005 and December 2008, 70 eligible patients underwent class I HLA-
A*0201-restricted gp100209-2M and class II HLA-DP4-restricted MAGE-3243-258 peptide
(for DP4 positive patients) vaccinations together with or without sex steroid ablation
treatment with luteinizing hormone-releasing hormone (LHRH) agonist Leuprolide. All
patients were HLA-A*0201, with fifty nine of them being HLA-DP4 as well (FIG. 1A). No
patient had prior chemotherapy. All patients received the gp100 peptide vaccine, whereas
only patients that were HLA-DP4+ received the MAGE-3 peptide vaccine (FIG. 1A). The
schedule of peptide vaccination and Leuprolide treatment is shown in FIG. 1B. The primary
end point of this clinical study was the comparison of tumor-specific immune responses to
melanoma-specific peptide vaccines, gp100 and MAGE-3 in the presence or absence of
Leuprolide. Secondary endpoints were the evaluation of the enhanced thymic activity
measured by T-cell receptor excision circle (TREC) analysis and flow cytometric analysis
following peptide vaccination and Leuprolide treatments. The median (range) age of the
patients was 52 (23 to 85) years. Patients recruited had histologically documented diagnosis
of stage IIb-IV melanomas and were clinically rendered free of disease after surgery. Forty
seven patients were male, and 23 were female. Eight patients had American Joint Committee
on Cancer (AJCC) stage IIB disease, five patients had stage IIC, four patients had stage
IIIA, ten patients had stage IIIB, thirty patients had stage IIIC and thirteen patients had stage
IV disease.

Peptide vaccines were administered at an interval of 3 weeks for a total of 48 weeks (FIG.
1B). For those patients receiving Leuprolide, it was administrated approximately every 12
weeks for a total of 2 injections starting at week −3, and the first vaccination(s) was given
following the first Leuprolide injection at time 0 (FIG. 1B).

Most of the treatment-related Adverse Events (AE; National Cancer Institute Common
Toxicity Criteria, version 3) were grade 1. Only a few AEs were grade 2: Hot flashes (3/70;
4.3 %), sweating (2/70; 2.9 %), mood alterations (1/70; 1.40 %) and Fatigue (2/70; 2.9 %) in
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the whole population; libido (1/47; 2.1 %) and gynecomastia (4/47; 8.5 %) in males. No
treatment-related grade 4 or 5 AEs occurred.

Leuprolide treatment does not increase peptide-specific T cell frequency after vaccination
Paired samples from cryopreserved patient peripheral blood, with a viability of at least 80%
were obtained at different time points before and after Leuprolide and vaccine treatments
(FIG. 1B). Using tetramer staining, we analyzed the samples from treated patients before
therapy (Week −3; Baseline) and on weeks 12 (70 patients) and 24 (50 patients) after
treatment for percentages of CD8+ cells capable of recognizing gp100 peptide compared to
an HIV control peptide. Similarly, using a class II multimer, we evaluated CD4+ T-cells
capable of recognizing MAGE-3 peptide.8 As shown in FIG. 2A, a series of calculations
were made to determine the specificity of the response, whether a relevant antigen-specific
response was taking place at each time point, and whether there was a significant change at
each particular time point relative to the baseline sample at Week −3. FIG. 2B shows there
was no significant difference in the percentage change of CD8+ gp100 tetramer+, or CD4+

MAGE-3 multimer+ T cells at 12 or 24 weeks after vaccination when compared to the
baseline, between patients treated with Leuprolide and patients who received the vaccine
only (means of tetramer/multimer percentage change between Leuprolide/No Leuprolide
are: gp100 week 12: −0.072/0.003; gp100 week 24: 0.080/−0.069; MAGE-3 week 12:
−0.027/0.007 and MAGE-3 week 24: 0.005/0.040). Additionally, mean fluorescence
intensity for the gp100+CD8+ and the MAGE-3+CD4+ T cells was not different between the
two groups (data not shown). Moreover, separation of patients by gender did not reveal any
gender-specific difference in the percentage change of CD8+ gp100 tetramer+ or CD4+

MAGE-3 multimer+ T cells after Leuprolide treatment (Supplemental Digital Content 1).
Functionally, FIG. 2C shows that overnight in vitro stimulation of PBMCs with the same
gp100 or MAGE-3 peptides used during vaccination did not yield any significant difference
in the percentage change of IFN-γ secretion at 24 weeks after vaccination when compared to
the baseline, as measured by multiplex cytokine assay. This assay did not show any
significant difference in the percentage change of secretion of the other cytokines tested
(IL-2, IL-4, IL-5, IL-10, IL-12p70 and IL-13; data not shown).

TREC levels were increased in all patients, independent of Leuprolide treatment
Forty nine of seventy patients were analyzed for T-cell receptor excision circle (TREC)
content in their peripheral blood. It has been previously reported that Leuprolide treatment
increases thymic output of naïve T cells in hemopoietic stem cell transplant recipients18 and
in prostate cancer patients,17 as evidenced by the increase of TREC levels in the blood. The
analysis of the samples before therapy showed the expected decrease of TREC levels in the
blood with age (FIG. 3A).10 The Leuprolide treatment was effective in inhibiting the
signaling of LHRH, reducing the production of testosterone in men to clinical castration
levels (50 ng/dL, FIG. 3B) and estradiol in women to postmenopausal levels (24 pg/ml, FIG.
3C) in sera.

A comparison between TREC levels at baseline and 24 weeks after initial vaccine showed
there was a Leuprolide-independent increase in TREC levels in the blood of both Leuprolide
treated and untreated groups at week 24 (FIG. 3D; means of TREC/million PBMCs between
Baseline/Week 24 are: Leuprolide treatment: 1,145/2,482; No Leuprolide treatment:
1,421/2,815). This result suggests that the vaccination, and not Leuprolide treatment, may be
stimulating thymic activity, possibly masking the effect of the Leuprolide treatment during
peptide vaccination.
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The Frequency of T regulatory cells does not change after Leuprolide treatment and
vaccination

It has been shown that castration in C57BL/6 mice increased splenic Tregs after
immunization with a murine sarcoma cell line, causing a decline in frequency and function
of tumor-specific CD8 T cells.22 To study the role of Tregs in the lack of effect of
Leuprolide on peptide-specific T cell frequency after vaccination, thirty patients were
analyzed for T regulatory cell frequency in the blood at baseline and at weeks 6, 12 and 24
after vaccination, with (12 patients) or without (18 patients) Leuprolide treatment (FIG 4).
The data shows that Treg frequency in the CD4 T cell compartment does not significantly
change between Baseline (before Leuprolide treatment and vaccination) and weeks 6, 12 and
24, independently of whether the patients received Leuprolide or not (FIG. 4A). This is more
evident when comparing the average of Treg frequency per time point between Leuprolide
treated and not treated patients: the mean Treg frequency is very similar (around 4%
CD4+CD25highFoxp3+ of the total CD4 T cells) between the two groups (FIG. 4B). IL-2 has
been shown to be the most important cytokine for Treg expansion and survival.23,24 We
were unable to detect any major change in the levels of IL-2 in the serum of 50 patients after
24 weeks after peptide vaccination (25 Leuprolide treated and 25 non treated; with a
detection limit = 0.31 pg/mL; data not shown).

TREC level increase at week 24 after treatment correlates with the increase of a TREC-
enriched CD8+ T cell population, but not the equivalent CD4+ T cell population

It has been reported that specific CD8+ and CD4+ T cells subpopulations are enriched for
TREC content. In the case of CD4+ T cells, TRECs are almost exclusively confined to
CD31+ cells, more specifically, to the naïve CD4+CD45RA+RO−CD31+ T cells.25

Therefore, this subpopulation depicts the CD4+ Recent Thymic Emigrants (RTE) (gating
strategy is shown in FIG. 5A). Likewise, in the CD8+ T cells, CD103+ is expressed in a
subpopulation with relatively high TREC levels,26 and is differentiated from circulating
CD103+ mucosa-associated memory T cells by its naive T cell phenotype:
CD8+CD45RA+RO−CD27+CD103+. This CD8+CD103+ naive subset constitutes a major
population of RTE (gating strategy is shown in FIG. 5B). In order to determine the relative
contribution of CD4+ and CD8+ T cells to the increase in TREC levels observed at week 24
after treatment, these subpopulations were analyzed by flow cytometry. Thirty two patients
for which TREC data was available and had enough cells were used to perform the staining
and analysis. As shown in FIG. 5C, the increase on TREC levels seen on week 24 after
treatment was not mirrored by an increase in naïve CD4+CD45RA+RO−CD31+ T cells, but
rather by an increase of naive CD8+CD45RA+RO−CD27+CD103+ T cells (FIG. 5D; mean
of percentage of CD4+CD45RA+RO−CD31+ in CD4 T cells or
CD8+CD45RA+RO−CD27+CD103+ in CD8 T cells between Baseline/Week 24 is: 0.53/0.47
and 0.29/0.46, respectively). Therefore, it appears that CD8+ recent thymic emigrants were
the major population responsible for the increase in TREC levels following immunization.

IL-7 levels in patient’s sera increase at week 6 after treatment
Several research groups have focused on the factors that influence thymic activity,
especially on factors which increase thymic output. Special attention has been placed on
cytokines such as IL-7,27 and growth factors such as Growth Hormone (GH),28 Keratinocyte
Growth Factor 1 (KGF-1)29 and Insulin Growth Factor 1 (IGF-1).30 IL-7 in particular, has
been shown to increase thymocyte proliferation and directly enhance TREC generation.31

We therefore set to analyze the sera from the same thirty two patients we used to identify the
increase of CD8+CD103+ naive subset after treatment, and measured the levels of IL-7 and
IGF-1 at weeks 6, 12 and 24 after vaccine (FIG. 6). We found that IL-7 serum levels showed
a statistically significant increase from baseline to week 6 (mean pg/ml of IL-7 in sera for
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Baseline/Week 6 = 7.81/8.76; p=0.015), and marginally significant to week 12 (mean pg/ml
of IL-7 in sera for Baseline/Week 12 = 7.81/8.75; p=0.058), but did not reach statistical
significance at week 24 after treatment, although it showed the same trend (mean pg/ml of
IL-7 in sera for Baseline/Week 24 = 7.81/8.90; p=0.1141) (FIG. 6A). Serum levels of IGF-1
showed no difference with baseline throughout the same period of time (FIG. 6A). Both T
cell subsets, CD8+CD45RA+RO−CD27+CD103+ (FIG. 6B and C) and
CD4+CD45RA+RO−CD31+ (not shown) expressed CD127 (IL-7 receptor alpha), rendering
them potentially susceptible to slightly higher IL-7 levels in serum. Increased expression of
CD127 at week 24, compared to baseline, was only seen in
CD8+CD45RA+RO−CD27+CD103+ T cells. (FIG. 6C).

DISCUSSION
The ability to mount an immune response against TAAs is paramount to achieve an
immune-mediated antitumor response. Traditionally, one of the most popular methods to
induce TAA-specific T cell responses is peptide immunization, due to the number of
different TAAs that have been identified and the lack of toxicity associated with this method
of immunization.6 Melanocytic differentiation antigens such as tyrosinase, MART-1
(Melan-A) and gp100 have been identified as being over-expressed in cutaneous melanoma.
Other TAAs, including MAGE-3 (Melanoma AntiGEn), are not only expressed in
melanoma, but also in a number of other cancers. While relatively good immunization rates
with peptides derived from these antigens have been achieved, clinical efficacy has been
limited at best.4,5 Clinical trials carried out transferring melanoma specific T infiltrating
lymphocytes into melanoma patients have shown the importance of melanoma-specific T
cell frequency and cell numbers to achieve positive clinical response.32 Since the thymus
diminishes its output to the periphery with age, we aimed to restore its production and
increase melanoma-specific T cell frequency by ablating sex hormones with a LHRH
agonist (Leuprolide; LHRH-A) treatment together with melanoma-specific multipeptide
vaccination in a randomized clinical trial. Sex hormones ablation can restore age-related
decline of the number of developing thymocytes in the thymus.17,18

We have shown that concomitant blockade of sex steroids and multipeptide vaccination
(gp100209-2M and MAGE-3243-258) results in no significant increase in antigen-specific T
cell frequency at weeks 12 and 24 after vaccination. A blood sample for TREC analysis
between the first dose of Leuprolide (week −3) and the first peptide vaccination dose (Week
0) was not included in the design of this clinical trial. We cannot rule out the possibility that
Leuprolide had an effect on thymic output in those three weeks, and that peptide vaccination
may have reversed that effect.

Although differences in thymic output between males and females have been
demonstrated33,34, gender does not seem to affect the outcome after vaccination and LHRH-
agonist treatment. Moreover, the functionality of vaccine-generated antigen-specific T cells
was unchanged, as IFN-γ secretion after peptide stimulation, both by Multiplex cytokine
assay and Intracellular Staining (data not shown) was not perturbed by Leuprolide treatment.

A mouse model of immunization and castration suggested that after an initial increase of
frequency and effector function of antigen-specific CD8 T cell response, a decline in this
response was due to a concomitant increase in T regulatory cell frequency 22. Our results
indicate that Treg levels remain constant from Baseline (week −3; before vaccination and
chemical castration) through week 24 after vaccination. Moreover, IL-2 serum concentration
was undetectable throughout the same period of time (data not shown).
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Determination of thymic output change (measured as TREC change between baseline and
week 24 after start of the treatment) hinted at the reason for the failure of LHRH-agonist
treatment to increase tumor-specific T cell numbers: Leuprolide treatment, when used as an
adjuvant for the vaccination of melanoma patients with gp100209-2M and MAGE-3243-258
peptides in Montanide ISA-51, did not induce the expected chemical castration-dependent
increase on TREC level, even though chemical castration was achieved. For most of the
patients analyzed, we could see a significant increase on TREC levels at week 24,
independent of whether patients were treated with Leuprolide or not.

The unexpected increase in TREC content in the blood between baseline and week 24 of
most patients, would suggest that something else, perhaps previous treatment, the gp100/
MAGE-3 peptide vaccination or the Montanide ISA-51 used as adjuvant for vaccination,
may be involved. It has been reported that thymic damage induced by cytoablative
chemotherapy or radiotherapy causes acute involution followed by eventual regeneration.35

Patients on this clinical trial did not have prior chemotherapy/radiotherapy, ruling out this
prospect. Another possibility could be an unforeseen effect of vaccination/Montanide
ISA-51 in all patients.

IFA alone without antigen has been shown to have immunological response modifying
activity. For example, it has been indicated that it can reduce diabetes incidence in the NOD
mouse36 and induce a myeloid cell population capable of suppressing tumor immunity in
BALB/c mice.37 Moreover, it has been reported that intraperitoneal injection of IFA induces
lupus-related autoantibodies to nRNP/Sm in non-autoimmune BALB/c mice,38 can reduce
autoimmune encephalomyelitis (EAE), inhibit both mitogen and antigen-induced T cell
proliferation and increase secretion of IFN-gamma and IL-10 by neuroantigen specific T
cells in mice. 39 It is therefore plausible that IFA has a direct effect (on thymic epithelial
cells -TEC- or thymocytes) or indirect effect (induction of cytokine production by accessory
cells) on thymopoiesis. To our knowledge, there are no reports on the effect of peptide
vaccination and/or IFA on thymopoiesis.

Although a possible association between vaccination with IFA and increased TREC levels
was found here, we must emphasize that this study could not define a cause-effect
relationship between these parameters because a control arm of unvaccinated patients
(without IFA) was not included. In addition, our results cannot rule out the possibility that
natural oscillations in thymic output occur through time in patients that may account for the
TREC level changes seen in our study here, although this is unlikely.

We also investigated whether any of the peripheral T cell sub-populations, CD4+ or CD8+,
was particularly associated with the TREC level increase seen in this clinical trial. Published
evidence suggested that no particular T cell sub-population had more TREC contribution
after Leuprolide treatment: it has been shown that chemical castration does not change the
CD4/CD8 ratio in the periphery of humans,40 although it increases thymic cellularity and T
cell output.17,18 We stained patient’s PBMC before and 24 weeks after treatment for
markers reported to be associated with higher content of TRECs:
CD4+CD45RA+RO−CD31+ for CD4 T cells25 and CD8+CD45RA+RO−CD27+CD103+ for
CD8 T cells.26 We determined that the increase on TRECs was paralleled by an increase in
the CD8+CD45RA+RO−CD27+CD103+ T cell sub-population, but not by an increase in the
CD4+CD45RA+RO−CD31+ sub-population. This difference in CD4/CD8 TREC distribution
also suggests that the cause of the TREC level increase has no relation with the Leuprolide
treatment.

It is known that thymic productivity is influenced by cytokines, growth factors, and
hormones.41 Cytokines not only influence the production and turnover of peripheral T cells,
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but can also lead to alterations of the thymus and RTE homeostasis. IL-7 has been shown to
be a very important cytokine in the early stages of thymocyte development,42 with IL-7
expression levels decreasing with age.43 IL-7 levels inside the thymus are critical for the
production of T cells.44 However, this is not without controversy. Investigations in mice
have demonstrated some rejuvenation of the thymus following IL-7 treatment45, but IL-7
administration into thymectomized mice resulted in patterns of increased total TREC
contents similar to those in IL-7–treated thymus-intact mice46 with a dose-dependent effect
on T cell development.42 Other factors, such as GH,47 IGF-130 and KGF-1,48 through
different mechanisms, can enhance thymopoiesis and immune reconstitution.

We measured IL-7 and IGF-1 levels in the sera of 32 patients for which TREC TREC data
was available. While IL-7 serum levels showed a statistically significant increase from
baseline to week 6 and marginally significant to week 12, IGF-1 levels remained constant.
The increase in serum IL-7 levels could help explain why TREC levels, and therefore the
CD8+CD45RA+RO−CD27+CD103+ T cell sub-population, increased after vaccination. It is
worth mentioning that both T cell sub-populations, CD8+CD45RA+RO−CD27+CD103+ and
CD4+CD45RA+RO−CD31+, expressed CD127 (IL-7 receptor alpha), but they were not
proliferating (they were KI67−, data not shown). It is curious that although CD8+CD103+

and CD4+CD31+ T cell subsets express CD127, only CD8+CD103+ T cells appeared to be
affected by slightly higher concentrations of IL-7 in the sera. This could at least be partially
explained by concomitant increase of CD127 expression at week 24 only in CD8+CD103+ T
cells, but also points to a different need of cytokines or other factors for the two subsets. In
particular we have not measured all reported factors and cytokines that could affect both
subsets, such as GH or KGF-1.

We have shown that peptide vaccinations in IFA may be associated with increased TREC
levels in melanoma patients, independent of LHRH agonist treatment. Only the increase of
one sub-population of CD8 T cells, CD8+CD45RA+RO−CD27+CD103+, seemed to reflect
the TREC level increase. IL-7 was identified as one of the factors that may contribute to the
increase of CD8+CD45RA+RO−CD27+CD103+ T cells. Animal studies will be helpful to
understand the mechanism by which TREC levels increase after peptide vaccination.
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KGF-1 Keratinocyte Growth Factor 1

IGF-1 Insulin Growth Factor 1
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FIGURE 1. Randomization of patients, treatment schema and time points for laboratory
evaluations
All patients entering the trial were HLA-A*0201+. Patients were stratified by whether they
were HLA-DP4+ or HLA-DP4−; Group 1 consisted of patients who were HLA-DP4−, while
Group 2 consisted of patients who were HLA-DP4+. Within these groups, patients were
randomized in a 1:1 ratio to receive Leuprolide or not (A). A schematic summary of
treatments and time points for laboratory evaluations is also shown (B). The number in
parenthesis is the total numbers of treatments and immunological evaluations for each
patient.
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FIGURE 2. Change in Frequency of gp100209-2M –specific CD8+ and MAGE-3243-258 –specific
CD4+ T cells between baseline and weeks 12 or 24 after treatment, measured by tetramer (CD8)
and multimer (CD4) staining assay
Frozen/thawed PBMC from patients at different time points were stained with class I HLA-
A*0201-restricted gp100209-2M tetramer (A) and class II HLA-DP4-restricted
MAGE-3243-258 multimer (not shown). How the net tetramer/multimer calculation is carried
out is represented (A). Cells were stained with anti-CD11c/CD14/CD15/CD16/CD19 FITC
(dump channel), MAGE3 Multimer PE, CD4 PerCP-Cy5.5, gp100 Tetramer-APC and CD8-
APC/Cy7. The numbers in (B) represent the net change of gp100209-2M –specific CD8+ and
MAGE-3243-258 –specific CD4+ T cell subsets within the CD8 and CD4 T cell population,
respectively, at 12 and 24 weeks after vaccination. The numbers in (C) represent the net
change of IFN-γ secretion after O/N stimulation of patients’ PBMC with peptides
gp100209-2M or MAGE-3243-258 at 24 weeks after vaccination when compared to the
Baseline (W24-BL).
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FIGURE 3. Number of molecules of TRECs per million of PBMC detected in the blood of
patients increase during the course of the intervention independently of Leuprolide treatment
Molecules of TREC in patients from age 23 through 85 yr (median = 52; n = 50) were
analyzed by QC-PCR. The number of molecules of TRECs detected per million of PBMC in
the blood of patients at baseline decreases with age (A). Analysis of blood testosterone
levels in men (B) and estradiol levels in women (C) after Leuprolide treatment. Most men
had testosterone levels compatible with clinical castration (50 ng/dL), whereas almost all
women had postmenopausal estradiol levels (24 pg/ml), after 2 doses of Leuprolide. At 24
weeks post-vaccine, most patients showed an increase in total TREC cells/million PBMC
compared with pretreatment, independently of Leuprolide treatment (D). In 18 of 24 patients
for the Leuprolide-treated, and 15 of 25 for the non-Leuprolide group, changes were deemed
substantial (>25% increase).
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FIGURE 4. The Frequency of T regulatory cells does not change in patients after concomitant
Leuprolide treatment and peptide vaccination
Multiparameter flow cytometric analysis of CD4+CD25highFoxp3+ Tregs was performed
using Frozen/thawed PBMC from 30 patients during peptide vaccination (12 treated with
Leuprolide and 18 non treated) at Baseline, week 6, 12 and 24. Cells were stained with anti-
CD4-PerCP-Cy5.5, Foxp3-Pacific Blue, CD25-FITC, CD3-PE and Aqua. Treg levels did
not significantly change throughout the time course of the vaccination +/− Leuprolide (A).
The mean frequency of CD4+CD25highFoxp3+ Tregs was around 4% of the total CD4 T
cells, independent from the Leuprolide treatment (B).
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FIGURE 5. The TREC-enriched CD8+CD103+ naive CD8+ T cell subset, but not the TREC-
enriched CD4+CD31+ naive CD4+ T cell subset, increased at week 24 after treatment in both
Leuprolide treated and untreated patients
Multiparameter flow cytometric analysis of CD4+CD45RA+RO−CD31+ and
CD8+CD45RA+RO−CD27+CD103+ subsets was performed using Frozen/thawed PBMC
from 32 patients at different time points. Cells were stained with anti-CD4-AmCyan, CD8-
Pacific Blue, CD45RA-FITC, CD103-PE, CD127-PerCP-Cy5.5, CD45RO-PE-Cy7, CD27-
APC-H7 and CD31-Alexa Fluor 647. The gating strategy to study
CD4+CD45RA+RO−CD31+ (A) and CD8+CD45RA+RO−CD27+CD103+ (B) subsets is
shown. A comparison of CD4+CD45RA+RO−CD31+ (C) or
CD8+CD45RA+RO−CD27+CD103+ (D) subpopulations between baseline and week 24 post-
treatment of all patients shows that only an increase in the
CD8+CD45RA+RO−CD27+CD103+ subpopulation correlates with the increase of TREC
levels in PBMC.
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FIGURE 6. Serum levels of IL-7, but not those of IGF-1, increase at week 6 after treatment
The levels of IL-7 and IGF-1 in the sera of the same thirty two patients used to identify the
increase of the CD8+CD103+ naive subset were determined using ELISA (A). The
percentage of expression of CD127 was determined by flow cytometry with the same gate
strategy used in FIGURE 4B and using the quadrants depicted (B). The percentage of
CD127+CD45RA+RO−CD27+CD103+ in CD8 T cells was calculated by multiplying the
percentage of CD127+ cells in CD103+ (calculated as shown in B) by the percentage of
CD8+CD45RA+CD27+ T cells. The graphic shows the result from these calculations for all
32 patients at baseline and at week 24 after treatment (C).
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