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Chapter 1

General introduction and
outline of this thesis
Adapted in part from:

Recent developments and future challenges in
immune checkpoint inhibitory cancer treatment
Curr Opin Oncol. 2015 Nov;27(6):482-8

Bas D. Koster
Tanja D. de Gruijl
Alfons J.M. van den Eertwegh

The era of cancer immunotherapy
In December 2013, cancer immunotherapy was proclaimed ‘breakthrough of the year’ by the
prestigious journal Science (1). Cancer immunotherapy is based on the idea that our own
immune system is capable of recognizing and killing (pre-)cancerous cells and, more
importantly, can be therapeutically stimulated to do so while leaving healthy cells untouched.
In the previous century, this idea was subject to skepticism even though more and more
evidence was found that not only could the immune system be hampered under the influence
of cancer cells, but also that there were ways to enhance the immune response resulting in
tumor kill. In 2010, the skepticism was definitively silenced when the first phase III clinical trial
results were published showing that patients with metastasized melanoma who were treated
with the immunotherapeutic drug ipilimumab (a so-called immune checkpoint inhibitor
against CTLA-4) had an improved survival (2). Now, 9 years later, we can even say with
confidence that a subset of the patients that were treated in this trial (some of whom were
actually treated at our department) have been cured. Something that was deemed impossible
in the time before cancer immunotherapy.

A well balanced immune system to protect us against disease
To understand the principles of immunotherapy, it is important to understand the role of the
immune system. The immune system is constantly activated and inhibited by countless
different exogenous and endogenous factors to create a very complex balance that is intended
to keep us healthy. If this balance is shifted or when specific components are failing to function
properly, it can lead to a plethora of different diseases: uncontrolled threats from outside can
cause infectious diseases, whereas immune reaction against harmless particles can cause
allergies. At the same time, threats from inside the body itself in the form of mutated cells can
escalate to become cancer, whereas an untoward immune reaction against healthy cells can
cause auto-immune diseases.

The cancer immunity cycle: cytotoxic T cell-mediated tumor kill
The most important effector cells in cancer immunotherapy are probably cytotoxic T cells
which are capable of killing abnormal cells, like infected cells and tumor cells. However,
cytotoxic T cells need to be educated (i.e., what to attack and what not to attack), need to be
activated, and need to multiply and migrate to the tumor or infection site before they can
eliminate the potential threat. Professional antigen presenting cells (APC), like dendritic cells
(DC), can educate and activate cytotoxic T cells through cognate interaction, but also through
secretion of modulatory cytokines, making them another attractive target for cancer
immunotherapy. DC are embedded in tissues throughout the body and are capable of
capturing and processing antigens (any molecule from inside or outside the body to which the
immune system can respond) before they migrate to the lymph nodes where they can present
the antigens to T cells. This antigen presentation to T cells is comprised of multiple steps: the
antigen, in the form of a processed peptide, a so-called epitope, is loaded onto a molecule in
the DC called major histocompatibility complex (MHC) and is presented on the surface of the
DC (i.e. “signal 1”, see Figure 1) (3). Only the T cells that are specific for that particular antigen
can bind to the loaded MHC molecule. This specificity is based on the T cell receptor (TCR)
which can have countless different structural appearances, each one with specificity for
certain epitope-loaded MHC molecules. MHC-I molecules will preferentially present epitopes
from endogenously expressed antigens to CD8+ Cytotoxic T lymphocytes (CTL), whereas MHCII preferentially presents exogenously derived epitopes to CD4+ helper (Th) T cells. DC have
the exceptional ability to take up extracellular antigens and reroute and process them to allow
for their subsequent presentation in the context of MHC-I to CD8+ T cells and prime them for
an effector CTL response. This process, known as cross-priming, is essential for an effective
CTL response against cancer. After taking up tumor cell (debris)-associated antigens, DC can
process them for MHC-I loading either in specialized phagosomes (i.e. the vacuolar route,
preferentially utilized in monocyte-derived DC (4)) or through their export to the cytosol and
subsequent proteasomal degradation (the cytosolic route (5)). If sufficiently activated, DC will
migrate from peripheral tissues, where antigens were taken up, to draining lymph nodes
where the processed epitopes will be presented to naïve T cells in the paracortical areas. The
epitope-primed T cells will then receive a second signal from the DC which can either lead to
tolerization (via immune checkpoint molecules) or to activation (via co-stimulatory molecules)

(see Figure 1). Cytokines, released by APC/DC (“signal 3”) , will further skew the effector T cell
response into specific functional differentiation pathways (e.g. promoting cell-mediated
[type-1] immunity through IL-12p70 or antibody-mediated humoral

[type-2] immunity

through IL-4, or even promoting immune suppressive regulatory T cells [Tregs], through
TGFβ/IL-10) (see Figure 1). This variety of stimulating and inhibiting signals allows the immune
system to be both tolerized to self-antigens (antigens derived from our own healthy cells) and
to respond to exogenous or neo-antigens (a result of DNA mutations in a cell), killing infected
or mutated cells while minimizing collateral damage. Proper T cell activation will lead to
subsequent clonal proliferation, dissemination of effector T cells via the blood, and their
extravasation at effector tumor sites, followed by specific cytolysis of tumor cells that present
the epitope of interest (6,7). This may lead to the subsequent release of a next wave of tumorassociated antigens (TAA) in a process known as epitope spreading. This cyclical process,
starting with TAA release and ending in tumor cell death, is known as the Cancer Immunity
cycle (see Figure 2) (8). Unfortunately, tumors have developed the ability to effectively evade
the immune response in an evolutionary process known as cancer immunoediting (9). Tumor
clones with either down-regulated TAA or MHC-I levels, or expressing immune suppressive
factors like immune checkpoint ligands (most notably PD-L1) or immune modulatory cytokines
like TGFβ, IL-6, or IL-10, will preferentially survive the onslaught of a CTL response (survival of
the fittest) and spread and metastasize throughout the body. At each stage of the Cancer
Immunity cycle this immune escape can kick in; for each of these stages immunotherapies are
therefore being developed to overcome or by-pass this immune escape and to arrive at
effective tumor kill (listed in italics in Figure 2) (8). Most likely a combination of therapies will
be required to meet the challenges posed by tumors’ elaborate immune evasion schemes.

Figure 1: A selection of T cell stimulatory and tolerizing signals at the T cell/APC interface. (redrawn
and adapted with permission from the original version by Pardoll (3)).

Figure 2: The cancer immunity cycle and potential therapeutic targets (redrawn and adapted with permission
from the original version by Chen et al. (8)).

Immune checkpoint inhibitors
The success of immunotherapy for solid tumors was, and still is, largely based on treatment
advances with immune checkpoint inhibitors (ICI). ICI are monoclonal antibodies that bind to
the immune checkpoint molecules, and thereby prevent their inhibitory signal, effectively
relieving functional brakes on previously primed cancer-specific effector T cells. The discovery
that blocking immune checkpoints can lead to a highly efficacious anti-tumor immune
response has put immunotherapy of cancer firmly on the map and has ultimately led to the
American Food and Drug Administration’s (FDA) approval of ICI that target the immune
checkpoints CTLA-4 and PD-1/PD-L1 for the treatment of several metastasized cancers like
melanoma, non-small cell lung cancer (NSCLC), and renal cell carcinoma (RCC) -and more
tumor types are expected to follow. Moreover, other potential targets for therapeutic
inhibition like VISTA, LAG3, BTLA, CD160, TIM3, CD244, TIGIT and CD200R ((10-17) see Figure
1) are being investigated in (pre-) clinical tudies. ICI cancer therapy received further

recognition in 2018 when Dr. James Allison and Dr. Tasuku Honjo were awarded the Nobel
prize for Physiology or Medicine, for their work on and discovery of the immune checkpoints
CTLA-4 and PD-1, respectively.
Unfortunately, boosting the immune system to provoke an anti-tumor immune response is
not always without unwanted consequences. Treatment with ICI can lead to, at times severe,
immune-related adverse events whereas many patients do not even respond to ICI. A clear
picture is emerging that immune checkpoint blockade is particularly effective in the treatment
of cancer types with high mutation rates (e.g. melanoma, lung cancer, head and neck tumors
and renal cell cancer). Point mutations arising during tumor development and progression can
lead to the genesis of neo-epitopes against which no tolerance has been built, resulting in
high-avidity and effective T cell responses. In contrast, less intrinsically immunogenic tumors
may require additional therapeutic measures to leverage the antitumor efficacy of immune
checkpoint inhibitors. The major challenge in the treatment of cancer through immune
checkpoint blockade and other anti-cancer treatment modalities will be to personalize the
treatment as precisely as possible for each patient. This includes predicting which patients are
likely to benefit from checkpoint blockade and which patients are likely to encounter serious
side effects, finding which therapies can be combined at which dose level to create an additive
effect or even synergy, and finding the optimal administration route.
Another factor determining ICI therapy outcome is the T cell infiltration rate of the tumor
microenvironment (TME) (18). Whereas so-called “hot” tumors have clear T cell infiltration in
their tumor fields, “cold” tumors do not. The former points to a primed effector T cell response
that can be leveraged through immune checkpoint blockade, whereas the latter may require
additional immune stimulation or vaccination to provide such an effector T cell response.
Importantly, cold tumors can be further classified as immune excluded (i.e. effector T cells are
present in the tumor stroma, but do not migrate into the tumor fields, e.g. due to a lack of
chemokines or due to high local expression levels of immune suppressive factors) or as
immune deserts (i.e. no T cells are present in either the tumor fields or the surrounding
stroma) (18). The former may require additional immune stimulation. The latter may point to
insufficient levels of neo-epitopes or other actionable TAA to induce an effector T cell
response in the first place. To remedy this, either vaccination or even NK cell or CAR T cell

based approaches may be required that do not depend on (neo-)epitope/MHC-I complexes
on the tumor cell surface for cancer recognition and elimination.

Toll-like receptors and the application of Toll-like receptor agonists in cancer immunotherapy
Next to the above described specific immunity generated via antigen presentation to T cells
(adaptive immunity), the immune system is also capable of immediately responding to
invasion of pathogens via pattern recognition receptors (PRR) on effector ells of the native
immune system. PRR can recognize specific molecules on pathogens that are collectively
called pathogen-associated molecular patterns (PAMP). An important subgroup of PRR are
transmembrane proteins called Toll-like receptors (TLR). TLR are expressed by DCs,
macrophages, and NK cells, amongst others, but also by epithelial cells and fibroblasts, and
even cancer cells have been described to express TLR (19,20). There are 9 immune activating
TLR found in man that can be triggered by (glycosylated) lipids, proteins, or nucleotides
derived from viruses (TLR2, TLR3, TLR4, TLR7, TLR8 and TLR9), bacteria (TLR1, TLR2, TLR4,
TLR5, TLR6 and TLR9), Fungi (TLR2, TLR4 and TLR6), or parasites (TLR2, TLR4 and TLR9) ((21)
see figure 3).
TLR can be therapeutically activated and next to ICI, TLR stimulation represents another class
of immunotherapy which is, in fact, much older than immune checkpoint inhibition. Already
in 1893, Dr. William Coley described antitumoral efficacy of streptococcus pyogenes
(erysipelas) inoculation (22) without actually knowing that the injection of these bacteria into
tumors was a major trigger for TLR on immune cells in the TME. It took almost a century before
the existence of PRR was first hypothesized by Dr. Charles Janeway in 1989 (23). Coley’s work
was met with a lot of criticism in his time and his early and crude form of immunotherapy was
sidelined by the advances of other treatment modalities like surgery, radiotherapy and
chemotherapy. However, the tuberculosis vaccine Bacillus Calmette-Guérin (BCG) which has
been intravesically used for the treatment of non-muscle invasive bladder cancer for many
decades, is actually an agonist of TLR2, TLR4 and TLR9. Also, next to BCG, the TLR7 agonist
Imiquimod and the TLR2 and TLR4 agonist monophosphoryl lipid A have been approved by
the FDA for the treatment of (pre-) cancerous lesions or as adjuvants in vaccines in more

recent years (20). The discovery of TLR by Dr. Jules Hoffmann and Dr. Bruce Beutler was also
recognized with the Nobel prize for Physiology or Medicine (in 2011).

Figure 3: Toll-like receptor localization, their stimulators and signaling pathways (figure kindly provided by
Cayman Chemical Company).

Early clinical trials with systemic TLR agonists as monotherapy have been performed in
metastasized cancers (24) but efficacy has been limited (25). The use of CPG7909 has been
extensively explored in this setting. CPG7909 is a class-B CpG compound, consisting of
unmethylated CpG dinucleotide repeats, that can bind to the endosomal TLR9 in e.g. human
B cells and plasmacytoid DC (pDC). Induced type-I Interferon (IFN) release by pDC can then
lead to the activation and recruitment of conventional DC subsets with a superior CTL crosspriming ability (i.e. the so-called cDC1) (26). Combined chemotherapy and systemic
administration of CPG7909 in patients with metastasized non-small cell lung cancer (NSCLC)
failed to meet its projected endpoints in an interim analysis of a Phase III trial. This led to
cessation of the clinical development of CPG7909 as anticancer agent by Pfizer (27). Since the
success of ICI, TLR stimulation has regained the interest from the scientific and pharmaceutical
community, as evidence is emerging that it may help to overcome ICI resistance (28).

Intratumoral application of TLR agonists may enhance DC activation and migration, and the
subsequent T cell priming in tumor draining lymph nodes, as well as attract tumor-specific T
cells to the TME (rendering them “hot”) (29,30). The primed and recruited effector T cells can
then be activated by ICI leading to enhanced anti-tumor immunity and, hopefully, improved
clinical response rates in patients with metastasized tumors. Indeed, intratumoral
administration of a next-generation CpG led to responses in uninjected lesions and helped
overcome resistance to PD-1 blockade in a number of cases (31). Whereas historically the term
used for this effect of inducing systemic immunity upon local cancer treatment was “the
abscopal effect”, a recent report from an ESMO consensus panel suggested that this term
should be reserved for radiotherapy approaches, moreover, the often combined use of
systemic ICI with local treatment also made this term less appropriate (32). As alternative the
terminology “enestic” and “anenestic” was proposed, referring to injected and non-injected
lesions, respectively.
As tumors grow and metastasize, tumor clones may have lost expression of crucial (neo)epitopes and/or MHC-I and may have developed a wide range of immune escape
mechanisms, leaving them refractory to immunotherapy approaches (33). It therefore stands
to reason that application of immunotherapeutic approaches in earlier stages of cancer, when
such tumor subclones may not yet have been firmly established and metastasized, may meet
with more success. In patients with earlier stages of cancer development or with minimal
residual disease, TLR-mediated conditioning of tumor-draining lymph nodes (TDLN) could
possibly boost locally primed effector T cell responses and facilitate their systemic homing to
subclinical micro-metastases, thus providing tumor control and preventing recurrences at
later time points (34). Moreover, the lower dosing that this approach requires will minimize
the chances of unwanted side effects.

Outline of the thesis
In this thesis, translational studies deliver clinical proof of the concept of local treatment in
earlier stages of cancer, starting from an earlier clinical trial combining autologous tumor
vaccination with systemic application of CPG7909 in metastasized renal cell cancer (RCC), to
later trials exploring local injection of CPG7909, prior to sentinel lymph node biopsy, in early-

stage melanoma. We report on their clinical outcomes as well as on the characterization and
monitoring of immune cells in the TME and TDLN, including in vitro stimulation of TDLN
derived immune cells with TLR agonists and other immune modulators.
In chapter 2 we report on a Phase II clinical trial in 15 patients with metastasized renal cell
carcinoma who were treated with autologous tumor cell vaccines and systemic IFNα and the
TLR9 agonist CpG-B (CPG 7909). In chapter 3 we describe the microenvironment of tumor
negative (n = 20) versus tumor positive (n = 8) TDLN from patients with cervical cancer and
suggest possible local treatment approaches based on our observations. In chapter 4 we study
the immune-suppressive effects of melanoma on DC and T-cell subsets in 36 sentinel lymph
nodes (SLN) from 28 stage I-III melanoma patients and report on their clinical significance. Our
data lend support to local therapies aimed at the activation of lymph node resident DC
subsets. In chapter 5, we briefly describe our observation that Breslow thickness and excision
interval (i.e. the time between the primary excision and the combined SLN biopsy and reexcision) affect the activation state of migratory Langerhans cells (i.e. epidermal DC) in the
melanoma SLN. In chapter 6 we report on a phase II clinical trial in which 22 patients with
clinical stage I-II melanoma were randomized to receive a preoperative intradermal injection
of either 8 mg CpG-B dissolved in 1.6 ml saline (NaCl 0.9%; n = 10), or 1.6 ml plain saline alone
(n = 12) at seven days before the re-excision and sentinel node biopsy. We describe the effect
of the treatment at the injection (effector) site and show the recruitment of specific APC
subsets as well as T cells. In chapter 7 we report on the immune monitoring from a three-arm
phase II clinical trial comprising 28 patients with stage I-II melanoma who were randomized
to receive intradermal injections around the primary tumor excision site of saline or low-dose
CpG-B, alone or combined with GM-CSF, before excision of the SLN. The obtained results
reveal the type-1 IFN-related recruitment and activation of lymph node resident DC subsets
in the SLN, which was associated with an enhanced cross-priming capacity. In chapter 8 we
provide clinical evidence that the local CpG-B injections in the clinical trials described in
chapter 6 and 7, aimed at immunologic arming of the tumor-draining lymph nodes, provide
durable protection against disease recurrence (median follow-up, 88.8 months) and are
accompanied by the triggering of a systemic anti-melanoma T cell response. In chapter 9 we
focus on the potential benefits and potential disadvantages of adding GM-CSF to the
intradermal CpG-B injections as described in chapter 7. Finally, the general discussion in

chapter 10 focuses on (TLR-based) immunotherapy approaches aiming to arm TDLN to
prevent cancer metastasis.
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Autologous tumor cell vaccination combined
with systemic CpG-B and IFNα promotes immune
activation and induces clinical responses in
patients with metastatic renal cell carcinoma: A
phase II trial
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Abstract
Background: In this study the toxicity and efficacy of an irradiated autologous tumor cell
vaccine (ATV) co-injected with a class-B CpG oligodeoxynucleotide (CpG-B) and GM-CSF,
followed by systemic CpG-B and IFNα administration, was examined in patients with
metastatic renal cell carcinoma (mRCC).
Methods: A single-arm Phase II trial was conducted, in which patients with mRCC were
intradermally injected with a minimum of three whole-cell vaccines containing 0.7 – 1.3 x 107
irradiated autologous tumor cells (ATC), admixed with 1 mg CpG-B and 100 µg GM-CSF,
followed by bi-weekly s.c. injections with 8 mg CpG-B and s.c. injections with 6 MU IFNα three
times per week.
Results: Fifteen patients were treated according to the protocol. Treatment was well
tolerated. Objective clinical responses occurred in three patients, including one long-term
complete response. Disease stabilization occurred in another three patients. Positive delayed
type hypersensitivity (DTH) responses to ATC were absent before treatment but present in 13
out of 15 patients during treatment. Immune monitoring revealed activation of plasmacytoid
dendritic cells, non-classical monocytes and up-regulation of both PD-1 and CTLA4 on effector
T cells upon treatment. Moreover, a pre-existing ex vivo IFNγ response to ATC was associated
with clinical response.
Conclusions: ATV combined with systemic CpG-B and IFNα is tolerable, safe, immunogenic
and able to elicit anti-tumor responses in patients with mRCC. Immune activation and
treatment-induced up-regulation of PD-1 and CTLA4 on circulating T cells further suggest an
added benefit of combining this approach with immune checkpoint blockade.

Introduction
Up until the last decade, the treatment options for metastatic renal cell carcinoma (mRCC)
patients were limited. mRCC is resistant to systemic cytotoxic chemotherapy (1) and cytokinebased therapies like IFNα and IL-2 resulted in modest response rates and little survival benefit
(2). Over the past decade, the treatment of mRCC has changed considerably with the
introduction of targeted therapies and, more recently, immune checkpoint inhibitors (ICI) (3).
Although the introduction of targeted therapies has markedly improved patient outcome,
they rarely induce complete responses, and most patients eventually develop resistance to
these therapies. Clinical trials with ICI nivolumab (anti PD-1) and ipilimumab (anti CTLA-4) in
mRCC reconfirmed the relative tractability of this tumor type to immunotherapy. However,
the objective response rate of mRCC patients who received combination treatment of
nivolumab and ipilimumab is still only 42% and comes at the cost of substantial (although
often manageable) toxicity (4). Therefore, further exploration of immunotherapeutic
combination approaches is warranted for the treatment of mRCC.
Recent insights have linked responses to immune checkpoint blockade to mutation burden
and the frequency of neo-antigens (5). Vaccines aimed at priming or boosting T cell responses
to neoantigens may thus increase response rates to ICI (6). Unfortunately, the highly
individualized nature of these neoantigens makes them hard to leverage through therapeutic
vaccination. Autologous tumor cell vaccination (ATV) is a strategy to induce a specific immune
response against tumor cells and their particular antigens, including neoantigens, without the
need for prior identification of actionable T cell epitopes. Whole tumor cell vaccines have
shown clinical and immunological activity in mRCC patients(7–9), as well as in patients with
other tumor types (10–12). To increase the immune response against autologous tumor cells
(ATC), the whole cell vaccine can be combined with adjuvants. We have demonstrated in the
past that ATV and BCG prolonged disease free survival in stage-II colorectal cancer and
improved survival in stage-III/IV melanoma patients, which correlated significantly with a
positive post-vaccination DTH response (13,14). Unfortunately, BCG is relatively toxic as it can
cause ulcerations(13–15). The discovery that unmethylated Cytosine-phosphate-Guanine
oligodeoxynucleotides (CpG ODN) are the active elements in bacterial DNA, and can directly
activate and induce maturation of B cells and plasmacytoid dendritic cells (pDC), has led to the
development of CpG ODN as treatment modality and vaccine adjuvant for infectious diseases

and cancer(16,17). Indeed, B-class CpG ODN (CpG-B) have been demonstrated to enhance
vaccine responses to hepatitis B, malaria and cancer (18–23).
We conducted a phase II clinical trial with the primary objective of investigating whether the
treatment with ATV, CpG-B and IFNα was feasible and tolerable and resulted in higher clinical
response rates than IFNα alone (by historical controls). Secondary objectives were to assess
progression-free survival and overall survival of treated patients compared to historical data.
Here, we report on the biological and clinical efficacy of this experimental treatment.

Materials and methods
Patients
Patients with bi-dimensional measurable metastases of histologically proven RCC, and in
whom progression before or after nephrectomy had been demonstrated, were eligible for this
trial. Furthermore, a WHO performance status of 0 or 1 was required and patients were only
eligible when sufficient numbers of tumor cells were available for the production of a
minimum of three vaccines. Patients with a history of autoimmune- or antibody-associated
disease, prior malignancy, patients who were using immune suppressive drugs, or who had
undergone prior immunotherapy for metastatic disease (e.g. IL-2 or IFN-α treatment) were
excluded.
During the first month of therapy the patients were be seen bi-weekly. Thereafter follow-up
visits started at E3 (see figure 1) and were scheduled every 12 weeks or at treatment
discontinuation due disease progression. At each follow-up visit the patients were subjected
to a physical examination including WHO performance status, blood panels and a tumor
measurement to define response which was assessed on the basis of a set of “target lesions”
chosen before the first vaccination. Response (at E3) was defined with computed tomography
(CT) scans according to the WHO criteria for response.

Figure 1: ATV treatment scheme.
Abbreviations: Evaluation 1, 2 and 3 (E1, E2, E3; i.e. time of heparinized blood collection); Delayed Type
Hypersensitivity (DTH); vaccination 1, 2 and 3 (Vac 1, Vac 2, Vac 3); interferon alpha (IFN-α); subcutaneous (s.c.);
Cytosine-phosphate-Guanine Class B (GpG-B).

The primary endpoint of the study was tumor response compared to historical data.
Secondary endpoints included toxicity, progression-free survival, overall survival, the relation
between DTH responses against tumor cells and clinical responses, and the value of prevaccination tumor-specific T cell reactivity as a predictor of successful immunotherapy.
Of note, IFNα was the only treatment option for potentially eligible patients at the start of this
trial. However, the enrolment of this study was halted in 2006 when sunitinib became
available. Therefore, enrolment stopped at 15 patients instead of 41 as originally planned.

Vaccine preparation
Patients underwent a total nephrectomy or, if the kidney was already removed before
inclusion, a metastasectomy. The tissue that was not used for pathologic diagnosis and staging
was transferred to our vaccine production laboratory within 48 hours of the surgery. The
tumor tissue was then dissociated as previously described(13,24). Briefly, tumor tissue was
cut into small pieces and subsequently incubated in a 0.1% DNase I, 0.14% collagenase
(Boehringer) solution. After 45 min incubation at 37°C, single cells were harvested and

remaining tumor fragments again suspended in a DNase/collagenase solution; this cycle was
repeated 3-4 times, after which single cells were harvested through a 100 µm gauze, a sample
for bacteriology control was taken and viability was tested using trypan blue exclusion. Cells
were aliquoted (at 15-20 x 106 viable cells per vial) and cryopreserved using a linear freezer.
Vials were stored in liquid nitrogen until vaccination. Prior to vaccination, the frozen tumor
cells were irradiated (20,000 rad), thawed, counted and assessed for viability. For each patient
we aimed to produce as many vaccines as possible.

Vaccination procedure
Vaccination started 4-6 weeks after nephrectomy or metastasectomy. For every vaccine 0.71.3 107 viable autologous tumor cells were used and 100 g GM-CSF (Leukine; Berlex
Laboratories Inc.), 1 mg CpG-B (CPG 7909, Coley Pharmaceutical Group, inc. Wellesley, MA
02481 USA) and 50 g Keyhole Limpet Hemocyanine (KLH) (Calbiochem) were added. Vaccines
were administered intradermally. For individual evaluation of the injection sites, different
locations were used for each administration as previously described for ATV in patients with
colon carcinoma (13). The local injection site reactions were monitored and documented at
each visit. All patients received three weekly intradermal injections of the vaccine, followed
by booster vaccinations every three months for as long as the vaccines lasted and the disease
did not progress. After the first three vaccinations, patients were treated bi-weekly with 8 mg
of CpG-B s.c. and 6 MU IFNα s.c. three times per week for at least three months to enhance
both innate immunity and the effector phase of the specific immunity. To prevent additive
toxicity and to enable a separate observation of toxicity of CpG-B and IFN-α, these two
compounds were never administered on the same day. IFN-α was administered for a
maximum of one year and CpG-B for a maximum of two years or until disease progression,
grade III/IV toxicity, or death.

Sampling of peripheral blood
For immune monitoring, heparinized blood samples were taken from the patients before start
of therapy (evaluation 1 [E1]), at the day of the third vaccination (evaluation 2 [E2]) and 5 - 12

weeks after the third vaccination (evaluation 3 [E3]) (see figure 1 for treatment and evaluation
scheme). PBMC were isolated by density centrifugation (Nycomed AS, Oslo, Norway) and
subsequently cryopreserved for later analysis as previously described (25).

Antibodies and 4-color flow cytometry.
Peripheral blood lymphocyte, monocyte, peripheral blood dendritic cell (PBDC) and
monocytoid myeloid-derived suppressor cell (mMDSC) frequencies and activation status were
assessed before and during treatment by four-color flow cytometry staining. Cell surface
antibody staining of PBMC was performed in PBS/0.1% BSA/0.02% Sodium-Azide for 30
minutes at 4ºC. The following antibodies were used: FITC, PE, PerCP-Cy5.5 or APC-labeled Abs
directed against human CD3, CD4, CD8, CD11c, CD14, CD15, CD16, CD19, CD25, CD27, CD33,
CD45, CD45RO, CD45RA, CD56, CTLA4, CD123, HLA-DR, PD-1 (all BD Biosciences), CD11b,
FoxP3 (eBioscience, San Diego, CA), CD40 (Beckman Coulter, Marseille, France), Fab-M-FITC
(Southern Biotec, Birmingham, AL), and blood DC antigens BDCA1, BDCA2, BDCA3 (all from
Milteny Biotec, Bergisch Gladbach, Germany) and MDC8 (a kind gift from Dr. E.P. Rieber,
Dresden, Germany) and matching isotype control antibodies. Intracellular FoxP3 and CTLA-4
staining was conducted with the anti-human FoxP3 staining kit (eBioscience, San Diego, CA)
according to manufacturers’ protocol. Stained cells were analyzed on a FACScalibur (BD
Biosciences) using Cell Quest software.

T cell subset and differentiation state definitions
Naive CD4+ or CD8+ T cells (Tn) were defined as CD27+CD45RO- cells, effector T cells (Teff) as
CD27-CD45RO+, central-memory CD4+ T cells (Tcm) as CD27+CD45RO+ cells and effectormemory cells (Tem) as CD27-CD45RO+(26). Tregs were defined as CD3+CD4+CD25hi, and
FoxP3+. As FoxP3 has also been described to be transiently up-regulated on dividing (activated)
effector T cells (27–29), we also analyzed FoxP3 expression within these activated (effectorlike) T cells, which we defined as CD4+CD25intermediate (CD4+CD25int) cells. For Treg gating
procedures we refer to Huijts et al. 2017 (30).

Myeloid subset definitions
PBDC frequencies were determined on the basis of expression of BDCA or MDC-8 markers:
cDC1 were detected as CD11c+CD14− BDCA3+(31). DC belonging to the so-called conventional
DC2 (cDC2) subset were identified as CD11chiCD19−CD14−BDCA1/CD1c+; non-classical
monocytes (32) were detected as CD11c+CD14loMDC8+ (also previously known as 6-sulfo
LacNAc+ or SLAN-DC (33,34)) and pDC were detected as CD11c−CD14−CD123hiBDCA2+ (35).
Classical monocytes were defined as CD14hi and mMDSC were defined as Lin−CD14+HLADRneg/lo cells (36). Activation status of abovementioned cDC and pDC subsets was determined
by calculating the Median Fluorescence Index (MFI) of CD40 expression by dividing the median
fluorescence (med. fl.) of the CD40 antibody by the med. fl. of the isotype-control antibody.
For detailed gating procedures we refer to Santegoets et al. 2014, including its supplementary
materials (37).

Tumor-specific T cell reactivity and IFN-γ ELISA
Tumor reactivity of T cells in peripheral blood before, during and after ATV was assessed by
IFN-γ secretion. To this end, ATC suspensions were used as stimulator cells in an overnight
stimulation assay. Tumor cell suspensions were thawed, and resuspended in IMDM medium
(Lonza, Verviers, Belgium) supplemented with 10% FCS (Hyclone, Amsterdam, The
Netherlands), 100 I.E./ml sodium penicillin (Yamanouchi Pharma, Leiderdorp, The
Netherlands), 100 g/ml streptomycin sulphate (Radiumfarma-Fisiopharma, Naples, Italy), 2.0
mM L-glutamine (Invitrogen, Breda, The Netherlands) and 0.01 mM 2-mercapoethanol
(Merck, Darmstadt, Germany; hereafter referred to as complete medium). Next, 50,000 ATC
and 100,000 PBMC were cultured either alone or together for 20 hours in complete medium
in a 96 well round-bottom plate, after which supernatants were harvested and frozen. IFN-γ
levels were determined by ELISA (sensitivity 1 pg/ml) according to manufacturer's instructions
(M1933, Sanquin, Amsterdam, The Netherlands). IFN-γ levels are given as the mean IFN-γ
concentration in pg/ml per 1x10e6 PBMC/ml ± SD of triplicate wells. Responses were
considered positive when the amount of IFN-γ produced by PBMC in response to ATC was at
least twice the amount of the sum of IFN-γ detected in overnight unstimulated PBMC or ATC
mono-cultures, and was at least 10 pg/ml. Mean ATC-specific IFN-γ concentration was

calculated by subtracting the IFN-γ levels from ATC+PBMC alone from the IFN-γ levels from
ATC:PBMC co-cultures.

Delayed type hypersensitivity (DTH) response assessment
Several studies have demonstrated that the size of a DTH response after autologous tumour
cell vaccination strongly correlates with recurrence and survival of cancer [7, 14, 39]. The
presence of a DTH response to tumour cells is a measure of immunogenicity and reflects the
efficacy of the vaccination and the general immune status of the patient. In our study, DTH
skin tests were performed prior to the first vaccination and at the time of the third vaccination.
To this end, 2x106 ATC and 5 µg KLH were injected intradermally into separate sites and 48
hours later the DTH response was evaluated by measuring the induration by the “Sokal pen
method”(38). In brief, a line was drawn with a pen 1-2 cm away from the margin of the skin
test reaction towards the lesion. The pen was held at a 45° angle and the pen was advanced
with moderate pressure until resistance was met. This procedure was repeated four times.
Next, induration was measured between opposing points by centimeter ruler. Total induration
was calculated as an ellipse (πab) and given in mm2.

Statistics
Sample size
The response rate for IFNα treatment, taken from historical data, was assumed to be 10% (2)
A response rate of 25% for the combination of ATV, CpG-B and IFN-α was expected and initially
planned as primary outcome of this study. In order to detect this increase with a two sided
test (α = 0.05) and 80% power, 41 evaluable patients had to be enrolled in the study. Abortion
of the enrolment after 15 patients disabled us to perform a reliable response rate analysis.
However, the sample size proved sufficient to obtain significance levels in the immune
monitoring analyses.

Statistical analyses
Differences between immune parameters before (E1) and during treatment (E2 or E3) were
analyzed with a two-tailed paired t test. A two-tailed unpaired t test was used for the analysis
of the difference in induration area caused by ATC and KLH between patients with clinical
benefit (CB) (CR, PR and SD) and patients without clinical benefit (NCB) (PD) and for the
analysis of the difference in tumor-specific T cell reactivity between CB and NCB before and
during treatment. Microsoft Excel (version 2010) and GraphPad Prism (Version 6.02) were
used for all graphs, tables and analyses. Differences were considered significant when p ≤0.05.

Results
Patient characteristics.
Between April 2004 and April 2006, 30 mRCC patients were assessed for eligibility to enter
this single-centre, single-arm phase II trial. 90% (n = 27) of the patients had sufficient tumor
material for vaccine preparation. 15 patients were eventually enrolled, and 12 patients were
excluded due to death prior to the first vaccination (n = 5), additional malignancies (n = 3), the
absence of progression or metastasis (n = 3) or poor renal function (n = 1).We refer to Table 1
for detailed characteristics of the 15 enrolled patients.

Table 1. Patient characteristics
Patient

Age

1

61

2
3

Sex

ECOG

MSKCC risk

Histologic

(M/F)

status

factors

subtype

M

1

3

ccRCC

Lungs, liver, MLN, RLN

PD

74

M

0

2

ccRCC

Lungs, liver, MLN

PD

-

45

M

0

2

ccRCC

Lungs, MLN

SD

3.6

4

69

M

1

3

ccRCC

Liver, MLN, RLN

PD

-

5

56

M

1

2

ccRCC

Lungs, bone, MLN, RLN

PD

-

6

52

M

1

2

ccRCC

MLN

PD

-

7

54

M

0

1

ccRCC

Lungs, MLN

PR

7

8

60

F

1

4

ccRCC/ sRCC

Lungs, bone, MLN, RLN

PD

-

Metastatic sites

Response

Response
(in months)
-

9

57

M

0

2

ccRCC/ sRCC

Lungs, Skin, MLN, intramuscular

PD

-

10

60

F

0

1

ccRCC

Lungs

SD

5.1

11

62

M

0

2

ccRCC

Lungs, MLN, RLN

PR

6.5

12

71

M

0

2

ccRCC

Lungs, MLN

CR

146+

13

57

F

0

2

ccRCC

Lungs, liver, MLN, RLN

PD

-

14

73

F

0

2

ccRCC

Lungs, bone, RLN

SD

4.4

15

59

M

0

3

ccRCC

Lungs, bone, MLN

PD

-

Abbreviations: M, Male; F, Female; ECOG, Eastern Cooperative Oncology Group; MSKCC, Memorial SloanKettering Cancer Center; ccRCC, clear cell Renal Cell Carcinoma; sRCC, sarcomatoid Renal Cell Carcinoma; MLN,
Mediastinal Lymph Node; RLN, Retroperitoneal Lymph Node; CR, Complete Response; PR, Partial Response; SD,
Stable Disease; PD, Progressive Disease.

Clinical results
All 15 patients received the first three vaccines and were therefore included in the current
analysis. Objective clinical responses occurred in three patients, including one CR and two PR.
The CR is still on-going for more than 12 years and PR lasted 6.5 and 7 months. The patient
with the CR was alive at the last moment of follow-up (October 2017) and has not shown any
signs of disease since the experimental treatment and therefore never received any other
form of therapy for RCC (See Figure 2 for pre- and post-treatment lung window CT scans).
Three patients had SD which lasted between 3.6 and 5.1 months. The six patients with CR, PR
and SD were designated patients with CB. Nine patients developed PD and were designated
patients with NCB (Table 1) and therefore, did not receive any booster vaccines. From the 6
patients with CB, four patients received one and two patients received two booster
vaccinations after which there was either no ATV available anymore or disease progression
occurred.

Figure 2: Lung window CT scans from the patient who had a complete response.
a) Pre-treatment lung window CT scan shows multiple solid nodules in both lungs. b) In the most recent lung
window CT scan (approximately 5 and a half years later) no solid lung nodules are identified.

Adverse events
Adverse events to the experimental treatment were relatively mild with grade one and two
fever and fatigue being the most common events. Elevated gamma-glutamyl transferase and
alkaline phosphatase (in six and three patients respectively) were the most prominent grade
three or four adverse events that might have been related to the experimental treatment.
Furthermore, two cases of grade three or four anaemia were recorded and grade three or four
melena, fatigue, dizziness, disturbed balance, sensory neuropathy, aphasia, hemiplegia were
all recorded once (Supplemental table 1) which were all considered to be unrelated to the
experimental treatment (e.g. neurological adverse events were found in one patient who
suffered from brain metastases). Common local toxicity consisted of induration and edema at
the vaccination site. We did not observe any ulcerations at the vaccination sites.

Delayed type hypersensitivity (DTH) response
None of 15 patients demonstrated a positive skin test in response to ATC before vaccination,
but 13 of them showed a positive skin test upon treatment. 12 of 15 patients demonstrated a
positive skin test in response to KLH after vaccination. The median induration in response to
ATC was 169.6 mm2 and to KLH was 201.1 mm2. Interestingly, we observed a significant
difference in the size of the DTH response between patients with CB (i.e. stronger DTH
reaction) and patients with NCB for ATC (p = 0.038), but not for KLH (Figure 3a).

Tumor-specific T cell reactivity and IFN-γ ELISA
Similarly to our findings for DTH responsiveness to ATC, ATC recognizing circulating T cells
were revealed to be more frequent in patients who clinically benefitted from the therapy
compared to patients with NCB (i.e. 3 of 4 in CB versus 2 of 7 in NCB patients; p = 0.061 with
two-sided Fisher's exact test; data not shown). We also found that the magnitude of the IFNresponse was significantly higher in patients with CB at E1 (p = 0.046) and at E3 (p = 0.042)
but, interestingly, not at E2 (Figure 3b).

Figure 3: Delayed Type Hypersensitivity and ATC specific IFNɣ production.
a) Delayed Type Hypersensitivity (DTH) response against Autologous Tumor Cells (ATC) and Keyhole Limpet
Hemocyanine (KLH) at the time of the third vaccination and DTH2 (E2) in mm2. b) ATC specific IFNɣ production
(pg/ml) determined by ELISA at baseline (E1), third vaccination (E2), and follow-up (7-14 weeks, E3) for patients
with clinical benefit (CB: stable disease [SD], partial response [PR] and complete response [CR]) and patients with
no clinical benefit (NCB: progressive disease [PD]).

B and T cell activation.
No significant differences were observed in overall frequencies of circulating CD3 + T cells,
CD19+ B cells, CD3−CD56+ NK cells, CD14hi classical monocytes and CD4+CD25hiFoxP3+ Tregs,
nor in frequencies of circulating CD4+ T cells, CD8+ T cells and CD4+ or CD8+ T naive, Teff, Tcm
or Tem cells following treatment (Supplemental figure. 1). However, ATV delivery induced
activation of B cells and T cells, as reflected by significantly increased percentages of
CD19+CD86+ B cells and of CD4+PD-1+, CD8+ PD-1+ and CD8+CTLA-4+ T cells following treatment

(see Figure 4). Yet, no correlations between baseline levels or increases in activated B or T cell
rates and treatment response were observed (data not shown).

Figure 4: Expression of activation markers on T cells, B cells and monocytes.
Activation markers at baseline (E1), third vaccination (E2), and follow-up (7-14 weeks, E3) on a) T cells (HLA-DR)
, b) B cells (CD86) and c) monocytes (CD40). Activation markers CTLA4 and PD1 are shown separately on CD4+ T
cells (d and e) and CD8+ T cells (f and g).

Treatment-induced changes in myeloid subset frequencies and activation states
Frequencies of cDC2, non-classical monocytes and pDC, but not of cDC1, decreased during
treatment (figure 5a-d). Maximal and significant decreases of cDC2 and non-classical
monocytes subsets were reached after 3 vaccinations and multiple injections of CpG-B and
IFNα at E3. Significant decreases in pDC frequencies were observed at E2, and were shown to
be only transient as pDC levels were restored at E3 after the 3rd vaccination and repeated
CpG-B and IFN-α injections. Decreases in non-classical monocytes and pDC frequencies were
paralleled by increases in their activation status at E3, as indicated in figure 5g and 5h by
significant up-regulation of CD40 expression. In line with this, decreases in rates of nonclassical monocytes and pDC at E2 were only observed in patients with CB, suggesting that

indeed early decreases in frequencies of these antigen presenting cell subsets were associated
with their activation and the patients’ response to treatment (See Supplementary Fig. 3 a-d).
Finally, after a transient non-significant increase at E2, mMDSC were significantly decreased
at E3 in the CB group of patients (Supplementary Fig. 2e).

Figure 5: Frequencies and CD40 expression on PBDC.
Frequencies and Median Fluorescence Index (MFI) of the activation marker CD40 on cDC1 (a and e), cDC2 (b and
f), non-classical monocytes (c and g) and pDC (d and h) over treatment: baseline (E1), third vaccination (E2), and
follow-up (7-14 weeks, E3).

Discussion
This phase II study in 15 patients with mRCC demonstrates that i.d. delivery of ATV with
ATC/CpG-B/GM-CSF and systemic CpG-B/IFN-α is feasible, immunogenic and clinically active.
All patients with CB developed a DTH response against ATC during the treatment and the
induration area in the skin of patients with CB was significantly larger than in the patients with
NCB, a difference that was not seen for KLH DTH suggesting an association of the DTH
response against ATC with clinical activity as we have demonstrated before in stage III/IV
melanoma patients (14). We found relatively mild toxicity and no treatment related deaths.

Importantly, CpG-B as intradermally administered adjuvant (combined with GM-CSF) was
shown to be safe and did not cause the ulcers that we observed in our previous studies where
we used BCG instead (13,39). Unfortunately, we were not able to complete the pre-calculated
enrollment level of 41 patients due to the approval of sunitinib as standard treatment for the
patient group with mRCC. This has left us unable to perform a reliable assessment of the
response rate (which was one of our primary objective) and overall survival. Nevertheless, a
response rate of 20% (3/15 patients) was reached in this small cohort which is in line with our
expectations prior to the start of the trial.
We found that ATC specific IFN-ɣ production before ATV was related to clinical outcome
(Figure 3b). Interestingly, this difference in ATC responsiveness between patients with CB and
patients with NCB was no longer detectable in the peripheral blood at E2 due to equally low
IFN-ɣ levels in both patient groups, but reappeared at E3 with no detectable response to ATC
in the patients with NCB. This may be due to a previously described phenomenon where ATC
specific T cells, upon their activation in the circulation, acquire the ability to migrate to the
effector sites (the vaccination and tumor sites) under the influence of the immunotherapy and
thus are transiently less abundant in the peripheral blood (40,41). This is corroborated by the
relative (increase in) size of DTH to ATC at E2, which was elevated over E1 and significantly
higher in patients with CB, further supporting the presence of an anti-tumor response that
could localize to the site of tumor cell presence in the patients who responded to ATV
administration (Figure 3a). Our data thus suggests that ATC specific IFN-ɣ production in vitro
before treatment may be a predictive biomarker for treatment response whereas the size of
the DTH to ATC may be a first indicator of effective immunization against ATC (and treatment
response) as early as 2 weeks after the first ATV.
Further immune monitoring revealed a decrease over treatment in cDC2, non-classical
monocytes and pDC frequencies, which may also reflect recruitment of these myeloid effector
subsets to effector sites. The frequencies of pDC (which are directly targeted by CpG-B via TLR9) returned to baseline levels at E3 whereas cDC2 and non-classical monocytes frequencies
further declined. Interestingly the decline in non-classical monocytes and pDC frequencies was
associated with a significant increase in their activation status (measured by CD40) at E3 which
may be attributed to the bi-weekly CpG-B injections that started one week after E2. Also,
mMDSC frequencies were significantly decreased by E3 in patients with CB.

This study shows that i.d. administration of ATV has clinical activity in a subset of patients but
it may be even more interesting to look at possible combinations of this vaccination approach
with other treatment modalities for mRCC. It was found for example that sunitinib has the
ability to modulate the anti-tumor immune response by reversing MDSC accumulation and
Treg elevation in RCC (42). In a randomized study in metastatic renal cell carcinoma it was
demonstrated that the combined treatment with avelumab (anti-PDL1) and axitinib resulted
in an improved progression free survival as compared to sunitinib alone, suggesting that
tyrosine kinase inhibitors have at least an added effect to immunotherapy (Abstract ESMO
LBA6_PR ‘JAVELIN Renal 101). Therefore, when combined with therapeutic vaccines, sunitinib

may help to overcome tumor-induced immune escape leading to increased numbers of tumorinfiltrating lymphocytes and tumor specific CD8+ T cells, as well as enhanced tumor eradication
and improved survival, as was previously shown in murine models (43,44). In patients
however, a recent randomized controlled phase III trial showed that there was no clinical
benefit from the addition of a multipeptide cancer vaccine to sunitinib and even though T cell
responses and monocyte counts were only assessed in a subset of the patients in the
combination arm (which left the authors unable to compare these parameters between the
combination and sunitinib monotherapy), the authors actually found evidence for a potential
immune inhibitory role of sunitinib (45). This seems to be in stark contrast with previous
findings by us and others showing favorable immune modulation in patients with mRCC
(35,46)), but may be due to differential effects of sunitinib in peripheral blood versus the
tumor microenvironment (47). As depicted in Figure 4, we also observed an increase in the
number of activated B cells (by CD86) and T cells (by CTLA-4 and PD-1). CTLA-4 and PD-1 are
up-regulated when T cells become activated, which in the case of PD-1 has also been linked to
neo-antigen specificity (48), and since the introduction of ICI, we know that selectively
inhibiting these immune checkpoints can result in unprecedented anti-tumor activity.
Moreover, it has become clear that response to ICI relies on T cells reactive to highly
individualized neo-antigens (49). In contrast to allogeneic or peptide based vaccines,
autologous vaccines cover all the personal (neo-) antigens that the tumor may express. In this
light, ATV approaches may be able to enhance the sensitivity to ICI. Obstacles to further
clinical development of ATV however, are the fact that they do not qualify as a pharmaceutical

product which makes funding of further development challenging, and the fact that vaccine
production is laborious and dependent on the availability of tumor material. Nonetheless, 90%
of the patients that were assessed for inclusion in this trial had enough tumor material
available for successful vaccine production.
Patients received IFN-α after the third vaccination (E2) and since the clinical response
evaluation (E3) was 12 weeks after the start of this active drug, it is possible that the clinical
responses were (in part) the result of this treatment. Unfortunately we are unable to
discriminate between the clinical effects of the ATV and the IFN-α in this trial. However, clinical
responses in mRCC were previously demonstrated by others in vaccine based clinical trials
(without IFN-α) with cultured CD83+ blood DC loaded with autologous tumor cell lysates (50),
DC pulsed with MUC1 derived peptides (51), a multipeptide cancer vaccine (52) and RNA
coding for tumor associated antigens (53). As for the immunomonitoring data, all the findings
obtained at E1 and E2 are the result of the ATV and that the findings at E3 can be attributed
to either ATV or IFN-α, or both.
In conclusion, our data show that our ATV approach combined with IFN-α in mRCC is feasible,
well tolerated and clinically active. Moreover, this treatment approach induced DTH
responses against ATC and systemic activation of circulating PBDC and T cells in mRCC
patients. In addition, preexisting ATC responsiveness of circulating T cells may be predictive
for clinical outcome following treatment. Based on our observations in these 15 patients,
further investigation of our ATV approach and current treatment modalities is indicated in
order to improve response rates in this patient group.
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SUPPLEMENTARY MATERIALS

Supplementary table 1. Adverse events

Adverse Event
Fatigue
Fever
GGT elevation
Anemia
ALP elevation
Anorexia
Malaise
Night sweats
Skin rash
Chills
Creatinine elevation
Itch
Pain
Cough
Dizziness
Nausea
Myalgia
Abdominal pain
Constipation
Aphasia
Attention disorder
Chest pain
Diarrhea
Disturbed balance
Dry skin
Dyspnea
Hemoptysis
Headache
Hearing loss
Hemiplegia
Hypertension
Insomnia
Melena
Nycturia
Edema
Pancreatitis
Rectal blood loss
Rhinitis
Sensory Neuropathy
Vomiting

Any grade
13
10
10
8
6
6
6
6
6
5
5
5
5
4
4
4
3
2
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Grade 1
7
10
3
1
5
6
5
6
5
5
5
5
4
3
4
3
2
2

Grade 2
5

Grade 3 or 4
1

1
5
3
1

6
2
3

1

1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Abbreviations: GGT, gamma-glutamyl transferase; ALP, Alkaline phosphatase

Supplementary figure 1: Frequencies of immune cell subsets at E1, E2 and E3.
Frequencies of A) circulating CD3+ T cells, B) CD19+ B cells, C) CD3−CD56+ NK cells, D) CD14+ classical monocytes
and E) CD4+CD25highFoxP3+ regulatory T cells and frequencies of circulating F) T cells, G) CD4+ or H) CD8+ Tnaive,
Teff, Tcm or Tem cells at E1, E2 and E3.

Supplementary figure 2: Comparative analysis of PBDC frequencies
Comparative analysis of A) cDC1, B) cDC2, C) non-classical monocytes, D) pDC and E) mMDSC between
patients with CB and patients with NCB at E1, E2 and E3.
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Abstract
Background: A better understanding of the microenvironment in relation to lymph node
metastasis is essential for the development of effective immunotherapeutic strategies against
cervical cancer.
Methods: In the present study, we investigated the microenvironment of tumor-draining
lymph nodes of patients with cervical cancer by comprehensive flow cytometry-based
phenotyping and enumeration of immune-cell subsets in tumor-negative (LN-, n = 20) versus
tumor-positive lymph nodes (LN+, n = 8), and by the study of cytokine release profiles (n = 4
for both LN- and LN+).
Results: We found significantly lower CD4+ and higher CD8+ T-cell frequencies in LN+ samples,
accompanied by increased surface levels of activation markers (HLA-DR; ICOS; PD-1; CTLA-4)
and the memory marker CD45RO. Furthermore, in LN+, we found increased rates of a
potentially regulatory antigen-presenting cell (APC) subset (CD11chiCD14+PD-L1+) and of
myeloid-derived suppressor cell subsets; the LN+ APC subset correlated with significantly
elevated frequencies of FoxP3+ regulatory T cells (Treg). After in vitro stimulation with
different Toll-like receptor (TLR) ligands (PGN; Poly-IC; R848), we observed higher production
levels of IL-6, IL-10, and TNFα but lower levels of IFNγ in LN+ samples.
Conclusions: Despite increased T-cell differentiation and activation, a switch to a profound
immune-suppressive microenvironment in LN+ of patients with cervical cancer will enable
immune escape. Our data indicated that the CD14 +PD-L1+ APC/Treg axis is a particularly
attractive and relevant therapeutic target to specifically tackle microenvironmental immune
suppression and thus enhance the efficacy of immunotherapy in patients with metastasized
cervical cancer.

Introduction
Cervical cancer is the fourth leading cause of cancer-related death among women worldwide
and is caused by a persistent infection of the basal layer of the cervical epithelium by sexually
transmitted, oncogenic human papillomavirus (HPV) (1,2).
Cervical cancer tumor cells are able to escape the immune system by provoking an
immunosuppressive state of their microenvironment (3-6). Indeed, we and others have shown
that in cervical cancer various immunosuppressive cells, including regulatory T cells (Treg),
regulatory dendritic cells (DC), myeloid-derived suppressor cells (MDSC), N2 neutrophils, and
tumor-associated macrophage (TAM) subsets, are recruited to, and expanded and activated
at, the site of the primary cervical tumor (5-8). These immunosuppressive cells are able to
inhibit and suppress normal activation of the immune system by their cell surface receptors
and the cytokines they release, and may thus promote a tolerogenic microenvironment in
tumor-draining lymph nodes (TDLN), allowing tumors to grow and metastasize (9,10).
TDLNs are the first lymph nodes (LN) that are under the influence of tumor-derived factors and
in which an immune response can be generated by the activation of naïve T and B cells (9,10).
Thus, the state of the TDLN microenvironment is critical in the initial decision between
activation and suppression of the immune system by the primary tumor. A better
understanding of the microenvironment of cervical TDLNs is therefore critical for
development of new immunotherapeutic strategies. Very few reports have been published on
the phenotyping and enumeration by flow cytometry of immune-cell subsets in the TDLNs of
patients with cervical cancer (11,12). We have therefore undertaken a comprehensive flow
cytometry-based study, analyzing various T-cell populations (i.e., activated T cells, effectormemory T cells, Tregs), five antigen-presenting cell (APC) subsets, and two MDSC subsets in
tumor-free (LN-, tumor-negative lymph node) and metastatic TDLNs (LN+, tumor-positive
lymph node) of patients with cervical cancer. In addition, we have studied the cytokine release
profile (IL4, IL6, IL10, TNFα, and IFNγ) after in vitro stimulation of single-cell suspensions of LNand LN+ samples by different Toll-like receptor (TLR) ligands (PGN, Poly-IC, and R848).
Our data reveal an immunosuppressive microenvironment in the LN+ of patients with cervical
cancer, indicated by the accumulation of immunosuppressive immune effector cells and
elevated levels of IL10. This study provides crucial information informing the future

development of immunotherapeutic interventions aimed at breaking microenvironmental
immune suppression in cervical cancer.

Material & methods
Subjects and ethical approval
Women presenting with histologically proven cervical cancer that were scheduled for radical
hysterectomy or LN debulking at member institutions of the Center for Gynaecologic Oncology
Amsterdam (CGOA), i.e., Antoni van Leeuwenhoek (AvL) Hospital, the Academic Medical
Center Amsterdam (AMC), and VU University Medical Center (VUmc), were enrolled in this
study. The study design was approved by the Medical Ethical Committees of the AvL, AMC,
and VUmc. All included subjects gave written informed consent. None of the patients
underwent chemotherapy or radiotherapy before surgery. See Table 1 for all clinical and
pathological characteristics of the study cohort.

Table 1. Clinical and pathological characteristics of the study cohort
LN+

LN-

characteristics

(n = 9)

(n = 20)

Age, mean ± SD

42.3 ± 18.8

43.6 ± 8.0

0.846

IB1

3

16

0.072

IB2

2

3

IIA1

0

1

IIA2

1

0

IIB

1

0

IIIB

1

0

IVB

1

0

SCC

7

14

AC

2

6

I-II

3

12

III

2

3

Unknown

4

5

Yes

6

7

No

0

13

Unknown

3

0

Yes

3

0

No

5

20

Unknown

1

0

Yes

3

1

No

5

19

Unknown

1

0

Clinical and pathological

P

FIGO stage

Histology
1.000

Differentiation grade
0.598

LVSI
0.015

Vaginal involvement
0.017

Parametrium Invasion
0.058

NOTE: The Fisher exact test was used to assess statistically
The Fisher exact test was used to assess
statistically significant differences between LN+ and LN-. Abbreviations:
significant differences between LN+ and LNAC, adenocarcinoma;
FIGO,:
International
AC,Abbreviations:
adenocarcinoma;
FIGO, International
Federation
of Gynecology and Obstetrics; LVSI, lymphovascular space
Federation of Gynecology and Obstetrics; LVSI, lymphovascular
invasion;
SCC, squamous
cell carcinoma.
space invasion;
SCC, squamous
cell carcinoma.

LN collection and processing
In total, 29 TDLNs from patients with cervical cancer were collected and used for this study.
LNs deemed of sufficient size were used for the collection of lymphoid cells, essentially as
described previously (13). One LN per patient was cut into two pieces and viable lymphoid
cells were isolated by scraping (circa 10 times) the surface with a surgical blade (size no.22;
Swann Morton Ltd). Between scrapings, the cells were rinsed from the blade in 30-mL
dissociation medium composed of Iscove Modified Dulbecco Medium (IMDM; Lonza)
supplemented with 0.1% DNAse I (Roche), 0.14% Collagenase A (Roche), and 5% FCS. Next,
imprints were made by gently touching the LN to a microscope slide. These imprints were
allowed to dry at room temperature (RT) for 24 hours and were stored at -20°C until they
were used for immunofluorescence staining.
After the collection of LN material, the LN was processed for routine diagnostic pathology
procedures. Definitive diagnosis by the pathologist was used as criterion for the definition of
LN- and LN+.
The collected single-cell suspensions were transferred to a sterile flask and were incubated
on a magnetic stirrer for 30 to 45 minutes at 37°C. All further steps were performed with
IMDM medium containing 25 mmol/L HEPES, L-Glutamine (BE12-722F; Lonza), 10% FCS, 50
IU/mL penicillin (Astellas), and Streptomycin (X-Gen Pharmaceuticals). After incubation, the
cell suspension was run through a 100-µm cell strainer (BD Falcon) and brought to 50 mL
with IMDM medium. Then, the cell suspension was centrifuged in a Rotanta 460R (Hettich)
at 1,560 rpm for 5 minutes at 4°C. The cells were washed with 10 mL of IMDM medium and
resuspended in 3 to 10 mL IMDM medium for viable cell count with trypan blue exclusion.
Most samples were used directly for flow cytometry, and a few samples were stored in liquid
nitrogen until testing in the cytokine release assay.

Phenotyping of immune cells by flow cytometry
To phenotype and compare the immune-cell composition of TDLNs, 20 LN- and 8 LN+ were
used for flow cytometric analysis. Four-color flow cytometry was performed on the singlecell suspensions using antibodies to CD3, CD11c, CD25, HLA-DR (all from BD), PD-1, and CD15

(Pharmingen; all labeled with APC); CD3, CD8, CD14, and CD123 (all from BD; all labeled with
PerCp-Cy5.5); CD45RA, CD86, CTLA-4 (all from Pharmingen), CD1a, CD3, CD8, CD45RO, CD80
(all from BD), CD11c, CD33, CD40, CD83 (all from Beckman Coulter), CD56 (IQ-products), and
Foxp3 [eBioscience; all labeled with phycoerythrin (PE)]; B7-H4 (AbD serotec), BDCA-2
(Miltenye Biotec), CD3, CD4, CD16, CD27, CD56, HLA-DR (BD), CD11b (eBioscience), CD19,
CD40, CD80, CD86, PD-L1 (all from Pharmingen), and CD83 (Beckman Coulter; all labeled with
FITC); or ICOS (eBioscience; labeled with biotin). For antibodies labeled with biotin, an
additional incubation step with streptavidin-APC (eBioscience) was performed.
To identify Tregs (See Table 2 for phenotype), a membrane and intracellular staining was
combined and performed in a U-bottom 96-well plate with a minimum of 150,000 cells per
well. First, the cells were incubated with antibodies against membrane proteins diluted in
flow cytometry buffer consisting of PBS supplemented with 0.1% BSA (Sigma-Aldrich) and
0.02% NaN3, for 30 minutes at 4°C. Then, the cells were washed with cold PBS and fixed with
4x concentrate in fix-perm diluent (eBioscience) for 30 minutes at 4°C. After fixation, the cells
were treated with x1 permeabilization buffer (eBioscience) and blocked with normal rat
serum (eBioscience) for 15 minutes at 4°C. After blocking, the cells were incubated with
antibodies against intracellular molecules (FoxP3, CTLA-4) for 30 minutes at 4°C. Then, the
cells were washed with x1 permeabilization buffer, resuspended in flow cytometry buffer,
and transferred to Micronics (Micronic) for FACS analysis.
T-cell subsets, DC/APC subsets, and MDSCs were phenotyped by membrane staining (See
Table 2 for phenotypes). This staining was performed in flow cytometry tubes (BD Falcon),
wherein cells were incubated with antibodies against membrane proteins diluted in flow
cytometry buffer for 30 minutes at 4°C. After incubation, the cells were washed with flow
cytometry buffer and used for analysis. IgG1, IgG2a, and IgM isotype antibodies were used as
negative controls.

Table 2. Phenotypes and percentages of immune-cell subsets in TDLNs of cervical cancer patients
Target population
T cells
CD4+ T cells
CD8+ T cells
Double-negative T cells
Double-positive T cells
Activated T cells

Phenotype

LN+

LN-

P

61.07 ± 4.40
32.45 ± 4.98
4.24 ± 0.59
2.25 ± 0.95
37.24 ± 9.43
49.47 ± 15.52
28.00 ± 8.78
9.57 ± 4.05
27.01 ± 4.13
9.16 ± 3.31
22.11 ± 6.09
22.90 ± 8.67
39.32 ± 12.62
42.22 ± 22.24
62.14 ± 12.56
58.46 ± 17.00
54.25 ± 21.39
0.98 ± 0.57
10.08 ± 2.27
1.36 ± 0.63

79.62 ± 2.14
18.31 ± 2.16
1.51 ± 0.16
0.55 ± 0.08
16.25 ± 1.88
20.73 ± 3.80
13.87 ± 2.54
4.58 ± 0.57
15.07 ± 1.19
4.77 ± 0.66
4.43 ± 0.44
4.10 ± 0.80
49.50 ± 4.01
63.74 ± 6.04
36.64 ± 4.29
24.21 ± 4.39
29.39 ± 5.07
1.33 ± 0.29
2.19 ± 0.36
0.42 ± 0.09

<0.001
0.006
<0.001
0.002
0.014
0.151
0.190
0.600
<0.001
0.058
<0.001
0.001
0.336
0.202
0.152
0.011
0.099
0.801
<0.001
0.029

Effector-like T cells
CD4+ Tregs
CD8+ Tregs

CD3+CD4+
CD3+CD8+
CD3+CD4-CD8CD3+CD4+CD8+
CD3+CD4+HLA-DR+
CD3+CD8+HLA-DR+
CD3+CD4+ICOS+
CD3+CD8+ICOS+
CD3+CD4+CTLA-4+
CD3+CD8+CTLA-4+
CD3+CD4+PD-1+
CD3+CD8+PD-1+
CD3+CD4+CD27+CD45RA+
CD3+CD8+CD27+CD45RA+
CD3+CD4+CD45RO+
CD3+CD8+CD45RO+
CD3+CD8+CD45RA-CD27+
CD3+CD8+CD45RA+CD27CD3+CD4+CD25hiFoxp3+
CD3+CD8+CD25hiFoxp3+

DC subsets
DDCs
LCs
CD14+ (APC)
CD14- (LNDC)
Plasmacytoid DCs

CD11chiCD1aint
CD11cintCD1ahi
CD1a-CD11c+CD14+
CD1a-CD11c+CD14CD123+BDCA-2+

0.15 ± 0.05
0.01 ± 0.00
1.08 ± 0.34
0.50 ± 0.06
0.59 ± 0.19

0.02 ± 0.01
0.00 ± 0.00
0.19 ± 0.04
0.34 ± 0.07
0.58 ± 0.18

0.019
<0.001
0.049
0.032
0.653

MDSCs
Monocytic MDSCs
Granulocytic MDSCs

Lin- CD33+CD14+HLA-DR-/low
CD11b+CD33+CD15+

0.09±0.03
0.50±0.41

0.01±0.01
0.17±0.09

0.010
0.660

Inhibited T cells

Naïve T cells
Memory-like T cells

Data
areData
expressed
as meanas
± SEM.
DCC, dermal-like dendritic cell; LC, Langerhans cell; LNDC,
NOTE:
are expressed
meanAbbreviations:
± SEM.
Abbreviations: DDC, dermal-like dendritic cell; LC, Langerhans cell; LNDC, lymph node-resident dendritic cell.
lymph node-resident dendritic cell

A minimum of 10 x 106 cells were required to perform all flow cytometric analyses. If fewer
cells were obtained from the scrapings, we carried out a partial analysis based on available
cell numbers. Analyses were performed by four-color flow cytometry on a BD FACSCalibur
(BD).
Note that because of technical limitations, CD4 +HLA-DR+ and CD4+ICOS+ T-cell subsets in this
study were identified by gating CD3 +CD8-HLA-DR+ and CD3+CD8-ICOS+ populations, whereas

CD8+CTLA-4+ and CD8+PD-1+ T cell subsets were similarly quantified by gating CD3+CD4-CTLA4+ and CD3+CD4-PD-1+ populations. Expression of these activation markers on double-positive
CD4+CD8+ and double-negative CD4-CD8- T cells was thus not taken into account. Ranges of
double-positive CD4+CD8+ and double-negative CD4-CD8- T cells for LN- were 0.09 to 1.12 and
0.67 to 2.77, and for LN+ were 0.76 to 8.80 and 1.29 to 6.77, respectively.
Data were analyzed using CellQuest Pro software (BD), were collected as percentages or as
median fluorescence index (MFI; median fluorescence of marker/median fluorescence of
isotype), and expressed as mean ± SEM.

Immunofluorescence staining and imaging
Slides with LN imprints (LN+ n = 8, LN- n = 10) were fixed in acetone for 10 minutes at RT. Then,
the slides were washed in PBS for 5 minutes and then incubated for 1 hour at RT with directly
labeled fluorescent antibodies: mouse IgG2a FITC-conjugated anti-human CD14 (BD), mouse
IgG1 PE-conjugated anti-human CD163 (BD Pharmingen), and mouse IgG1 APC-conjugated
anti-human CD274 (PD-L1; eBioscience). Afterwards, slides were washed three times in PBS
for 5 minutes and incubated with 1:1,000 4’,6-diamidino-2-phenylindole dihydrochloride
(DAPI) for 1 minute at RT. Subsequently, slides were washed in PBS and mounted under
coverslips with Mowiol. The slides were evaluated using a Fluorescence microscope (Axiovert200M) at a magnification of x100 and x400, and pictures were taken with a sensicam camera
(PCO) and Slidebook 6 reader software (Intelligent Imaging Innovations).

Cytokine release assay
To monitor cytokine release in TDLNs, we used 1 x 10 5 viable cells from frozen single-cell
suspensions from LN- (n = 4) and LN+ (n = 4). Cryostorage and thawing of LN cells were carried
out as previously described (14). Single-cell suspensions were plated directly into a U-bottom
96-well plate in 100 µl IMDM medium with 10% FCS. Cells from each LN were cultured in
triplicate per test condition (from one LN+ in duplicate), i.e., without stimulation (no), or with
different TLR ligands: TLR2-L (PGN, 10 µg/mL; InvivoGen), TLR3-L (PolyIC, 20 µg/mL;
InvivoGen) and TLR7/8-L (R848, 10 µg/mL; InvivoGen), at 37°C for 24 hours. The next day,

supernatants were harvested and stored at -20°C until further analysis. Analysis of IL4, IL6,
IL10, TNFα, and IFNγ was conducted using a Cytometric Bead Array (CBA) human
Th1/Th2/Th17 cytokine kit (BD), and analyzed on the BD FACSCalibur flow cytometer.
Quantity (pg/mL) of the respective cytokines was calculated using FCAP array software (Soft
flow Hungary Ltd.). Values were set at zero when sample intensities did not fit within the limits
of the standard curve according to the “limit of detection data table” in the user manual of
the CBA kit (i.e., were below the detection limit). To calculate the IFNγ/IL-10 ratio, values
under the limit of detection were set at 1 pg/mL.

Statistical analysis
The Fisher exact test was used to assess statistically significant differences in clinical and
pathological patient characteristics between LN - and LN+ in IBM SPSS Statistics 20. Data were
tested for normal distribution using the Kolmogorov-Smirnov test. Differences in immunecell populations and cytokine release levels between LN - and LN+ were analyzed by the twosided unpaired t test when parameters showed a normal distribution or alternatively
analyzed by the Mann-Whitney U test, using Microsoft Excel or GraphPad Prism software.
Correlations between two parameters were examined by linear regression (F-test) using
GraphPad Prism software. Differences and correlations were considered significant when P <
0.05.

Results
Phenotype and enumeration of immune-cell subsets in relation to tumor status of TDLNs from
patients with cervical cancer
To gain a better understanding of the characteristics of cervical TDLNs in relation to immune
escape and metastatic spread to inform the development of new immunotherapeutic
strategies against cervical cancer, we set out to identify and compare various immune-cell
subsets in LN- versus LN+ of patients with cervical cancer. An overview of the percentages of
immune-cell populations detected in LN- and LN+ is given in Table 2.

We studied the T-cell population in LN- and LN+ and found a significantly lower proportion of
CD4+ T cells in LN+ (P < 0.001), whereas significantly more CD8+ T cells were present in LN+ than
in LN- (P = 0.006; Fig. 1A, left). Double-negative (CD4-CD8-) and double-positive (CD4+CD8+) T
cells were remarkably more frequent in LN+ (P < 0.001 and P = 0.002, respectively; Fig. 1A,
right). Of note, CD4+ T cells in LN+ expressed higher levels of HLA-DR (P = 0.014), ICOS (n.s.),
CTLA-4 (P < 0.001), and PD-1 (P < 0.001) on their surface (Fig. 1B, left), evidence of an increased
activation state. Similarly, expression levels of these markers were elevated on CD8+ T cells in
LN+, but only the increase in the expression of PD-1 reached statistical significance (P = 0.001,
Fig. 1B, right).

Figure 1: T-cell subsets in TDLNs of patients with cervical cancer. A) Lower percentages of CD4+ T cells and higher
percentages of CD8+ T cells (left) were present in LN+. More double-negative (CD4-CD8-) and double-positive
(CD4+CD8+) T cells (right) were found in LN+ compared with LN-. B) Higher frequencies of CD4+ (left) and CD8+ T
cells (right) expressing the activation markers HLA-DR and ICOS and higher expression of the coinhibitory markers
CTLA-4 and PD-1 in LN+ compared with LN-. C) Lower frequencies of naïve CD4+ (left) and CD8+ T cells (right) in
LN+ compared with LN-. Higher frequencies of CD4+ and CD8+ T cells expressing CD45RO in LN+ compared with
LN-. There was no statistically significant difference in the frequency of CD45RA +CD27- or CD45RA-CD27+ CD8+ T
cells between LN+ and LN-. Error bars, SEM. *, P = 0.01 to 0.05; **, P = 0.001 to 0.01; and ***, P < 0.001.

Furthermore, we observed a trend for increased rates of memory CD4+ T cells (P = 0.152) and
a statistically significant increase in the rates of CD8+ memory T cells (P = 0.011, CD45RO+) in
LN+ compared with LN-, whereas there were no statistically significant differences in
frequencies of naïve CD4+ and CD8+ T cells (CD45RA+CD27+), or CD45RA+CD27- (effector) and
CD45RA-CD27+ (central memory) CD8+ T-cell populations. Overall, an obvious trend of less
naïve T cells and more memory T cells was observed in LN+, suggestive of tumor-associated Tcell activation (Fig. 1C).
We also studied Tregs and found significantly higher proportions of CD4+ (P < 0.001) and CD8+
(P = 0.029) Tregs, gated on CD25hiFoxP3+, in LN+ as compared with LN- (Fig. 2A). Moreover, the
CD8+ T cell/Treg ratio was decreased in LN+ compared with LN- (P = 0.048).
Next, we studied four myeloid APC subsets (as previously described in (15)), including the
migratory DC subsets CD11chiCD1aint dermal-like DCs (DDC) and CD11cintCD1ahi Langerhans
cells (LC), and CD1a-CD11c+CD14- LN-resident DCs (LNDC) as well as CD1a-CD11c+CD14+ APCs.
Our data showed higher frequencies in LN+ for CD11chiCD1aint DDCs (P = 0.019), CD11cintCD1ahi
LCs (P < 0.001), CD14+ APCs (P < 0.001), and CD14- LNDC subsets (P = 0.032). In addition, we
investigated the plasmacytoid DC (pDC) subset, identified as CD123 +BDCA-2+, and found no
statistically significant differences in proportions between LN - and LN+ (Fig. 2B). We also
studied the expression of costimulatory (CD40, CD80, CD83 and CD86) surface markers on
these APC subsets, but found no statistically significant differences in expression levels with
the one exception of CD86 on pDCs, which was higher in LN- (MFI, 1.53 ± 0.07) as compared
with LN+ (MFI, 1.02 ± 0.14; P = 0.010; data not shown). We also studied expression of the
coinhibitory molecules PD-L1 and B7-H4. Interestingly, only CD14+ APCs in LN+ expressed
significantly higher surface levels of the coinhibitory molecule PD-L1 (MFI, 1.56 ± 0.21 vs. 1.13
± 0.05; P = 0.008; Fig. 2C). As the measured PD-L1 levels were relatively low, we confirmed the
elevated PD-L1 expression levels on CD14+ APCs in LN+ by immunocytological staining of LN
imprints. To check whether these CD14+ cells also expressed the M2-macrophage marker
CD163, we established a triple immunofluorescence staining on LN imprints with the markers
CD14, CD163 and PD-L1. We confirmed the presence of clearly elevated numbers of CD14+
cells in LN+ that coexpressed PD-L1 and often also CD163. In contrast, lower numbers of CD14+
APCs in LN- generally coexpressed CD163, but only low to undetectable levels of PD-L1 (see
Fig. 2D and E and Supplementary Fig. S1 for representative examples). Of note, both the

frequency of CD14+ APCs and their expression levels of the coinhibitory molecule PD-L1
showed a significant correlation with increased levels of CD4 + Tregs (P = 0.001 and P < 0.001,
respectively; Fig. 2F and G).
We found higher frequencies of two identified MDSC subsets in LN+ as compared with LN-, i.e.,
monocytic and granulocytic MDSCs, gated as Lin-CD33+CD14+HLA-DR-/low (mMDSC) and
CD11b+CD33+CD15+ (gMDSC), respectively (Fig. 3A and B). Only for mMDSCs did this difference
reach statistical significance (P = 0.011).

Cytokine release in response to different TLR ligands
In vitro stimulation of single-cell suspensions from LN+ and LN- was performed with TLR-2, -3,
and -7/8 ligands to study resulting cytokine release profiles. Overall, IL4 release was mostly
unaffected, whereas higher release levels of IL6, IL10, and TNFα were found in LN+ and higher
IFNγ release levels in LN- (Fig. 4A-E). Higher IFNγ/IL10 ratios in LN- than in LN+ under all test
conditions signified a more favorable balance between functional type-1 immune activation
and immune suppression in LN- (Fig. 4F).

Figure 2: Tregs and APC subsets in TDLNs of patients with cervical cancer. A) More CD4+ Tregs as well as CD8+
FoxP3+ Tregs were present in LN+ compared with LN-. B) Significantly higher percentages of DDCs, LCs, CD14+
APCs, CD14- LNDCs and no statistically significant differences for pDCs were found in LN + compared with LN-. C)
MFI of costimulatory surface molecules (CD40, CD80, CD83, and CD86) and coinhibitory surface molecules (PDL1 and B7-H4) on CD14+ APCs in LN+ and LN-. MFI of PD-L1 on CD14+ APCs was significantly higher in LN+. Triple
immunofluorescence staining of CD14 (green), CD163 (red), and PD-L1 (blue) of representative D) tumor negative

(LN-) and E) positive (LN+) lymph node specimen reveals the presence of elevated numbers of CD14 +CD163+ cells
expressing PD-L1 in LN+ and low to no-detectable expression levels of PD-L1 on sporadic CD14+CD163+ cells in LN(magnification, x100; scale bar, 10 µm). F) Scatter plot showing that increased levels of CD4+ Tregs (expressed as
% of CD4+ T cells) were accompanied with significantly increased levels of CD14+ APCs and G) CD14+ APCs
expressing PD-L1 (expressed as MFI) in TDLNs of patients with cervical cancer. Dotted lines, 95% confidence
interval of the regression line. Error bars, SEM. *, P = 0.01 to 0.05; **, P = 0.001 to 0.01; and ***, P < 0.001.

Figure 3: MDSCs in TDLNs of patients with cervical cancer. A) Representative flow cytometry dot plot for Lin HLA-DR-/low cells in LN- (gated on living cells, left) and CD33+CD14+ mMDSCs (gated on Lin-HLA-DR-/low cells,
middle). The graph shows a significantly higher frequency of mMDSCs in LN + compared with LN-. B)
Representative flow cytometry dot plot of CD11b+CD33+ cells (gated on living cells, left) and CD33+CD15+ gMDSCs
(gated on CD11b+CD33+ cells, middle). The graph shows higher proportions of gMDSCs in LN + than in LN- (but did
not reach statistical significance). Error bars, SEM. *, P = 0.01 to 0.05.

Association between immunosuppressive immune cells and lymphovascular space invasion of
tumor cells
Lymphovascular space invasion (LVSI) is a prognostic factor in early-stage cervical cancer and
precedes metastasis to cervical TDLNs. In our study cohort, higher rates of LVSI were observed
in patients with LN+ as compared to patients with LN- (P = 0.015; Table 1). Seven of 20 patients
with LN- manifested with LVSI. In these patients with early signs of lymphatic tumor spread,
we found decreased frequencies of CD4+ T cells (P = 0.023), increased frequencies of CD8+ T
cells (P = 0.025), but decreased frequencies of CD8+CD45RA+CD27- effector T cells (P = 0.025;
Fig. 5).

Figure 4: Spontaneous or TLR ligand-induced cytokine release by single-cell suspensions from cervical cancer
TDLNs. Release in pg/mL of A) IL4, B) IL6, C) TNFα, D) IL10, and E) IFNγ after in vitro culture for 24 hours with or
without PGN, Poly-IC (PIC), or R848 in LN- (n = 4) and LN+ (n = 4, n = 3 for PIC stimulation) suspensions of patients
with cervical cancer. F) IFNγ:IL10 ratio for each condition was calculated and showed a higher ratio in LN - vs. LN+
after PGN, PIC, and R848 stimulation; all ratios went down relative to no stimulation. Error bars, SEM. *, P = 0.01
to 0.05.

Figure 5: Immune subsets associated with LVSI in patients with cervical cancer with LN -. The graph shows
significantly A) less CD4+ T cells, B) increased frequencies of CD8+ T cells, C) less CD8+CD45RA+CD27- effector T
cells when patients with cervical patients with LN- manifested with LVSI compared with patients with LN- without
LVSI [n = 6-7 for LVSI (no); n = 8 for LVSI (yes)]. Error bars, SEM. *, P = 0.01 to 0.05.

Discussion
In the present study, we have investigated the microenvironment in LN- and LN+ of patients
with cervical cancer by flow cytometric characterization of different immune-cell subsets and
their cytokine release profile after in vitro TLR stimulation. Our results indicate that high
frequencies of immunosuppressive cell subsets and an immunosuppressive cytokine profile
are associated with LN metastases in early-stage cervical cancer. This finding is consistent
with the study from Battaglia and colleagues (12), who looked at other subsets than in our
study, but similarly found an immunosuppressive microenvironment mediated by activated
Tregs and VEGF production by metastatic tumor cells in LNs of patients with cervical cancer.
In addition, we correlated the clinical patient characteristics with the measured TDLN immune
parameters and observed the first signs of an immune-suppressed microenvironment in
patients with LN- manifesting with lymphatic tumor involvement (LVSI).
Despite the finding of activated effector T-cell subsets, which suggests activation of the
immune system against the spreading tumor, the microenvironment of LN+ from patients with
cervical cancer is predominantly marked by immunosuppressive cell subsets most likely for

keeping the effector cells in check. Higher frequencies of CD4+ and CD8+ T cells expressed the
immune checkpoint molecules PD-1 and CTLA-4, and, as expected (12), higher proportions of
suppressive CD4+ and CD8+ Tregs were present in LN+. Also, increased levels of Tregs have
been reported to be present at the site of the primary tumor (7) and in peripheral blood of
patients with cervical intraepithelial neoplasia (CIN) or cervical cancer (16). Of note, we
previously reported high Treg frequencies in the peripheral blood were associated with highgrade CINIII lesions and persistent HPV16 infection (17). Patients with higher CD8+ T cell/Treg
ratios in primary tumor tissue have a prolonged survival time compared with patients with
lower CD8+ T cell/Treg ratios (7). Consistent with this notion, we observed significantly lower
CD8+T cell/Treg ratios in LN+ as compared with the ratios in LN-. van der Burg and colleagues
(18) showed the presence of HPV-specific CD4+ Tregs in LN+ of patients with cervical cancer,
which were able to inhibit proliferation and cytokine production by other T cells. Tregs in
cervical cancer draining LNs express Neuropilin-1 (Nrp1) on their surface, which can bind to
tumor-derived VEGF, thus further promoting their immunosuppressive activity (12).
Moreover, we found two other potentially suppressive subsets, CD4+CD8+ T cells and CD4CD8- T cells, to be significantly overrepresented in LN+ (19,20). Similarly, elevated proportions
of CD4+CD8+ T cells were detected in breast cancer (21), Hodgkin lymphoma (22), and
melanoma (23). The functional role of CD4-CD8- T cells, however, remains controversial, as
they may represent a regulatory subset, involved in immune regulation and tolerance (20),
but they have also been ascribed antitumor activity (24).
Our study is the first to investigate four DC/APC subsets in cervical cancer TDLNs that were
identified previously in sentinel LNs from patients with early-stage melanoma (15).
Interestingly, compared with LC proportions in skin-draining lymph nodes (15), almost no LCs
were present in cervical TDLNs. This phenomenon has also been observed at the site of the
primary tumor, where a low density of LCs was reported in CIN and cervical cancer as
compared with the steady-state healthy cervix (25-27). Our observation of elevated levels of
mature CD1a+ migratory DC subsets (including LCs) in LN+ indicates increased migration of
these cells from cervical tumors and, possibly combined with disturbed homeostatic DC
development at the tumor site, may account for the reported decreases of these DCs in the
primary cervical tumor site. This contrasts with observations of decreased density of mature
DCs in metastatic LNs from patients with breast cancer (28), gastric cancer (29), melanoma

(30), and endometrial cancer (31). Although we did not observe differences in the maturation
state of the migratory and LNDC subsets, we did find significantly higher expression of PD-L1
by the CD14+ APC subset in LN+. This PD-L1+CD14+ myeloid subset harbors low expression
levels of costimulatory molecules and may thus exert immunosuppressive effects through its
ability to bind the PD-1 checkpoint on T cells, which negatively regulates T-cell activation (32).
Of note, this immunosuppressive subset also lacks the characteristic DC maturation marker
CD83 (33) but often expresses the M2-macrophage-associated marker CD163 (Fig. 2) (8,34)
and is thus reminiscent of M2-macrophages arising in DC differentiation cultures in vitro
under the influence of cervical cancer-derived IL6 and PGE2, which also expressed CD163,
CD14 and PD-L1 (35). This would also fit with our observation of high levels of IL6 released
by single-cell suspensions of LN+. We and others have reported a phenotypically similar
subset in a range of solid tumor types (36-39). PD-L1 is expressed by the primary cervical
tumor cells and its receptor PD-1 is often expressed by T cells infiltrating the primary tumor
(40), similar to the results we obtained for LN+. Indeed, our finding of a significant correlation
between frequencies of these CD14+ APCs and their expression levels of PD-L1 on the one
hand with Treg rates on the other indicates an important role of these cells in the creation of
an immune-suppressive microenvironment in tumor-containing LNs and to a possible
involvement of suppressive feedback through PD-1+ T cells. Interestingly, in HPV-associated
head and neck cancer, a link has been found between PD-L1 and PD-1 in lymphoid tissue and
possible immune escape (41). Our study is the first to report the presence of MDSCs in human
LNs (42), with a specific enrichment in LN+. Through cellular cross-talk, these MDSCs may
further amplify the immunosuppressive effects of the CD14 + APCs and Tregs (42-44). Thus,
blocking of PD-1 or PD-L1 could serve as a potential therapeutic target to interrupt this
immunosuppressive cycle mediated by CD14+PD-L1+ APCs, PD-1+ T cells, Tregs, and further
reinforced by MDSCs.
Spontaneous and TLR-L-induced ex vivo cytokine release confirmed the functionally
immunosuppressive microenvironment in LN+ by concerted elevated levels over LN- of IL6,
IL10, and TNFα, the combined effects of which may be expected to result in T-cell and DC
suppression, TAM and MDSC activation, as well as enhanced tumor invasion and
angiogenesis (44-46). In contrast, higher IFNγ release levels specifically upon R848/TLR-7/8
stimulation in LN- point to type-1 immune activation with antitumor potential. Nevertheless,

concomitant TLR-induced increases in IL10 release (leading to reduced IFNγ/IL10 ratios
relative to spontaneous release) as well as IL6 production with potentially tumor-promoting
properties (5,18,47,48), calls for caution and indicates that the therapeutic use of TLR-L in
the context of vaccination or immune potentiation should be combined with agents
targeting immune suppression, like JAK2/STAT3, IDO, or checkpoint inhibitors. TLR
stimulation might be able to ‘awaken’ the tumor-specific T cells present in TDLNs (49),
whereas blocking of immune inhibitors can further alleviate immune suppression.
The distance of the lymph nodes relative to the primary tumor or other tumor-containing
lymph nodes is likely to influence the immune state in LN- and is important to take into
account. This was supported by studying LVSI, which is a prognostic factor in early-stage
cervical cancer and precedes, and is significantly associated with, the risk of pelvic node
metastases in cervical cancer (50). As expected, we found that all patients with LN+
manifested with LVSI. In addition, we found decreased frequencies of CD4 + T cells and
increased frequencies of CD8+ T cells to be significantly associated with the presence of LVSI
in patients with LN-. Of note, despite the overall increase in CD8+ T cells, we found a selective
and significant decrease in CD8+CD45RA+CD27- effector T cells in these LNs. We observed the
same changes in CD4/CD8 ratios in LN+, suggesting that this marks the first sign of a switch to
an immunosuppressive microenvironment in which the tumor cells are able to escape and
invade the lymphovascular space, with a particular role of CD8+ effector T cells in control of
this early tumor spread.
In conclusion, our findings demonstrate substantial differences in the frequencies of immune
effector cell subsets and cytokine production between LN - and LN+ of patients with cervical
cancer. These changes may be related to the metastatic tumor cells in the LNs, resulting in
T-cell activation, which may be overruled by suppression perpetrated by regulatory subsets,
including Tregs, CD14+ APCs (41), and MDSCs. This immunosuppressive microenvironment is
most likely able to negate a successful antitumor response and thus facilitate metastatic
spread. In patients with cancer, the presence of suppressive factors and regulatory immune
subsets can hinder vaccination efficacy. We found that high and interrelated rates of PDL1+CD14+ APCs and Tregs mark the microenvironment of LN+. Therefore, a combinatorial
immunotherapy with PD-1/PD-L1 checkpoint inhibition and immune potentiation, for
example via TLR stimulation, might be considered to interrupt this immunosuppressive cycle

and induce effective antitumor immunity to halt metastatic spread in patients with cervical
cancer.
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SUPPLEMENTARY MATERIALS

Supplementary Figure S1
Triple immunofluorescence staining of CD14 (green), CD163 (red) and PD-L1 (blue) of representative tumor
negative (LN-) and positive (LN+) lymph node specimen reveals the presence of elevated numbers of CD14+CD163+
cells expressing PD-L1 in LN+ and low to no-detectable expression levels of PD-L1 on sporadic CD14+CD163+ cells
in LN-. (magnification, x400; scale bar, 10 µm).
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Abstract
Melanoma exerts immune-suppressive effects to facilitate tumor progression and metastatic
spread. We studied these effects on dendritic cell (DC) and T-cell subsets in 36 melanoma
sentinel lymph nodes (SLN) from 28 stage I–III melanoma patients and determined their
clinical significance. Four conventional DC subsets, plasmacytoid DCs, and CD4 +, CD8+, and
regulatory T cells (Tregs), were analyzed by flow cytometry. We correlated these data to
clinical parameters and determined their effect on local and distant melanoma recurrence,
with a median follow-up of 75 months. In stage I and II melanoma, increased Breslow thickness
(i.e., invasion depth of the primary melanoma) was associated with progressive suppression
of skin-derived migratory CD1a+ DC subsets. In contrast, LN-resident DC subsets and T cells
were only affected once metastasis to the SLN had occurred. In stage III patients, increased
CD4:CD8 ratios in concert with the accumulation of Tregs resulted in decreased CD8:Treg
ratios. On follow-up, lower frequencies of migratory DC subsets proved related to local
melanoma recurrence, whereas reduced maturation of LN-resident DC subsets was associated
with distant recurrence and melanoma-specific survival. In conclusion, melanoma-mediated
suppression of migratory DC subsets in the SLN precedes local spread, whereas suppression
of LN-resident DC subsets follows regional spread and precedes further melanoma
dissemination to distant sites. This study offers a rationale to target migratory as well as LNresident DC subsets for early immunotherapeutic interventions to prevent melanoma
recurrence and spread.

Introduction
The sentinel lymph node (SLN) is a pivotal site not just in terms of early metastasis but also as
the birthplace of antitumor immunity (1). Its importance is particularly clear for melanoma,
being one of the most immunogenic tumors (2–4). The SLN is not only the most probable site
for early metastasis, but also the location where melanoma (neo-)antigens first drain and
melanoma-derived antigen-presenting cells (APC) first migrate. It is thus the site where
melanoma antigens are first presented to the naive immune system and the critical initial
decision between activation and tolerance is made. The spread of melanoma through the
lymphatic system may be facilitated by a bias toward tolerance that is apparent in tumordraining lymph nodes (TDLNs) and most notably in the SLN. The SLN is converted into an
immune privileged site by the primary melanoma (5). Melanoma-derived factors suppress the
activation and maturation of dendritic cells (DC), inducing cross-tolerance and precluding an
effective antitumor immune response (1, 6, 7). In addition, immune suppressive cells like
regulatory T cells (Treg) induce regional and systemic tolerance (1, 6, 7).
Although much has yet to be learned about the different DC subsets present in human lymph
nodes, we and others have characterized different conventional DC (cDC) subsets in SLNderived single-cell suspensions in relation to their ability to stimulate T cells (8, 9). Based on
their phenotype, we can identify both CD1a+ Langerhans cells (LC) and dermal DC (DDC) in SLN
suspensions. Both subsets migrate from the skin to draining LN and prime antigen-specific Th
cells or CTLs (10, 11). Besides these two migratory subsets, draining LNs contain two CD1a- LNresident cDC subsets (CD14- and CD14+; ref. 8), likely recruited from blood precursors (12). In
a comparative analysis, the LN-resident cDC subsets were more powerful T-cell stimulators in
terms of allogeneic T-cell priming and IFNγ induction, despite their lower phenotypic
maturation in the steady state than the skin-derived subsets (8). In addition, these CD1a- LNresident cDC subsets express BDCA3 and the C-type lectin receptor CLEC9A, and correspond
to the CD8a+ DC subset in the murine spleen, which has powerful CTL cross-priming ability, an
important feature for the generation of antitumor immunity. In vitro studies have
demonstrated the ability of human BDCA3+CLEC9A+ DCs to cross-prime CTLs and thus
confirmed their homology with the murine CD8a+ DC subset (13–15).

In contrast to the growing knowledge on the distinct functional abilities of human DC subsets
in lymph nodes, little is known of their interaction with tumors and the phenotypic and
functional consequences. In this study, we analyzed DC subsets by multi-parameter flow
cytometry in 36 SLNs from 28 patients with pathologically confirmed stage I–III melanoma. In
addition, the SLN T-cell content, including Tregs, was analyzed. SLN cells were obtained using
a previously described scraping technique, with-out interfering with routine pathologic
diagnostics (16, 17).
We found evidence for sequential changes in DC and T-cell subsets in conjunction with
melanoma progression. Given the central role of DCs in balancing an effective antitumor
immune response with cross-tolerance (1, 5), we hypothesized that the melanoma related
effects on migratory and LN-resident DC subsets could affect melanoma development and
spread in these early-stage patients. Frequencies of migratory subsets proved to be related to
local melanoma recurrence, whereas the maturation status of LN-resident DC subsets was
related to distant recurrence and melanoma-specific survival. Together, our findings offer a
rationale and possible targets for immune-based strategies in the adjuvant treatment of earlystage melanoma.

Materials and Methods
Patients
Human SLN material was obtained after written informed consent from clinically stage I/II
melanoma patients undergoing an SLN triple-technique procedure (16) at the VU University
Medical Center. Invasion depth of the primary tumor (Breslow thickness, expressed in mm)
was determined by the local pathologist prior to referral of the patients to the VU University
Medical Center. SLNs were sampled in the context of 2 clinical phase II trials
(ISRCTN63321797), conducted between May 2004 and June 2007, which were approved by
the institutional review board of the VU University Medical Center (12, 18). These studies were
performed in accordance with the ethical standards laid down in the 1964 Declaration of
Helsinki and its later amendment. In both studies, patients who had undergone previous
immunotherapy or chemotherapy were excluded as well as patients receiving

immunosuppressive medication or suffering from any autoimmune disorder. For this study,
we used immune profiling data from the placebo control patients who received injections with
plain saline at the excision site of the primary tumor prior to re-excision and SLN biopsy. The
data from these patients were supplemented with SLN profiling data from an additional 14
off-study and untreated melanoma patients who underwent an SLN procedure around the
time of the above listed phase II trials between March 2004 and January 2011. Of note,
immune and clinical parameters were not significantly different between these groups
(Supplementary Table S1). The materials were obtained under supervision of a pathologist,
without interfering with diagnostic procedures, according to a protocol approved by the
scientific committee of the Department of Pathology and following National Academic
Hospital regulations for the proper use of clinical materials for scientific research.

Harvesting SLN cells
Immediately after removal, SLNs were collected in sterile ice-cold complete medium,
composed of Iscove’s modified Dulbecco's Medium supplemented with 25 mmol/L HEPES
buffer (BioWhittaker/CAMBREX) with 10% FCS, 50 IU/mL penicillin-streptomycin, 1.6 mmol/L
L-glutamine, and 0.05 mmol/L ß-mercaptoethanol. Before routine histopathologic
examination of the SLN, viable cells were isolated by a cytological scraping method as
previously described (16). In short, SLNs were bisected lengthwise with a surgical scalpel, and
the cutting surface of the SLN was scraped 10 times with a surgical blade (size no. 22; Swann
Morton Ltd.). SLN cells were rinsed from the blade with medium containing 0.1% DNAse I,
0.14% Collagenase A (Boehringer Mannheim), and 5% FCS, incubated for 45 minutes at 37˚C,
and subsequently placed in PBS with 5 mmol/L EDTA for 10 minutes on ice. Finally, the SLN
cells were washed twice in complete medium, counted, and further processed.

SLN pathology
After cell harvesting all SLNs were worked up according to the EORTC MG pathology protocol
designed by Cook and colleagues (19). Immediately after harvesting, the SLNs were fixed for
24 hours in buffered formalin and subsequently embedded in paraffin. From each face of the

lymph node, five serial step sections of 4 mm each were cut with 50 mm intervals between
different numbers of sections. Finally, all sections were stained with hematoxylin and eosin
and S100 and/or MelanA. All SLNs with tumor burden were reviewed by an experienced
pathologist. SLN tumor load was classified according to the Rotterdam criteria (i.e., the maximum diameter of the largest SLN tumor lesion was determined; ref. 20).

Flow-cytometric DC and T-cell analyses
Freshly isolated SLN cells were directly stained with antibodies labeled with either FITC, PE,
PE-CY5.5, PerCP-CY5.5 or APC and analyzed by flow cytometry at 100,000 or 200,000 events
per measurement, as previously described (12, 18). The following monoclonal antibodies with
matching isotype control antibodies were used: CD3, CD4, CD8, CD11c, CD14, CD25, CD123
(Becton Dickinson), CD1a, CD40, CD80, CD86 (PharMingen), CD83 (Immunotech), BDCA2/CD303 (Miltenyi Biotec). For Treg detection in patient samples predating 2005, CTLA4 was
stained intracellularly using the BD Cytofix/Cytoperm Kit following the manufacturer's
instructions. From 2005 onwards, intracellular FoxP3 staining was performed using the
eBioscience PE-antihuman FoxP3 staining set following the manufacturer's instructions; see
gating procedures in Supplementary Fig. S1A. In 22 SLN, both CD3 +CD4+CD25hi CTLA4+ and
FoxP3+ Tregs were analyzed. In a comparative analysis, percentages correlated (P = 0.0002)
and did not differ significantly between these Treg detection methodologies (Supplementary
Fig. S1B).

Statistical analysis
For comparisons between melanoma disease stages, we applied one-way ANOVA tests with
post-hoc Tukey for comparisons between two groups. Correlations were determined by use
of the Pearson r-test. For comparisons between two groups, Student t-test was applied.
Differences in Kaplan–Meier survival curves were analyzed with the log-rank test. Differences
were considered significant when P < 0.05.

Results
Patient and SLN characteristics
A total of 28 patients with clinical stage I and II melanoma were included in this study (clinical
characteristics summarized in Table 1). From these patients, 36 SLNs were examined. In 8
patients, two SLNs were identified, excised, and sampled. In 10 patients, the SLN proved to be
tumor positive (36%). Thus, after pathologic examination, 10 patients were histopathologically
diagnosed with stage I, 8 with stage II, and 10 with stage III disease according to the AJCC
staging system for melanoma. No significant differences in gender, age, or interval between
primary tumor excision and SLN procedure were found between these three groups. Breslow
thickness, as a measure of the primary tumor size/invasion depth, was significantly higher in
stage II and III compared with stage I patients (P < 0.05), but comparably high in stage II and
III patients (see Table 1). Clinical follow-up data were available for all patients with a median
follow-up of 75 months.

Table 1. Clinical patient characteristics
All

Stage I

Stage II

Stage III

P*

Patients

28

10

8

10

0.81

Sex (m:f)

13:15

2:8

5:3

6:4

0.12

Age (years)

52

49

54

53

0.63

Breslow (mm)

2.04

0.94

2.26

2.96

<0.05

Ulceration

9

0

6

3

<0.01

SLNs

36

11

10

15

0.42

Tumor+ SLNs

12

N/A

N/A

12

N/A

SLN tumor burden (mm)

1.21

N/A

N/A

1.21

N/A

Interval (days)

43

41

33

54

0.13

Follow-up (months)

75

71

78

82

0.36

* By one-way ANOVA

SLN DC subset status by melanoma disease stage
Frequencies and maturation and activation state of five SLN DC subsets were assessed: two
skin-derived migratory CD1a+ conventional DC subsets (i.e., CD1ahiCD11c+CD14- LC and
CD1a+CD11chiCD14- DDC), two LN-resident CD1a- conventional subsets (i.e., CD1aCD11c+BDCA3+CD14- and CD1a-CD11c+CD14+), and CD123hiBDCA2+ plasmacytoid DC (pDC; ref.
8). Gating procedures applied for these subsets are in Supplementary Fig. S2A. To explore
possible effects of disease progression on these DC subsets, we grouped assessed DC
parameters according to disease stage following the AJCC staging system. Figure 1A shows the
frequencies and maturation status of the different cDC subsets [exemplified by CD83
expression, both by percentage and mean fluorescence intensity (MFI)]. Histograms showing
examples of CD83 or CD40 expression levels on the DC subsets are shown in Supplementary
Fig. S2B. No significant differences in cDC subset frequencies between the disease stages were
found (Fig. 1A). Skin-derived migratory CD1a+ DC subsets showed a significant decrease in
maturation and activation states in stage II as compared with stage I patients, but no
differences were found between stage II and III patients; in contrast, LN-resident cDC subsets
only showed significantly decreased maturation and activation markers in stage III melanoma
(Fig. 1B). The pDC maturation state (exemplified by CD40) was significantly decreased in stage
III, compared with stage I, melanoma (P = 0.05; Fig. 1C). No differences in frequencies of any
of the other common SLN leukocyte subsets were found between disease stages, indicating
that no shifts in the lymph node composition could account for the observed changes in DC
subset frequencies (Supplementary Fig. S3).

Figure 1. SLN DC subset status by melanoma disease stage. A) Frequencies of different migratory and LN-resident
cDC subsets as percentages of SLN leukocytes in melanoma AJCC stages I, II, and III. B) Maturation status of
different migratory and LN-resident cDC subsets as shown by percentages of CD83 expression minus isotype
control (top), and the mean fluorescence index (MFI) of CD83 on these subsets (second row) in melanoma AJCC
stages I, II, and III. C) Frequencies and maturation status of pDCs as shown by percentages of SLN leukocytes and
CD40 expression by MFI. *P < 0.05; **P < 0.01.

Primary melanoma growth progressively suppresses skin-derived SLN DC subsets
Breslow thickness is one of the prognostic factors in melanoma patients and an important
parameter in the AJCC staging system. We used this parameter as a measure of primary tumor
burden to investigate its effect on the different DC subsets.
In line with the observed frequencies, maturation and activation of the cDC subsets in stage I
and II melanoma patients (Fig. 1A and B), we only observed significant inverse correlations
between Breslow thickness and the maturation state of LCs and DDCs as measured by CD83
expression levels (Fig. 2A and B).

Lymph node tumor burden affects LN-resident DC subsets
Lymph node tumor burden can be expressed as the maximum diameter of SLN tumor deposits.
This parameter has been shown to be an independent prognostic factor in stage III melanoma
patients (21). We used this parameter to investigate the effects of SLN tumor burden on
different DC subsets and T cells in the SLN. Whereas no effect of Breslow thickness (i.e.,
primary melanoma tumor burden) was found on CD1a- LN-resident DC subsets, SLN tumor
burden did affect these subsets. DC frequencies and activation marker levels from tumor
positive SLNs were plotted against the maximum SLN tumor size. A significant positive
correlation was observed with frequencies of CD1a- cDC subsets (CD1a-CD11c+BDCA3+CD14and CD1a-CD11c+CD14+; Fig. 2C), whereas the maturation status of these DC subsets
decreased with increasing metastatic burden (Fig. 2D), suggesting recruitment and
accumulation of suppressed, tolerogenic LN-resident DC in lymph nodes with growing
metastases.

Figure 2. Correlation between tumor burden and cDC subset frequencies and maturation state. A) Correlation
between Breslow thickness as a measure of primary tumor burden and frequencies of migratory cDC subsets as
percentages of SLN leukocytes. B) Correlation between Breslow thickness and CD83 levels (by MFI) on migratory
cDC subsets. C) Correlation between SLN tumor diameter as a measure of SLN tumor burden and frequencies of
LN-resident cDC subsets as percentages of SLN leukocytes. D) Correlation between SLN tumor diameter and CD83
levels (by MFI) on LN-resident cDC subsets.

Lower rates of mature migratory cDC in proximal than in distal SLN
In 7 patients, two SLNs were identified and we could, using a combination of SLN location,
uptake of Patent Blue dye, and γ probe counts, identify a more proximal and distal draining
SLN in relation to the tumor (i.e., SLN1 and SLN2). Three of these patients had stage I or II
melanoma, 4 had stage III disease (see Supplementary Table S2 for details). In all stage I and
II patients, migratory DDCs proved to be more numerous in the distal as compared with the
proximal SLN, as well as significantly more activated (as measured by CD40 and CD80, see Fig.
3A). In contrast, no differences were seen for stage III patients (Fig. 3B). These observations
indicate suppression of the migratory cDC subsets by the primary tumor, preceding local
metastasis.

Figure 3. Comparison of frequency and activation state of dermal DC (DDC) between proximal and more distal
SLNs with respect to the primary melanoma. A) In three patients with stage I/II melanoma, two SLNs were
identified: one located more proximal (SLN1) and the other more distal from the primary tumor (SLN2).
Consistently, higher frequencies of migratory DDCs were found in SLN2 compared with SLN1 (left). Right,
expression levels (by MFI) of different maturation and activation markers on DDCs for SLN1 and SLN2. B)
Analogous to A) differences between SLN1 and SLN2 for stage III melanoma patients are shown. No consistent
differences are found. *P < 0.05.

Increased SLN Treg rates in stage III melanoma patients
In patients with tumor positive SLNs (i.e., stage III melanoma patients), we observed an
increase in numbers of CD4+ T cells coinciding with decreased frequencies of CD8+ T cells
resulting in significantly increased CD4:CD8 ratios (Fig. 4A). CD4+ T-cell frequencies correlated
significantly with SLN tumor burden (Fig. 4B). In conjunction with increased CD4:CD8 ratios,
Tregs (defined as CD4+CD25hiCTLA4+ or CD4+CD25hiFoxP3+ T cells, see Materials and Methods

and Supplementary Fig. S1A for applied gating) were significantly increased in the SLNs of
stage III melanoma patients (Fig. 4C), resulting in significantly
decreased CD8:Treg ratios as compared with stage I and II patients (Fig. 4D). The differences
between tumor stages when assessing Tregs based on a CD4+CD25hiFoxP3+ phenotype in a
limited number of patients were similar to those shown in Fig. 4C (Supplementary Fig. S4). Of
note, Treg rates in the SLN were significantly inversely correlated with percentages of mature
CD14-BDCA3+ LN-resident DCs (by CD83 expression, Fig. 4E).

Figure 4. Disease stage-related effects on T-cell subset distribution in melanoma SLN. A) For all three AJCC
melanoma stages, SLN CD4/CD8 ratios are shown. B) Frequencies of CD4+ and CD8+ T cells as percentages of total
SLN leukocytes are plotted against the maximum SLN tumor diameter as a measure of SLN tumor burden. A
positive correlation is found for CD4+ SLN T cells. C) Frequencies of SLN regulatory T cells (Tregs,
CD4+CD25hiCTLA4+ or CD4+CD25hiFoxP3+, see Materials and Methods) as percentages of SLN CD3+CD4+ T cells are
stratified by AJCC melanoma stage. As for CD4/CD8 ratios, only in stage III patients the frequencies of Tregs are
increased, leading to decreased CD8/Treg ratios as shown in D. E) Treg frequencies are inversely correlated to
percentages of mature LN-resident cDCs, represented by percentages of CD83-positive BDCA3+ cDCs. *P < 0.05;
**P < 0.01; ***P < 0.001.

Migratory and resident cDC subsets are differentially related to local or distant recurrence
To determine the clinical relevance of the observed melanoma-induced immune suppressive
effects, we investigated local and distant melanoma recurrence intervals. Frequencies of skinderived migratory DC subsets proved to be associated with local melanoma recurrence.
Patients harboring above median frequencies of these subsets in their SLN experienced an
increase in local recurrence-free survival (LRFS, Fig. 5A and B). In keeping with these findings,
when patients were grouped according to experiencing local recurrence or not, LC and DDC
frequencies were higher in the recurrence-free patients (Supplementary Fig. S5A) as were the
expression levels (albeit modestly) of the maturation/activation markers CD83, CD40, CD86,
and CD80 (Supplementary Fig. S5B).
The maturation state of both LN-resident cDC subsets was found to be related to distant
recurrence-free survival (DRFS, Fig. 5C and D). Four patients with below median expression of
CD83 on these LN-resident cDCs experienced distant disease recurrence. All these patients
eventually died from melanoma. In contrast, none of the patients with above medium CD83
expression levels experienced distant recurrence. When grouping patients by their
experiencing distant recurrence or not, no differences in frequencies of LN-resident cDC
subsets were apparent (Supplementary Fig. S6A), whereas maturation/activation markers
were lower on these subsets in patients who ultimately experienced distant recurrence
(Supplementary Fig. S6B). No differences in local or distant recurrence were noted for
frequencies or maturation status of any of the other DC or T-cell subsets, including Tregs and
CD8: Treg ratios.

Figure 5. The frequency of migratory cDC and the activation state of LN-resident cDC are related to local and
distant melanoma recurrence, respectively. A and B) Above median frequencies of melanoma-derived migratory
cDCs [i.e., dermal dendritic cells (DDC) and Langerhans cells (LC)] are significantly associated with prolonged local
recurrence free survival (LRFS) as shown by Kaplan–Meier plots. C and D) Above median maturation levels (by
CD83 and CD40 expression) of LN-resident cDCs (i.e., BDCA3+ DCs and CD14+ DCs) are significantly associated
with prolonged distant recurrence free survival (DRFS) as shown by Kaplan–Meier plots.

Discussion
Early work by Cochran and coworkers indicated that lymph nodes close to melanoma tumors
were more immunologically compromised than more distal ones (1, 22, 23). In their studies
of melanoma SLN, they observed a reduction in the frequencies of paracortical DCs as well as
in the complexity of their dendritic processes. Although these studies were important for our
understanding of the effects of melanoma on the regional immune system, they were largely
based on morphology and immunohistochemistry providing a rough measure of DC frequency
and activation status, but at the time could not accurately differentiate between different DC
subsets.
Given the complex composition of the DC compartment in human lymph nodes (8, 9), we used
multi-color flow-cytometric analyses to investigate melanoma-induced effects on different DC
and T-cell subsets. Combining this analysis with the AJCC melanoma staging system, we
identified a stepwise pattern in which the primary melanoma first suppresses skin-derived DC
subsets. The inverse correlations found between the activation state of these DC subsets and
Breslow thickness shows that this suppression progresses as the primary melanoma grows in
situ. This is in agreement with the studies by Cochran, Essner and colleagues and with
subsequent reports, which showed immune suppressive changes in the SLN preceding
lymphatic spread (1, 24, 25).
The clinical relevance of these findings is demonstrated by the observation that frequencies
of CD1a+ DC subsets were related to local melanoma recurrence (Fig. 5A and B). Although, in
contrast to the activation status of these DC subsets, frequencies did not significantly change
in relation to tumor stage, we did find a trend toward lower skin-derived DC frequencies in
higher stage patients (Figs. 1A and 2A). Also, in 3 patients in whom two SLNs were harvested,
skin-derived DC frequencies were lower in the first, proximal draining SLN, compared with the
second, distal SLN downstream (Fig. 3A). These findings are in agreement with reports
showing lower DC frequencies in the SLN of melanoma patients (26), and might either be
explained by hampered DC migration, for example, through inhibition of lymphatic vessel
formation (27), or by tumor-derived TGFβ-1 mediating local DC apoptosis (28). Together, our
observations provide evidence for a role of CD1a+ skin-derived DCs in local melanoma control.
They are also in agreement with reports on the protective effect of CD1a+DC-LAMP+ DCs in the

melanoma SLN, although these studies didn't discriminate between local and distant
recurrence (29, 30).
Once melanoma has metastasized to the SLN, additional immune effector subsets are
affected. In such patients, unlike in stage I and II patients, we observed suppression of LNresident DC subsets, higher CD4:CD8 ratios, and increased frequencies of Tregs, leading to
decreased CD8:Treg ratios. Suppression and frequencies of CD1a- LN-resident DC subsets
correlated with SLN tumor burden, suggesting a direct metastasis-related effect. These results
contrast with some studies that did not observe differences in DC activation between tumor
positive and negative melanoma SLN (24, 31). However, those studies made use of
immunohistochemistry and could not discriminate between different DC subsets. Other
studies have also found increased frequencies of Tregs in tumor positive SLN (32, 33), but
conflicting reports exist (31). Again, this might be due to the use of immunohistochemistry as
Tregs are best detected by use of a complete marker set by flow cytometry (34).
The tolerogenic milieu of the SLN thus imposed by the melanoma may, as proposed by Munn
and colleagues (5), exert a tolerizing influence on the systemic antitumor immune response,
facilitating further tumor dissemination. This stepwise pattern of consecutive local and
systemic immune suppression following melanoma progression through stages I to III,
however, does not explain the occurrence of distant metastasis in stage I and II patients (35).
In our study, two stage II patients presented with visceral metastasis after 22 and 67 months
of follow-up. Both patients had low expression levels of maturation markers on LN-resident
DC subsets, in keeping with the apparent relationship of immune suppression of these subsets
with distant metastasis (Fig. 5C and D). Indeed, for the whole study group, distant melanoma
recurrence (and melanoma-associated death), irrespective of tumor stage, was related to the
maturation state of LN-resident DC subsets and not to frequencies or the activation state of
skin-derived migratory DC subsets.
Previous reports have described various prognostic markers in the melanoma SLN.
Indoleamine 2,3-dioxygenase (IDO) expression has been proposed (36) and appears
correlated to Treg activity, which may be induced by IDO-expressing pDCs (37, 38). In
agreement with Gerlini and colleagues (37), we did observe higher frequencies of immature
pDC in higher disease stages (Fig. 1C) and although we did not determine IDO expression

levels, we also observed higher Treg rates in tumor-involved SLN (Fig. 4C). However, out of all
DC subsets in the melanoma SLN, a relationship with Treg rates was only found for the CD14 BDCA3+ LN-resident subset: low maturation state of this subset was associated with high Treg
rates (Fig. 4E). Whereas others have found high Treg rates in tumor positive melanoma SLN to
be associated with poor prognosis (31), we did not find a relationship between Treg
frequencies or CD8:Treg ratios and disease recurrence. Thus, in early stage melanoma, LNresident DC subsets appear to direct effective systemic antitumor immunity, with more
prognostic consequences than Treg levels.
Human BDCA3+CLEC9A+ cDCs have been identified as cross-presenting DCs that most closely
resemble the splenic murine CD8a+ cDC subset, established as responsible for in vivo crosspriming of potent CD8+ cytotoxic effector T cells (13–15). DC-mediated cross-presentation of
tumor-derived (neo-)antigens to CD8+ T cells is vital for the elicitation of an antitumor immune
response and the activation status of these cross-presenting DC is paramount to the decision
between the induction of immunity against tumor epitopes or the induction of cross-tolerance
(5). Therefore, the apparent association between distant disease recurrence and the
maturation state of the CD14-BDCA3+ LN-resident cDC subset in melanoma SLN (which also
expresses CLEC9A, ref. 12) may be explained by its directive role in the immune cascade.
A disconnect between local and distant control of melanoma spread and growth has been
reported in some cases. In a case study, Judge and colleagues reported on a patient presenting
with local melanoma growth who nevertheless survived for more than a decade after
palliative amputation of the local tumor masses, only to subsequently die of unrelated causes
(39). Whereas the local tumors were poorly infiltrated, systemic NY-ESO-1–specific T-cell
responses were detectable by IFNγ Elispot read-out between 2 and 6 years after amputation.
This study suggests that local and systemic antitumor immunity may be differentially
regulated, which is in line with our observations in relation to migratory versus LN-resident
cDC subsets. Whereas LN-resident subsets appear to be vital for the generation of systemic
immunity, providing protection against distant metastases, migratory subsets appear to direct
local antitumor immunity, possibly through their ability to imprint and license primed effector
T cells for selective homing to, and functional activity in, cutaneous compartments (40, 41).

Based on our observations, we propose that therapies aimed at local control should
preferentially target skin-derived migratory DC subsets, whereas therapies aimed at distant
control should target the LN-resident cDC subsets. In previous interventional phase II studies
in

early-stage

melanoma

patients,

we

showed

that

intradermal

delivery

of

Granulocyte/Macrophage-colony stimu-lating factor (GM-CSF) resulted in the activation and
increased migration of skin-derived DC subsets (42), whereas intradermal delivery of the TLR9
agonist CpG-B (CPG7909) selectively induced increased frequencies and activation of the LNresident cDC subsets (12, 18). In line with their reported functional abilities (14), frequencies
of in vivo recruited and matured LN-resident cDC correlated with increased ex vivo crosspresenting capacity of SLN suspensions (12). We have followed patients participating in these
randomized and placebo controlled trials, and have found prolonged melanoma-specific
survival and systemic tumor control in groups treated with CpG-B (43).
In conclusion, our insights into the immunologic events accompanying local and regional
melanoma progression offer a rationale and suggest cellular targets for early
immunotherapeutic interventions designed to prevent local or distant melanoma
dissemination and recurrence.
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SUPPLEMENTARY MATERIALS

Supplementary figure 1. Flowcytometric gating strategies for regulatory T cells (Treg) in the melanoma sentinel
lymph node (SLN) and correlation between Treg frequencies in the melanoma Sentinel Lymph Node (SLN) as
measured by FoxP3 or by CTLA4 expression. A) Gating strategies for CD25hiCTLA4+ and CD25hiFOXP3+ Tregs are
shown (pregated on CD3+CD4+ Tcells). Representative data are shown from a placebo-administered patient with
Stage I melanoma. B) Correlation between rates in melanoma SLN of Tregs defined as CD3+CD4+CD25hiCTLA4+ vs.
Tregs defined as CD3+CD4+CD25hiFoxP3+ (P=0.0002).

Supplementary figure 2. Flowcytometric gating strategies for dendritic cells (DC) in the melanoma sentinel lymph
node (SLN). A) Gating strategies are shown to determine frequencies in the melanoma SLN of skin-derived
CD1ahiCD11cint Langerhans cells (LC), CD1a+CD11chi dermal dendritic cells (DDC) (both pre-gated on FSC and SSC
for live cells and as CD14-) and of LN-resident CD11c+BDCA3+, CD11c+CD14+ cDC (both pre-gated on FSC and SSC
for live cells and as CD1a-) and CD123+BDCA2+ pDC. B) For each subset representative CD83 histogram plots with
corresponding isotype controls are shown. Mean Fluorescence Intensity is listed in the histogram plots.

Supplementary figure 3. Major leukocyte subset frequencies in melanoma SLN, grouped by stage. Frequencies
of CD3+ T cells, CD19+ B cells and CD56+ NK cells shown for each patient as percentage of total leukocytes and
grouped by stage. No significant differences were found between different disease stages.

Supplementary figure 4. CD4+CD25hiFoxP3+ Treg rates in melanoma SLN, grouped by tumor stage.

Supplementary figure 5. Differences in frequency and phenotype of skin-derived SLN DCs between patients with
and without local recurrence. A) Frequencies of skin-derived Langerhans cells (LC) and dermal dendritic cells
(DDC) as percentage of total SLN leukocytes are shown for patients with and without local recurrence. Using the
Mann-Whitney test a statistically significant difference (p<0.05) is shown for LCs. B) Differences in expression
levels (as mean fluorescence intensity – MFI) of maturation and activation markers for LCs and DDCs between
patients with and without local recurrence (mean with SEM).

Supplementary figure 6. Differences in SLN-resident DCs between patients with and without distant recurrence.
A) Frequencies of BDCA3+ and CD14+ cDCs as percentage of total SLN leukocytes are shown for patients with and
without distant recurrence. B) Differences in expression levels (as mean fluorescence intensity – MFI) of
maturation and activation markers for BDCA3+ and CD14+ cDCs between patients with and without distant
recurrence (mean with SEM). Using the Mann-Whitney test a statistically significant difference (p<0.05) is shown
for CD40 expression in both subsets.

Supplementary table 1. Placebo-administered vs off-trial patients.

#

by fisher’s exact test

§

by students t-test

Supplementary table 2. SLN characteristics of patients with 2 SLNs.

# Counts per minute (CPM) by hand-held gamma probe
*No distinction between SLN 1 and SLN 2 possible
ND = not determined
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The exact role of Langerhans cells (LCs) in the induction and regulation of T-cell immunity is
an important focus of research with possible implications for the immunotherapy of cancer
[1-3]. Recently we reported on the phenotypic and functional characterization of dendritic cell
(DC) subsets in skin-draining sentinel lymph nodes (SLNs) of early-stage melanoma patients
[4]. Our data showed that skin-migrated LCs in metastasis-free SLNs that were excised
between 12 and 94 days after removal of the primary tumor (mean Breslow thickness 1.5 mm,
range 0.5-3.6 mm) displayed a semi-mature phenotype, with on average 50% of the LCs
expressing the maturation marker CD83 [4]. Despite their generally mature phenotype, LCs
displayed poor T-cell stimulatory capacities and induced low levels of IFN-γ.

In response to our publication Gerlini et al show that in their hands LCs in tumor-negative
melanoma SLNs display a more immature phenotype, with an average of 17% of the LCs
expressing CD83 [5]. The authors reason that this difference in CD83 expression likely lies in
the used experimental methods; whereas in our study SLN samples were digested with lowdose DNAse and collagenase-A, in theirs mechanical dissociation in PBS was used. We deem
this unlikely as expression levels of other activation markers (i.e., CD80 and CD86) were
entirely equivalent between both studies [4,5]. More likely, and as already pointed out by
Gerlini and colleagues, the difference lies in the studied patient groups. We specifically
selected our patient group to reflect a steady state based on tumor negative nodes and
relatively long intervals since the removal of the primary tumor. In their dataset, the mean
interval between tumor resection and removal of the SLNs was 16 days compared with 44
days in ours. In a correlative analysis we found a slight non-significant increase in percentage
of CD83 LCs in relation to longer intervals between tumor and SLN dissection (Figure 1A). In
addition, the SLN negative patients studied by Gerlini et al had melanomas with a mean
Breslow thickness of 2.43 mm, whereas in our published dataset only 2/14 patients had a
Breslow thickness that exceeded 2.43 mm. Interestingly, we found a significant inverse
correlation between CD83 expression on LCs and Breslow thickness in our dataset (Figure 1B).
Indeed, significantly lower percentages of LCs in the SLNs expressed CD83, CD80, and CD86
when the SLNs had been removed from patients with a relatively large primary tumor (1.5
mm) within a shorter-than-mean excision interval (44 days, see Figure 1C). These additional
analyses provide a possible explanation for the observed difference in LC activation state in
negative SLNs between our study and that of Gerlini et al as the latter comprised patients with

larger Breslow thickness and shorter intervals between tumor resection and SLN excision. In
addition, it raises the question whether the lower percentage of CD83 LCs in their SLN patient
group might not be related to larger Breslow thickness (mean 3.21 mm) rather than SLN
status. This would be in keeping with the growing recognition that immunologic conditioning
of the SLNs by the primary melanoma precedes and enables the metastatic process [6,7].

Figure 1. Langerhans cell (LC) activation in relation to the interval between primary melanoma removal and
sentinel lymph node (SLN) excision and Breslow thickness. Human SLN single-cell suspensions from early-stage
melanoma patients (SLN-, n=14) were obtained after informed consent in accordance with the Declaration of
Helsinki and phenotypically analyzed by flow cytometry using (combinations of) the following monoclonal
antibodies diluted in PBS supplemented with 0.1% BSA and 0.02% NaN3 (FACS buffer) and incubated for 30
minutes at 4°C: CD11c-APC, CD14-PerCP_Cy5, CD1a-PE, CD1a-FITC, CD80-FITC, CD86-FITC (BD Biosciences),
Langerin-PE (intracellular staining by use of the BD Fix-Perm kit), and CD83-FITC (Beckman Coulter Immunotech).
After incubation, cells were washed in FACS buffer to remove excess antibodies. Cells (0.25-0.5x106) were
analyzed on a FACS Calibur flow cytometer (BD Biosciences) equipped with CellQuest Pro 6.0 analysis software
[4]. Correlations between percentage of CD83+ LCs in SLNs and A) excision interval (in months) and B) Breslow
thickness (in mm) were determined using the Pearson r test. Differences were considered significant when
P<0.05; 95% confidence intervals are depicted. C) CD83, CD80, and CD86 expression levels among LCs (by
percentage positive cells), compared among patients with relatively small (Breslow < 1.5 mm) and large (Breslow
> 1.5 mm) primary tumors and excision intervals < 44 days. Differences were considered significant when P<0.05
in an unpaired 2-sided Student t test.
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Abstract
Melanoma-induced suppression of dendritic cells (DC) in the sentinel lymph node (SLN)
interferes with the generation of protective antitumor immunity. In an effort to strengthen
immune defense against metastatic spread, we performed a three-arm phase II study
comprising 28 patients with stage I–II melanoma randomized to receive intradermal injections
around the primary tumor excision site of saline or low-dose CpG-B, alone or combined with
GM-CSF, before excision of the SLNs. After pathologic examination, 5 patients were diagnosed
with stage III melanoma based on the presence of tumor cells in the SLNs. Combined CpG/GMCSF administration resulted in enhanced maturation of all identifiable conventional (cDC) and
plasmacytoid (pDC) DC subsets and selectively induced increased frequencies of SLN-resident
BDCA3/CD141+ cDC subsets that also expressed the C-type lectin receptor CLEC9A. Correlative
in vivo analyses and in vitro studies provided evidence that these subsets were derived from
BDCA3+ cDC precursors in the blood that were recruited to the SLNs in a type I IFN-dependent
manner and subsequently matured under the combined influence of CpG and GM-CSF. In line
with their reported functional abilities, frequencies of in vivo CpG/GM-CSF–induced
BDCA3/CD141+ DCs correlated with increased ex vivo cross-presenting capacity of SLN
suspensions. Combined local CpG/GM-CSF delivery thus supports protective anti-melanoma
immunity through concerted activation of pDC and cDC subsets and recruitment of BDCA3 +
cDC subsets with T cell–stimulatory and cross-priming abilities.

Introduction
The first melanoma-draining lymph node, also known as the sentinel lymph node (SLN), has
been identified as an important site of tumor-induced immune suppression. As professional
antigen-presenting cells (APC) and principal orchestrators of the innate and adaptive immune
response, dendritic cells (DC) are prime targets for tumor-induced immune suppression as a
means of immune escape: DCs in SLNs express lower levels of activation markers and display
a less activated morphology compared with DCs in second-line melanoma-draining lymph
nodes (LN; 1). As a result, the most probable site of initial micrometastasis, i.e., the SLN, is
severely hampered in its ability to generate protective T cell–mediated immunity. We and
others have shown previously that local administration of DC-stimulatory agents, such as GMCSF, CpG oligodeoxynucleotides (ODN), and IFNα, can lead to increased activation of DCs in
the SLNs and tip the local cytokine balance in favor of cell-mediated immunity (2–6). Such DCtargeted immunopotentiating strategies may be generally applied and afford a measure of
protection against early metastatic spread (7, 8). Two major types of DCs can be discerned on
the basis of their phenotype and morphology: conventional DCs (cDC) and plasmacytoid DCs
(pDC). Both have been reported to directly activate CD4+ T-helper (Th) cells and cross-prime
CD8+ cytotoxic T lymphocytes (CTL), and both have been implicated in the generation of
effective anti-melanoma immunity (9, 10). Upon Toll-like receptor (TLR) ligation, pDCs rapidly
release large amounts of IFNα (11), which activate effector CTLs and natural killer (NK) cells as
well as promoting the differentiation and maturation of cDCs (12–15). We previously reported
on the respective cDC- and pDC-activating effects in the SLNs of early-stage melanoma
patients of locally administered GM-CSF or the CpG type B (CpG-B) ODNs and TLR9 ligand PF3512676 (3, 16). As both compounds act through activation of different DC subsets, we
hypothesized that their combined administration should most effectively activate a cellmediated immune response. In keeping with this notion, CpG ODN combined with GM-CSF
proved to facilitate vaccine-induced tumor rejection more effectively in vivo than GM-CSF
alone (17) and also proved to be clinically safe (18).
We and others recently characterized different cDC subsets in SLN suspensions in relation to
their ability to stimulate T cells (19, 20). On the basis of their phenotype, we identified both
CD1a+ Langerhans cells (LC) and dermal DCs (DDC) in SLN suspensions. Both subsets were
previously reported to be able to migrate to draining LNs and to prime specific Th cells or CTLs

(21, 22). Besides these two migratory subsets, we also identified two CD1a-LN-resident cDC
subsets (CD14-or CD14+; ref. 19). In a comparative analysis, the LN-resident cDC subsets
proved to be more powerful T-cell stimulators in terms of allogeneic T-cell priming and IFNγ
induction, despite their lower phenotypic maturation level, than the skin-derived subsets. By
studying the effects of immune modulators on these cDC subsets in SLNs in relation to DC
precursor rates in peripheral blood, we may learn the relationship between these cDCs and
their putative blood-borne precursors and how best to recruit them for therapeutic purposes.
Herein, we present results from a three-arm clinical trial, demonstrating that combined local
administration of GM-CSF and CpG-B at the primary melanoma excision site leads to full-range
activation of cDC and pDC subsets, both in SLNs and in blood. Moreover, we describe a type I
IFN-related recruitment of LN-residing BDCA3/CD141+ cDC subsets (19) from BDCA3/CD141+
blood precursors and their CpG/GM-CSF–related activation. In keeping with the reported
cross-priming ability of BDCA3/CD141–expressing cDC subsets (23), we further report their
CpG/GM-CSF–mediated mobilization in vivo to be associated with increased ex vivo crosspresenting capacity of SLN cells, suggesting that their recruitment may contribute to
protection against metastatic spread through increased CTL induction against melanomaderived antigens.

Material and methods
Patients
From April 2006 to June 2007, 28 patients were included in this single-blinded phase II study
and randomly assigned to receive preoperative local administration of either GM-CSF
(Leukine; Berlex Laboratories Inc.) and synthetic CpG-B (PF-3512676; Coley Pharmaceutical
Group), CpG-B alone, or saline (NaCl 0.9%). All patients were diagnosed with clinically stage
I/II melanoma, according to criteria of the American Joint Committee on Cancer, and were
scheduled to undergo a sentinel node procedure (SNP). Inclusion criteria were as described
previously (16). The medical ethics committee of the VU University Medical Center
(Amsterdam, the Netherlands) approved the study and written informed consent was
obtained from each patient before treatment. After pathologic examination, 5 patients were

diagnosed with stage III melanoma based on the presence of tumor cells in the SLNs (1/9
patients in the GM-CSF/PF-3512676 group, 0/10 patients in the PF-3512676 group, and 4/9
patients in the saline group). One of these patients from the saline group was diagnosed with
micrometastasis (<0.1 mm) and did not undergo additional lymph node dissection; all
additional nodes from the other 4 patients were negative. Patient characteristics are listed in
Table 1A.

GM-CSF and PF-3512676 administration, triple-technique SNP and cell sampling
All patients received 4-mL intradermal (i.d.) injections directly into the scar of the primary
melanoma excision 7 and 2 days before SNP. Patients received either a combination of 1 mg
PF-3512676 and 100 mg of GM-CSF, or 1 mg PF-3512676, or 4 mL of plain saline. Heparinized
blood was drawn before the first injection and on the day of the SNP. Viable peripheral blood
mononuclear cells (PBMC) were isolated and cryopreserved for further analysis as previously
described (4). One week after the first injection, all patients underwent SNP and reexcision of
the primary melanoma site as described previously (24). We and others have previously
described a detailed method to collect viable cells from SLNs without interference in standard
diagnostic procedures (25, 26). In short, the SLNs were collected in sterile ice-cold complete
medium (CM), consisting of IMDM supplemented with 25 mmol/L HEPES buffer
(BioWhittaker) with 10% FCS, 50 IU/mL penicillin–streptomycin, 1.6 mmol/L L-glutamine, and
0.05 mmol/L b-mercaptoethanol (i.e., CM), after which they were bisected in a sterile
environment and viable cells were scraped from the cutting surface. The SLN cells were
washed twice in CM, counted, and further processed.

Cytokine profiling
Freshly isolated SLN cells were cultured overnight at 37˚C (1x105 per 100 mL) in CM. The
supernatants were harvested and stored at -20˚C until detection of cytokine levels by BD-cytometric bead array (CBA; BD) following the manufacturer's instructions.

Flow cytometry
Freshly isolated SLN cells or thawed PBMCs were directly stained with antibodies labeled with
either FITC, PE, PE-CY5.5, PerCP-CY5.5, or APC and analyzed by flow cytometry at 100,000
or 200,000 events per measurement, as previously described (25, 27). Monoclonal antibodies
against CD1a, CD3, CD11c, CD14, CD16, CD19, CD25, CD40, CD56, CD80, CD86, CD123, CCR7,
HLA-DR, CLEC9A, IgM, rIgG2a (BD), CD11c, CD40, CD83 (Immunotech), BDCA-1/CD1c, BDCA2/CD303, BDCA-3/CD141 (Miltenyi Biotec), MDC-8 (kindly provided by Dr. E.P. Rieber, Institute
for Immunology, Technical University of Dresden, Germany), and mIgM (Southern
Biotechnology) with matching isotype control antibodies were used.

Quantitative real-time polymerase chain reaction
RNA (0.25 mg) was isolated from PBMCs and reverse transcribed into cDNA using a Revertaid
H-minus cDNA synthesis kit (MBI Fermentas) according to the manufacturers' instructions and
as described previously (28). Quantitative real-time PCR (qRT-PCR) was performed using an
ABI Prism 7900HT Sequence detection system (Applied Biosystems) using SybrGreen (Applied
Biosystems). Primers were designed using Primer Express software and guidelines (Applied
Biosystems):

MxA

(Genes

Genbank

acces-sion

no.

NM

002462):

sense:

TTCAGCACCTGATGGCCTATC, antisense: GTACGTCTGGAGCATGAAGAACTG; GAPDH: sense:
GCCAGCCGAGCCACATC, antisense: TGACCAGGCGCCCAA-TAC. To calculate arbitrary values of
mRNA levels and to correct for differences in primer efficiencies, a standard curve was
constructed. Expression levels of MxA were expressed relative to the housekeeping gene
GAPDH.

PBMC cultures
PBMCs from 4 healthy donors were cultured for 2 days at 5 x 106 cells/mL in CM at 37˚ C,
without additives (neg. control), with 5 mg/mL CpG-A (ODN 2216), or with 5 mg/mL CpG-B
(ODN 7909, PF-3512676; both from Coley Pharmaceutical Group), the latter either with or

without 1,000 IU/mL GM-CSF (Leukine; Berlex Laboratories Inc.), at 1 mL/well/condition in a
48-well tissue culture plate. After 2 days, cells were harvested and analyzed by flow cytometry.

Cross-presentation assay
Cryostored SLN single-cell suspensions from HLA-A2+ patients were thawed, washed in serumfree medium, and 1x105 SLN cells/50 mL/well were plated in 96-well round-bottom wells;
triplicate wells were used for all below listed test conditions. To the wells, either no additives
or a long (MART-1 aa16-40L) synthetic peptide (concentration 100 mg/mL) were added and
the cells were left at 37˚ C for 2 hours, after which 50 mL of 20% FCS CM was added to each
well and the cells were cultured overnight at 37˚ C in a humidified 5% CO2 atmosphere. The
following day, the cells were washed, and to the no-additive wells, either a short MART-1
aa26-35L or a short HIV RT aa476-484 (irrelevant) synthetic peptide were added at a
concentration of 1 mg/mL in serum-free medium together with 3 mg/mL b2-microglobulin.
After 2 hours of incubation at 37˚ C, all cells were washed and resuspended in 100 mL/well
CM. Subsequently, 50,000 cells of a >90% pure MART-1 aa26-35L–specific CD8+ T-cell bulk
culture (determined by tetramer staining) were added in 100-mL CM per well, together with
0.5 mL of Golgi Plug (BD Biosciences), and incubated at 37˚ C in a humidified 5% CO2
atmosphere for 5 hours. As a positive control, HLA-A2+ JY stimulator cells loaded with MART1 aa26-35L were also coincubated with the MART-specific HLA-A2–matched CD8+ effector T
cells. Subsequently, all cells were harvested, washed, stained for MART-1 aa26-35L HLA-A2tetramer binding and intracellular (i.c.) IFNγ, and analyzed by flow cytometry as previously
described (29).

Statistical analysis
Overall differences in patient or SLN characteristics and immune parameters were analyzed
using the one-way ANOVA test. The post hoc multiple comparison Tukey test was used to
analyze differences between two patient study groups. The paired samples t test was used to
calculate differences in immune parameters between the PBMCs from the first and second

time point. Correlations were determined using the Pearson r test. Differences were
considered statistically significant when P ≤ 0.05.

Results
Clinical observations
No statistically significant differences were found among the three patient groups receiving
combined GM-CSF and PF-3512676 (hereafter referred to as CpG), CpG alone, or saline, in
terms of age, gender, or Breslow Thickness (see Table 1A). Injections with CpG and/or GM-CSF
were tolerated well. Common side effects were mild flu-like symptoms and induration at the
injection site, all of which were transient and easily controlled by paracetamol. According to
common toxicity criteria (NCI CTC Toxicity scale Version 2.0), 70% of patients receiving CpG
and 56% of patients receiving GM-CSF/CpG had grade 1 fatigue and fever and/or grade 1
myalgia. Grade 2 injection site reactions were observed in 89% of patients receiving GMCSF/CpG and in 50% of patients receiving CpG; grade 1 reactions were observed in 22% of
patients receiving GM-CSF/CpG and in 30% of patients receiving CpG. Induration of the
injection site remained present for 2 to 7 days after injection but was considered manageable
by most patients. One patient's concern about the injection site induration led to the decision
not to administer the second dose of GM-CSF and CpG but did not result in exclusion from the
trial as the measured immune parameters in this patient did not deviate from others in the
test group. No toxicity was observed in patients receiving saline. After pathologic examination,
5 SLNs were found to contain tumor cells, i.e., disease stage III. Four of these stage III patients
had received saline, resulting in an uneven distribution over the three groups (P = 0.031, see
Table 1A). The dissected SLNs of patients receiving GM-CSF/CpG were found larger in
comparison with the SLNs of the other groups (P = 0.031; see Table 1A). Also, cell yields were
higher, but this did not reach statistical significance.

SLN cytokine release profiles
As an indication of innate immune activation, spontaneous cytokine release by SLN leukocytes
was determined after 24-hour culture. As shown in Table 1B, compared with those of saline

controls, the combined i.d. administration of GM-CSF and CpG resulted in the release of higher
levels of the pro-inflammatory cytokines IL1β, IL6, and IL8; only the difference in the levels of
IL6 reached statistical significance. This result is in keeping with reported CpG-induced IL6
release by pDCs (9) and consistent with an induced inflammatory environment in the SLN,
which was enhanced by the addition of GM-CSF as evidenced by further elevated levels of
IL1β, IL6, and IL8. Of note, we were unable to detect IFNα at this time point in any of the
supernatants.

Table 1. A) patient and SLN characteristics and B) inflammatory cytokine concentrations in supernatants from
24-hour cultures of SLN cells.

Saline

GM-CSF
+PF3512676

PF3512676

Pb

Sex (male:female)

4:5

4:5

6:4

0.755

Age (mean ± SD)

47 ± 12

50 ± 12

58 ± 12

0.183

Breslow (mm; mean ± SD)

1.67 ± 0.55

2.19 ± 1.37

1.67 ± 0.55

0.493

Volume SLN (mm3; mean ± SD) a

1.22 ± 0.71

c2.94

± 1.78

2.04 ± 1.30

0.031

Weight SLN (g; mean ± SD)

0.95 ± 0.35

1.36 ± 1.19

1.62 ± 0.80

0.294

Yield scraping (x106, mean ± SD)

29 ± 25

77 ± 61

70 ± 55

0.125

SLN-containing tumor cells

4

1

0

0.031

IL12p70

12 ± 4

11 ± 4

12 ± 3

0.732

TNFα

30 ± 34

34 ± 31

38 ± 40

0.910

IL10

44 ± 73

77 ± 55

83 ± 68

0.454

IL1β

23 ± 23

42 ± 31

29 ± 13

0.243

IL6

198 ± 174

c1,217

361 ± 293

0.026

IL8

2,872 ± 2,1

10,140 ± 12,3 4,167 ± 2,03

A. Patient and SLN characteristics

B. Cytokines released by SLN

± 1,38

0.108

NOTE: all concentrations are in pg/mL (mean ± SD).
a

Volume: height x width x length.

b

Statistical significance among the three patient groups by one-way ANOVA

c

Statistically significant difference from that of saline control group by the Tukey post hoc analysis (p<0.05).

Effects on SLN DC subset composition
SLN cells, isolated on the day of operation, were analyzed by flow cytometry for the frequency
and activation state of lymphocytic and DC subsets. No major shifts in overall lymphocyte
subset composition were observed between the test groups (data not shown). Although pDC
rates were not elevated by administration of either GM-CSF/CpG or CpG alone, their activation
state was, as evidenced by increased percentages of pDCs expressing the activation markers
CD83 and CD40 (Fig. 1).

Figure 1. Frequency and phenotype of pDCs in melanoma SLN. Shown are pDC frequencies (as percentage of SLN
cells), CD83 and CD40 expression by percentage positivity of pDCs (scatter plots, means indicated), divided by
patient group receiving either saline placebo, or 1 mg CpG-B and 100 mg GM-CSF (CpG+GM), or 1 mg CpG-B
alone (CpG). Statistical significance: * P < 0.05; ** P < 0.01.

On the basis of CD1a, CD11c, and CD14 expression, four cDC subsets were discerned and
phenotypically analyzed: (i) LC, (ii) DDC, (iii) CD14- cDC, and (iv) CD14+ cDC, with the first two
corresponding to skin-derived DCs (19, 30), and the latter two more likely representing LNresident, blood-mobilized DC subsets (19). For gating strategies, we refer to Supplementary
Fig. S1. Only the frequencies of both LN-resident cDC subsets were significantly upregulated
in equal measure by either combined GM-CSF/CpG or CpG single administration (Fig. 2). These
LN-resident subsets were further characterized in the steady state by relatively high
expression levels of BDCA3 and, in particular for the CD14+ cDCs, by CLEC9A (Supplementary
Fig. S2), suggestive of their ability to take up necrotic cells and cross-present antigens to CTLs
(23, 31, 32).

Figure 2. Frequencies and phenotype of cDC subsets in melanoma SLN. Frequencies are shown as percentage of
SLN cells, divided by patient group receiving either saline placebo, or 1 mg CpG-B and 100 mg GM-CSF (CpG+GM),
or 1 mg CpG-B alone (CpG). The cDC subsets include LC, CD1a+ DDCs, and CD1a-CD14 - and CD14+ LN-resident
cDC subsets. Statistical significance: * P < 0.05; ** P < 0.01.

To assess cDC subset activation, expression levels of the maturation/costimulatory markers
CD83, CD40, CD80, and CD86 were determined. As shown in Fig. 3, both CD1a - LN-resident
cDC subsets, but the CD14- LN-resident subset in particular, displayed a stronger increase in
activation state upon GM-CSF and/or CpG administration than the CD1a+ skin-derived subsets.
Whereas the CD14+ cDCs were equally activated by combined GM-CSF/CpG or CpG alone, the
CD14- subset was more activated by the combined regimen, with all activation markers
consistently elevated to higher levels (Fig. 3).

Figure 3. Phenotype of cDC subsets in melanoma SLN. Expression levels of CD83 and costimulatory molecules of
LC, CD1a+ DDC, CD1a-CD14- and CD14+ cDC subsets by mean fluorescence index (MFI) are shown. Means are
indicated; patient groups received saline placebo, 1 mg CpG-B and 100 mg GM-CSF (CpG+GM), or 1 mg CpG-B
alone (CpG). Statistical significance: * P < 0.05; ** P < 0.01.

Effects on DC (precursor) rates in peripheral blood: evidence for CpG + GM-CSF–induced
activation and recruitment of BDCA3/CD141+ cDC subsets
To ascertain systemic effects of low doses of locally administered CpG and GM-CSF, and to
identify putative circulating precursors to the cDC subsets recruited to the SLN, frequencies
and activation state of DC and monocytic subsets in PBMCs (27) were analyzed on the day of
the first injection (day -7) and on the day of the SNP (day 0). Three cDC subsets were discerned
in blood: cDC1 (BDCA1/CD1c+), cDC2 (BDCA3/CD141+), and cDC3 (M-DC8+, also known as
CD16+CD14dim or 6-Sulfo LacNac+ (SLAN) inflammatory DCs (33). pDCs were defined as
CD123+BDCA2/CD303+ and monocytes as CD11chiCD14+. cDC2 and cDC3 frequencies were
decreased upon either combined GM-CSF/CpG or single CpG administration, reaching

statistical significance for cDC3 only (Fig. 4A). On the basis of CD40, CD86, and HLA-DR
expression levels, combined i.d. GM-CSF/CpG delivery most profoundly affected myeloid
maturation, with all APC subsets showing a measure of activation (shown for CD40 with
statistical significance levels indicated in Fig. 4A). Of note, none of these subsets were
activated by i.d. saline administration before SLN excision.
A likely mechanism of CpG-induced cDC recruitment to the SLN would be through IFNαmediated activation of circulating cDC precursors, followed by their extravasation at
inflammatory sites (e.g., CpG-conditioned skin or SLN). Although we were unable to detect
IFNα either in supernatants of ex vivo cultured SLN suspensions or in plasma samples (data
not shown), we did detect an increase in mRNA levels of the type I IFN-responsive gene
product MxA by qRT-PCR in PBMC samples of the CpG-treated patient groups (Fig. 4B), clearly
demonstrating a systemic impact of type I IFN release induced by locally administered CpG-B
(most likely pDC-derived IFNα). Interestingly, CpG-related decreases of BDCA3/CD141+ cDC2
frequencies in the blood directly and strongly correlated to ΔMxA transcript levels (Fig. 4C,
top). Moreover, correlating frequencies of the four separate cDC subsets in SLNs and posttreatment changes in frequencies of the different cDC subsets and monocytes in peripheral
blood, the only significant correlation found was between decreased cDC2 subset frequencies
in the blood and higher BDCA3/CD141+CD14- cDC rates in the SLNs of patients that received
the combined administration of GM-CSF/CpG (Fig. 4C, bottom), but not of patients receiving
CpG only (data not shown). This potential relationship was confirmed by the results of 2-day
in vitro PBMC cultures, showing a significant increase and enhanced activation state
(exemplified by CD80 expression) of BDCA3+ cDC2 (and note: also of de novo BDCA3expressing monocytes), upon culture with combined CpG-B and GM-CSF as compared with
either CpG-B or CpG-A alone (Fig. 4D). CpG-A was taken along in these cultures as this class of
ODN is known to induce higher release levels of type I IFN. Indeed, concentrations of IFNα in
CpG-B–stimulated cultures averaged 27,6 pg/mL, while those in CpG-A–stimulated cultures
exceeded 500 pg/mL. Nevertheless, the combined CpG-B/GM-CSF culture induced superior
activation of both cDC2 and monocytes. These data are consistent with a CpG/type I IFNrelated recruitment of BDCA3+ cDC2 to the SLN, followed by their CpG/GM-CSF–induced
maturation to BDCA3/CD141+CD14- LN-resident cDCs.

Figure 4. Effects of CpG ± GM-CSF on the frequency and activation state of APC subsets in peripheral blood. A)
frequency of various DC subsets and monocytes and expression levels of CD40 by mean fluorescence index (MFI).
Patient groups are indicated: saline placebo, 1 mg CpG-B and 100 mg GM-CSF (CpG+GM), or 1 mg CpG-B alone
(CpG). Open bars, day -7 (basal levels); closed bars, day 0, time of SLN excision. Statistical significance: *P < 0.05;
**P < 0.01; mean SEM are shown. B) relative expression of transcripts from the type I IFN-responsive mxa gene,
determined by reverse transcriptase quantitative PCR on PBMCs. Patient groups are indicated in the bar graphs:
saline placebo, 1 mg CpG-B and 100 mg GM-CSF (CpG+GM), or 1 mg CpG-B alone (CpG). Open bars, day -7 (basal
levels); closed bars, day 0, time of SLN excision. Statistical significance: *P < 0.05 and **P < 0.01. C) correlation
between changes in BDCA3/CD141+ peripheral blood cDC (cDC2) frequencies (between day -7 and 0) and
corresponding MxA transcript levels in peripheral blood, and cDC2 frequencies and CD14 -LN-resident cDC rates
in the SLNs of patients who were administered 1 mg CpG-B and 100 mg GM-CSF (CpG+GM) at the primary
melanoma excision site. Pearson r2 and P values are listed and 95% confidentiality intervals indicated by dotted
lines. D) frequencies of BDCA3/CD141+ cDC2 (as % of gated CD11c+ cells) and of BDCA3/ CD141+ monocytes (as
% of CD14+ monocytes) in PBMCs, before (preculture) and after 2 days of culture without additions (neg) or with
added CpG-B and GM-CSF (CpG+GM), CpG-B, or CpG-A. Also shown are CD80 expression levels (in MFI) on the
CC14-BDCA3/CD141+ cDC2 or monocytes. Asterisks denote statistically significant differences versus negative
control cultures (neg): **P < 0.01; *P < 0.05. Note that MFI CD80 on CD11c+CC14-BDCA3/CD141+ cDC2 were also
significantly different between preculture and CpG+GM conditions (P < 0.01).

Effects on cross-presentation in SLNs
As the observed expression of both BDCA3 and CLEC9A on the LN-resident cDC subsets in the
steady state was suggestive of cross-presentation capacity, and as they were preferentially
induced by CpG + GM-CSF, we compared the ex vivo (cross-) presentation ability of SLN
suspensions among patients from all three treatment groups (Fig. 5A–C). Cryostored SLN
suspensions of 3 HLA-A2+ patients from each of the three treatment groups were available for
this analysis. In line with the CpG + GM-CSF (CpG+GM)-induced activation and recruitment of
putative cross-presenting BDCA3/CD141+ cDC subsets to the SLN, it seemed that SLN cells
from patients that received the combined administration of CpG+GM most efficiently crosspresented the immunodominant aa26-35L HLA-A2–binding epitope of MART-1 to a specific
CD8+ T-cell line after uptake and processing of a long 25-mer MART-1 (aa16-40L) peptide,
whereas direct presentation of the aa25-35L short peptide was comparable among all three
groups (Fig. 5B and C). Cross-presentation efficiency was determined by i.c. IFNγ expression
in the MART-1 aa26-35L-specific T cells relative to the i.c. IFNγ level detected after

presentation of the short peptide, to standardize between donors, samples, and assays.
Unfortunately, statistical significance was not reached because of the low number of
cryostored SLN samples available for this analysis (Fig. 5C). Of note, the observed increased
cross-presentation capacity corresponded to predominant frequencies of CD1a - LN-resident
subsets (with relatively high expression levels of BDCA3 and CLEC9A) and, accordingly, the
observed cross-presentation efficiencies correlated with the sum-total rate of LN-resident
CD1a- cDC subsets in the used SLN suspensions rather than with that of either CD1a + skinmigrated cDCs or pDCs (Fig. 5D).

Figure 5. Increased cross-presenting capacity of SLN single-cell suspensions from patients who received local
CpG-B and GM-CSF. A) representative plots of intracellular (i.c.) IFNγ production by >90% pure HLA-A2–matched
MART-1 aa26-35L–specific CD8+bulk T cells after incubation with respectively (from top to bottom): MART-1
aa26-35L (short peptide)–loaded JY cells, HIV RT aa476-484 (short-peptide)–loaded SLN cells, MART-1 aa26-35L
(short peptide)–loaded SLN cells and MART-1 aa16-40L (long peptide)–loaded SLN cells. SLN single-cell
suspension was from a CpG+GM-treated patient. B) average (±SEM) i.c. IFNγ-positive MART-1 aa26-35L–specific
CD8+T cells after incubation with MART-1 aa26-35L (short peptide)–loaded and HLA-A2–matched SLN cells; Tm,
tetramer. C) average (±SEM) i.c. IFNγ-positive MART-1 aa26-35L–specific CD8+ T cells after incubation with MART1 aa16-40L (long peptide)–loaded SLN cells (relative to i.c. IFNγ expression after incubation with the short
peptide). Results shown are from SLN single-cell suspensions derived from HLA-A2+ patients from the three
indicated groups (n=3 per group)). D) percentages of CD1a- skin-resident cDC subsets, CD1a+skin-migrated cDC
subsets, and pDCs in each of the three indicated patient groups tested for SLN cross-presenting ability (top; n=3
per group) and correlation between the measured MART-1 aa16-40L cross-presenting efficiencies and
frequencies of the respective CD1a- or CD1a+ cDC subsets and the pDC subset (bottom). Pearson r 2 and P values
are listed and 95% confidentiality intervals indicated by dotted lines.

Discussion
The results presented in this article are the first to show the effects of combined GM-CSF and
CpG-B administration on human DC subsets in melanoma SLNs and the consequent outcome
in terms of antigen cross-presentation. We previously showed that four daily i.d. injections of
GM-CSF (at 3 mg/kg) increased the number and activation state of CD1a+ cDCs in the SLNs (16)
and presented evidence to suggest that these cells were contiguous with dermal CD1a +CD83+
DCs and had migrated from the dermis, where GM-CSF was delivered at the primary
melanoma excision site (30). In contrast, a single high dose of CpG-B (8 mg) did not result in
increased rates of either the pDC or CD1a+ cDC subsets, but increased the frequency of a CD1aCD11c+CD83+ cDC subset (3). In the current trial, patients received two i.d. injections of lower
doses of CpG-B alone (1 mg), or in combination with GM-CSF (100 mg). These doses were
based on studies in which these compounds were added as adjuvants to i.d. applied vaccines
(34, 35) and were chosen to minimize the chances of any side effects from their combined
administration in early-stage melanoma patients participating in this trial.
Whereas in trials in which patients underwent multiple rounds of vaccination, suppressive
effects were ascribed to the use of GM-CSF as vaccine adjuvant (34), limited low dosing as
local immune stimulant was shown by us to lead to cDC maturation and concomitant
antitumor T-cell activation (5, 16, 30). As anticipated, combined CpG/GM-CSF administration
led to a more wide-ranging pDC and cDC subset activation than CpG alone, but it also led to
the preferential recruitment of BDCA3/CD141+ blood-derived cDC subsets, corresponding to
the CD1a-CD11c+CD83+ cDC population identified after CpG-B treatment in our previously
reported trial (3), and which, in turn, we found to correlate with an increased functional ex
vivo cross-presentation capacity of cells derived from the in vivo conditioned SLNs.
We previously identified two major BDCA3/CD141+ SLN-resident cDC subsets, i.e., CD1a-CD14and CD1a-CD14+ cDCs (19). In the steady state (e.g., in saline-administered patients), CD1aCD14- cDCs express CD83 and costimulatory molecules at lower levels than the CD1a + skinmigratory cDC subsets (19). However, CpG and/or GM-CSF administration enhanced
expression of these markers to levels exceeding those of CD1a+ cDCs, demonstrating the great
potential of this subset for T-cell activation under inflammatory conditions. Indeed, this is in
keeping with our own previous findings showing that upon isolation from SLNs, this subset

proved to be the most powerful T cell–stimulatory cDC subset, based on proliferation and
induction of cytokine release (19). We found the frequencies of CD1a -CD14- cDCs to be
elevated in patients receiving CpG-B and to even higher levels in patients receiving combined
CpG-B/GM-CSF. GM-CSF co-administration also further enhanced the CpG-induced
maturation of this subset. Although CpG-B ODNs are generally poor IFNα inducers (11),
increased MxA transcript levels in peripheral blood nevertheless demonstrated a systemic
impact of the CpG-B-induced type I IFN release. Indeed, the CD14- cDC subset may be the in
vivo equivalent of IFN-DCs generated in vitro in the presence of GM-CSF and IFNα (36). Like
IFN-DCs, they have a dendritic morphology (19), are mature (CD83 +), and display high levels
of costimulatory molecules; they express CCR7 (3), lack CD1a, but also express CD123 (19, 37).
IFN-DCs express higher levels of MHC class I and associated antigen-processing elements than
classical IL4-DCs (38, 39) and were shown to be superior Th1 and CTL inducers with low-level
coactivation of Tregs (38–40). Moreover, they were reported to be optimally equipped for
high-efficiency CTL cross-priming (41, 42). These phenotypic and functional characteristics
strongly favor antitumor immunity.
Although CD1a-CD14+ cDCs morphologically resemble monocytic or macrophage-like cells,
their CD83 expression (ranging from 12% to 95%) suggests a semimature DC phenotype (19).
The observed increase in their frequencies upon local CpG-B administration is suggestive of
their recruitment from blood-derived monocytes, most likely dependent on CpG-induced type
I IFN. Monocytes express extremely low levels of TLR9 transcripts, and their in vitro activation
by CpG requires the presence of pDCs, a rich source of IFNα (43). IFNα-activated monocytes
acquire a CD14+CD123+CD83+ phenotype but maintain a monocytic appearance, reminiscent
of the CD14+ cDC subset in SLNs (19), and have been shown to stimulate memory T cells (44).
This may be relevant to their activity in SLNs, where previously primed antimelanoma T cells
are present and "poised" for reactivation (4, 5).
Locally administered CpG and GM-CSF also affected the in vivo activation state of DC subsets
in peripheral blood. The exact relationship between DC subsets and SLN subsets may not be
simply deduced by phenotypic similarities and correlation between frequencies in blood and
SLNs, because of their phenotypic plasticity and possible simultaneous recruitment to the
periphery and mobilization from the bone marrow. It nevertheless seems plausible that the
activated M-DC8+ SLAN-cDC subset (significantly reduced in posttreatment blood) was

recruited to the site of CpG administration, because this subset has been associated with rapid
migration to sites of inflammation (33). Most notably, a significant correlation between
decreased BDCA3/CD141+ cDC2 rates in peripheral blood and increased CD1a-CD14- cDC
frequencies in the SLNs of patients receiving combined CpG/GM-CSF, suggests cDC2 to be the
precursors of the BDCA3+CD1a-CD14- SLN-resident cDC subset. Indeed, this was suggested by
our in vitro observation that cDC2 frequencies and their maturation state both increased
significantly upon culture in the presence of CpG combined with GM-CSF. Results from the
same experiments also identified monocytes as possible precursors of the BDCA3/CD141 +
CD14+ cDC subset, as they acquired both BDCA3/CD141 and CD80 expression upon 48 hours
exposure to CpG GM-CSF.
We showed both CD1a- LN-resident cDC subsets to express BDCA3/CD141 (also known as
thrombomodulin) and CLEC9A in the steady state (i.e., in untreated SLN samples). Intriguingly,
genome-wide transcriptional profiling pointed to BDCA3+ DCs as the human equivalent of the
CD8a+ DC subset in the murine spleen, which is known to be the subset with powerful CTL
cross-priming ability (45), an important feature for the generation of antitumor immunity. In
vitro studies demonstrated the ability of human BDCA3+ DCs to cross-prime CTLs and thus
confirmed this hypothesis (23, 31, 32). CLEC9A, a C-type Lectin receptor was recently shown
to be preferentially expressed on BDCA3+ cDCs (32) in the blood and to bind extracellularly
exposed actin, thus facilitating cross-priming from necrotic cell-derived proteins (46). We
found CLEC9A expressed to varying extent on all cDC subsets in the SLNs but in particularly
high levels on the CD14+ cDC subset that also expressed relatively high levels of BDCA3. Our
finding of selective in vivo recruitment of BDCA3+ cDC subsets to the SLNs that can also express
CLEC9A, a corresponding enhanced ex vivo cross-presenting ability of in vivo CpG+GM-CSF–
exposed SLN cells, and the in vitro maturation and induction of BDCA3 expression of both
cDC2 and monocytes by CpG-B and GM-CSF, thus attests to the utility of this combination as
an adjuvant for protein or long peptide vaccines that require cross-priming. This was
confirmed in vivo, showing superior cross-priming by splenic CD8α after CpG stimulation,
leading to tumor rejection (15, 47); remarkably, GM-CSF synergized with CpG to optimize this
effect (47). Recently, CD1a+/CD1c+ as well as BDCA3/CD141+ cDC subsets from LNs and tonsils
were shown to have cross-presenting abilities (20, 48). Although the small numbers of viable
SLN cells that we obtained from our treated patients prohibited DC subset sorting, we found

the ex vivo cross-presenting ability of SLN cells of a MART-1–derived synthetic long peptide to
correlate with frequencies of CD1a-BDCA3/CD141+ cDCs rather than of CD1a+ skin-derived
cDCs or pDCs, indicating that the CD1a- CD141+/BDCA3+ LN-resident cDC subsets in particular
may contribute to CTL-mediated immunity against melanoma antigens afforded by combined
local administration of CpG-B and GM-CSF.
In conclusion, cross-talk between pDCs and cDCs has been shown to enhance their mutual
activation and to benefit the generation of cell-mediated immunity (10, 15, 49, 50). As such,
concerted activation and recruitment of pDC and BDCA3/ CD141 + cDC subsets, achieved by
local delivery of combined CpG-B and GM-CSF, may greatly enhance antitumor immunity and
support immunotherapy or other conventional therapies that induce the release of (necrotic
cell-associated) tumor antigens and thus facilitate cross-priming of antitumor CTLs. The
resulting immunity may afford a level of protection against (distant) recurrences. Indeed,
preliminary follow-up analyses of patients participating in this study point to prolonged
recurrence-free survival of the intervention groups (B.D. Koster and colleagues, manuscript in
preparation). If this observation holds up in more extensive analyses and larger follow-up
trials, this simple and generally applicable approach of local immune potentiation may provide
an effective adjuvant therapy option for patients with early-stage melanoma.
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SUPPLEMENTARY MATERIALS

Supplementary figure 1. Gating strategies for analysis of A) plamacytoid (pDC) and B) skin-migratory
conventional DC (cDC) subsets: Dermal DC (DDC) and Langerhans Cells (LC) and C) LN-resident cDC subsets in
melanoma Sentinel Lymph Nodes (SLN).

Supplementary figure 2. Expression of the cross-priming associated markers BDCA3/CD141 and CLEC9A on the
four identified cDC subsets in single-cell suspensions of untreated melanoma Sentinel Lymph Nodes (SLN) (mean
± SEM of at least three separate experiments are shown).
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Abstract
Purpose Although risk of recurrence after surgical removal of clinical stage I-II melanoma is
considerable, there is no adjuvant therapy with proven efficacy. Here we provide clinical
evidence that a local conditioning regimen, aimed at immunological arming of the tumordraining lymph nodes, may provide durable protection against disease recurrence (median
follow-up 88.8 months).
Experimental Design In two randomized phase-ll trials, patients, diagnosed with stage I-II
melanoma after excision of the primary tumor, received local injections at the primary tumor
excision site within 7 days preceding re-excision and sentinel lymph node (SLN) biopsy of
either a saline placebo (n=22) or low-dose CpG-type-B (CpG-B) with (n=9) or without (n=21)
low-dose GM-CSF.
Results CpG-B treatment was shown to be safe, to boost loco-regional and systemic immunity,
to be associated with lower rates of tumor-involved SLN (10% vs. 36% in controls, p=0.04),
and, at a median follow-up of 88.8 months, to profoundly improve recurrence-free survival
(p=0.008), even for patients with histologically confirmed (i.e. pathological) stage I-II disease
(p=0.02).
Conclusions Potentially offering durable protection, local low-dose CpG-B administration in
early-stage melanoma provides an adjuvant treatment option for a large group of patients
currently going untreated despite being at considerable risk for disease recurrence. Once
validated in a larger randomized Phase-lll trial, this non-toxic immunopotentiating regimen
may prove clinically transformative.

Translational relevance
Incidence of melanoma is on the rise. Of all newly diagnosed cases, 85-90% present clinically
with localized disease. Currently, there is no widely accepted adjuvant treatment available for
these patients, despite the fact that after surgical removal of the primary tumor, they still run
a considerable risk of recurrence. Notwithstanding the advent of immune checkpoint
inhibitors, distant recurrences will still prove fatal for many of these patients. Here we show
that local low-dose CpG-B administration provides an adjuvant treatment option at early
stages of melanoma that can offer durable protection against (distant) recurrence with
minimal side effects. This could eventually pre-empt the need for often toxic and costly
systemic treatment with immune checkpoint inhibitors. Once validated in a larger randomized
Phase-lll trial, this non-toxic immune potentiating regimen may thus prove clinically
transformative.

Introduction
Malignant melanoma is a considerable health care problem in Caucasian populations and
incidence rates are expected to continue to rise (1). In the Netherlands alone mortality has
more than doubled and incidence has almost quadrupled since the early 1990s (2). The
prognosis of newly diagnosed patients depends on the pathological stage of the disease (3).
Of all newly diagnosed cases, 85-90% present with localized disease. The 10-year survival rates
of early-stage localized melanoma (pathological stage IA-IIC) range from 95 to 40% (3),
depending on the Breslow thickness, the presence of ulceration, and the number of mitoses
per mm2 in the primary tumor. When regional lymphatic metastases are present (pathological
stage IIIA-C), the 10-year survival rates drop to 68-24% (3), confirming the insidious nature of
the disease. Unfortunately, the treatment options for pathological stage I-III melanoma are
still very limited because there is no widely accepted and implemented adjuvant treatment
option that can safely lower the risk of distant recurrence.
We and others have reported on the advantages of locally administered immunotherapy.
Topical, intradermal (i.d.), intranodal or intratumoral administration of TLR agonists (like CpG)
(4-7) and also of cytokines (like GM-CSF and IFNα) (4,8-11) has been clinically explored as
monotherapy, in combination, or as an adjuvant to vaccines against melanoma. Because of
the lower dose and serum levels, local treatment reduces the chances of auto-immune
adverse events without compromising antitumor immune protection (12). After surgical
removal of the primary tumor, early-stage melanoma lends itself to local immune potentiation
of the tumor-draining lymph nodes, and in particular of the sentinel lymph node (SLN), which
bears the brunt of tumor-induced immune suppression but is also a rich source of antitumor
immune effector cells (13).
In an effort to harness antitumor immunity in the SLN and in more down-stream tumordraining lymph nodes, two consecutive single-blinded randomized phase Il clinical trials were
conducted to investigate the effects of i.d. administration of the dendritic cell (DC) stimulatory
compound unmethylated CpG type-B oligodeoxynucleotide CpG7909 (CpG- B), alone or
combined with GM-CSF, at the primary melanoma excision site prior to routine re-excision
and sentinel node biopsy (SNB) in clinical stage I-II melanoma patients (see Figure 1 for an
overview). Since the inclusion of patients took place prior to SNB, clinical stage I-II patients

were included that could potentially be diagnosed with pathological stage III disease after
SNB. We compared post-treatment immune parameters of the treated patients to patients
who received plain saline (0.9% NaCl) and observed activation in the SLN of in particular lymph
node (LN)-resident DC subsets, as well as increased anti-melanoma CD8+ T cell rates in the SLN
and peripheral blood (5,6,14). With only minor and transient toxicities, these trials showed
that i.d. administration of CpG-B, with or without GM-CSF, was safe and a biologically active
treatment option with possibly protective effects against systemic tumor spread. Here, we
report on the outcome of a meta-analysis of local and systemic DC and T cell responses and
the recurrence free survival (RFS) of the patients who participated in these two trials.

Material and Methods
Study design and patients
Fifty-two patients with clinical stage I-II melanoma (according to the criteria of the American
Joint Committee on Cancer) who were scheduled to undergo SNB were enrolled in two
consecutive single-centre, single-blinded, randomized and placebo (saline) controlled phase Il
clinical trials between June 2004 and June 2007 at the VU University Medical Center in
Amsterdam, the Netherlands (registered as ISRCTN63321797; for an overview of these trials
we refer to Figure 1). At the time of these trials, every melanoma patient who entered our
hospital was scheduled for a SNB and there was no clinical cut-off (e.g. Breslow) to qualify for
the procedure, and as a consequence, to be enrolled in the clinical studies. The anticipated
biological efficacy and primary endpoint, i.e. DC and melanoma antigen specific CD8 + T cell
activation in the SLN, was observed in the CpG-B treatment arms of both trials, regardless of
the dose level, combination with GM-CSF, or dosing schedule (4—6,14), and we therefore
combined all participating patients for the current clinical follow-up analysis (Figure 1).

Figure 1. A) Trial flow chart showing trial design (trials I and II). B) Patient enrollment and inclusion in the clinical
follow-up analysis.

The SLN tumor status of all patients was yet to be determined at the time of randomization.
Some of the patients were diagnosed with stage III melanoma only after the SNB (Table 2).
Although pre-operative ultrasound examinations were not part of the protocol, patients who
were suspected of having lymph node metastases at physical and/or ultrasound examination
were excluded from participation in the trials as well as patients who had undergone previous
immunotherapy or chemotherapy and patients who had received immunosuppressive
medication or were suffering from any autoimmune disorder. For an overview of patient and
tumor characteristics, we refer to Table 1. The studies were approved by the Institutional
Review Board of the VU University medical center and written informed consent was obtained
from each patient before treatment in accordance with the Declaration of Helsinki.

Table 1. Patient and tumor characteristics at enrollment
Clinical parametersa
Age, in years
Mean (SD)
Gender
Male
Female
Location
Head, neck, and trunk
Extremities
Histologic subtype
SSM
Nodular
Other or unknown
Breslow (mm)
Mean (SD)
Ulceration
Yes
No
Follow-up RFS (in months)
Median (range)

Treated group (n=30)

Placebo group (n=22)

Overall (n=52)

54.1 (12.6)

50.9 (13.4)

52.7 (12.9)

16 (53.3)
14 (46.7)

13 (59.1)
9 (40.9)

29 (55.8)
23 (44.2)

20 (66.7)
10 (33.3)

12 (54.5)
10 (45.5)

32 (61.5)
20 (38.5)

23 (76.7)
4 (13.3)
3 (10.0)

17 (77.3)
4 (18.2)
1 (4.5)

40 (76.9)
8 (15.4)
4 (7.7)

1.77 (0.98)

1.86 (1.24)

1.81 (1.09)

5 (16.7)
25 (83.3)

4 (18.2)
18 (81.8)

9 (17.3)
43 (82.7)

81.2 (5-129)

97.3 (5-133)

88.8 (5-133)

Abbreviation: SSM, superficial spreading melanoma. aData are n (%) unless otherwise indicated. None of the
differences between the treated and placebo groups were statistically significant.

Randomization and masking
In the first trial (hereinafter referred to as “trial I”) patients were randomly assigned (1:1) to
receive CpG-B or plain saline. In trial II patients were randomly assigned (1:1:1) to receive CpG-

B, CpG-B and GM-CSF, or plain saline (Figure 1). Because patients were recruited during a prespecified period, treatment allocation in both trials did not have the exact 1:1 and 1:1:1 ratio.
Sealed opaque envelopes were used for allocation concealment. Within both studies the
injections had the same volume and were visually identical. Only the patients were masked to
treatment allocation.

Clinical Procedures
In trial I, 24 patients were assigned randomly to receive one preoperative intradermal
injection at the tumor excision site of either 8 mg CpG-B (PF-3512676, formerly named
CpG7909, Coley Pharmaceutical Group, Wellesley, MA) (n=11) or a saline placebo (n=13), 7
days prior to SNB (5,6). Trial II was a three-arm clinical study in which 28 patients were
randomized to receive intradermal injection of either 1 mg CpG-B (PF-3512676, Coley
Pharmaceutical Group, Wellesley, MA) alone (n=10) or in combination with 100ug GM-CSF
(Leukine’, Berlex Laboratories Inc. Montville, NJ) (n=9), or a saline placebo (n=9) (4); the
injections were given directly adjacent to the scar of the primary melanoma excision, seven
and two days before surgery.

Immunological measurements
Frequencies and activation state (by CD83 expression levels) of migratory DC subsets (i.e. skinderived Langerhans Cells [LC] and Dermal Dendritic Cells [DDC]) and LN-resident CD14- and
CD14+ conventional DC (cDC) subsets in SLN-derived single-cell suspensions were determined
by 4-color flow cytometry as previously described (4,15) In short, LC were gated as
CD11cintCD1ahi, DDC as CD11chiCD1aint, CD14- LN-resident DC as CD1a-CD11chiCD14- and
CD14+LN-resident DC as CD1a- CD11chiCD14+. Based on these new cDC subset definitions,
available FACS data from trial 1 (5) were re-analyzed and combined with the previously
published cDC data from trial 2 (4) in a meta-analysis of placebo versus treated patient groups.
Cryopreserved SLN cells from patients participating in Trial I were used for flow- cytometric
re-analysis of the newly identified CD11chiCD1a- LN-cDC subsets; of note, only for three
patients from the placebo group of this trial crryopreserved SLN cells were available for this

analysis. Induced T cell responses to a panel of HLA-A2 restricted epitopes from shared
melanoma antigens were determined as previously described in SLN suspensions and in preand post-treatment peripheral blood mononuclear cells (6,14). In brief, after polyclonal antiCD3 and -CD28-mediated expansion of SLN-derived T cells (in order to obtain suffiecient
numbers of cels from all patients), CD8+ T cell reactivity was measured against the melanomaassociated epitopes gp100154-162, GP100209-217, Gp100230-233, MAGE-A3271-279, MART126-35, NY-ESO-1157-165, and Tyrosinase36o-377, either by PE-labeled HLA-A2 tetramer
binding and flow cytometric read-out (Trial Il, tetramers kindly provided by Dr. Ton
Schumacher, Netherlands Cancer Institute, Amsterdam, the Netherlands) or by overnight IFNy
Elispot read-out (Trial I). Elispot assay and Tm binding methodologies, as well as definitions of
positive responses, were all as previously described (6,14). T cell data from trials I and II were
combined in a meta-analysis of placebo versus treated patient groups.

Clinical follow-up
All patient and tumor characteristics (Table 1) were collected from the patients' medical
records and pathology reports. Patient follow-up data were collected from medical records or
retrieved via the patients' general practitioner. RFS and distant RFS (DRFS) were recorded as
time (in months) since the combined re-excision and SNB until diagnosis of any melanoma
recurrence.

Outcomes
The primary outcome measure of this follow-up analysis was RFS of the treated patients
compared with RFS of the saline control groups from the two trials (see Fig. 1 and Table 1).
We also analyzed the pathologically confirmed stage I–II melanoma patients (no LN
metastases found at pathologic examination) and patients who only received CpG-B without
GM-CSF separately.

Statistical analysis
Differences in patient characteristics and immune reactivity parameters between the study
groups were analysed with the two-tailed student's t test, chi square test, or the two-tailed
Fisher's exact probability test (when a subgroup had only 5 or less patients). Hazard ratios and
differences in survival curves were analysed with the log-rank test. Differences were
considered significant when P<0.05. Microsoft Excel (version 2010) and GraphPad Prism
(Version 6.02) were used for all graphs, tables and analyses.

Results
Patient characteristics
In total 52 patients were included in the current analysis, who were enrolled in two
randomized Phase-ll trials and received either injections with CpG-B alone (n=21) or in
combination with GM-CSF (n=9) or a saline placebo (n=22, see Figure 1). At baseline, there
were no significant differences in clinical characteristics between the saline-administered
patients (placebo group) and the CpG-B treated patients (treated group), see Table 1.
However, when the SNB procedure was performed (one week after the experimental
injections), a remarkable and significant difference in the number of tumor positive SLN
(pathological stage III) was observed, i.e. 3/30 (10%) in the treated group vs. 8/22 (36%) in the
placebo group (P=0.04), see Table 2.

Table 2. Pathologic disease stage

a

Pathologic disease stage

Treated group (n=30)

Placebo group (n=22)

Overall (n=52)

Stage I

16 (53.3)

8 (36.4)

24 (46.2)

Stage II

11 (36.7)

6 (27.3)

17 (32.7)

Stage IIIa

3 (10.0)

8 (36.4)

11 (21.2)

Pathologic examination of the excised SLN revealed a higher numer of tumor-positive SLN (pathologic stage III)

in the placebo group (p=0.04, using the two-tailed Fisher exact probability test).

Lymph node resident cDC and melanoma-specific T cell activation
We hypothesized that the observed difference in tumor involvement between the placebo
and treated groups might well have been due to the successful boosting of loco-regional
antitumor immunity. We previously showed for trial II that local CpG-B administration at the
tumor excision site led to selective recruitment and activation of both CD14 + and CD14- LNresident cDC subsets with cross-presentation ability (4). With this knowledge we re-analyzed
the flow cytometric DC measurements in SLN from patients participating in the first trial. We
now report that we found similar results for trial I (data not shown). A pooled analysis of the
treated vs. placebo groups from both trials, clearly confirmed the selective recruitment and
activation of the CD14- and CD14+ LN-resident cDC subsets in the SLN of patients receiving
local CpG-B injections (Figure 2A). T cell responses against HLA-A2 restricted epitopes from
shared melanoma antigens (MART-1, Tyrosinase, gp100, MAGE-A3, and NY-ESO-1) were
determined in available HLA-A2+ SLN and peripheral blood (PB) samples, by IFNy Elispot readout (in trial I), or by Tm binding (in trial II). As we previously observed a 74-88% concordance
between positive responses based on parallel Elispot and Tm binding read-outs (8,14), we
performed a pooled analysis of the T cell response rates from trial I and II (Figure 2B). Of note,
the PB T cell reactivity data from trial II were not previously reported. Consistent with the
recruitment and activation of LN-resident cDC subsets, reported to have particular T cell
(cross-)priming abilities (4,16), and the lower number of patients with tumor- involved SLN,
higher melanoma-specific T cell response rates were found in SLN of CpG-B treated patients
(consistently in both trials, data not shown). Importantly, PB melanoma- specific T cell
response rates were also significantly increased post-treatment in the CpG-B- treated group
(7-21 days after the experimental injections), indicative of systemic immune protection
following local CpG-B administration, which is consistent with observations previously
reported for trial I (6).

Figure 2. Intradermal CpG-B administration at the primary tumor excision site leads to activation of LN-resident
cDC subsets, and local as well as systemic activation of melanoma antigen-specific CD8+ T cells. DC subset
frequencies and activation state [by CD83 mean fluorescence intensity (MFI)] in the SLN and available Elispot and
HLA-tetramer–binding data from HLA-A2+ patients were combined and analyzed between the combined placebo
and CpG-treated arms from trials I and II. A) Frequencies and CD83 expression levels of cDC subsets in melanoma
SLN. Frequencies are shown as a percentage of SLN cells. DC include the migratory subsets LC (CD1a hiCD11c+)
and DDC (CD1a+CD11chi), and the LN-resident CD1a- subsets CD14- cDC and CD14+cDC. B) Frequency of positive
T-cell responders among testable HLA-A2+ patients (reactive to at least one HLA-A2–restricted melanoma
epitope) and positive epitope-specific responses (relative to the total number of tested melanoma antigenderived 8–10-mer epitopes) per combined treatment arms (placebo vs. CpG-B) from trials I and II. T-cell reactivity
was determined either by IFNγ Elispot read-out (trial I) or by HLA-A2 tetramer binding (trial II). Left, Local (SLN)
T-cell response rates. Right, Systemic (peripheral blood) T-cell response rates. Statistical significance levels
between the placebo and CpG-B arms are shown.

RFS analysis
Identical enrollment criteria and consistent immune modulating effects of CpG-B in both trials
further supported a pooled clinical follow-up analysis. After a median clinical follow-up of 88.8
months (range 5 to 133 months) a clearly improved RFS was found for the treated patients as
compared to the placebo controls (HR 0.16, 0.06-0.65; P=0.008), see Figure 3A. In the treated
group, we recorded two melanoma recurrences: the first patient was treated in trial I (8mg
CpG-B) and had a first recurrence at 5 months after the SNB. The patient was one of the three
treated patients who were actually shown to have a tumor positive SLN. The patient died 14
months after SNB from diffuse melanoma metastases. The second patient was treated in trial
II (1 mg CpG-B only arm) and had a first recurrence at 26 months after the SNB. The patient
had a tumor negative SLN but died at 40 months after SNB from metastatic disease. In the
placebo group, nine out of the 22 patients suffered a disease recurrence. Three of these
patients had a loco-regional metastasis only (i.e. excision site, regional lymph node or intransit) and were alive without evidence of disease at the time of follow-up. Six had distant
metastases and had died from metastasized melanoma at the time of follow-up. When we
next analysed the pathologically confirmed stage I-II patients separately, we still found a
significant difference in RFS in favour of the treated group versus the placebo control group
HR 0.12, 0.03-0.75; P=0.02, see Figure 3B. Among these patients we found one recurrence in
the treated group and five with recurrences in the placebo group of whom three had died
from metastasized melanoma at the time of the last follow-up. Also for patients treated with
CpG-B only (excluding the CpG/GM-CSF combination arm from trial II), clinical benefit was
established: an improved RFS compared to the placebo control group (HR 0.22, 0.09-0.91;
P=0.03) -see Figure 3C. Of note, although it failed to reach significance, also distant
recurrence-free survival (DRFS) in treated patients was higher than in placebo controls (HR
0.26, 0.07-1.06; P=0.076), as shown in Figure 3D. The strong prognostic value of this
parameter was confirmed by the fact that all patients who developed distant recurrences
eventually succumbed to the disease.

Figure 3. Survival analysis. A) RFS of all patients. B) RFS of pathologically confirmed stage I–II patients. C) RFS for
patients who received CpG-B only (without GM-CSF) versus patients who received placebo. D) DRFS of all
patients.

Discussion
The clinical follow-up analysis of two randomized and placebo controlled Phase-ll trials
presented in this paper demonstrates that adjuvant treatment of clinically Stage I-II melanoma
patients with intradermal injection of CpG-B may provide protection against (distant) disease
recurrence. These findings are highly relevant because there is no widely accepted and applied
adjuvant treatment option for this patient group. Of all newly diagnosed melanoma cases 8590% present clinically with localized disease, which, despite surgical removal with curative
intent, still leads to disease recurrence at a later date in one third of the cases (3). Even
patients with a confirmed negative SLN after surgery still run a reported 16% risk of
recurrences (17,18). Local recurrences of melanoma are already associated with a 48.5%
mortality rate at 5 years of follow-up (3). For distant metastases this rate even rises to 90%
(19). Although these figures are likely to drop due to recent developments in the treatment of
advanced stage melanoma patients, in particular with immune checkpoint inhibitors, these
costly treatment regimens are often associated with serious autoimmune adverse events and,
as yet, in a substantial proportion of cases do not prevent eventual progression of the disease
(20,21). Even though thin melanoma (<1mm) carries a low risk of recurrence (on average 35%), it is not negligible (in particular when one considers the sheer volume of this newly
diagnosed group) (1-3) and certainly justifies the single low-dose administration of CpG-B as
adjuvant treatment.
We found an improved and highly durable RFS in the treated group: the latest (and only
second) recurrence was recorded at 26 months after SNB. Our data even suggest that the
treatment afforded protection against distant recurrence (which is associated with a dismal
prognosis (19)), as evidenced by a considerable, though with these patient numbers nonsignificant, DRFS advantage. The RFS curves of the treated group show a plateau in their tail
which is typically seen in survival curves of immunotherapeutic approaches in metastasized
melanoma (21). This strengthens our hypothesis that the patients in the treated group are in
fact benefiting from durable systemic immune protection.
The patients in the treated group also had significantly less tumor positive SLN (P=0.04),
whereas other known prognostic factors like older age, gender, melanoma of the head/neck
and trunk, Breslow thickness, and tumor ulceration did not differ significantly between the

groups (Table 1) (17,18,22). Previously, we reported that the immune status of the SLN from
the patients who were treated with CpG-B was significantly enhanced and that their SLN were
much bulkier (4,5). This leads us to the hypothesis that the lower number of tumor positive
SLN in the adjuvant treatment group is due to the rapid (i.e. within the seven days between
local adjuvant treatment and SNB) elimination of the clinically occult nodal metastases by SLNresident memory T cells that were boosted by local CpG-B administration as demonstrated for
the combined trial I and II results in Figure 2B. This is actually in line with recent reports that
T cells, once released from immune suppressive constrictions, can rapidly clear even bulky
tumors (23), and is further supported by experimental in vivo evidence demonstrating rapid
effector differentiation from resident memory T cells in a non- cognate and type-I IFN
dependent manner (24). Locally administered CpG-B may act on various levels of innate and
adaptive immunity to curb metastatic spread, by boosting DC activation (5,6) and recruitment
(5), by NK cell activation (14), and the rapid induction of systemic T cell responses against
melanoma-associated antigens (6,14), as previously shown upon intratumoral delivery of CpGB (with an abscopal effect on distant tumors) (7) or when administered in conjunction with a
vaccine (25,26). Indeed, the combined immune monitoring data from trial I and II clearly point
to a robust effect on the recruitment and activation of in particular the CD14 - LN-resident cDC
subset, which we and others have identified as the possible human equivalent of the murine
CD8α subset with cross-priming abilities (4,27). This subset has recently been shown by
Gajewski and colleagues to be vital for effective anti-melanoma immunity and to be recruited
and activated by type-1 IFN responses, which are also induced by local CpG-B administration
(4,28). Thus, our data point to a type-1 IFN-mediated activation and boosting of both locoregional and systemic anti- melanoma T cell responses following local application of CpG-B
(Figure 2) which may have secured the apparent protection against later disease recurrence
(Figure 3). We have not endeavored to relate the measured T cell immunity directly to RFS as
the immune monitoring in this study entailed only a subset of HLA-A2+ patients and did not
include neo- antigens, now known to be vital T cell targets for tumor protection (29).
Moreover, observed increases in effector NK cells may also be involved in the prolonged RFS
(6,14). Careful immune monitoring in the context of a planned larger randomized Phase-lll trial
may shed further light on underlying immune mechanisms and may lead to the identification
of useful predictive biomarkers.

The absence of tumor cells in the SLN is a good predictor for improved survival (19). To rule
out that the adjuvant treatment with locally administered CpG-B had led to down- staging
without RFS benefit or that the distribution of Stage III patients was uneven between the
treatment and placebo arms by mere chance, we also analyzed the histologically confirmed
stage I-II patients separately (Figure 3B). The observed RFS increase in the treated group of
this sub-analysis (P=0.02) strengthens the hypothesis that there was no down- staging without
RFS benefit, in which case the opposite trend might have been expected. It also provides
further evidence for the induction of durable systemic anti-melanoma immunity, preventing
late recurrences that are observed even at these lowest stages of the disease. Although the
number of tumor-involved SLN in the placebo group of our study was somewhat higher than
generally reported (2,3), we were able to preclude that this might have resulted from the
saline injections as we found a similar frequency of stage-III disease among untreated patients
undergoing re-excision and SNB at the same time as the conduct of these trials (data not
shown). The strict randomization of the enrolled patients, the complete equivalence in patient
and tumor characteristics between the placebo and treatment groups, and the clear immune
activating effects of the administered CpG-B, both at a loco-regional and systemic level,
bolster our confidence that the observed differences in clinical outcome are due to the
protective effects of local CpG-B treatment. Nevertheless, caution is called for in view of the
small numbers of patients enrolled in these trials and our interpretation of the clinical
outcome data should therefore be regarded as hypothesis generating, requiring confirmation
in a larger randomized Phase-lll trial.
The observation of significantly improved RFS by CpG-B monotherapy (Figure 3C), makes CpGB the clear candidate of choice to take forward for further clinical testing. However, we have
found evidence to suggest that the combination of GM-CSF and CpG-B may induce even
greater anti-tumor activity than CpG alone. GM-CSF, unlike CpG-B, enhanced activation of
migratory skin-derived cDC in the SLN (4,5) and combined treatment with CpG-B and GM-CSF
induced superior activation of LNR-cDC, which in turn was related to a superior capacity for
cross-presentation to CD8+ effector T cells (4). Moreover, although the CpG/GM-CSF
combination group in Trial Il was too small (n=9) to make any firm conclusions, no recurrences
were observed in patients receiving the combination treatment (see Suppl. Figure 1 for the
RFS of the separate arms in trials I and II).

In conclusion, local administration of CpG-B, aimed at immune potentiation of the SLN, may
provide a safe and widely applicable adjuvant treatment for early-stage melanoma (i.e. clinical
Stage I-II), affording long-term protection against loco-regional and distant recurrence. To
deliver on this remarkable promise of intradermally administered CpG-B and translate it into
the new standard treatment for patients with clinical Stage I-II melanoma, the conduct and
long-term follow-up of a randomized phase III trial is required.
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Supplementary figure 1. Recurrence-free survival of patients in the two separate trials: Trial I: 1x 8mg CpG-B vs.
saline, Trial II: 2x 1mg CpG-B vs. 2x 1mg CpG-B/100μg GM-CSF vs. saline.
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Abstract
Whereas TLR9 agonists are recognized as powerful stimulators of antitumor immunity, GMCSF has had mixed reviews. In previously reported randomized trials we assessed the effects
of local immune modulation in early-stage melanoma with CpG-B alone or with GM-CSF. Here
we discuss the added value of GM-CSF and show sex-related differences.

Introduction
Granulocyte-macrophage colony-stimulating factor (GM-CSF) is an important hematopoietic
growth factor that plays multiple roles in the development and differentiation of progenitor
cells into granulocytes, macrophages and dendritic cells (DC). Results from clinical trials that
evaluated GM-CSF for the treatment of advanced melanoma, extensively reviewed by Hoeller
et al., have been ambiguous (1). GM-CSF can enhance anti-tumor responses by stimulating DC
but it can also promote myeloid-derived suppressor cell (MDSC) expansion and act as a
chemo-attractant for neutrophils which can dampen the immune response and even
promote tumor growth and disease progression (1). Much is influenced by the context in
which GM-CSF is administered (2) and more research is warranted in order to find optimal
dosing, combinations, and administration routes for GM-CSF as a potential treatment for
melanoma. For instance, in combination with ipilimumab, an overall survival advantage has
been reported, which, beside immune activation, may have been related to lower toxicity
rates (3,4). There has also been the further suggestion that clinical benefit may be associated
with lower doses, leading to DC activation, rather than with higher doses, which may result
in detrimental MDSC mobilization (1). In line with this, localized expression of GM-CSF,
encoded by the intratumorally delivered oncolytic virus Talimogene laherparepvec (T-VEC),
led to an actual decrease in intratumoral MDSC and regulatory T cell (Treg) rates and increased
T cell infiltration (5). In patients with early metastatic melanoma (IIIB/C-IVM1a) impressive
clinical outcomes were observed after T-VEC treatment with a best overall response rate and
complete response rate of 88.5% and 61.5% respectively (6).
In localized melanoma, disease recurrence after resection of the primary tumor is dependent
on disease stage, which includes risk factors such as Breslow thickness, tumor ulceration and
whether or not the tumor has metastasized to the regional lymphatics (7). As a prognostic
measure, a sentinel node biopsy (SNB) is performed to assess lymphogenic metastasis,
although so far the treatment implications are very limited after identifying a tumor positive
(sentinel) lymph node (stage III disease). A complete lymph node dissection is no longer
indicated as this does not improve overall survival (8) and thus far only high-risk stage III
patients have an indication for treatment with checkpoint inhibitors. For patients without
lymphatic spread or with stage IIIA disease, the only available treatment is surgery followed
by a wait-and-see policy, even though the chances of recurrence can be considerable. Our

clinical work has clearly demonstrated the potential clinical benefits of local immune
modulation prior to SNB.
In three previously reported randomized controlled phase II trials, we intradermally injected
GM-CSF alone (9), the TLR9 agonist CpG-B/CPG7909 alone (10,11), or CpG-B/CPG7909 and
GM-CSF combined (10) directly adjacent to the excision scar of the primary tumor in earlystage (i.e. localized) melanoma in the week leading up to the SNB. In the first trial, patients
received four consecutive daily doses of 3 μg/kg body weight GM-CSF (n = 6) or placebo (n =
6), immediately preceding SNB. In the second trial patients received one dose of 8 mg CpG-B
(n = 11) or placebo (n = 13) one week prior to SNB, and in the third trial, patients received 1
mg CpG-B (n = 10), 1 mg CPG-B with 100 µg GM-CSF (n = 9) or placebo (n = 9), 7 and 2 days
prior to SNB. We previously reported potential down staging and an improved recurrence-free
survival (RFS) in patients who were treated with CpG-B in the second and third trial (12). Of
note, 30% of the patients in the intervention group (9/30) of this meta-analysis actually
received combinational treatment with CpG-B and GM-CSF. Here, we elaborate on our
previous findings from immune monitoring and clinical follow-up studies (10), and, based on
previously published data as well as data presented here for the first time, demonstrate and
discuss the added benefits of including GM-CSF in CpG-based immune potentiation of the
melanoma sentinel lymph node (SLN).

Results and Discussion
Clinical findings
All patients who had been enrolled in one of the two previous randomized trials which
included treatment arms with GM-CSF pre-SNB (9,10), alone (n=5) or combined with CpG-B
(n=9), were combined into one treatment arm. Their recurrence-free survival (RFS) was
compared to that of a corresponding combined control group of patients receiving a saline
placebo from the same two clinical trials (n = 15). Remarkably, we did not find any locoregional or distant disease recurrences in the treatment arm after a median follow up of 90
months (Fig 1A). In comparison, we found five recurrences in the combined control groups
(n=15) from the same trials (p=0.002). Although we did not find any recurrences in the GM-

CSF group, one patient had never attended any follow-up visits and further data could not be
retrieved (this patient was therefore not included in the analyses) and one patient died from
an unrelated cause at 19 months after treatment (this patient was censored at 19 months).
Although these patient groups are too small to draw any firm conclusions, locally administered
GM-CSF, either alone or combined with CpG-B, certainly appeared to improve clinical outcome
in terms of RFS of patients with early-stage melanoma.

Myeloid subset modulation and sex disparities
We have previously identified two skin-derived migratory conventional DC subsets (cDC), i.e.
Langerhans cells (LC) and dermal dendritic cells (DDC), and two lymph node resident cDC
subsets (LNR-cDC) in melanoma SLN (13). The LNR-cDC subsets differ in their expression of
CD14, with the CD14- LNR-cDC phenotypically resembling CD141+ cDC1 with particular crosspresenting abilities. We found locally administered GM-CSF to activate and induce the
migration of skin-derived cDC subsets to the SLN (14). The combination of GM-CSF with CpGB also resulted in superior activation of skin derived cDC (10). These findings are in keeping
with our previous observation of increased activation of skin explant-emigrated cDC
subsequent to intradermal GM-CSF injection (15). In contrast, no such effect was observed for
CpG-B, but rather cDC1 and pDC were mobilized to the deep dermis upon intradermal delivery
of CpG-B (Koster et al., manuscript in preparation). We have also reported that the addition
of GM-CSF to locally administered CpG-B prior to SNB, resulted in more profound activation
of the LNR-cDC subsets, and indeed increased the cross-presentation capacity of SLN-derived
leukocyte suspensions (10). We also observed that frequencies of the CD14- LNR-cDC in SLN
correlated with the decrease in cDC1 frequencies in PBMC of patients who had received the
combination of CpG-B and GM-CSF (Fig 1B, top panel previously published (10)). We now
report that this correlation was absent in patients who received CpG-B only (Fig 1B, lower
panel). These data indicate that the addition of GM-CSF to CpG-B enhances the mobilization
of cDC1 to the SLN as well as their activation. Remarkably, when we subdivided patients by
sex, disparities in terms of DC activation became apparent (see Figure 1C). Whereas CpG-B
monotherapy in men induced significant activation of both CD14- LNR-cDC and pDC in the SLN
(by CD83 expression), and in equal measure as when combined with GM-CSF, in women an

equivalent activation induction in these subsets required combined CpG-B and GM-CSF
activation. Of note, similar observations were made for the CD14 + LNR-cDC subset (data not
shown). The role of sex specific hormones and genetics on the immune system (16,17) and
cancer progression (18,19) has been well documented, but this has not yet led to cancer
treatment implications based on the patient’s sex. Our data suggest that optimal activation of
DC and, as a consequence, subsequent priming of antitumor effector T cells in women with
early-stage melanoma may require combined administration of GM-CSF and CpG-B. This may
be related to sex-dependent differences in TLR9 expression levels as previously observed in a
mouse study, wherein increased TLR9 expression levels in males led to improved clearance of
a viral infection (20). Moreover, a sex-dependent inflammatory cytokine pattern during
melanoma development was also described before in an experimental mouse model (21).
Improved pDC activation and IFNα release by GM-CSF has also been previously reported (22),
but, as far as we know, has never previously been linked to sex-dependent mechanisms. It is
important to note that despite these remarkable differences in DC subset activation, we did
not find any differences in RFS between women receiving CpG-B only or CpG-B combined with
GM-CSF. However, again, caution is warranted due to the small sample size.
Whereas CpG-B monotherapy led to a significant reduction in circulating monocytic MDSC
(mMDSC) rates (defined as CD14hiHLA-DR-) at day 7 after the first injection (i.e. day of SNB,
see Figure 1D), this reduction was abrogated by the addition of GM-CSF. This is consistent with
the reported systemic mobilization of MDSC by GM-CSF (1), apparently counteracting the
mMDSC-reducing effect of CpG-B. Whereas high doses of CpG and chronic type-I IFN exposure
may lead to increased MDSC levels (23,24), local CpG may actually attenuate MDSC
development and their suppressive activity by inducing their maturation (25). The latter is
consistent with our observation.

IFN response gene expression
Type-I IFN responses have been identified as crucial to the generation of an effective
antitumor T cell response (26), inducing the maturation of cDC1 and enhancing their crosspresenting ability, while simultaneously boosting the effector functions of cytotoxic T cells and
NK cells alike. We analyzed transcript levels of IRGs in PBMC before treatment (t=0), one week

after treatment (t=7) and three weeks after treatment (t=21). Cluster analysis revealed
concerted up-regulation of a group of 33 IRGs at t=7 in the CpG-treated patient groups (shown
in Figure 1E). Of the in total 47 tested IRGs, 33 IRGs were significantly upregulated at t=7 as
compared to matching baseline values in the CpG-treated patient groups (p values, corrected
for multiple testing, ranging from 0.019 to 7.4x10e-6), but none in the saline placebo group.
Of these 33 significantly up-regulated genes, 31 were also part of the identified co-regulated
cluster of 33 genes shown in Figure 1E. Interestingly, whereas the IRG expression levels
remained high on t=21 in the CpG-B only group, their levels had gone down by then in the
combined CpG-B and GM-CSF group (see Figure 1E). This would fit with reports that GM-CSF
may initially enhance pDC-derived type-I IFN responses through up-regulation of IRF8, but at
later time points would lead to down-regulation of IRF8 and so attenuate IFN responses
(27,28). Analysis of changes in IRF8 transcript levels from t=0 to t=7 versus from t=7 to t=21
between the treatment groups would indeed seem to support this hypothesis (Figure 1F).
Interestingly, these differential expression levels of IRF8 transcripts between CpG-B only and
combined GM-CSF/CpG-B may also explain the observed effects on mMDSC levels (Figure 1D),
as GM-CSF-induced down-regulation of IRF8 has been implicated in increased MDSC
development (29). Of note, although type-I IFN responses favor antitumor immunity and
facilitate immune checkpoint blockade, chronic type-I IFN exposure can also have detrimental
effects, up-regulating MDSC rates and PD-L1 expression and actually mediating resistance to
certain cancer therapies, including immune checkpoint blockade (26,30). Thus, timely
attenuation of IRGs by GM-CSF may actually be beneficial.

Figure 1. Added local and systemic effects of GM-CSF, co-delivered locally with CpG-B, in early-stage
melanoma. Results shown are from patients receiving either a saline placebo (saline), or two administrations of
CpG-B (CpG, 1 mg) or CpG combined with GM-CSF (CpG+GM, 1 mg + 100 µg) at day -7 and day -2 before sentinel
lymph node biopsy (SNB), or GM-CSF alone (GM-CSF), 4 doses of 3µg/kg divided over the four days leading up to
SNB. All were administered at the excision site of the primary tumor. A) Recurrence-free survival of patients who
were treated with GM-CSF with or without CpG-B (n=14) versus patients that received saline (n=15, p value is
listed). B) Correlation between changes in BDCA3/CD141+ peripheral blood cDC (cDC1) frequencies (between

day -7 and 0) and CD1a-CD11chiCD14- cDC (CD14-LNDC) rates in the SLN of patients who received CpG+GM or
CpG. C) CD14- LNDC and pDC activation (by CD83) in men and women after local treatment with CpG or CpG+GM.
D) Pre- (day -7, open bars) and post-treatment (day 0, closed bars) frequencies of monocytic myeloid derived
suppressor cells (mMDSC) in peripheral blood of patients receiving either saline, CpG, or CpG-B+GM-CSF. E)
Transcriptional profiling reveals post-treatment induction of a type-I Interferon (IFN) response signature in
peripheral blood mononuclear cells in patients receiving CpG or CpG+GM. F) Changes in IRF8 transcript levels
(relative to GAPDH) between t=7 and t=0 and t=21 and t=7 for saline (n=9); CpG (n=9); CpG+GM-CSF (n=5).
Statistical significance: * P < 0.05; ** P<0.01; either by One-way ANOVA with Tukey post-hoc test or by paired
two-sided student’s T test.

Conclusion
Although GM-CSF can have both adverse and favorable effects on parameters contributing to
antitumor immunity, its clearly positive effects on LNR-cDC recruitment and activation and its
apparent ability to secure LNR-cDC and pDC activation in women, warrants its further clinical
exploration in combination with next-generation CpG oligodeoxynucleotides for the local
treatment and conditioning of melanoma SLN in patients with early-stage melanoma.
Certainly, the resulting significantly improved clinical outcome, with none of the fourteen GMCSF-treated patients experiencing recurrences, seems to underline this notion.

Patients and Methods
For patient characteristics, we refer to Vuylsteke et al. (9) and Sluijter et al. (10) Importantly,
for both trials, the control groups and treatment groups were balanced in terms of sex, age,
ulceration, Breslow thickness, and disease staging. For methods and statistics employed in the
flow cytometry analyses, we refer to Sluijter et al. (10) and for methods and statistics
employed for clinical follow-up analysis, we refer to Koster et al. (12) For methods and
statistics employed in the flow cytometry analyses, we refer to Sluijter et al. (10) and for
methods and statistics employed for clinical follow-up analysis, we refer to Koster et al. (12)
The studies were approved by the Institutional Review Board of the VU University Medical
Center, and written informed consent was obtained from each patient before treatment in
accordance with the Declaration of Helsinki.

Type-I Interferon (IFN) response analysis
PBMC were isolated and total RNA isolated and reverse transcribed as previously described
(10). Forty-seven type I IFN response genes (IRGs) were selected based on significant
upregulation in more than 3 experiments published on the Interferome database (31)
(http://www.interferome.org/). Custom-designed TaqMan®assays for each gene were
supplied by Applied Biosystems. Quantitative PCR (qPCR) analysis was performed at ServiceXS
(ServiceXS B.V., Leiden, The Netherlands) using the 96.96 BioMark™ Dynamic Array for RealTime PCR (Fluidigm Corporation, San Francisco, CA, USA), according to the manufacturer’s
instructions. Thermal cycling and real-time imaging of the BioMark array was done on the
BioMark instrument, and cycle threshold (CT) values were extracted using the BioMark RealTime PCR analysis software. Relative quantities were calculated using the standard curve
method, using glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as a housekeeping gene.
Expression levels were 2log-transformed. Cluster analysis was used for categorization of IRGs
with respect to their relative expression between treatment arms (32). TreeView was used to
visualize the clustering of genes (Eisen Lab, Berkeley, CA, USA). Comparison of IRG expression
between time points was assessed using paired t tests. The Benjamini-Hochberg procedure
was applied to correct for multiple testing. Corrected P values of <0.05 were considered
significant.
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