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Genomic, proteomic, and immunologic associations with a durable complete
remission of measurable metastatic melanoma induced by a patient-specific
dendritic cell vaccine
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ABSTRACT
This report describes efforts to understand the immune mechanism of action that led to a complete
response in a patient with progressive, refractory, metastatic melanoma after treatment with
a therapeutic vaccine consisting of autologous dendritic cells (DC) loaded with autologous tumor
antigens (ATA) derived from cells that were self-renewing in cell culture. Her histocompatibility type
proved to be HLA B27 with extensive mutations in the HLA-A locus. Exomic analysis of proliferating
tumor cells revealed more than 2800 non-synonymous mutations compared to her leukocytes. Histology
of resected tumor lesions showed no evidence of an existing or suppressed immune response. In in vitro
mixed cell cultures, DC loaded with ATA induced increased IL-22 expression, and a four-fold increase in
CD8 + T lymphocytes. Cryopreserved blood samples obtained at week-0, 1 week before the first of
three-weekly vaccine injections, and at week-4, 1 week after the third dose, were analyzed by protein
array and compared for 110 different serum markers. At baseline, she had marked elevations of amyloid
A, IL-12p40, IL21, IL-22, IL-10, IL-16, GROa, TNF-alpha, IL-3, and IL-2, and a lesser elevation of IL-15. One
week after 3 weekly vaccinations she had a further 80% increase in amyloid A, a further 66% increase in
IL-22, a 92% decrease in IL12p40, a 45% decrease in TGF-β and 26% decrease in IL-10. The data
suggested that by 3 weeks after the first DCV injection, vaccine-induced changes in this particular
patient were most consistent with enhanced innate and Th1 immune responses rather than Th2 or Th17.
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Introduction

As previously reported, a 59-year-old woman with recurrent,
refractory, metastatic melanoma experienced a delayed com-
plete response after treatment with her patient-specific den-
dritic cell vaccine (DCV), which consisted of autologous
dendritic cells that had been incubated with tumor cells
from a short-term autologous tumor cell line, with each
dose admixed in granulocyte-macrophage colony-stimulating
factor shortly before each injection.1 This complete response
was still ongoing 5 years after initiating the eight DCV injec-
tions that were administered at weeks 1, 2, 3, 8, 12, 16, 20 and
24.2 Of eight patients with measurable metastatic melanoma
when DCV therapy was initiated in this trial, she was the only
patient with a delayed but durable objective complete regres-
sion of all cancer lesions. The best response of the other seven
patients was stable disease, and two of the seven survived
beyond 4 years. In an effort to better understand the basis
of this complete, durable response, we performed ancillary
laboratory studies on her tumor cells, dendritic cells (DC),
peripheral blood mononuclear cells (PBMC) and serum
samples.

The clinical course of this patient is summarized in Figure 1.
She had come to medical attention because of neurologic symp-
toms due to epidural cervical spine metastases. The diagnosis of
metastatic melanoma from unknown primary was made during
a decompression laminectomy during which tumor was

excised.1 As shown in Figure 1, during the following year she
underwent multiple surgeries, external beam irradiation, che-
motherapy, treatment with an anti-RAS-vascular endothelial
growth factor signal transduction inhibitor, gamma knife irra-
diation for brain metastases, and immunotherapy with interleu-
kin-2 (IL-2) and alpha interferon. She had rapid disease
recurrence and progression after each treatment. During
the year after diagnosis, she had metastases to the axilla, brain,
bowel, gallbladder, lung, subcutaneous and other soft tissue sites.
Fifteen months after original diagnosis, and 2 months after
surgery for gallbladder metastases, she enrolled in an open-
label, randomized phase II clinical trial (NCT00436930).2,3 She
was stratified as having measurable distant metastatic disease per
RECIST based on five new rapidly growing, measurable, soft-
tissue metastases, and was randomized to the DCV arm. She
received three weekly s.c. injections of cryopreserved DCV that
were thawed and admixed in 500 µg of granulocyte-macrophage
colony-stimulating factor (GM-CSF), followed by monthly
injections at weeks 8, 12, 16, 20, and 24. She received no other
treatment just before or after starting DCV. Her lesions initially
stabilized, eventually decreased bymore than 50% one-year after
starting treatment, and were completely gone three months later.
At the time of original publication, she had been in continuous
remission for over 2 years.1 She received no additional cancer
treatment, but remained progression-free 5 years after starting
treatment.2
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Methods

Patient samples

PBMC were obtained via leukapheresis and enriched into
lymphocyte and monocyte fractions using the Elutra® Cell
Separation System (CaridianBCT, Lakewood, Colorado).
Cells were cryopreserved at −80°C until analyzed. Samples
of proliferating tumor cells were cryopreserved from the
short-term cell cultures used in manufacturing her patient-
specific vaccine. Cell lines were established from an axillary
metastasis resected 4 months after surgical resection of her
cervical spine metastasis, and a chest wall soft tissue metas-
tasis excised 1 year after her original surgery. Clotted blood
for serum and heparinized blood samples were obtained at
week-0 (baseline), just before the first vaccine injection, and at
week-4, 1 week after the third weekly DCV injection.

Histologic assessment of tumor

Tissue blocks and slides stained with hematoxylin and eosin
were available from the original spine surgery and gallbladder
surgery. These were reviewed by a board-certified pathologist
who also sent tissue to an outside reference laboratory for
monoclonal antibody detection of programmed death ligand-
1 (PD-L1) and various T cell subset markers. There was no
lymphocyte infiltration of the initial tumor and no expression
of PDL-1. In most areas of the gallbladder metastasis, which
had arisen after treatment with IL-2, there was no infiltration
of lymphocytes. However, one small area showed some infil-
tration of T lymphocytes that proved to be predominantly
CD8+ cells with no regulatory T cells based on expression of

CD4+, CD25+, and FoxP3+ . PD-L1 expression was again
low, overall, but in one area 2% of cells stained positively
for PD-L-1.

Genomic analysis and HLA typing

Tumor cells from her two short-term melanoma cell lines and
autologous lymphocytes were analyzed for HLA type and
tumor-specific mutations by whole exomic sequencing ana-
lyses. Exomic regions were captured in solution using the
Agilent SureSelect 50 Mb kit according to the manufacturer’s
instructions (Agilent, Santa Clara, CA). Paired-end sequen-
cing, resulting in 100 bases from each end of each fragment,
was performed using a HiSeq 2500 Genome Analyzer
(Illumina, San Diego, CA). Sequence data were mapped to
the reference human genome sequence, and sequence altera-
tions were determined by comparison of over 50 million bases
of tumor and her normal lymphocyte DNA. Over 100x depth
of coverage was obtained for each sample; a high fraction of
the bases were from the captured coding regions. Raw
sequence tags were aligned to the human genome reference
sequence (hg19) using the Burrows–Wheeler algorithm.
Custom in-house python scripts were used to annotate each
single nucleotide polymorphism (SNP) to the corresponding
gene functional units in RefGene database, including nucleo-
tide and amino acid changes. SNP validation and comparison
(with dbSNP database, 1000 Genomes Project database, pub-
licly available exome databases (ESP), ENCODE, ClinVar,
GWAS, PVFD, BGI-GaP, and YH) were then performed.
Similarly, InDel calling and annotation (annotate each InDel
to the corresponding gene functional units in RefGene

Figure 1. Delayed, durable, complete response of metastatic melanoma.
Scale for time-line is months from diagnosis. Five soft-tissue measurable metastases all completely resolved by 15 months after initiating personal vaccine consisting
of autologous dendritic cells loaded with antigens from irradiated autologous tumor cells from a short-term cell culture. Unmaintained continuous complete
remission was ongoing 5 years after starting patient-specific dendritic cell vaccine and 6.5 years after presenting with widespread metastatic disease. Abbreviations:
CR = complete response; CRB = carboplatin; DCV = dendritic cell vaccine; IFN = alpha-interferon; IL2 = interleukin-2; PR = partial response; RT = radiation therapy;
TXL = paclitaxel; WF = white female
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database, including nucleotide and amino acid changes, etc.)
were performed. Known polymorphisms recorded in
dbSNP were removed from the analysis. Potential somatic
mutations were filtered and visually inspected using the
University of California Santa Cruz genome browser
(Systomic Health LLC, Los Angeles, CA.)

To predict neo-antigens from this set of mutations, the
affinities of the non-synonymous mutations were analyzed
for the patient’s HLA system. Neo-antigenicity score was
calculated by integrating the mutation sequence, patient var-
iants, neo-affinity values, databases and models of immune
response for all MHC Class I and Class II data points. Neo-
affinity scores were based on HLA binding affinity IC 50 <
150 nM (15,16). Additionally, the cellular localization, mem-
brane or intracellular of neo-antigens in her melanoma cells
were predicted.

Serum markers

Blood samples were obtained at baseline and at week-4 (3
weeks after the first injection) because that was felt to be
sufficient time to demonstrate evidence of antibody and cell-
mediated immunity in response to DCV. Cryopreserved
serum samples (200 µl) from week-0 and week-4 were ana-
lyzed by Raybiotech, Inc. (Norcross, GA) for human cytokine
protein array for 110 different proteins (Quantibody®), using
a validated, quantitative, multiplex enzyme-linked immuno-
sorbent assay (ELISA). This included multiple cytokines,
growth factors, proteases, soluble receptors, and other pro-
teins that are associated with immune response, inflamma-
tion, and angiogenesis as previously detailed.2 The baseline
values were characterized as normal or above normal based
on comparison to the mean values obtained from three
healthy individuals. The percent change was then calculated
based on the values obtained at week-4 compared to week-0,
either as a percent-decrease relative to values that were ele-
vated at baseline, or percent-increase compared to the values
that were normal at baseline. Changes of greater than 20%
increase or 20% decrease were considered noteworthy.

Enzyme-linked immunospot assays (ELISPOT)

DC production of IL-12 and IL-23 was measured by enzyme-
linked immunospot assays (ELISPOTs). Autologous mono-
cytes were cultured with GM-CSF (5 μg/ml) and IL-4 (100
ng/ml) in AIMV® media (Thermo Fisher Scientific, Waltham,
MA) for 5 days at 37°C and 5% CO2 to generate immature
DCs. The irradiated autologous tumor cells (TCs) were added
to the immature DC cultures at 1:3 (TCs:DCs) ratio on day-6
and incubated at 37°C and 5% CO2 for three additional days
before loading on the ELISPOT plates. Three different
ELISPOT assays were performed on her tumor cell/antigen-
primed DCV sample with IL-12 p70 ELISPOT kit (BD
Biosciences, San Jose, CA), IL-12/23 p40 ELISPOT kit (R&D
Systems Inc., Minneapolis, MN), and IL-12 p19 development
module (R&D Systems Inc., Minneapolis, MN). Assays were
performed per manufacturer protocols with 200,000 cells
seeded in each well on the 96-well ELISPOT plates and
incubated for 48 h prior to developing the plates to detect

immunospots. Additional test conditions included wells con-
taining no cells, immature DCs, mature DCs treated with
IFNγ and lipopolysaccharide (LPS) (Sigma-Aldrich,
St. Louis, MO), DCV co-cultured with autologous PBMC,
and DCV co-cultured with autologous PBMCs in the presence
of the costimulatory molecule CD40L (500 ng/ml, Thermo
Fisher Scientific, Waltham, MA) and anti-human CD28/
CD49d antibodies (500 ng/ml, BD Biosciences, San Jose,
CA). Each individual experimental group had six replicates
on the ELISPOT plates. The immunospots on the ELISPOT
plates were imaged and counted by Cellular Technology
Limited (C.T.L.) scanning and analysis service and reported
as average number of spots per assay well.

Mixed leukocyte reactions

Autologous mixed leukocyte reactions (MLRs) were performed
to assay T-cell responses to DC that had been antigen-loaded
by phagocytosis during co-culture with irradiated tumor cells
(TC). Autologous PBMC were co-cultured with autologous TC
or autologous DCV at PBMC:DCV and PBMC:TC ratios of 3:1
(6 million PBMC to 2 million antigen-loaded DC, or 6 million
PBMC to 2 million TC) on a 6-well ultra-low attachment plate.
The co-cultures were incubated at 37°C and 5% CO2 for 6 days.
On day-6, the PBMCs were re-challenged with another
2 million TC or 2 million antigen-loaded DC, respectively.
The co-cultures were analyzed by flow cytometry on day 12.
Control MLR groups included PBMC alone, non-antigen-
loaded DC, PBMCs treated with phorbol-12-myristate-13-
acetate (PMA, 50 ng/ml, Sigma-Aldrich, St. Louis, MO) and
ionomycin (1 μg/ml, Sigma-Aldrich, St. Louis, MO), PBMCs
co-cultured with antigen-loaded DC in the presence of costi-
mulatory molecule CD40L (500 ng/ml, Thermo Fisher
Scientific, Waltham, MA) and anti-human CD28/CD49d anti-
bodies (500 ng/ml, BD Biosciences, San Jose, CA), and PBMCs
co-cultured with antigen-loaded DC in the presence of anti-IL
-12 antibody (LEAF, 100 μg/ml, BioLegend, San Diego, CA).

Flow cytometry and antibodies

T-cell responses in the MLR were characterized using flow
cytometry. Cells were stained with anti-human CD4-PerCP
antibody (R&D Systems Inc., Minneapolis, MN), anti-Human
CD8-Alexa Fluor 488 antibody (Biolegend, San Diego, CA).
The flow cytometry data were acquired by FACS Calibur (BD
Biosciences, San Jose, CA) and analyzed with FlowJo 8.8.6
software (FlowJo, LLC. Ashland, OR). ELISPOT and flow
cytometry data were expressed as the mean ± SEM.

Results

Histologic assessment of tumor

There was no lymphocyte infiltration of the initial paraspinal
tumor lesion and no expression of PDL-1. In most areas of the
gallbladder metastasis, which had arisen after treatment with
IL-2, there was no infiltration of lymphocytes. However, one
small area showed some infiltration of T lymphocytes that
proved to be predominantly CD8+ cells with no regulatory
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T cells based on expression of CD4+, CD25+, and FoxP3+.
PDL-1 expression was again low, overall, but in one area 2%
of cells stained positively for PDL-1.

HLA-typing and exomic analyses

Her HLA-type was HLA-B*27, and her cancer cells contained
mutations in the HLA-A locus of allele 1 that were not present in
her PBMC [Table 1]. HLA-B*27 is a class I surface antigen
encoded on chromosome 6 by the B locus of the major histo-
compatibility complex that is associated with a variety of auto-
immune disorders including, psoriatic arthritis, reactive arthritis
(Reiter’s syndrome), inflammatory bowel disease, ulcerative coli-
tis, uveitis, iritis, and especially ankylosing spondylitis.4

Table 2 summarizes the types of mutations for each cell
line. They contained 3968 and 4376 total variants, respec-
tively; thus, there were 408 (10.3%) more mutations in the
sample obtained eight months later after intervening che-
motherapy. Of the total 4944 different mutations, 3,324
(66.6%) were present in both tumor cell samples. The
proportions of mutations unique to each sample were
631/3968 (15.9%) and 1037/4376 (23.7%). The vast majority
of mutations were missense variants, and the proportion

that were non-synonymous was slightly higher in
the second sample. About one-third of the variants were
synonymous, that is, they were also contained in her lym-
phocytes, and two-thirds, or about 2800 variants were non-
synonymous. Exomic analysis revealed a probability of 69
neoantigens at B*2705 with 13 peptides having high-affinity
scores (<50 nM) suggesting they could be neoantigens that
her immune system could recognize. However, her tumor
cells also contained mutations in the HLA-A locus, A*01:22
N,A*01:107, which could have impaired the ability for her
CTL recognize certain foreign antigens in the context of her
tumor cells.

Table 3 shows the sites of mutations, which were the same
for both cell lines. As would be expected, the mutations
affected pathways involved in the regulation of transcription,
tumor suppression, cell proliferation, angiogenesis, and apop-
tosis. She did not have BRAF mutations, nor did she have
mutations in P53. The mutation in KITLG suggests that she
possibly could have gotten some benefit from anti-CD117
therapy with a product such as imatinib.5

Serum markers

Table 4 shows the relationship of the patient’s serum marker
levels to the average of the three controls, at week-0 and week
4, and the percent changes in serum markers between week-0
and week-4. Relative to control values, some of the patient’s
serum levels were markedly elevated, some were markedly
depressed and some were similar. There was also a great
variation in the percent changes of levels between week-0
and week-4 with some markedly increased, some markedly
decreased, and some with little or no changes.

Table 1. Results of HLA-typing and for patient’s normal and malignant cells.a

PBMC Tumor cells PBMC Tumor cells

Allele 1 Allele 1 Allele 2 Allele 2
HLA-A 01:01:31 01:22N,

01:107
26:01:03 26:01:03

HLA-B 27:05:02 27:05:02 57:01:01 57:01:01
HLA-C 02:02:02 02:02:02 06:02:01 06:02:01
HLA-DQA1 01:05 01:05 02:01 02:01
HLA-DQB1 03:03:02 03:03:02 05:01:01 05:01:01
HLA-DRB1 09:02:02 07:01:01 10:01:01 10:01:01

aBlood samples were obtained at baseline 1 week prior to first injection of DCV.
significance of bold values is: “Noteworthy variants”.

Table 2. Summary of genomic analysis for the short-term cell lines.

Tumor sample 2197 2243

Site from which tissue obtained Axillary node Abdominal soft tissue
When obtained after diagnosis 4 months 13 months
Total variants 3968 4376
Novel 3873 (97.6%) 4269 (97.6%)
Existing 95 (2.4%) 107 (2.4%)
Coding consequences
Missense variant 58% 60%
Synonymous variant 37% 33%
Stop gained 3% 3%
Stop lost 1% 0%
Frameshift variant 1% 0%
Consequences
Intron 52% 52%
Downstream 12% 12%
Non-coding 11% 11%
Upstream 11% 10%
NMG transcript 3% 3%
Intergenic 3% 2%
Missense 2% 2%
Regulatory 2% 2%
3 prime UTR 1% 1%
Others 3% 3%
Non-coding exon – 3%
KEGG pathways potentially affected
Modified 172 (92%) 176 (95%)
Unmodified 14 (8%) 10 (5%)

NMG = National Molecular Microbiology Diagnostics User Group; UTR = untrans-
lated region; KEGG = Kyoto Encyclopedia of Genes and Genomes.

Table 3. Mutated sites by numbers of mutations present in cells from auto-
logous tumor cell line.

Sites of
mutations Significance

CTNNB1 β-catenin: coordinates cell-cell adhesion & gene transcription
GATA2 Regulates gene expression critical for embryogenesis & self-

renewal
KDR a vascular endothelial growth factor receptor, VEGFR-2
PRKCB Protein Kinase C, tumor suppressor of aberrant signal

transduction
NFKBIA Inhibits NFKB which controls transcription, cytokine

production, & apoptosis
PIK3CD Enzymes that enhance cell growth, proliferation, motility &

apoptosis
PAK1 P21 activated kinase, regulate cell proliferation,

differentiation, motility, apoptosis, and development of
dendrites & filopods

KITLG KIT ligand stem cell factor, binds cKIT (CD117)
ITPR1 Tumor suppressor and induces apoptosis
FLT4 Encodes vascular endothelial growth factor receptors C and D
WNT2 WNT pathway signaling important in embryogenesis &

oncogenesis
PGF Placental growth factor, a member of the VEGF family
DCC Tumor suppressor (deleted in colon cancer)
PHLPP1 Tumor suppressor (regulates PKC)
ITPR1 Inhibits cell proliferation and induces apoptosis
COL1A1 Type 1 collagen synthesis
COL1A2 Type 1 collagen synthesis

Tumor samples were obtained 4 and 13 months after initial diagnosis. In terms
of prevalence of mutations, results were the same for cells from both cell
cultures. Mutations are in rank order based on expression of the mutation.
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Table 5 ranks the individual markers for those whose levels
were more than twice that of controls at the week-0 baseline,
for those whose levels were less than one-third of controls at
the week-0 baseline, and by the greatest percentage increases
or decreases between week-0 and week-4 after the first three
DCV injections. Because of the wide variation in values,
arbitrarily only those with a greater than 20% change were
included. In addition to the markers shown in Tables 2 and 3,
serum levels of immunoglobulins and vascular endothelial
growth factors were also measured. VEGF, VEGF-C, VEGF-
D and VEGFR1, 2 and 3, were all substantially elevated at
baseline. All but VEGFR1 were decreased at week-4, especially

VEGFR3, which was 3.17 times higher than control at base-
line, but decreased by 74% after three DCV injections into the
normal range.

At baseline, this patient had no detectable IgE, low IgA and
IgD, normal IgM, low IgG2, but IgG1, IgG3, and IgG4 at
baseline were 8.62, 2.20 and 2.37 times the control value.
After three injections they were, respectively, 6.59, 1.25, and
2.52 times the control value. IgG1 usually accounts for about
67% of immunoglobulins in humans and IgG2 makes up
about 25%. IgG1 and IgG3 subtypes generally are associated
with more effective antibody-dependent cell-mediated toxicity
because of their Fc receptors. Both have half-lives of about 3
weeks. GM-CSF levels were in the normal range and were
unchanged 4 weeks later despite the injections of 500 μg GM-
CSF with each weekly vaccination, which is probably
a reflection of its short half-life.

Markers elevated at baseline

The marker that was most elevated relative to control was
serum amyloid A (SAA), an acute phase reactant synthesized
by hepatocytes, that rises up to 1000-fold in an acute inflam-
matory state, and remains elevated during chronic inflamma-
tory states.6 The next highest at baseline was IL-12p40,
a component of both IL-12 (IL-12p70) and IL-23 that is
a chemo-attractant for macrophages that promotes the migra-
tion of antigen-loaded DC.7 IL-12p40 combines with IL-12p35
to produce IL-12p70, also known as T-cell stimulating factor,
which is a crucial cytokine produced by DC as well as macro-
phages and neutrophils. DC-derived IL-12p70 stimulates IFN-γ
in CD4 + T cells, which promotes a Th1 response. It also
provides a negative feedback loop by competitively binding to
the IL12 receptor. Both the IL-12p40 monomer and its homo-
dimer construct can competitively inhibit binding of IL-12p70
to its receptor, which can be immunosuppressive.8,9

IL-21 and IL-22 were both elevated more than 14-fold at
baseline compared to controls. IL-21 is a Th1 cytokine
expressed by Th2, Th17, and NKT cells, that enhances the
anti-tumor effects of NK cells of the innate immune response,
and CTL that result from a Th1 response.10,11 IL-22, which
was originally named IL-10-related T cell-derived inducible
factor (IL-TIF), is a member of the IL-10 superfamily that is
produced by Th1, Th17, and NKT cells; it acts on epithelial
and stromal cells, but not hematopoietic cells.12–15 Monocyte
chemotactic protein-3 (MCP-3), also known as CCL7, is pro-
duced by macrophages and some tumor cells; it attracts DC,
NK cells, T cells, and eosinophils.16 IL-10 is an anti-
inflammatory cytokine produced primarily by macrophages,
Th2 lymphocytes, and regulatory T cells, that suppresses Th1
responses.17 However, prolonged IL-10 blocking of IL-10
receptors has positive anti-cancer immune effects.18

Growth-regulated alpha protein (GROa), originally described
as melanoma growth stimulatory factor and also known as
CXCL1, is structurally related to IL-8, functions as a neutrophil
chemoattractant, and is secreted by neutrophils, macrophages,
epithelial cells, and melanoma cells.19 IL-16, formerly known as
lymphocyte chemo-attractant factor (LCF) is a pro-
inflammatory cytokine that attracts CD4+ lymphocytes, mono-
cytes, and eosinophils.20 Tissue metalloproteinase inhibitor-1

Table 4. Serum marker levels in relation to normal control values at week-0
baseline week-0 (1 week before first vaccine injection) and week-4 (1 week after
third weekly vaccine injection) and percent change.

Marker Week-0 Week-4
Percent
Change Immune Effect

TNF-α 3.61 2.20 −39% Produced by NK & CD4+, anti-
tumor

IFN-γ 0.31 0.31 0 Produced by NK, NKT &
activated T cells

IL-12p40 26.6 2.1 −92% Produced by DC, induces NK,
Th1, & CTL

IL-12p70 0.43 0.29 −30% Produced by DC, drives Th1
response

IL-1a 1.07 0.61 −43% Lymphocyte activator
IL-1b 1.84 2.14 +16% Lymphocyte activator
IL-2 2.03 1.50 −26% From T cells & DC, stimulates

T cells
IL-3 2.46 2.76 +12% Stimulates myeloid progenitor

cells
IL-4 0.50 0.42 −16% Induces Th2 cells
IL-5 3.41 3.54 +4% Induces eosinophils in Th2

response
IL-6 1.67 1.28 −23% From macrophages,

proinflammatory
IL-7 0.72 0.69 −4% Stimulates lymphoid cells: B, T,

& NK
IL-8 1.53 1.14 −25% Chemokine for monocytes &

neurtrophils
IL-10 7.43 5.48 −26% Anti-inflammatory
IL-13 2.89 2.55 −12% Th2 response
IL-15 1.22 0.92 −25% Similar to IL-2, NK enhancer
IL-16 5.01 4.05 −19% Chemotactin for CD4+ &

monocytes
IL-17 0.31 0.24 −23% Secreted by Th17 in response

to IL-23
IL-18 0.29 0.33 +14% Induces Th1 & IFN-γ
IL-21 14.63 14.87 +2% Enhances NK & CTL
IL-22 14.21 23.54 +66% Major source is Th17 cells
IL-23 0.09 0.08 −11% Induces Th4 to Th17
IL-27 0.93 0.91 −2% Promotes Th1, suppresses Th4

& Th17
CD40L 2.80 3.48 +24% Produced by activated T cells &

other cells
TGF-β 1.59 0.88 −45% Immune suppression
SAA 277 500 +81% Inflammatory marker
GROa 5.31 6.86 +29% Inflammation
TARC 0.71 3.04 +328% GM-CSF-induced T-cell

chemotactin
Gp130 0.86 1.54 +79% IL-6 receptor family
TIMP-1 4.55 4.03 −11% Tissue inhibitor of

metalloproteinase
ICAM-1 4.26 2.59 −39% TNF-induced adhesion

molecule
CD163 0.59 0.76 +29% Macrophage infiltration
β2mcg 1.64 0.86 −48% Component of MHC1
IP10 1.45 6.97 +380% IFNγ-induced chemo-attractant
PD-1 0.13 0.17 +31% IFNγ-induced immune

checkpoint
Galectin-3 0.20 0.26 +30% Macrophage activation &

angiogenesis
CRP 1.09 1.42 +30% Acute phase reactant
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(TIMP-1) is an inhibitor of matrix metalloproteinases that play
an important role in the tumor microenvironment; increased
expression of TIMP-1 has been associated with a worse prog-
nosis in melanoma patients.21 Tumor necrosis factor-alpha
(TNF-α), also known as cachectin, is an immune regulator
secreted by macrophages, NK cells, neutrophils, eosinophils,
mast cells, and CD4 + T lymphocytes.22 It has both pro-
inflammatory and anti-inflammatory effects depending on the
environment. Intracellular adhesion molecule −1 (ICAM-1,
CD54), is a member of the immunoglobulin superfamily that
includes T cell receptors and antibodies.23 It is expressed con-
tinuously at low levels on macrophages, lymphocytes, and
endothelial cells, and increases in response to IL-1 and TNF-α.
The binding of ICAM-1 to the lymphocyte functional antigen
(LFA) integrin is crucial for leukocyte extravasation from blood
to inflammatory sites.

IL-5 and IL-13 are cytokines produced by Th2 cells. IL-5 is
often associated with eosinophilia and immunoglobulin secre-
tion, especially IgA, and has been targeted with antibodies for
the treatment of some allergic disorders. It is not uncommon
for IL-5 be to elevated along with IL-3 and GM-CSF.24,25 IL13
is often associated with elevations of IL-4 are common in
allergic disorders.15

The CD40-ligand (CD40L, CD154) is a member of the
TNF family that is expressed on activated CD4+ cells.26 The
interaction between CD40L and CD40 on DC is important in
the production of IL-12p70, and is critical for DC activation
and antigen presentation to CD4+ cells.27 CD40L is also
expressed by B cells, NK cells, and monocytes and is impor-
tant for B cell memory and immunoglobulin production. IL-3,
originally called multi-CSF, is a pluripotent hematopoietic
colony-stimulating factor that regulates the production of
blood cells, and differentiation of granulocytes and macro-
phages, but also is produced by CD4+ cells as part of an
immune response.28 IL-2, originally identified as T cell growth
factor, is secreted by CD4+ and CD8 + T lymphocytes, NK
cells, DC, and macrophages and is one of the most important
cytokines in the initiation and perpetuation of a Th1 immune
response.29,30 It sustains anti-tumor activity of NK cells
and CTL.

Markers that were low at baseline

These were defined by levels that were less than 33% of the
control value. IL-23 is an inflammatory cytokine that is essen-
tial for sustaining Th17 cells, and is associated with increased
angiogenesis and reduced CD8+ tumor infiltration.31 IL-23
results from the combining of IL-12p40 with IL-23p19.
Programmed death molecule-1 (PD-1) is induced on lympho-
cytes by IFN-γ and is associated with down-regulation of
a Th1 response.32,33 Galectin-3 is a member of the beta galac-
toside-bindng protein family and is involved in macrophage
activation, chemo-attraction, angiogenesis, inflammation, cell-
cell adhesion, cancer metastasis, cell-matrix interactions, and
apoptosis.34 In some studies, elevations of galectin-3 were
associated with poor prognosis in cancer patients.35

IL-18 is a proinflammatory cytokine in the IL-1 super-
family that is produced by macrophages.36 It induces NK
cells and T cells to release IFN-γ that can lead to immuno-
suppression via PD-1.37 IL-17 is a proinflammatory cytokine
produced by Th17 cells, especially in response to IL-23.38,39

Secretion of IL-17 by a subset of CD4+ cells led to defining
the Th17 response. It has been associated with autoimmu-
nity and anti-cancer effects.40 IFN-γ, also known as immune
interferon and type II interferon, was named interferon
because it can inhibit viral replication. It is produced by
NK and NKT cells, as part of the innate immune response,
and by CD4+ cells and CTL as part of a Th1 response, and
causes cells to increase both class I and class II histocom-
patibility antigens.41,42 Her levels of IL-17, IL18, IL23, and
IFN-γ were all extremely low at baseline and were
unchanged after three DCV vaccinations. Levels of
Galectin-3 and PD-1 were also extremely low, increased by
about 30% after three DCV injections, but still remained
quite low.

Markers that increased by more than 20%

There were four markers that were elevated at baseline, but
still increased by more than 20% after three DCV injections:
SAA, IL-22, GROa, and CD40L. Even though her SAA level

Table 5. Rankings of serum markers by baseline levels relative to control values, and greatest percent changes after three vaccine injections.

Marker

Level greater than
twice
control Marker

Level less than 33% of
control Marker

Level increased more than
20% Marker

Level decreased more than
20%

SAA 277 IL23 0.09 IP-10 3.81 IL-
12p40

−0.921

IL-12p40 26.6 PD-1 0.13 TARC 3.28 B2M −0.476
IL-21 14.63 Galectin-3 0.20 SAA 0.805 Eotaxin −0.454
IL-22 14.21 IL-18 0.29 gp130 0.791 TGF-β –
MCP-3 8.82 IL17 0.31 IL-22 0.657 IL-1a −0.430
IL-10 7.43 IFN-γ 0.31 PD-1 0.307 ICAM-1 −0.392
GROa 5.31 CRP 0.303 TNF-α −0.391
IL-16 5.01 GROa 0.292 IL-

12p70
−0.310

TIMP-1 4.55 CD163 0.288 IL-10 −0.262
ICAM-1 4.26 CD40L 0.243 IL-2 −0.261
TNF-α 3.61 IL-8 −0.255
IL-5 3.41 IL-15 −0.246
IL-13 2.89 IL-6 −0.234
CD40L 2.8
IL-3 2.46
IL-2 2.03
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was already 277-fold higher than the control level at baseline,
it increased by another 81% after three DCV injections.
Similarly, her IL-22 level was already 14.2-fold higher than
the control levels at baseline, and increased by another 66%.
In contrast to IL-22, IL-21, the level of which was also more
than 14 times control at baseline, changed minimally. Her
GROa level was 5.3-fold higher than the control level at base-
line, but increased by another 29%. Her level of CD40L was
2.8-fold higher than control levels at baseline, but increased
another 24%.

As noted earlier, levels of Galectin-3 and PD-1 were extre-
mely low at baseline, increased by about 30% after three DCV
injections, but still remained quite low. The other markers
that increased by more than 20%, but were neither markedly
increased nor decreased relative to control levels at baseline,
were IP-10, TARC, gp130, and the acute phase reactant
c-reactive protein (CRP).

The greatest increases by far were the more than three-fold
increases in IP-10 and TARC. Thymus and activation-
regulated chemokine (TARC) is a chemo-attractant for
T lymphocytes that has been implicated in many allergic
conditions.43,44 TARC is induced by GM-CSF, 500 µg of
which were injected at the time of each of the three weekly
vaccinations. IFN-γ-induced protein 10 (IP-10), also known
as CXCL10, is a chemo-attractant for macrophages,
T lymphocytes, NK cells, and DC.45,46 It is secreted by
a variety of cell types in response to IFN-γ; therefore it is
considered a component of the Th1 response. Gp130, also
known as CD130 or IL-6β, is a receptor shared by IL-6, IL-11,
and IL-27 that can promote inflammation via IL-6 and IL-11,
or suppress inflammation via IL-27.47 Dysregulated gp130
signaling is believed to promote cancer.

Markers that decreased by more than 20%

As shown in Table 5, there were 13 markers that decreased by
more than 20%. Of the 16 markers that were elevated at baseline,
five subsequently decreased by more than 20%: IL-12p40, ICAM-
1, TNF-α, IL-10, and IL-2. The largest decrease of any marker was
the 92% decline in IL-12p40, although it still remained elevated.
Two markers typically associated with immunosuppression, IL-
10, which was more than seven-fold elevated at baseline, and
TGF-β that was 45% above control values, decreased by 26%
and 45%, respectively.48 Transforming growth factor-beta (TGF-
β) is produced by regulatory T cells and suppresses macrophages,
DC, B cells and other T cells including the secretion of IFN-γ,
TNF-α, and various interleukins including IL-2.49,50

Other markers that declined by more than 20%, but were not
particularly elevated at baseline, included beta-2-microglobulin
(B2M), Eotaxin, IL-1a, IL-6, IL-8, IL-15, and IL-12p70. B2M is
a component of the MHC class 1 molecule for antigen presenta-
tion. B2M is considered a negative regulator of the immune
system, and elevated levels are associated with a worse clinical
outcome in patients with myeloma and lymphoma.51 Eotaxin is
a chemo-attractant for eosinophils, basophils, and Th2 cells.52 It
can be induced by IL-13 and is associated with Th2 responses
and some allergic conditions. IL-1a, originally called lympho-
cyte-activating factor (LAF), is a pro-inflammatory molecule
primarily produced by epithelial cells and most activated cells

of the innate immune system.53 IL-6 is a pro-inflammatory
cytokine secreted by macrophages during the innate immune
response and can bind to gp 130. IL-6 induces acute phase
reactants such as CRP and SAA, but also has inhibitory effects
on IL-1 and TNF-α.54 IL-6 is associated with many autoimmune
disorders, and levels are often elevated in cancer patients.55 IL-6
is a therapeutic target for rheumatoid arthritis and other auto-
immune diseases.56 IL-8, also known as CXCL8, is a chemokine
produced by macrophages and other cells active in the innate
immune response, that is an especially strong chemo-attractant
for neutrophils.57 IL-15 is a pro-inflammatory cytokine that is
critical for NK cell differentiation, and has structural similarity
to IL-2.58 It is expressed by macrophages, monocytes, and DC, is
stimulated by GM-CSF and viral infection, and supports an anti-
cancer immune response.59

IL-12 is a crucial cytokine produced by DC to stimulate
NK and CTL.60,61 The active form of IL-12 is IL12-p70, which
is made up of IL-12p40 and IL-12p35, while IL-23 is made up
of IL-12p40 and IL-23p19.62 It is also known as T cell-
stimulating factor because of its effects on naïve and memory
T cells and enhancement of NK and CTL.63 IL-12p70
increases the production of IFN-γ and a Th1 response that
includes induction of the chemo-attractant IP-10 (CXCL10),
which has anti-angiogenic effects.64,65 There are interesting
associations between the IL-12B gene and serum levels of IL23
and IL-12p40 levels in patients with ankylosing spondylitis, an
autoimmune disease which is associated with the HLA B27
type of this patient.66

Dendritic cell expression of cytokines by ELISPOT

Figure 2 shows the ELISA expression of IL23p19, IL-12p40,
and IL12p70 for various cell types. IL-12p70 consists of IL-
12p40 + IL12-p35, while IL-23 consists of IL-12p40 and IL-
23p19.62 In these experiments, DCV cells alone or with PBMC
had an increased expression of IL23p19 compared to PBMC
and unloaded DC. Interestingly, the levels decreased when
DCV was incubated with co-stimulatory molecules.
Phagocytosis of damaged or dying cells induces the upregula-
tion of IL-12 related molecules.67 However, her highest levels
of IL-12p40 and IL-12p70 expression were in unloaded DC
(no incubation with autologous tumor cells) after they had
been co-stimulated with CD40L and anti-human CD28/
CD49d. Paradoxically, her antigen-loaded DC (DCV) had
low levels of IL-12p40 and IL12-p70 and these levels did not
increase in association with CD40L and anti-human CD28/
CD49d co-stimulation.

Figure 3 shows the expression of various cell markers as
measured by immune-fluorescence and flow cytometry.
Relative to cultures of PBMC, DCV cultures were associated
with very high levels of IL-17 (IL-17A), and increases in CD8
+ cells. DCV had somewhat higher co-expression of CD4+
with RORG, IL17F, or STAT4, and none of these were further
increased by co-stimulation with CD40L and anti-human
CD28/CD49d. STAT3 expression was similar for both
PBMC and DCV regardless of co-stimulation. In T cell pro-
liferation assays, there was a fourfold increase in CD8+ cells in
response to co-incubation with antigen-loaded DC, and this
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was not further enhanced by the addition of CD40 ligand or
anti-human CD28/CD49d.

Discussion

Certain cytokines are associated with the innate immune
response that features NK cells, macrophages, neutrophils,
eosinophils, and mast cells, and each of the CD4+ helper
T-cell responses including Th1, which results in antigen-
specific cytotoxic T cells, Th2, which results in antigen-
specific antibodies produced by B cell clones, and Th17
which can produce pro-inflammatory or anti-inflammatory
effects depending on the tumor microenvironment.68 Blood
levels and changes in various cytokines and chemokines may
provide insight into a vaccine-induced immune response,

although they may not reflect what is taking place within
tumor sites. At baseline, her circulating cytokines indicated
that she had an ongoing inflammatory response, including
aspects associated with both innate and adaptive immune
response, which is not surprising in a cancer patient, and
may also reflect underlying immune effects due to her B27
allotype. Elevated inflammatory markers consistent with an
innate immune response included SAA, MCP-3, GROa,
TIMP-1, TNF-α, IL-6, IL-15, and IL-16. She also had evidence
of ongoing adaptive immune responses at baseline. Elevated
markers consistent with an ongoing Th1 response at baseline
included CD40 ligand, IL-2, and TNF-α, but IFN-γ levels were
low. Also present at baseline were elevations of IL-10 and
TGF-β, which increase in response to adaptive immune
responses and are associated with their immunosuppression.

Figure 2. Summary of ELISPOT data.
Shown are the average number of spots per well for IL-12 and IL-23 on antigen-loaded autologous dendritic cells (DCV), unloaded autologous dendritic cells (DC),
and peripheral blood mononuclear cells (PBMC) before isolation of monocytes and differentiation into DC. Blood samples were obtained at baseline 1 week prior to
first injection of DCV. (2A) shows the data by marker and (2B) shows the same data by cell-testing condition. Co-stimulation (co-stim) was by CD40 ligand and anti-
human CD28/CD49d. DC that had not been antigen-loaded exhibited a marked increase in both IL12-p40 and IL-12p70 when co-stimulated with CD40 ligand. No
such increase was seen in antigen-loaded DC.
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Elevated markers at baseline consistent with an ongoing Th2
response included elevated IL-5, IL-13, IL-3, IgG1, IgG3,
and IgG4, but IL-4 levels were low. Elevated markers at base-
line consistent with an ongoing Th17 response included
IL-21, IL-22, and IL-6 but levels of IL-17 and IL-23 were
very low.

Whether administered with preventive or therapeutic
goals, vaccines are injected with the intent to induce
a multifaceted immune response that is initiated by dendritic
cells, and implemented by CD4+ helper T cells. These anti-
gen-specific adaptive responses include: (1) Th1, that results
in CTL through clonal expansion driven by their T cell recep-
tors, (2) Th2 that results in antibodies, immunoglobulins
produced by B cells driven by their antigen-specific B-cell
receptors, and (3) Th17 responses that modify ongoing
inflammatory responses at local tissue sites.68 For the patient-
specific vaccines used to treat this patient, DC were loaded
with antigen ex vivo, rather than simply injecting antigen and
relying on in vivo DC uptake. In terms of antigen presentation
by DC, as a general rule, Th1 responses are associated with
antigen presentation by MHC class I molecules, while Th2
responses, including Th17, are associated with antigen pre-
sentation by MHC class II molecules.69,70 However, cross-
presentation of phagocytosed antigens is also known to
occur,71,72 and Th2 and Th17 helper T cells can facilitate
Th1 responses.73 In vitro studies showed that her antigen-
loaded DC were capable of enhancing CD8+ responses, and
eliciting IL-17 expression, which is typical of a Th17 response.
However, in vivo the changes in her cytokines and other
markers after three DCV injections were consistent with an
increased innate inflammatory response and additional Th1

response, with a decrease in markers associated with a Th2
response. Other than a very high IL-22 at baseline that
increased even further, there was no evidence for an enhanced
Th17 response.

Some of the major changes following vaccination suggested
induction of an additional innate immune response with
increased inflammation (increased TARC, gp130, and even
greater increase in the already elevated SAA). Other major
changes following vaccination suggested a Th1 response
(increased IP-10, CD-40L, IL-22, and PD-1). Even though
IFN-γ levels were low and did not increase after three DCV
injections, there were elevations of markers that are induced
by this hallmark cytokine of a Th1 response, such as IP-10,
PD-1, and CD40-L. After three DCV injections, there were no
changes suggesting an increase in the Th2 response, i.e., no
increase in IL-4, IL-5, IL-6, IL13, and decreases in IgG1 and
IgG3 immunoglobulin levels. The declines in the suppressive
markers IL-10 and TGF-β after vaccination suggest that there
was a shift in the balance of immunosuppression and immune
stimulation that had a favorable effect in terms of tumor
control. Therefore, the serologic week-4 data suggest that for
her the primary changes induced by her patient-specific vac-
cine were an enhanced innate immune response and Th1
response more than Th2 or Th17.

Incubation of her PBMC with antigen-loaded DCV in vitro
resulted in a fourfold increase in CD8+ cells, which suggests that
a Th1 tumor-antigen-specific response could be induced by her
antigen-loaded DC. CTL are the most important effector cell
resulting from a Th1 response. Unfortunately, there were insuf-
ficient lymphocytes to determine whether the co-incubation had
increased the cytotoxic potential of these CD8+ lymphocytes

Figure 3. Expression of immune markers.
Blood samples were obtained at baseline 1 week prior to first injection of DCV. Specific molecules on cell surface (either expressed by the cell or bound to the cell)
were detected using fluorescenated antibodies and flow cytometry for: antigen-loaded autologous dendritic cells (DCV), unloaded autologous dendritic cells (DC),
and peripheral blood mononuclear cells (PBMC) before isolation of monocytes and differentiation into DC. Co-stimulation (co-stim) was by CD40 ligand and anti-
human CD28/CD49d. Incubation of PBMC with DCV resulted in a marked increase in the detection of IL17A, and an increase in CD8+ lymphocyte proliferation.
Smaller increases were seen for co-expression of RORG plus CD4, IL17A plus CD4, and IL17F plus CD4. Co-expression on CD8+ cells and other immune cells were not
tested. The addition of co-stimulatory molecules had no additional effect on antigen-loaded DC (DCV). STAT3 expression was the same for all test conditions, but
STAT4 increased slightly in DCV.
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specifically against her tumor cells, or increased antigen recogni-
tion based on IFN-γ expression in lymphocytes after co-culture
with her tumor cells.

Incubation of her PBMC with antigen-loaded DC in vitro
greatly increased the expression of IL17 on her mononuclear
cells. IL-17 expression and secretion are the hallmark of Th17
cells, although other cell types can secrete IL-17 as well. There
has been increasing interest in the immunologic role of Th17
lymphocytes, both in cancer and autoimmune disorders.39,40,74

Th17 cells appear to be important for long-term immunologic
memory.75 It has been suggested that Th17 cells may be part of
an effective anti-cancer immune response since high levels of
tumor-infiltrating Th17 lymphocytes are associated with better
survival in patients with advanced ovarian cancer.76 Th17 cells
and IL-17 stimulate Th-1 chemokines (CXCL9 and CXCL10)
that recruit effector T cells and NK cells into the tumor
microenvironment.76 Such chemokines are associated with
a robust effector T cell phenotype in melanoma samples.77 It
has been suggested that strategies to increase Th17 cells may be
beneficial in cancer immunotherapy,78 although in some tumors
they seem to be associated with immunosuppression,39,40

Interestingly, in a B16 melanoma model, CD4+ Th17 adoptive
cell therapy was highly effective, and actually more effective than
CD4+ Th1 cells.79 Despite these changes in vitro, in vivo, she had
very low levels of both IL-17 and IL-23 at baseline, and the levels
did not increase after three weekly DCV injections, so it is not
clear whether a Th17 response in vivo contributed to her tumor
regression.

Her IL-22 levels were very high at baseline but increased by
another 66% after vaccination. IL-22 can be elevated as part of
innate or adaptive immune responses. IL-23 is a major indu-
cer of IL-22, but her IL-23 levels were very low at baseline and
at week-4. In humans in a normal state of health, it is esti-
mated that of IL-22-producing CD4 + T cells in peripheral
blood, about 50% produce IL-22 alone (Th22 cells), 33% co-
express IFNγ (Th1 cells) and 15% also produce IL-17 (Th17
cells).12 Like IL-17, depending on the setting, IL-22 can be
pathogenic or protective, i.e., pro-inflammatory or anti-
inflammatory.13,14 CD4+ helper cells that produce IL-22
often also produce IL-17 and/or IFNγ. IL-22 has pro-
inflammatory effects, especially in combination with IL-17,
and is often elevated during inflammation. IL-22 is often
elevated along with IL-1β, IL-6, and IL-23 in autoimmune
disorders including inflammatory bowel disease, rheumatoid
arthritis, psoriasis, systemic lupus erythematosis, and atopic
dermatitis, and in association with various infections.15

However, these four markers were not correlated in her
case: IL-22 was markedly elevated and increased another
66% after three DCV injections, while IL-1β was somewhat
elevated at baseline and increased by 16%; IL-6 was somewhat
elevated at baseline and decreased, and IL-23 was markedly
low at both week-0 and week-4. The marked elevation of IL-
22 could be interpreted as part of a Th17 response, but it is
regulated differently than other Th17-associated cytokines,
and is also secreted by other lymphoid cells. In this
patient, there were no increases in IL17, IL-21, or IL-23 as
might be expected in a Th17 response. IL-22 upregulates gene
expression of SAA,15 which was extremely high at baseline
and increased even more after three DCV injections.

The largest percentage decrease between week-0 and week-
4 was in IL12-p40, the subunit of IL-12. As noted earlier, IL-
12p40 is a component of both IL12-p70 and IL-23, so one
possible explanation for this would have been increase in
either or both of those markers. However, after vaccination,
her IL-12p70 and IL-23 levels both decreased. However, it is
possible this was a rapid effect that could only have been
detected in blood samples collected during the first 3 weeks
of injections.

In terms of modifying her underlying immune response, it
is noteworthy that she had declines in the immunosuppressive
factors IL-10 and TGF-β. She also had declines in various
VEGF-related proteins, although at least three remained
quite elevated. As far as putative melanoma-associated
tumor markers, she did not have elevated levels of S100b,
LDH, or neuron-specific enolase at baseline.

B2M is a component of MHC class 1 antigen presentation
by antigen-presenting cells. B2M was elevated at baseline, but
decreased after three vaccinations. B2M is often considered
a prognostic marker for poor outcome in patients with malig-
nancy, so the decrease observed may be evidence of an early
anti-tumor effect.

HLA-typing and genomic studies showed that the patient
was HLA-B*27 with a high mutational tumor burden. HLA-
B*27 is a class I surface antigen encoded on chromosome 6 by
the B locus of the major histocompatibility complex that is
associated with a variety of autoimmune disorders including,
psoriatic arthritis, reactive arthritis (Reiter’s syndrome),
inflammatory bowel disease, ulcerative colitis, uveitis, iritis,
and especially ankylosing spondylitis.4 The patient’s medical
records did not indicate that she had symptoms or signs of
any of these maladies. Patients with ankylosing spondylitis
have elevations of Th1 and Th2 cytokines,80 and even though
she did not carry this diagnosis, it is possible that immune
effects associated with her HLA-B*27 allotype contributed to
the baseline elevations of some of these cytokines. Based on
her non-synonymous mutations, there was a high probability
that she had at least 13 neoantigens that her immune system
could recognize. However, her tumor cells also had mutations
in the HLA-A locus, which could have impaired the ability for
her CTL to recognize certain foreign antigens in the context
of her tumor cells.

The mutations identified in her genomic analysis included
the types of mutations one would expect for any patient with
advanced cancer, including mutations related to cell prolifera-
tion, cell cycle control, apoptosis, cell adhesion, metastasis,
angiogenesis and avoidance of immune recognition.81,82

However, she did not have mutations that typically result in
targetable altered protein expression in melanoma patients,
such as mutations in BRAF, NRAS, and KIT.83 She had none
of the mutations most frequently associated with different
origins of melanoma, such as BRAF, CDKN2A, NRAS and
TP53 in cutaneous melanoma, BRAF, NRAS and NF1 in acral
melanoma and SF3B1 in mucosal melanoma.83

Despite repeated recurrences and failure to respond to sys-
temic therapies available at the time, this patient appears to have
been a good candidate for a vaccine approach because she had
large numbers of non-synonymous mutations that resulted in
potential antigenic targets, and because she had no evidence of an
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existing immune response to her cancer based on absent T cell
infiltration and lack of PD-L1 expression on her tumor tissue, and
a baseline serum PD-1 level of only 75 pg/ml. It is possible that
such a patient is more likely to benefit from a therapeutic vaccine
than from treatment with anti-PD-1 or anti-PD-L1 antibodies
that rely on the existence of an effective anti-tumor immune
response that has been suppressed by PD-1/PD-L1 interaction.84

By using her own tumor cells as the source of antigen, her
autologous vaccine potentially included any antigens to which
her immune system was capable of making a response.
Because the tumor cells were cultured under conditions that
favor self-renewing tumor-initiating cells, the vaccine may
have included antigens that were only expressed on her cancer
stem cells or progenitor cells, which may at least partially
explain why it took so long for a clinical response to become
apparent. In terms of phenotypic expression, 73% of her
melanoma cells expressed CD146, a marker associated with
both melanoma cells and capillary pericytes,85 and 26%
expressed nerve growth factor CD271, a melanoma stem cell
marker.86 We also know that in the presence of serum there is
often differentiation of cells in culture, and that such cells
express many common melanoma differentiation antigens
including S100, Melan-A, MART-1, MAGE, and HMB45.

A limitation of this analysis is the lack of serologic data during
the 3 weeks of vaccine administration. It is possible that signifi-
cant changes may have occurred earlier during treatment and
were no longer evident by week-4. Another limitation is the lack
of serial biopsies that might have shown changes in her tumors,
which initially stabilized, and eventually regressed. Nevertheless,
the changes at week-4 are of note because they are consistent
with immune modulation with an increase in innate and Th1
immunity. The other limitation is the lack of experiments to
show that PBMC co-cultured with ATA-loaded DC actually
increased tumor cell killing in vitro compared to the cytotoxic
effects of PBMC that had not been stimulated by ATA-loaded
DC. Another limitation in the data is that fold-changes over
control and percent changes compared to baseline are only
relative rather than absolute numbers. Furthermore, what is
a biologically relevant percentage increase for one marker
might not be biologically meaningful for a different marker.
The rank-order presented is only relative and does not reflect
the biological relevance of the markers. It is possible that biolo-
gically significant changes were reflected in a less than 20%
change, and these are omitted using the arbitrary 20% cut off
in the data. For these reasons, it is possible that one might make
different interpretations of her immune response from the same
data. We were unable to identify other case reports of complete
tumor responses following vaccination in patients with meta-
static melanoma that included the same sort of detailed genomic
and proteomic analysis as detailed in this report. Therefore, we
were unable to compare the data acquired in this report to show
similarities or differences to other such patients.

Summary

In this particular patient, administration of the patient-specific
DCV loaded with ATA from self-renewing tumor cells resulted
in relatively rapid disease control (stable disease) and eventual
durable complete remission of measurable progressive metastatic

melanoma. The basis for this anti-tumor effect appears to be
DC-induced effects that resulted in increased innate and Th1
responses, but there was no evidence of a Th17 response, and no
further increase in an active Th2 response. It is possible that the
vaccination induced new immune responses to ATA and also
overcame the suppression of underlying anti-ATA immune
responses. She may have been more likely to derive benefit
from her DCV because she had a tumor that lacked infiltration
with lymphocytes in the setting of a high mutational burden.
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