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A differentiation antigen commonly expressed on melanoma cells,
gp100 is the target of infiltrating T cells. We conducted a phase I
randomized cross-over trial of melanoma patients with either
xenogeneic (mouse) or human gp100 plasmid DNA injected
intramuscularly at three dosages (100, 500 or 1,500 µg) every three
weeks for three doses. After the first three injections, patients were
then immunized three times with gp100 from the other species.
Peripheral blood samples were analyzed at various time points
following 10-day culture with gp100 peptides using multi-parametric
flow cytometry. A total of 19 patients were enrolled, with 18
assessable for immune function and survival. 14 (74%) were male,
with a median age of 56 years (range, 20-82). All patients had no
evidence of disease; 10 (53%) had stage III disease, 3 each (16%) had
stage IIB and IV disease, 2 (11%) had choroidal and 1 (5%) had anal
mucosal involvement. With a median follow-up of 30 months,
median progression-free survival (PFS) is 44 months. Median
survival is not reached. There was no grade 3/4 toxicity; the most
common grade 1/2 toxicity was an injection site reaction in 12
patients (63%, all grade 1). Five patients developed CD8+ cells
binding gp100280-288 HLA-A2-restricted tetramer. One patient had
an increase in CD8+ IFN-γ+ cells. This xenogeneic immunization
strategy was safe and associated with minimal toxicity. There was also
evidence of immune response.
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Introduction
Melanoma is one of several cancers whose incidence has
increased in recent years (1). Unfortunately, therapy in the
metastatic and adjuvant setting remains toxic and sub-optimal.
Because of the disappointing nature of current therapy, interest
has focused on cancer vaccines as potential therapy in
melanoma. One reason that immunotherapy is attractive in
treating melanoma is the fact that melanoma cells selectively
express a number of differentiation antigens that can serve as
targets for a vaccine strategy (2, 3).

One such differentiation antigen is gp100, a glycoprotein that
is a structural component of the melanosome and which is
expressed only by melanoma cells and melanocytes (4). Some
investigators have also detected gp100 mRNA in glioma cells, an
observation that is plausible given that both tissues share a
common embryonic origin from the neural crest (5).
In patients with metastatic melanoma, CD8+ cells that are
specific for gp100 have been detected (6, 7). Our group has also
previously demonstrated that immunization of stage III/IV
melanoma patients with the relatively immunogenic gp100209217 peptide and various adjuvants led to an increased number of
CD8+ T cells that recognized the peptide (8).
A challenge of immunization with a self-antigen is its lack of
immunogenicity due to immune tolerance or ignorance. A
potential strategy to overcome this lack of immunogenicity is to
immunize with a xenogeneic form of the antigen that shares
significant homology but is also sufficiently different so as to
generate a cross-response to the self-antigen. Our group
previously demonstrated in mouse models that immunization
with a xenogeneic form of gp100 results in protection from a
lethal syngeneic melanoma challenge and causes autoimmune
depigmentation (9-11). Mouse gp100 is 76% identical to human
gp100 at the amino acid level (12).
While there are a number of distinct vaccine strategies,
immunization with a plasmid encoding DNA for a tumor
antigen is a relatively new strategy to induce humoral and
cellular immune responses. Such an approach has several
advantages. The presence of the full-length DNA presents
multiple epitopes and avoids the need for major
histocompatibility complex restriction. In addition, bacterial
plasmid DNA contains unmethylated CpG motifs that stimulate
the innate immune response via toll-like receptor-9 and may
serve as a potent adjuvant for the innate immune system (13,
14).
In this paper, we report the results of a phase I trial of a human
and mouse gp100 DNA vaccine. Such vaccination was
associated with minimal toxicity and produced an increase in
gp100-specific tetramer-positive cells and cytokine responses.

www.cancerimmunity.org

1 of 8

Cancer Immunity (5 June 2009) Vol. 9, p. 5

Results

change in frequency of tetramer-reactive CD8+ cells for each
patient.

Patient demographics

Nineteen patients were enrolled, with 18 receiving all six
injections and evaluable for survival and immune function. One
patient only received three injections before discontinuing
therapy due to progressive disease. All patients were evaluable
for toxicity. Patient characteristics are summarized in Table 1.
Fourteen patients (74%) were male, with a median age of 56
years (range 20-82). All patients had no evidence of disease and
had excellent performance statuses. The majority − 10 of 19 or
53% − had stage III disease, while 3 patients (16%) had
completely resected stage IV disease. Two patients (11%) had a
primary choroidal melanoma while one patient (5%) had a
primary anal mucosal melanoma. In addition to surgical
resection, prior therapy included chemotherapy with
temozolomide (5 patients or 26%), while 2 patients each had
also received adjuvant immunotherapy with high-dose IFN-α.

Figure 1

Table 1
Patient demographics.
Change in gp100280-288 HLA*A201-restricted tetramer CD8+ cells following
mouse and human gp100 DNA vaccination. Multi-parameter flow cytometry
was performed at baseline, at the time of cross-over to the other species DNA vaccine (after three doses) and after receiving all six vaccinations. Representative dot
plots reveal an increase in the frequency of tetramer-reactive CD8+ cells in two
patients, defined as an increase 3 or more standard deviations greater than the
mean value at baseline and an absolute value >0.1%.

Chemokine receptor 7 (CCR7), CD45RA, CD27 and CD28 subtypes
in the tetramer-reactive CD8+ cells reflect an effector cell population

Toxicity and survival

There was no dose-limiting toxicity (DLT). The most common
grade 1/2 toxicity was a local injection site reaction in 12
patients (63%, all grade 1). The only other grade 1/2 toxicities
that were attributable to the vaccinations included fatigue and
myalgias in 2 patients each (11%) and fever, chills and pruritis in
1 patient each (5%). With a median follow-up of 30 months,
median PFS is 44 months. Median survival is not reached.
Increases in gp100-specific tetramer-reactive CD8+ cells after
immunization

We performed multi-parametric flow cytometry on patient
PBMC samples at baseline, at the time of cross-over to the other
species vaccine at dose four and after completion of all six doses
using tetramers for the HLA*A201 restricted peptides gp100209217 and gp100280-288.
We noted that five of the 18 evaluable patients (28%; IDs 2, 3,
6, 8 and 12) developed an increase in the frequency of gp100280288 tetramer-reactive CD8+ cells either at the time of cross-over
and/or upon completion of all six vaccinations. Representative
dot plots are shown in Figure 1, while Figure 2 depicts the
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We then proceeded to analyze the gp100-specific tetramerreactive CD8+ cells by characterizing the CCR7 and CD45RA
expression of these cells. These two markers have been proposed
(15) to classify CD8+ cells into four subtypes: naïve cells
(CCR7+ CD45RA+), central memory cells (CCR7+ CD45RA-),
effector memory cells (CCR7- CD45RA-) and effector cells
(CCR7- CD45RA+). The tetramer-reactive CD8+ cells of all five
patients with an increase in the frequency of tetramer-reactive
CD8+ cells were also CCR7lo CD45RAlo, consistent with an
effector memory phenotype.
In addition, it has recently been proposed (16) that CD27 and
CD28 are markers that further characterize the CCR7CD45RA- population into four subpopulations with different
effector/cytolytic function: EM1 (CD27+ CD28+), EM2
(CD27+ CD28-), EM3 (CD27- CD28-) and EM4 (CD27CD28+). The EM1 subtype has a phenotype very similar to the
CCR7+ CD45RA- central memory cells, while the EM2 and
EM3 subtypes express mediators associated with effector cells.
Of the five patients who were CCR7lo CD45RAlo, two patients
were CD27hi CD28lo (EM2 subtype; IDs 2 and 3), again
consistent with cells having strong effector functions. The other
patients (IDs 6, 8 and 12) were CD27hi CD28int. Representative
dot plots are shown in Figure 3.
Increases in CD8+ IFN-γ+ cells after immunization and evidence of
polyfunctional cytokine responses

We also performed intracellular cytokine staining (ICS) to
examine the intracellular cytokine profile of CD8+ cells at the
time points previously described. One patient (ID 21) was found
to have an increase in the frequency of CD8+ IFN-γ+ cells after
immunization with the gp100 DNA vaccine. Representative dot
plots are shown in Figure 4.
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Figure 2

Changes in (A) gp100280-288 and (B) gp100209-217 HLA*A201-restricted tetramer CD8+ cells following mouse and human gp100 DNA vaccination. Each point
refers to the mean of triplicate values. Most patients also underwent two peripheral blood draws at baseline one week apart prior to receiving vaccination. The values at
baseline represent the mean of both of these time-points. The asterisks (*) refer to patients with an increase in the number of tetramer-reactive CD8+ cells.

Figure 3

CCR7, CD45RA, CD27 and CD28 subpopulations in gp100280-288 HLA*A201-restricted tetramer CD8+ cells following mouse and human gp100 DNA vaccination. Representative dot plots of two patients (IDs 2 and 3) following gp100 DNA vaccination. Both patients had an increase in the frequency of tetramer-reactive CD8+
cells. Further characterization revealed that these cells were CCR7- CD45RA- CD27hi CD28lo, consistent with an effector phenotype.

Figure 4

In addition, there were two other patients (IDs 2 and 3) who
had an increase in CD8+ IFN-γ+ cells that was <3 standard
deviations higher than the baseline value. However, we did note
that these patients had an increase in polyfunctional cytokine/
chemokine responses − consisting of combinations of IFN-γ,
macrophage inflammatory protein-1β, tumor necrosis factor-α
and surface CD107a − following vaccination. These data are
shown in Figure 5.
Lack of correlation between immune responses and dose levels or
survival

Intracellular cytokine staining (ICS) of patient PBMCs following gp100 DNA
vaccination. ICS was performed by multi-parameter flow cytometry. These are
representative dot plots of the patient (ID 21) who had an increase in CD8+
IFN-γ+ cells following vaccination.

Overall, we did not note any significant difference in the
development of gp100-specific tetramer positivity or an increase
in intracellular IFN-γ production between the different gp100
DNA dose levels or based on the sequence in which patients
received the human or mouse DNA vaccines. There did appear
to be a trend towards increased tetramer positivity in patients
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Figure 5

Polyfunctional cytokine responses following gp100 DNA vaccination. Two patients (IDs 2 and 3) had an increase in CD8+ IFN-γ+ that was <3 standard deviations
higher than the mean of the baseline value. However, these patients had evidence of an increase in polyfunctional cytokine responses. The following results represent the
average of values for both patients at baseline, the time of cross-over from one species vaccine to the other and post-vaccination. In (A), all possible combinations of four
selected functional responses are shown on the x-axis. Responses are grouped and color-coded. In (B), each slice of the pie charts represents the fraction of the total
response that is positive for a given number of functions.

Table 2

Changes in gp100-specific tetramer-reactive CD8+ cells and CD8+ IFN-γ+ cells at baseline and following immunization with gp100 DNA vaccine.

who received the two lower vaccine doses (100 and 500 µg; 5 of
12 patients) versus those who received the highest vaccine dose
(1,500 µg; 0 of 6 patients) but this did not reach statistical
significance (P = 0.11).
Similarly, we did not observe a difference in PFS or overall
survival based on the development of an immune response by
either tetramer positivity or increased cytokine expression.
These patient data are summarized in Table 2.
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Discussion
The strategy presented in this paper to overcome the low
immunogenicity of the self-antigens found in many human
cancers is to immunize patients with the xenogeneic counterpart
of that antigen. Proof-of-concept for such an approach stems
from a prior parallel effort by our group. In conjunction with the
Animal Medical Center in New York, NY, we previously
demonstrated that immunizing dogs with melanoma with a
human tyrosinase DNA vaccine produced clinically significant
and durable responses (17, 18).
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Based on these novel findings, a human tyrosinase DNA
vaccine has been issued a conditional license by the United
States Department of Agriculture − the body that regulates
vaccines in animals − for the treatment of canine melanoma.
This licensure represents the first approval of a vaccine strategy
for the treatment of cancer in any species in the U.S. In this
phase I study, we demonstrated that vaccination with a human
and mouse gp100 DNA vaccine is safe and associated with
minimal toxicity. Importantly, no autoimmune manifestations
were noted.
In addition, we also noted evidence of an immune response.
Firstly, we observed an increase in the frequency of gp100specific tetramer-reactive CD8+ cells in 5 of 18 patients
following immunization. Further characterization of these
tetramer-reactive CD8+ cells by the phenotype markers CCR7,
CD45RA, CD27 and CD28 suggest that these cells have
significant effector functions. Secondly, we also noted that one
patient developed an increase in the frequency of CD8+ IFN-γ+
cells following immunization.
There are several findings in our study that were somewhat
surprising. The five patients who developed tetramer positivity
did so only for the HLA*A201 restricted gp100280-288 peptide
but not the gp100209-217 peptide, even though both peptides are
thought to have comparable immunogenicity and intermediate
binding affinity for the HLA*A201 molecule (19, 20). The small
patient numbers preclude any definitive conclusions but it may
be that the mouse gp100 DNA vaccine is more effective in
generating tetramer-specific responses against the gp100280-288
peptide than the gp100209-217 peptide. A similar observation
was made in a report where dendritic cells were infected with a
recombinant vaccinia viral construct expressing gp100 protein
(21). Although gp100 protein was expressed, it was found that
the ability to present the gp100209-217 peptide was poor.
Together, these data would suggest that the processing of a
whole antigen to produce specific immunogenic peptides of
interest that are then presented in the appropriate context to
elicit an immune response is a variable phenomenon that
remains incompletely understood.
In addition, only one patient developed an increase in CD8+
IFN-γ+ T cells recognizing the gp100 peptide following
vaccination. These results are in contrast to our prior report of a
phase I evaluation of a tyrosinase DNA vaccine (22). In that trial,
5 of 18 patients developed an increase in CD8+ IFN-γ+ T cells
recognizing the tyrosinase369-377 peptide (YMDGTMSQV),
while 3 patients developed tyrosinase tetramer-specific
responses. One must make comparisons across different phase I
trials with extreme caution but these divergent findings may
offer insight into the relative immunogenicity and immune
effects of similar DNA vaccines directed against different
melanoma differentiation antigens.
We did note that two patients who had an increase in CD8+
IFN-γ+ cells following vaccination that was <3 standard
deviations higher than the baseline value did have an increase in
polyfunctional cytokine responses. While a single parameter −
most commonly IFN-γ − has previously been used to assess the
effector function of T cells, there are increasing data that
polyfunctional responses are in fact associated with improved
viral control in pre-clinical models of infectious diseases, in
patients infected with human immunodeficiency virus (23) or
immunized using vaccinia constructs (24). Whether
polyfunctional versus single effector function assessments are
preferable for monitoring in cancer vaccine development is very
much an unanswered question.

Finally, we also noted a non-statistically significant trend
towards increased tetramer positivity in patients who received
the two lower doses of the gp100 DNA vaccine versus those who
received the highest vaccine dose. While there is no ready
explanation for this unexpected observation, one intriguing
possibility is that the higher dose of the gp100 DNA vaccine may
have generated a stronger regulatory T cell (Treg) response that
dampened any measurable immune effects. Such a possibility
would have significant implications for the development of
whole DNA or protein vaccines and should be addressed in
future immune monitoring efforts that evaluate Treg
populations to determine if they are augmented following DNA
vaccination.
While we did find evidence of an immune response to the
xenogeneic vaccination strategy, we did not note a difference in
PFS between patients with and without an immune response.
Clearly, this was a phase I study that was not designed to
evaluate survival, much less differences in survival between
either patients at different dose levels or between immune
responders and non-responders. At the same time, it is plausible
that the immune responses we assessed are necessary but not
sufficient for an anti-tumor effect in the metastatic setting or
tumor protection in the adjuvant setting. For example, it may be
that a more robust and durable immune response that can be
detected weeks or months following vaccination in a majority of
patients is required.
In order to enhance the immune responses produced by
vaccination with this mouse gp100 construct, we are currently
comparing a more prolonged administration of the DNA
vaccine by intramuscular injection or via particle-mediated
delivery with gold particles into the dermis.
Other potential evaluations include the co-administration of
adjuvants to potentially boost the immune response. One
particularly attractive strategy is the administration of the
vaccine with simultaneous antibody blockade of cytotoxic T
lymphocyte-associated antigen 4 (CTLA-4), which serves as a
negative checkpoint to regulate immune responses and prevent
autoimmunity (25, 26). Antibodies against CTLA-4 have been
shown to produce durable clinical responses in patients with
advanced melanoma in a number of phase II trials and are
currently undergoing phase III evaluation (27, 28). In addition,
our group has recently shown that anti-CTLA4 therapy in
patients with metastatic melanoma can generate or enhance
antigen-specific CD8+ and polyfunctional cytokine responses,
providing an immunological basis to combine it with a vaccine
strategy (29).
In conclusion, this phase I study established the safety of a
human and mouse gp100 DNA vaccine, with no DLT noted at
the pre-planned highest dose of 1,500 µg administered every
three weeks for six doses. We also saw evidence of an immune
response − in terms of an increase in the frequency of gp100specific tetramer-reactive and IFN-γ-expressing CD8+ cells − in
6 of 18 evaluable patients. Further evaluation of this mouse
gp100 DNA vaccine is ongoing.
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Materials and methods
Eligibility criteria

Eligibility criteria included American Joint Committee on
Cancer stage IIB, IIC, III and IV melanoma. Patients with stage
IIIC/IV disease were eligible if they were free of disease after
surgical resection while those with choroidal melanoma were
eligible if they met one of the following criteria: basal diameter
of 16 mm or more, height of 8 mm or more, or involvement of
the ciliary body. All pathology was confirmed at the Memorial

Sloan-Kettering Cancer Center (MSKCC). Other eligibility
criteria included a Karnofsky performance status of 80% or
more, normal organ and bone marrow function and HLA A2
positivity. Exclusion criteria included brain metastases, prior
chemotherapy or radiotherapy within four weeks of study entry,
prior gp100 vaccine therapy or history of autoimmune disease.
The study was approved by the Institutional Research Board and
all patients gave informed consent.
Study design and treatment plan

This was a phase I study, in which cohorts of six patients were
randomized (three per each arm) to receive a DNA vaccine first
with either human or mouse gp100 via intramuscular injection
every three weeks for three doses. After the first three injections,
patients then received another three doses with the DNA
vaccine from the other species, e.g. patients who received the
mouse DNA vaccine first then received the human DNA
vaccine. Intramuscular injection was administered via the
Biojector2000 jet delivery device (Bioject, Tualatin, OR). The
injection site was rotated for each immunization and no
injection was given at a site where draining lymph nodes had
been removed.
The vaccine was administered at one of three dose levels − 100,
500 or 1,500 µg. Dose escalation occurred only after the last
patient in each preceding cohort completed all six injections
without dose-limiting toxicity (DLT). DLT was defined as any
grade 3/4 toxicity or allergic/immunologic toxicity of grade 2 or
more, according to the National Cancer Institute Common
Terminology Criteria for Adverse Events, version 2.0.
DNA vaccine construct

Mouse and human gp100 complementary DNA were
previously sequenced by our group and introduced into the
pING vector (30), a standard eukaryotic expression vector used
extensively in pre-clinical evaluations and in clinical trials by
our group (17, 22). The vector conforms to criteria specified in
the Food and Drug Administration points to consider for DNA
vaccines. Clinical-grade material was manufactured by Althea
Technologies (San Diego, CA).
Evaluations at baseline and during therapy

At baseline, patients underwent a complete history and
physical examination, as well as ophthalmologic evaluation to
rule out uveitis or an ineligible primary choroidal melanoma.
They also underwent routine blood work and a chest X-ray or
computed tomography scan.
In order to perform immune function monitoring, blood
samples were also collected peripherally at baseline, prior to
cross-over to the other series of vaccinations at the fourth dose
and at the completion of all six doses. Whenever possible,
patients underwent leukapheresis at baseline and after
completion of the six doses to ensure that sufficient peripheral
blood mononuclear cells (PBMCs) were collected. After
completion of therapy, patients underwent repeat radiographic
imaging if warranted. Further evaluation was then performed as
clinically indicated to monitor disease course/recurrence.
Immune function monitoring

Tetramer and intracellular cytokine staining (ICS) assays were
performed using multi-parameter flow cytometry, as previously
described (22, 31, 32). The assays were performed on frozen
PBMC specimens collected at baseline, prior to the fourth dose
and after receiving all six doses.
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The following tetramers and fluorochrome-labeled antibodies
were used: HLA-A*0201-PE-labeled tetramers loaded with
gp100209-217 (ITDQVPFSV) and gp100280-288 (YLEPGPVTA)
(Tetramer Core, Lausanne Branch, Ludwig Institute of Cancer
Research, Lausanne, Switzerland), PE-Cy7-CD3, APC-CD27,
PerCPCy5.5-CD28, APC-interleukin (IL)-2, PE-macrophage
inflammatory protein (MIP)-1β, and FITC-interferon (IFN)-γ
(BD Pharmingen, San Jose, CA), Pacific blue-CD3, APCAF750-CD8, PE-Cy7-tumor necrosis factor (TNF)-α
(eBioscience, San Diego, CA), ECD-CD4, ECD-CD45RA
(Beckman Coulter Inc., Fullerton, CA) and FITC-CCR7 (R&D
Systems, Minneapolis, MN).
Briefly, thawed PBMCs were incubated at a 1:1 ratio with
irradiated autologous PBMCs pulsed with the following peptide
pool at 10 µg/ml each: HLA A2-restricted gp100209-217
(ITDQVPFSV) and gp100280-288 (YLEPGPVTA), HLA DQ6restricted gp100175-189 (GRAMLGTHTMEVTVY), HLA DR4restricted gp10044-59 (WNRQLYPEWTEAQRLD), HLA DR7restricted gp100420-437 (TTEWVETTARELPIPEPE) and
gp100174-190 (TGRAMLGTHTMEVTVYH), and HLA DR53restricted gp100175-189 (GRAMLGTHTMEVTVY) (JPT
Peptide Technologies, Berlin, Germany). The PBMCs were
incubated with IL-2 (Chiron, Emeryville, CA) at 10 IU/ml and
IL-15 (R&D Systems, Minneapolis, MN) at 10 ng/ml.
The cells were harvested on day 10. They were analyzed
immediately by tetramer staining. For ICS, they were
additionally incubated for 20 minutes with PE-Cy5-CD107a
(5 µl/ml; BD Pharmingen) prior to re-stimulation with the
preceding gp100 peptide pool for 2 hours. 5 µg/ml each of
Brefeldin A and monensin (BD Biosciences, San Jose, CA) were
then added for another 4 hours. Cells were analyzed using a
CYAN flow cytometer with Summit software (Dako Cytomation
California Inc., Carpinteria, CA). Analysis was performed using
FlowJo software (version 8.8; TreeStar, Inc., Ashland, OR).
Statistical analysis

A T cell response at any post-vaccination time-point was
considered positive if it was 3 or more standard deviations
greater than the mean value at baseline and had an absolute
value >0.1%. Differences between groups were analyzed using
Fisher's exact test. Progression-free survival (PFS) and overall
survival were estimated using the Kaplan-Meier method.
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