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I can open doors and take from the shelves 

All the books I‘ve longed to hold. 

I can ask all the questions; 

The whys and the wheres, 

As the myst‘ries of life unfold 

Like a link in the chain, 

From the past to the future 

That joins me with the children yet to be. 

I can now be a part 

Of the ongoing stream,  

That has always been a part of me! 
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Preface 

 

This thesis was planned to be on local anti-CTLA-4 therapy in early stage 

melanoma patients. Things turned out different. Back in 2008, when I started this 

work, not many people had heard about anti-CTLA-4 and not many people 

believed in immunotherapy. Although the promise of immunotherapy as an anti-

cancer treatment was great and can be traced back to the 19th century, up until 

then it had never quite fulfilled its promise. But things were starting to change and 

anti-CTLA-4 was in the center of this change.  

 

My supervisors, of course, believed in immunotherapy and saw the potential 

of this new T-cell targeting drug which, in preclinical studies, had shown great anti-

tumor efficacy by binding to the inhibitory CTLA-4 receptor on anti-tumor T-cells 

thus releasing the ‗brake‘ to enable those T-cells to attack tumor cells; hence their 

general name ‗checkpoint inhbitor‘. We planned to inject anti-CTLA-4 locally in 

early stage melanoma patients in the hope to boost anti-tumor immunity and 

prevent melanoma recurrence. Backed up by previous work from our group which 

had already demonstrated successful boosting of loco-regional as well as systemic 

immunity in early stage melanoma patients by local injection of immune stimulatory 

agents GM-CSF and CpG-B, a research grant to perform analogous work with anti-

CTLA-4 was awarded. Other clinical studies performed so far had administered 

anti-CTLA-4 systemically in patients with metastasized melanoma (i.e. late stage 

settings) resulting in serious side effects, but also in some spectacular clinical 

responses. Different from the clinical assessment of many other immunotherapeutic 

agents to that point, preliminary clinical results thus seemed to back up the 

promising preclinical results.  

 

It would ultimately take up until March 2011 for anti-CTLA-4 (ipilimumab) to 

get FDA approval for the treatment of advanced melanoma. It had come a very 
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long way since the cloning of CTLA-4 cDNA in 1987 [1] and the first preclinical 

reports of  the antitumor efficacy of anti-CTLA-4 by Jim Allison in 1996 [2]. This 

lengthy process of FDA approval did not only frustrate many researchers, clinicians 

and, most importantly, patients, but also threatened to prematurely end our study 

in early stage melanoma patients and subsequently my career as a PhD student. 

The reason for this being that for fear of a negative result on the hazardous road to 

FDA approval, the pharmaceutical company with the patent on ipilimumab (Bristol-

Myers Squibb) would not provide us with the antibody to perform our study, which 

should have been the focus of my PhD thesis.  

 

Ironically, the fact that the planned trial had to be postponed forced me to 

embark on alternative studies that led to the unexpected, but highly promising 

results described in this thesis, that may pre-empt the need for checkpoint 

inhibitors like anti-CTLA-4 later on. In short, I tested T cell reactivity in, and followed 

up on, the early stage melanoma patients treated with the local immune stimulatory 

agents GM-CSF and/or CpG-B in previous studies of our group. Along with those 

clinical data, in depth analyses and correlation of the patients‘ immunological and 

clinical parameters allowed us to gain insight and describe the immunological basis 

on which these clinical results were built. Incidentally, the anti-CTLA-4 study was 

ultimately undertaken by my successors with tremelimumab, provided by Pfizer. 

 

Cancer immunotherapy has taken a giant leap since 2008. Announced 

‗breakthrough of the year‘ in 2013 by Science magazine, it is now one of the 

‗hottest‘ items in medical science and rightly so since checkpoint inhibitors like anti-

CTLA-4 are now successfully being applied in many cancer types. In 2018, Jim 

Allison and Tasuku Honjo were even awarded the Nobel Prize for their respective 

contributions to this success.  
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This thesis was planned to be on local anti-CTLA-4 therapy in early stage 

melanoma patients. Things have turned out different, but in my opinion not for the 

worse. In this thesis I describe the potential of simple, low-dose, low-cost, non-toxic 

immune stimulators as adjuvant treatment for early stage melanoma patients. Since 

more than 80% of melanoma patients are diagnosed as ‗early stage‘, in the future 

many more patients could benefit from this approach, thus precluding the need for 

costly and often toxic systemic checkpoint inhibitors like anti-CTLA-4 later on. 

Indeed, although the prognosis of clinically localized melanoma is considered 

favorable, patients still face a real chance of recurrence as late as 20 years after 

primary resection. Over the last three decades melanoma incidence has doubled 

and for the greatest part this is due to an increased incidence of localized disease. 

Melanoma is also one of the most common cancers in young adults, especially 

women. As a result, notwithstanding its relatively favorable prognosis, patients who 

are diagnosed with localized melanoma ultimately comprise almost half of all 

patients who die from melanoma. Despite all the recent progress that has been 

made in the treatment of advanced melanoma, there is still no adjuvant treatment 

option for these early stage (‗low risk‘) melanoma patients that could offer them a 

more carefree outlook on the future. 

 

Therefore, despite (or maybe thanks to!) its long duration, the work 

presented here could prove highly relevant for the adjuvant treatment of 

melanoma. On a wider scale, it serves as an example for the potential of what is 

called ‗secondary immune prevention of cancer‘: preventing a cancer from 

relapsing by boosting the immune system after primary treatment. This approach 

may benefit many patients, and is likely to have a better chance of decreasing 

melanoma mortality than any late adjuvant strategy and should be invested on 

more heavily in the future. 

 

 



16 
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Voorwoord 

 

Dit proefschrift zou eigenlijk gaan over lokale anti-CTLA-4 therapie bij vroeg 

stadium melanoom patienten. Het is anders gelopen. Toen ik in 2008 aan dit werk 

begon geloofden nog niet veel mensen in immuuntherapie en hadden nog niet 

veel mensen van anti-CTLA-4 gehoord.  Alhoewel de belofte van immuuntherapie 

als kankerbehandeling altijd groot is geweest en al bekend was in de 19e eeuw, had 

het deze belofte tot dan toe nooit echt in kunnen lossen. Maar er was verandering 

op komst en anti-CTLA-4 zou een centrale rol gaan spelen in deze verandering.  

 

Vanzelfsprekend geloofden mijn supervisoren in die tijd al wel in 

immuuntherapie voor kanker en zagen zij de grote mogelijkheden van anti-CTLA-

4, dat in preklinische studies al een sterk antitumor effect had laten zien. Door de 

binding aan de CTLA-4 receptor van anti-tumor T-cellen zorgde dit antilichaam er 

namelijk voor dat de ‗rem‘ van deze T-cellen gehaald werd zodat ze tumorcellen 

effectief konden aanvallen; vandaar de algemene naam ‗checkpoint inhibitor‘. In 

onze geplande studie hoopten wij door lokale injectie van anti-CTLA-4 in vroeg 

stadium melanoom patiënten ook een effectieve anti-tumor respons op te wekken 

en zo recidieven en metastasen bij deze patiënten te voorkomen. Eerdere studies 

van onze groep hadden al aangetoond dat het mogelijk was locoregionale en 

systemische immuunreacties bij melanoom patiënten te stimuleren door lokale 

injecties van de immuunstimulerende middelen GM-CSF en CpG-B, en we 

ontvingen een beurs om soortgelijk werk met lokale toediening van anti-CTLA-4 te 

verrichten. Andere klinische studies hadden laten zien dat systemische toediening 

van anti-CTLA-4 bij patiënten met gemetastaseerd melanoom tot veel bijwerkingen 

leidde, maar soms ook tot spectaculaire klinische resultaten. Het begon er dus op te 

lijken dat, in tegenstelling tot de meeste immuuntherapieën voor kanker tot dan 

toe, de klinische resultaten van anti-CTLA-4 hun preklinische belofte 

ondersteunden. 
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Het zou uiteindelijk tot maart 2011 duren voordat anti-CTLA-4 (ipilimumab) 

goedgekeurd werd door de FDA voor de behandeling van gevorderd melanoom. 

Sinds het klonen van CTLA-4 cDNA in 1987 [1] en de eerste preklinische berichten 

over de antitumor effecten van anti-CTLA-4 door Jim Allison in 1996 was er een 

zeer lange weg afgelegd. Dit langdurige traject frustreerde niet alleen 

onderzoekers, clinici en vooral patienten, maar dreigde ook een vroegtijdig einde 

te maken aan onze studie bij vroeg stadium melanoom patiënten en daarmee aan 

mijn carrière als promovendus. De reden hiervoor was dat het farmaceutische 

bedrijf met het patent op ipilimumab (Bristol-Myers Squibb) ons het antilichaam, 

dat centraal zou moeten staan in mijn onderzoek, niet wilde verstrekken tijdens het 

risicovolle traject naar FDA goedkeuring. 

 

Het feit dat onze geplande studie hierdoor uitgesteld moest worden dwong 

me alternatieve studies te ondernemen, die uiteindelijk geleid hebben tot de 

veelbelovende resultaten beschreven in dit proefschrift, die, ironisch genoeg, ertoe 

zouden kunnen leiden dat het gebruik van checkpoint inhibitoren zoals anti-CTLA-

4 minder vaak nodig is. In het kort testte ik T-cel reactiviteit in, en deed ik de follow-

up van, vroeg stadium melanoom patienten die  lokale immuunstimulantia GM-CSF 

en CpG toegediend hadden gekregen. Verder gaven diepgaande analyses en 

correlaties van klinische en immunologische data ons inzicht in de immunologische 

basis die het fundament vormen voor deze klinische resultaten. De anti-CTLA-4 

studie werd uiteindelijk toch uitgevoerd door mijn opvolgers, maar met 

tremelimumab, geleverd door Pfizer. 

 

Immuuntherapie voor kanker heeft een enorme sprong gemaakt sinds 2008. 

In 2013 werd het als ‗doorbraak van het jaar‘ bestempeld door het tijdschrift 

‗Science‘ en nu is het een van de ‗hotste‘ items binnen de medische wetenschap. En 

terecht, aangezien checkpoint inhibitoren zoals anti-CTLA-4 zeer succesvol worden 
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toegepast in de strijd tegen kanker. In 2018 ontvingen Jim Allison en Tasuku Honjo 

zelfs de Nobelprijs voor hun bijdragen aan dit succes. 

 

Dit proefschrift zou eigenlijk gaan over locale anti-CTLA-4 therapie bij vroeg 

stadium melanoom patiënten. Het is anders gelopen, maar naar mijn idee niet per 

se slechter. In dit proefschrift beschrijf ik de mogelijkheden van relatief eenvoudige, 

goedkope, non-toxische en laag-gedoseerde immuunstimulerende middelen als 

adjuvante behandeling voor vroeg stadium melanoom patiënten. Aangezien meer 

dan 80% van de melanoom patiënten als ‗vroeg stadium‘ gediagnosticeerd wordt, 

zouden in de toekomst heel veel patiënten van deze aanpak kunnen profiteren. Dit 

zou de noodzaak van het gebruik van dure en vaak toxische systemische 

behandelingen in een later stadium met bijvoorbeeld ‗checkpoint inhibitoren‘ zoals 

anti-CTLA-4 kunnen verminderen. Want ook al wordt de prognose van het klinisch 

gelokaliseerd melanoom als gunstig beschouwd, er bestaat toch een reeële kans op 

recidivering of metastasering tot wel 20 jaar na verwijdering van het primaire 

melanoom. De verdubbeling van de incidentie van melanoom de laatste 30 jaar 

komt vooral door de grote toename van gelokaliseerde ziekte. Het melanoom is 

een van de meest voorkomende maligniteiten bij jong volwassenen, voornamelijk 

bij jonge vrouwen. Ondanks de relatief gunstige prognose vormen patiënten met 

gelokaliseerd melanoom daarom bijna de helft van alle patiënten die uiteindelijk 

overlijden aan deze ziekte. Ondanks alle vooruitgang die recent geboekt is in de 

behandeling van meer gevorderde stadia bestaat er nog steeds geen goede 

adjuvante behandeling voor vroeg stadium (‗laag risico‘) melanoom patiënten. 

 

Gezien het voorgaande zou dit werk ondanks (of wellicht dankzij!) haar lange 

duur zeer relevant kunnen zijn voor de adjuvante behandeling van melanoom. In 

een breder perspectief zou het ook als voorbeeld kunnen dienen voor de 

mogelijkheden die ‗secundaire immuunpreventie van kanker‘ ons biedt: het 

voorkomen van terugkeer van de ziekte door het (lokaal) stimuleren van het 
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immuunsysteem na de primaire behandeling. Deze aanpak zou in de toekomst 

meer aandacht moeten krijgen, want hij zou vele patiënten kunnen helpen en heeft 

waarschijnlijk een grotere kans om melanoom gerelateerde sterfte terug te dringen 

dan welke late adjuvante strategie dan ook. 

 

 

Mari van den Hout 

Eijsden 14 mei 2019 
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Chapter 1: General introduction 

 

1.1  On melanoma 

 

―As to the remote and exciting causes of melanosis, we are quite in the dark, 

nor can more be said of the ‗methodus medendi‘. We are hence forced to confess 

the incompetency of our knowledge of the disease under consideration, and to 

leave to future investigators the merit of revealing the laws which govern its origin 

and progress… and pointing out the means by which its ravages may be prevented 

or repressed‖  Thomas Fawdington, The Manchester Royal Infirmary, 1826 [1]. 

 

Historical background 

Almost 200 years after the English physician Thomas Fawdington wrote these 

words, we can safely say that tremendous progress has been made regarding our 

understanding and the treatment of ‗melanosis‘, now known as melanoma (derived 

from the Greek melas, ‗dark‘ and oma, ‗tumor‘). Especially over the past decade 

even advanced, metastasized melanoma has transformed from a death sentence to 

a treatable disease [2].  

That being said, the history of melanoma is a history with many uncertainties 

and controversies and some of these still exist. For example, the etiology of 

melanoma and the causes of the dramatic increase of melanoma over the past few 

decades are still subjects of debate. Also, the paradox between the aggressive 

nature of this malignancy and reports on spontaneous regression has puzzled 

many for years. Much of the work described in this thesis has been done on 

immune cells harvested from the melanoma sentinel lymph node (SLN). Maybe 

unsurprising, the sentinel lymph node procedure (SNP) has long been one of the 

most controversial subjects in melanoma diagnosis, although it seems that this 



24 
 

subject is finally resolved as will be elaborated on in section 1.2. Since the time of 

Thomas Fawdington, we now know that m 

elanoma is a malignancy of melanocytes, which genes play a role in its 

pathogenesis, and that exposure to ultraviolet (UV) radiation is, at least to some 

extent, involved in its etiology. However, the exact molecular steps required to 

transform a melanocyte into a melanoma cell are still incompletely understood. 

Also, strategies for melanoma prevention are still largely ineffective given the 

dramatic increase in melanoma incidence over the past decades.  

 

Hippocrates is credited with the first mention of melanoma in his writings in 

the 5th century, BC. The first physical evidence of melanoma comes from diffuse 

melanotic metastases found in the skeletons of pre-Columbian Inca mummies in 

Peru [3]. René Theophile Hyacinthe Laennec (1781–1826), who was not only the 

inventor of the stethoscope but also a careful pathologist, made the first description 

of what he called ‗les melanoses‘, although his teacher, the Baron Guillaume 

Dupuytren claimed credit for the ‗discovery‘[4]. 

 

  

Figure 1: René Laennec (1781-1826) 
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In 1820, William Norris, a general practitioner from the UK, made some 

seminal clinical and pathological observations on a melanoma patient. Upon 

autopsy he noted: ―I found the texture to be heterogeneous; it was of a reddish and 

whitish brown tint throughout, not very unlike the internal structure of a nutmeg‖. 

He also remarked upon the propensity of melanoma for widespread metastasis: 

―On opening the abdomen I found numerous tubera of various sizes. To the eye of 

the morbid anatomist it was interesting to behold the tumors scattered in the 

utmost profusion in every direction‖[5]. The pathologist Sir Robert Carswell was the 

first to coin the term melanoma in 1838. In his ‗Illustrations of the Elementary Forms 

of Disease‘, he published detailed drawings of melanoma metastases, including 

those from the brain of a patient ―who presented with incomplete paralysis and 

died in a state of collapse and profound stupor. Deep brown or black tumors were 

found in several organs. The brain contained two in each hemisphere, as large as a 

hen‘s egg‖ (Figure 2) [6].  

  

 

Figure 2: Drawings by the pathologist Sir Robert Carswell (who coined the term 

melanoma) of melanoma metastases from a patient ―who died in a state of collapse 

and profound stupor‖ and where he found ―deep brown or black tumors in several 
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organs including the brain which contained two in each hemisphere, as large as a 

hen‘s egg‖ [6]. 

 

In European medical literature of the 17th and 18th century, melanomas were 

commonly referred to as ‗fatal black tumors with metastases and black fluid in the 

body‘. The Scottish surgeon John Hunter is credited with the first successful surgical 

removal of what he labeled a ‗cancerous fungous excrescence‘ in 1787. This tumor 

was preserved and later diagnosed as a melanoma in 1968 and still housed in the 

Hunterian Museum in London (currently closed for renovation until 2021).  In 1844 

the British surgeon Samuel Cooper published The First Lines of the Theory and 

Practice of Surgery. He recognized that the advanced stages of melanoma were 

untreatable and stated, ―the only chance for benefit depends upon the early 

removal of the disease‖. A statement that remained largely true for a very long 

time, until the recent breakthrough of immunotherapy put things in a new 

perspective.  

 

Epidemiology 

Cutaneous melanoma is now the 12th most common cancer worldwide with 

an estimated age-standardized incidence rate of 3.0 per 100,000 [7]. It is the most 

aggressive and lethal form of skin cancer. Although it represents approximately 5% 

of all cutaneous malignancies, it is responsible for the vast majority of skin cancer-

related deaths [8, 9].  

The incidence varies among populations, with highest rates reported in 

Australia and New Zealand (40.3 per 100,000 and 30.5 per 100,000, respectively), 

followed by North America and Northern and Western Europe. In the European 

Union, melanoma was the seventh most common malignancy in 2012, accounting 

for 3% of all new cancers, but there are large differences in incidence between 

different European countries. In 2012, Switzerland registered the highest melanoma 

incidence in Europe, followed by the Scandinavian countries and the Netherlands. 
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These differences may be attributed to differences in prevalent phenotype of the 

population (fair skin, hair, and eye color), tanning culture, and high levels of UV 

exposure during (intermittent) holidays, but may also imply diagnostic delays and 

differences in reporting or registration [10]. Recent epidemiological data show an 

annual overall rising incidence of melanoma world-wide with 232,000 new cases 

(1.6% of all cancers) in 2012 [7] and 351,880 cases in 2015 [11]. The overall number of 

patients being diagnosed with melanoma is estimated to continue to increase in the 

decades ahead, mostly due to the lengthening of human lifespan and the aging of 

the general population [12]. Importantly, for the greatest part, this increase is due to 

the increase in incidence of so-called thin melanomas. Because primary melanomas 

with a Breslow thickness (i.e. the distance between the granular layer of the 

epidermis and the deepest point of tumor penetration) of less than 1 mm or 1-2 

mm are now so common they will account for nearly half of future deaths by 

melanoma, according to data from Queensland, Australia and the USA, including 

the SEER registry [13-15]. 

 

  

Figure 3: Trends in age-standardised incidence of cutaneous melanoma for men 

and women in selected countries, 1970−2007. All rates are age-standardised (world 
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standard population) and expressed as the number of cases per 100000 person-

years. Data are from CI5 [8, 16]. 

 

Several studies suggest a significant gender difference in melanoma 

incidence and survival across the globe. In 2017, melanoma incidence rates were 

about 60% higher in men than in women, while death rates were more than double 

[17]. The female sex however, seems to represent an independent risk factor for 

early onset melanoma for women younger than 45 years. The median age at 

diagnosis is 57–64 years worldwide [18]. The anatomical location of melanoma 

varies according to gender. Melanomas in males are more often located on the 

head, neck, and trunk, are more commonly ulcerated, and have a higher Breslow 

thickness. 

 

Melanoma staging 

It was not until the 20th century that, through careful observation and 

quantitative methods, melanoma prognosis and treatment could be better defined 

and implemented. Noteworthy in this respect is Dr. Wallace Clark, an American 

dermatologist and pathologist, who in 1966 devised the first widely used scale for 

classifying primary melanomas by the extent of downward invasion into the 

different levels of the skin and subcutis known as the ‗Clark levels‘. In 1970, the 

pathologist Alexander Breslow observed that the prognosis of a cutaneous 

melanoma was a function of tumor thickness, defined as the total vertical depth of 

a melanoma from the granular layer of the epidermis to the deepest invasion level 

in the skin. Importantly, these advancements in melanoma staging guided the 

surgical management of localized melanoma and prevented excessive surgery. 

Before this time, margins of 5 cm were common practice, even for thin melanomas. 

Breslow‘s data supported the safety of narrower margins (1 cm for melanomas <1 

mm and 2 cm for thicker melanomas)[19]. The ‗Breslow thickness‘ is still used today 

as one of the most important prognostic parameters for melanoma in the Union for 
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International Cancer Control (UICC) and American Joint Committee on Cancer 

(AJCC) melanoma staging systems. 

These staging systems divide patients into four groups and are based on the 

evaluation of primary tumor (T), with Breslow thickness and ulceration as the major 

prognostic factors; the presence or absence of regional lymphatic metastases (N); 

and distant metastases (M). Stage I and II melanoma comprise localized disease 

without lymph node involvement, (micro-) satellites or in-transit metastasis. The 

main difference between stage I and II melanoma is the Breslow thickness. Thicker 

melanomas (in general >2mm) are designated stage II disease. Survival rates drop 

considerably with increasing Breslow thickness as shown by the difference in 10-year 

survival between stage I and II disease: 90% versus 55% (Cancer.org). Stage III 

disease is defined as loco-regional disease with lymph node involvement. The 

survival rate in this stage group is dependent upon the extent of lymph node 

involvement ranging from 68% to 24% (stage IIIA-C). Indeed, the survival rate is 

higher for stage IIIA than for some stage II melanomas. This is likely because the 

primary tumor is often less advanced for IIIA cancers, although this is not entirely 

clear. Stage IV is defined as metastasized disease where the melanoma has spread 

to distant lymph nodes or organs such as the lungs, liver or brain. The current 10-

year survival rate for this stage is 10% to 15%. Importantly, these survival rates are 

based on patients who were treated at least 10 years ago. With the recent 

improvements in treatment, in particular immunotherapy, these rates will certainly 

improve in the near future. Recently, the 8th edition of the UICC and AJCC 

Melanoma staging system were published [20]. Below, we show a schematic 

representation of the different melanoma stages according to this system (Figure 4). 
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Figure 4: schematic representation of normal skin and melanoma stages I-IV 

according to the AJCC 8th edition TNM classification. 

 

Etiology and genetics 

It was an Australian medical statistician, Henry Oliver Lancaster, who first 

made the connection between sunlight (ultraviolet (UV) radiation exposure) and the 

incidence of melanoma in 1956. He observed that the risk of melanoma 

development was directly associated with ‗latitude‘ or the intensity of sunlight and 

showed that the chances of developing melanoma were particularly high when 

people of English/Celtic ancestry (with pale skin and poor tanning response) 

migrated to high UV exposure areas such as Australia [21, 22]. Approximately 5-10% 

of all melanomas are estimated to be hereditary. The main known predisposing 

germ line mutation is in the CDKN2A gene, which encodes two proteins, p16(INK4) 

and p14(ARF) which both act as tumor suppressors by regulating the cell cycle. The 

resulting autosomal dominant syndrome is known as ‗dysplastic nevus syndrome‘. 

Typically, these patients show multiple nevi and have a family history of melanoma. 
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However, there are multiple other melanoma predisposition syndromes and they 

continue to be identified [23].  

Although the relationship between UV exposure and the development of 

melanoma has long been a subject of fierce debate with the famous 20th century 

dermatopathologist Dr. Bernard Ackerman as one of the leading critics [24], this 

relationship was recently confirmed by a landmark study from the Sanger Institute 

in the United Kingdom [25]. For the first time, they sequenced the entire genome of 

a melanoma cancer cell line (COLO-829) and found more than 33.000 mutations 

(see Figure 5). Although this study hasn‘t given us definitive etiologic answers, the 

dominant mutational signature found reflected DNA damage due to UV light 

exposure. 
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Figure 5: The catalogue of somatic mutations in COLO-829. Chromosome 

ideograms (schematic representations of all chromosomes) are shown around the 

outer ring and are oriented pter–qter (from the short to the long arm) in a 

clockwise direction with centromeres indicated in red. Other tracks contain somatic 

alterations (from outside to inside): validated insertions (light-green rectangles); 

validated deletions (dark-green rectangles); heterozygous (light-orange bars) and 

homozygous (dark-orange bars) substitutions shown by density per 10 megabases; 

coding substitutions (coloured squares: silent in grey, missense in purple, nonsense 

in red and splice site in black); copy number (blue lines); regions of LOH (red lines); 
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validated intrachromosomal rearrangements (green lines); validated 

interchromosomal rearrangements (purple lines). 

 

While the vast majority of the 33.000 mutations, found by investigators of the 

Sanger institute, are passenger mutations, melanoma driving RAS mutations were 

already discovered in the 1980s [26]. In later studies the main melanoma driver 

mutations in the NRAS en BRAF oncogenes were found in 81% of melanomas 

arising in the skin [27].  

 

Melanoma treatment 

Surgery is still the cornerstone of the treatment of primary melanoma. If a 

lesion is clinically suspected for melanoma, a complete full-thickness excisional 

biopsy of the lesion with a small margin of normal skin and part of the 

subcutaneous fat should be performed whenever possible. If the diagnosis 

melanoma is histopathologically confirmed, a wide local re-excision with a margin 

of 1 to 2 cm (depending on Breslow‘s thickness) should follow. 

Until recently, the treatment options for advanced melanoma were very 

limited. Only the 1975 FDA approved alkylating agent dacarbazine provided some, 

but still very limited efficacy in advanced melanoma. Partial responses were noted 

at best and 1-year survival remained poor at 27% [28]. The identification of mutant 

BRAF as a major driver of melanoma progression provided new hope for the 

treatment of advanced melanoma. A turning point was reached with the 

development of vemurafenib, a highly specific inhibitor of mutant BRAF kinase. In a 

study that directly compared vermurafenib to dacarbazine, the overall response 

rate was 48% for vemurafenib versus 5% for dacarbazine [29]. Although these 

results were very encouraging, almost all treated patients eventually showed 

resistance and progressed on therapy. There is evidence that multiple different 

resistance mechanisms occur concurrently within the same melanoma. It seems that 

the heterogeneity of melanoma, as already observed by Norris in 1820 [5], is 
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complicating this type of targeted treatment and may further complicate future 

attempts to manage drug resistance and therapeutic escape. 

For a long time Interleukin-2 and Interferon-alpha2b were the only two 

immunotherapeutic agents approved for the treatment of melanoma [30]. 

Interferon-alpha2b was the first to be approved in 1995 for the adjuvant treatment 

of stage IIB/III melanoma, but controversy regarding the clinical relevance of this 

treatment remained given the severe toxicity balanced against a small benefit on 

overall survival [31]. Interleukin-2 was FDA approved in 1998 for the treatment of 

advanced metastatic melanoma although long term response rates proved low 

(16%) and toxicities severe [32].  

 

So, despite extensive clinical research, the (adjuvant) treatment options for 

high risk and advanced melanoma were very limited and melanoma was 

considered as one of the most therapy resistant malignancies. Adjuvant 

radiotherapy proved ineffective and although immunotherapy has a long history in 

melanoma with some anecdotal striking results, in general it had very limited clinical 

success. Over the past decade this picture has changed dramatically since 

immunotherapy is finally fulfilling its long held promise, with the advent of the so 

called ‗immune checkpoint inhibitors‘ [33, 34]. Melanoma is now considered a 

‗treatable disease‘ [2]. 

Patients with lymph node involvement (American Joint Committee on Cancer 

[AJCC] stage III and those with stage IV disease who have undergone definitive 

resection of all sites of disease are now eligible for adjuvant immunotherapies and 

targeted therapies which have been shown to significantly improve survival in these 

patients [35-37]. Selection of a specific agent depends largely on BRAF mutation 

status and toxicity profiles. 

For patients with stage IIIA disease the chance of disease recurrence is less 

than 20 percent, and therefore, in current guidelines, observation is considered an 

option [38]; particularly for stage IIIA patients with SLN tumor deposits <1 mm, as 
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updated staging data suggest that this group has a five-year relapse-free survival 

rate of 91 percent [39]. Patients at increased risk of recurrence with stage II 

melanoma (primary tumor >4 mm, or >2 mm with ulceration) have so far been 

excluded from phase III trials evaluating adjuvant anti-CTLA-4 and anti-PDL1 

immunotherapy [36, 37, 40]. Checkpoint inhibitors or targeted agents have 

therefore not yet been evaluated in this patient population and are not 

recommended. 

Although the prognosis of clinically localized (stage I and II) and stage IIIA 

melanoma is considered favorable, patients still face a real chance of recurrence as 

late as 20 years after primary resection. Given the dramatic increase of localized 

melanoma over the past decades and because melanoma is one of the most 

common cancers in young adults, most future deaths from melanoma will be from 

patient cohorts with T1 and T2 stage [13-15]. Despite of all the recent progress that 

has been made in the treatment of advanced and ‗high risk‘ melanoma, there is still 

no adjuvant treatment option for these early stage (‗low risk‘) melanoma patients 

that could offer them a more carefree outlook on the future. This thesis explores 

ways to deal with this large unmet clinical need. 
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1.2 The melanoma sentinel lymph node 

 

Years ahead of its time, in 1892, a British surgeon, Herbert Snow, advocated 

in favor of anticipatory gland excision: ―. . . it is essential to remove, whenever 

possible, those lymph glands which first receive the infective protoplasm, and bar its 

entrance into the blood, before they have undergone increase in bulk. This is 

anticipatory gland excision‖ [41]. Although plausible in theory, prophylactic lymph 

node dissection has remained a controversial issue ever since [42]. Not just because 

of the associated morbidity like lymphedema, but also because regional lymph 

nodes have been thought of as active barriers to the distant spread of disease. In 

addition, most of the patients in whom a routine lymphadenectomy was performed 

did not have nodal metastases and were unlikely to benefit from the operation. 

To overcome these drawbacks of complete lymph node dissection, in 1992, 

the surgeon Donald Morton developed the pioneering technique of SLN biopsy in 

melanoma. Using the combination of preoperative lymphoscintigraphy, 

intraoperative gamma probe detection and visual blue dye detection, the first 

tumor draining lymph node (i.e. SLN) could be detected and harvested with great 

accuracy (Figure 6). This way clinically occult lymph node metastasis could be 

detected in a minimally invasive way precluding unnecessary complete lymph node 

dissection in all patients. Patients with a tumor positive SLN were scheduled for a 

completion regional lymph node dissection (CLND). Multiple subsequent studies 

showed that the status of the SLN is an important prognostic indicator [43, 44].  
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Figure 6: sentinel lymph node biopsy of the skin (credit: National Cancer Institute, 

USA) 

 

In a major clinical trial - the Multicenter Selective Lymphadenectomy Trial 

(MSLT-I) - in which patients with intermediate-thickness melanoma were 

randomized to SLN biopsy (and immediate completion lymphadenectomy if the 

SLN was positive) versus observation (and a lymphadenectomy only after 

presenting with clinically evident recurrence), the 5-year survival rate was 72.3% for 

patients with positive SLNs and 90.2% for those with negative sentinel nodes (P< 

.001). But although regional disease control improved, Dr. Morton and co-workers 

were unable to convincingly demonstrate an improvement in melanoma specific 

survival of CLND after a positive SLN [45, 46]. So, although of great interest for 

prognosis, the therapeutic benefit of the SNP remained a controversial and fiercely 

debated subject in the following years. A possible explanation for the lack of 

survival benefit of additional lymph node dissection is the propensity of melanoma 

for hematogenous spread, next to dissemination via the lymphatic system.  

The results of the recent DeCOG-SLT and second Multicenter Selective 

Lymphadenectomy (MSLT-II) Trial seem to have given a definitive and negative 

answer to the question of anticipatory gland-excision as proposed by Snow: both 

these large prospective, randomized clinical trials failed to show an increase in 
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melanoma-specific survival upon immediate CLND, as compared with active ultra-

sonographic surveillance of the nodal basin [47, 48]. 

Despite these drawbacks, currently the SNP is again gaining importance as a 

staging and stratification tool for adjuvant therapy. Because the finding of (even the 

smallest amount of) melanoma in the SLN represents stage III disease, some of 

these patients are now eligible for adjuvant immunotherapy or targeted therapy. 

Also, the SNP is used as an inclusion tool for clinical trials [49, 50]. Recent risk 

stratification studies aim to incorporate clinico-pathological data from the primary 

melanoma and its SLN to guide adjuvant therapy in clinical practice [51]. Current 

guidelines from the American Society of Clinical Oncology recommend SNP for 

patients with intermediate-thickness (1 to 4 mm) melanomas, and state that SNP 

may be considered for thin melanomas that are T1b (0.8 to 1.0 mm Breslow 

thickness or < 0.8 mm Breslow thickness with ulceration). They also suggest 

considering SNP for patients with a thick melanoma (>4 mm) for prognostic 

purposes, to aid in achieving regional disease control, and to identify patients for 

adjuvant therapy or investigational trials [52, 53]. Current Dutch guidelines 

recommend SNP for all clinically localized melanoma patients except those with 

stage IA disease according to the 8th edition of the AJCC staging system (Breslow 

thickness < 0.8 mm without ulceration).  

Importantly, besides these direct clinical applications, the SNP has given our 

and other laboratories the possibility to study in great detail the loco-regional 

immune system and melanoma-specific immune response in melanoma patients. 

This manuscript is just a small part of the ample knowledge this has brought us. 

Indeed, the SLN is a pivotal site not just in terms of early metastasis but also as the 

birthplace of antitumor immunity [54]. Here, 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 naïve immune system and 

where the critical initial decision between activation and tolerance is made. The 

spread of melanoma through the lymphatic system may be facilitated by a tumor-
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imposed bias toward tolerance that is apparent in tumor-draining lymph nodes 

(TDLN) and most notably in the SLN. The SLN is in fact converted into an immune 

privileged site by the primary melanoma [55].  
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1.3 Immunotherapeutic windows for melanoma 

 

Besides the heterogeneity of melanoma as already noticed by William Norris 

in 1820, also the immunogenicity of melanoma has long been recognized. 

Spontaneous regression in melanoma is a rare but well-known and documented 

event, and T cells reactive to melanoma-associated antigens (MAA) can readily be 

detected, especially after specific tumor vaccination [56-58]. This has triggered 

researchers for a long time to develop immunotherapeutic approaches for 

melanoma. The potential of cancer immunotherapy was already documented by 

William Coley in 1890, who administered bacterial products (Coley‘s toxins) to 

patients with advanced cancers with sometimes dramatic responses [59]. The 

potential of cancer immunotherapy was largely ignored until the latter part of the 

20th century when reports that irradiated tumor cells in adjuvants like bacille 

Calmette-Guérin (BCG) could eradicate some tumors, together with the 

observations of spontaneous regression in melanoma again fueled speculation that 

immune responses could contribute to tumor regression [60-62]. Since then, many 

attempts to utilize the immune system to target cancer, particularly melanoma, 

clinically have proven disappointing. Up to 2008, more than 25 randomized trials 

had been done for stage II or III melanoma without clear benefits being shown [63].  

These included trials with immune stimulants such as BCG and vaccine trials which 

in some cases even proved potentially harmful [64-66]. In two randomized clinical 

trials (RCTs), the patient group with GM-CSF added to a melanoma vaccine did 

worse than those receiving the vaccine alone [67, 68]. These clinical setbacks 

certainly curbed the enthusiasm for immunotherapy but didn‘t stop the tumor 

immunology field from developing further. Scientists began to realize that a better 

understanding of the protective immunity against tumors and of the cross-talk 

taking place between tumors and the immune system was needed for the 

successful application of immune therapy in cancer, and melanoma in particular. 

Consensus emerged that the poor clinical efficacy of immunotherapy could, to a 
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significant extent, be explained by the strong tolerogenic conditions prevailing at 

tumor sites [69].  

From studies in mouse models and analyses of tumor and immune cells in 

human cancers evidence for mechanisms rendering T cells ‗hypo-functional‘ 

emerged. Systemic and locally elevated frequencies of regulatory T cells (Tregs) in 

cancer patients, including melanoma patients, were reported and shown to 

interfere with anti-tumor activity of effector cells [70-72]. Although vaccines could 

induce systemic melanoma-specific CD8+ T cells, these cells proved inefficacious at 

tumor sites, coinciding with increased Treg frequencies [73-75]. Further studies 

showed that inhibitory molecules on melanoma specific CD8+ T cells like CTLA-4 

and PD1 were associated with an exhausted T cell phenotype and impaired effector 

function [76, 77]. Blocking these inhibitory receptors proved to reverse the 

suppression of melanoma-specific CD8+ T cells [78]. This paved the way for the 

clinical development of ‗checkpoint inhibitors‘: antibodies like anti-CTLA-4 and anti-

PD1 that could block the inhibitory effects of these molecules on T cells resulting in 

clear clinical benefits and ultimately the long awaited clinical breakthrough of 

cancer immunotherapy (Figure 7) [79].  
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 Figure 7: Key events in the history of cancer immunotherapy, from: Fortune.com 

[80] 

 

But this is not the complete story of tumor immunology. Besides T cells, there 

are many more immune cells involved in shaping the immune response, and 

besides T cell exhaustion, there are many more immune suppressive mechanisms at 

play in melanoma and in cancer in general. Although ‗checkpoint inhibitors‘ have 

certainly revolutionized cancer treatment, by themselves, they cannot provide the 

complete answer to the cancer problem either. Not only because of their costs and 

toxicities, but also because only a fraction of patients benefit from immune 

checkpoint inhibition [81, 82]. 

In clinical meetings or congresses today all one seems to hear about 

concerning immunotherapy is ‗checkpoint inhibition‘, up to a point that 

immunotherapy seems to be equated to this single form. Aside from being an 

oversimplification this doesn‘t do justice to the vast array of immunotherapeutic 

options that are offered by our current knowledge of the immune system in relation 

to cancer. It also ignores the majority of cancer patients, those with limited or 
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minimal residual disease (ánd patients in developing countries), who may benefit 

from different, (and cheaper,) immunotherapeutic approaches then checkpoint 

inhibition. Complex factors in the tumor microenvironment regulate antitumor 

immunity and create variable responses to checkpoint inhibition.  It is therefore 

necessary to look at all the players involved in the complex interplay between 

immune tolerance and activation in cancer. This way, immunotherapeutic windows 

may be found for earlier stages of cancer and for more indications. This thesis is an 

exploration of some of these immunotherapeutic windows in melanoma. But first, 

the main players will be introduced. 

 

Central in the immune response is the dendritic cell (DC). This cell is 

specialized in taking up (tumor) antigens and, after activation by so-called danger 

signals and migration through the afferent lymph vessel, presenting them to T cells 

in the draining lymph node [83]. Given the right activation signals, these so called 

‗primed‘ T cells can in turn move through the blood stream to the tumor site and 

kill tumor cells (Figure 8) [84, 85]. 
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 Figure 8: Model of spontaneous regression in melanoma (adjusted from Janeway, 

Immunobiology, Garland Science). 

 

Aside from sporadic cases of spontaneous melanoma regression, in practice 

this rarely happens to a significant extent. This is not only because the immune 

system is biased towards tolerance, but also because of tumor induced 

immunosuppressive mechanisms. We now know that melanoma releases different 

types of inhibitory factors like IL-10, TGF-β, VEGF and IL-6 that suppress the 

activation and maturation of DCs, thus facilitating the induction of cross-tolerance 

and precluding an effective immune response [54, 86-88]. This melanoma 

associated ‗wave‘ of immunosuppression first reaches the first-line draining lymph 

node, the SLN [89, 90]. Being also the most probable site of initial metastases, this 
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SLN is severely hampered in its ability to generate protective T cell–mediated 

immunity. 

Many different types of DCs exist. The main distinction is between 

‗conventional‘ myeloid DCs (cDC) and plasmacytoid DCs (pDC). pDCs form a crucial 

link between the innate and adaptive immune system. The importance of innate 

immunity is underscored by the fact that about 90% of animal species have no 

adaptive immunity, yet they thrive in a world of microbes. At the heart of this 

protection are proteins, called Toll-like receptors (TLRs), on cells of the innate 

immune system like pDCs. TLRs can detect the unique structural features of viral 

and bacterial molecules, including their nucleic acids, such as unmethylated CpG-

rich DNA motifs. This role could date back to the earliest multicellular organisms, as 

humans and some of the most evolutionarily primitive animals share TLRs and the 

molecules involved in the TLR signaling cascade [91].  

In normal blood and lymph nodes pDCs reside in an immature state and are 

characterized by expression of the C-type Lectin BDCA-2 [92, 93]. To respond, 

pDCs do not need to be infected. When TLRs engage motifs like unmethylated 

CpG, they initiate a signaling cascade that results in pDC activation. Upon 

activation, pDCs secrete large amounts of alpha-interferon (IFNα), a cytokine that 

interferes with viral replication [94]. Importantly, IFNα also facilitates activation of 

CD8+ T cells and NK cells and can promote the differentiation and maturation of 

neighboring cDCs and thus also indirectly stimulate T cell activation [92, 95-97]. In 

addition, pDCs undergo important phenotypic changes, notably the acquisition of a 

dendritic morphology and the up regulation of MHC and T cell stimulatory 

molecules like CD40, CD80, CD86 as well as the maturation marker CD83, which 

enable pDCs to engage and activate naive T cells [95, 98]. In a melanoma affected 

environment however, pDCs are known to have immunosuppressive properties 

precluding an effective anti-melanoma immune response. Tolerogenic pDCs 

accumulate in melanomas and their draining lymph nodes [99-101] and are 

recruited by stromal cell-derived factor-1 (SDF-1/CXCL12) and CCL20, which are 
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both expressed by melanomas [95, 102, 103]. Tumor-associated pDCs have been 

shown to induce immunosuppressive IL-10-producing T cells [102, 104], to express 

low levels of TLR9 and to harbor a diminished capacity for IFNα production [105]. In 

addition, indoleamine 2,3-dioxygenase (IDO)-expressing pDCs were found in high 

numbers in melanoma draining lymph nodes [100, 101, 106]. IDO is a tryptophan-

catabolizing enzyme, virtually absent from normal lymph nodes, which can induce 

tryptophan depletion hampering T cell proliferation and reducing specific T cell 

responses in vivo [107]. High numbers of IDO+ pDC in TDLN from patients with 

early stage melanoma have been shown to correlate with reduced overall survival 

[107, 108]. IDO is thought of as an important link between DCs and Tregs [109]. 

Through a CTLA-4-dependent mechanism, Tregs have been reported to enhance 

IDO expression by DCs [110]. This can cause a feedback loop, because IDO 

expression in turn leads to abortive effector T cell activation and facilitates the 

further recruitment and activation of Tregs [111-113]. Tregs are found at increased 

frequencies in the blood, tumors and TDLN of melanoma patients and have been 

shown to be associated with decreased survival [113, 114]. These activated Tregs 

express high levels of CTLA-4 and may thus perpetuate this vicious cycle by 

enhancing IDO expression in DCs [55]. 

Conventional, myeloid dendritic cells (cDCs) exist in different shapes and 

forms and have different functional properties. In recent years the knowledge on 

the different types of cDC subsets in human lymph nodes has significantly 

increased. As described in Chapter 2 of this thesis, we can now distinguish the 

following subtypes: 

 

1. CD1ahiCD11cint Langerhans cells (LCs) were the first DCs to be described. They 

reside in the epidermis and can migrate through the afferent lymphatics to 

the paracortex of skin-draining lymph nodes. In the steady state LC are 

derived from precursor cells residing in the skin, whereas under inflammatory 

condition they can also develop from monocytes recruited from the blood 



47 
 

[115, 116]. Besides CD1a, they express high levels of Langerin at their cell 

surface, as well as the epithelial adhesion molecule EpCAM. There is 

evidence to suggest that upon their activation and migration to lymph 

nodes, LC preferentially bind and activate T cells [117]. Intradermal 

administration of GM-CSF leads to the upregulation of co-stimulatory 

molecules, the maturation of these cells and their accumulation in melanoma 

SLNs as shown by previous work from our group [118, 119].  

2. CD1aintCD11chi Dermal Dendritic Cells (DDCs) mainly reside in the dermis and 

can also migrate to skin draining lymph nodes through the lymphatics. In 

contrast to LC, DDC do not express Langerin and only intermediate levels of 

CD1a. Instead, DDC can express an alternative set of Lectins, including the 

Mannose Receptor and DC-SIGN [120]. The T cell skewing abilities of DDC 

are not fixed, but rather dictated by a balance of factors in the 

microenvironment, e.g. their number and activation state, resulting in 

differential Th1, Th2, or Th17 profiles [120-122]. The ability to modulate this 

balance may be of crucial importance for successful immunotherapy of 

cancer. Frequencies of mature CD1a+ cDC in the SLN correlated with 

melanoma-specific CD8+ effector T cells, indicative of the validity of these DC 

subsets as targets for immunotherapy [123].  

3. CD1a-CD11c+BDCA3+ cDC. These blood derived cDC do not express CD1a, 

but do express CD83 and co-stimulatory molecules on their cell surface, 

albeit at lower levels than the CD1a+ cDC [124]. This subset is heterogeneous 

and most likely encompasses the human equivalent of murine CD8α cDC 

subset, established as responsible for in vivo cross-priming of potent CD8+ 

cytotoxic effector T cells [125-127]. DC-mediated cross-presentation of 

tumor-derived (neo-)antigens to CD8+ T cells is vital for the elicitation of an 

antitumor immune response and therefore, this subset is of major interest for 

tumor immunology. The activation status of these cross-presenting DC is 
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paramount to the decision between the induction of immunity against tumor 

epitopes or the induction of cross-tolerance [55].  

4. CD1a-CD11c+CD14+ cDC. This DC subset is also presumably blood derived 

and also expresses BDCA3 albeit at lower levels than its CD14- counterpart. 

Its DC-like nature is apparent from its expression of the maturation marker 

CD83 and other co-stimulatory molecules as well as its ability to efficiently 

prime naïve T cells as assessed by an allogeneic mixed leukocyte reaction 

(see Chapter 2).  

 

As mentioned before, melanoma-derived factors suppress the maturation 

and activation of different DC subsets. Unsurprisingly, hampered DC differentiation 

and activation has been reported in many tumors and decreased tumor infiltration 

by mature DCs is generally recognized as a poor prognostic factor [128-130]. 

Immature DCs can induce specific tolerance to tumor antigens through 

inappropriate or abortive T cell activation [131, 132]. Immature DCs isolated from 

melanoma metastases have indeed been shown to induce T cell tolerance [133, 

134]. And cDC from melanoma draining lymph nodes have similarly been reported 

to display immature characteristics [54, 90]. It has become clear that many of the 

tumor-derived suppressive factors exert their suppressive effects on cDC through 

activation of STAT3 [135]. STAT3 activation (through phosphorylation) may block 

DC differentiation and instead favors tumor-promoting inflammation through the 

development of alternatively activated (M2) macrophages and immature Myeloid-

Derived Suppressor Cells (MDSC). These cells release immunosuppressive Arginase, 

inducible Nitric-Oxide Synthase (iNOS), Reactive Oxygen Species (ROS), and TGFβ 

[135, 136]. Besides their obvious T cell priming role in tumor-draining LN, tumor 

infiltration by mature CD103+BATF3+ cDC, the presumed mouse counterpart of the 

human BDCA3+ DC subset with putative cross-presentation ability, has been 

directly linked to T cell infiltration rates and response to immune checkpoint 

blockade [137, 138]. 
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Natural killer (NK) cells have been initially identified as an innate lymphoid 

population representing 10–20% of PBMC, able to lyse MHC class I-negative tumor 

and virus-infected cells and to orchestrate innate immunity of the organism. Most 

NK cells are localized in peripheral blood, lymph nodes, spleen, and bone marrow 

[139], but they can be induced to migrate towards inflamed sites by different 

chemo-attractants [140]. NK cells constitutively express a lytic machinery able to kill 

target cells independently from any previous activation. Since the time of their 

identification, these functional features have suggested a role for NK cells in the 

control of tumor growth and metastasis [141]. Besides direct antitumor immunity, an 

important role for NK cells through shaping of the adaptive immune response via 

DC activation, recruitment, and editing, is becoming increasingly clear [142, 143]. In 

murine models, tumor rejection after peritumoral injection of CpG was found to be 

dependent on NK cell recruitment to the tumor site, which led to the induction of a 

tumor-specific CTL response via cross-presentation by DCs [144, 145]. In a phase II 

clinical trial with subcutaneous CpG in metastatic melanoma, clinical benefit was 

associated only with NK cell cytotoxicity [146]. 

Importantly, the tumor microenvironment is a dynamic environment and not 

all immunosuppressive mechanisms will be at play at all times. In early stage 

malignancies, immunosuppressive hurdles are not yet as high as those in advanced 

cancers. This opens different immunotherapeutic windows in different disease 

stages. For instance, in Chapter 3 we describe the sequential suppression of 

different SLN DC subsets in different melanoma stages and show that SLN Tregs 

are only increased in stage III disease as compared to stage I and II melanoma 

[147]. For the rational design of immunotherapeutic approaches it is of paramount 

importance to understand the dynamics of the tumor immune response so efficacy 

can be maximized and toxicity reduced to a minimum.  

The growing knowledge on the functional properties and complex 

interactions of the immune cells involved in shaping the tumor immune response 

gives ample opportunities to utilize this knowledge in a clinically feasible way. One 
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way is through the intradermal administration of low-dose GM-CSF and CpG in 

early stage melanoma patients as described in this thesis. These agents directly 

target the cDC and pDC subsets in the SLN and more down-stream draining LN, 

that are central in the immune response and may offer a valuable therapy option in 

the adjuvant setting to prevent local and systemic melanoma metastasis. Through 

intense immune monitoring of patients in such studies our knowledge on the 

complex host-tumor interactions can further increase to serve as a stepping stone 

for future immunotherapeutic trials.  
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1.4 Aims and outline of this thesis 

 

This thesis aims to substantiate the therapeutic benefit of loco-regional 

immune modulation in early stage melanoma. It does so by adding to the insight in 

the loco-regional biology and pathophysiology of the immune system in early stage 

melanoma by describing the physiological and melanoma-induced 

pathophysiological effects in the SLN. Through clinical studies in which immune 

modulatory agents GM-CSF and CpG-B are locally administered, we aim to reverse 

these melanoma-induced immunosuppressive effects, raise an effective anti-tumor 

immune response, and ultimately improve the prognosis of early stage melanoma 

patients.  

Chapter 1 serves as a general introduction in which the historical background 

of melanoma is highlighted, followed by the epidemiology, staging principles and 

some general comments on the etiology and genetics of melanoma. Current and 

past treatment modalities, approved for melanoma, are delineated with an 

emphasis on immunotherapy with its recent breakthrough events. The history and 

current position of the SLN in clinical medicine and research is described as well as 

accumulated knowledge on the immune response in relation to melanoma and the 

immunotherapeutic windows these accomplishments have opened. 

In Chapter 2, four cDC subsets from the melanoma SLN are presented and 

phenotypically and functionally characterized through multiparameter flow 

cytometric and functional analysis. Two CD1a+ skin derived cDC subsets (i.e. LCs 

and DDCs) are distinguished and two CD1a-CD11c+BDCA3+ cDC subsets, 

presumably derived from the blood. Despite their phenotypically higher maturation 

state, the CD1a+ skin derived cDC subsets proved inferior T-cell activators 

compared with the CD1a- subsets residing in the lymph nodes. These data 

represent the first functional characterization of human lymph node cDC subsets 

and supply new leads for the development of human DC-targeted 

immunotherapies.  
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As an addendum to Chapter 2, Chapter 2.1 presents a response to a letter to 

the editor of Blood by Gerlini et al. claiming that LCs in melanoma SLNs are 

immature, at variance with our data represented in Chapter 2 [148].  In response, 

we show that this difference in LC maturation in melanoma SLNs may be explained 

by the difference in patient groups between both studies: both Breslow thickness 

(i.e. invasion depth of the primary melanoma) and the time interval between 

primary melanoma excision and SLN harvest play a significant role in the 

maturation status of LCs in the melanoma SLN.  

Chapter 3 builds on these observations and further explores the 

immunosuppressive effects of melanoma on the regional immune system by 

determining the maturation and activation state of SLN DC subsets in relation to 

melanoma stage. In addition, melanoma induced suppressive effects on the T cell 

compartment are described.  Whereas in stage I and II melanoma, increased 

Breslow thickness is associated with progressive suppression of skin-migrated CD1a+ 

DC-subsets, LN-resident DC-subsets and T cells are only affected once metastasis 

to the SLN occurs (i.e. stage III disease). Follow up of these patients showed that 

local melanoma recurrence is correlated to lower frequencies of skin-migrated 

CD1a+ DC-subsets, whereas distant recurrence and reduced melanoma-specific 

survival are associated with reduced maturation of LN-resident DC-subsets. These 

findings offer a rationale to target migratory as well as LN-resident DC subsets for 

early immunotherapeutic interventions to prevent local and distant melanoma 

recurrence and spread.  

In Chapter 4, a clinical phase II trial is presented which aims to target the 

migratory as well as LN-resident DC subsets by locally administering GM-CSF 

and/or the TLR9-activating agent CpG-B in early stage melanoma patients. 28 

Clinically stage I-II melanoma patients 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. Combined CpG/GM-

CSF administration resulted in enhanced maturation of the conventional as well as 
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plasmacytoid SLN DC subsets and selectively induces increased frequencies of LN-

resident BDCA3+ cDC subsets. Correlative in vivo analyses and in vitro studies 

provide evidence that these subsets are derived from BDCA3+ cDC precursors in 

the blood that are recruited to the SLN in a type I IFN-dependent manner and 

subsequently mature under the combined influence of CpG and GM-CSF. In line 

with their reported functional abilities, frequencies of these BDCA3+ DCs correlated 

with increased 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.  

Chapter 5 describes the subsequent effects of local administration of CpG 

and GM-CSF on effector and regulatory T and NK cell subsets in the melanoma 

SLN. On the one hand, effects favoring anti-tumor immunity like lower CD4/CD8 

ratios, Th1 skewing, possible recruitment of effector NK cells and increased 

frequencies of melanoma-specific CD8+ T cells are presented. But, on the other 

hand, these immune-potentiating effects are shown to be counterbalanced by 

increased IL-10 production by T cells and significantly higher levels of FoxP3 and 

CTLA4 in Tregs with correspondingly higher suppressive activity in the SLN. The 

significantly lower numbers of SLN metastases observed in the CpG/GM-CSF 

administered patients compared to the saline control patients however, suggest 

that the increase in local suppressive markers after CpG/GM-CSF administration 

does not outweigh the immune stimulatory properties of these agents, but that 

additional measures to minimize loco-regional Treg activity might optimize clinical 

efficacy of CpG and GM-CSF as immune-potentiating agents for early stage 

melanoma patients. 

To facilitate functional testing of T cells from small SLN samples, high-

efficiency polyclonal T cell expansion is required. In the comparative study 

described in Chapter 6, melanoma SLN cells were expanded via classic 

methodologies with anti-CD3/CD28 antibodies and with the K32/4-1BBL artificial 
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APC system, and analyzed for responsiveness to common recall or TAA-derived 

peptides. K32/4-1BBL-expanded T cell populations contained significantly more 

effector/memory CD8+ T cells. Moreover, recall and melanoma antigen-specific 

CD8+ T cells were more frequently detected in K32/4-1BBL-expanded samples as 

compared with anti-CD3/CD28-expanded samples. Thus, K32/4-1BBL aAPC appear 

to be superior to anti-CD3/CD28 antibodies for the expansion of in vivo-primed 

specific CD8+ T cells and their use may facilitate the sensitive monitoring of 

functional anti-tumor T cell immunity in SLN. 

Chapter 7 presents the long term follow-up results of the randomized phase 

II trial described in chapter 4 and 5, combined with the follow-up results of a 

previous trial on the local administration of CpG-B as a single agent in early stage 

melanoma patients. Identical enrollment criteria and consistent immune modulating 

effects of CpG-B in both trials support this pooled analysis. After a median clinical 

follow-up of 88.8 months, a clearly improved recurrence-free survival (RFS) for the 

CpG/GM treated patients as compared with the placebo (saline) controls was 

shown (p=0.008). Also for pathologically confirmed stage I–II patients separately, a 

significant difference in RFS in favor of the treated group was demonstrated 

(p=0.02).  These clinically favorable results were further supported by a pooled 

analysis of immune monitoring data from both trials which confirmed the selective 

recruitment and activation of both CD14- and CD14+ LN-resident cDC subsets with 

cross-presentation ability in the melanoma SLN of patients receiving local CpG-B 

injections as described in Chapter 4. Combined T cell monitoring data confirmed 

that higher melanoma-specific T-cell response rates were found in SLN of CpG-B–

treated patients as put forward in Chapter 5. In addition, complementary peripheral 

blood T-cell monitoring showed that systemic melanoma-specific T-cell response 

rates were also significantly increased, indicative of systemic immune protection 

following local CpG-B administration, consistent with an observed near-significant 

improvement in distant RFS upon local CpG-B and/or GM-CSF administration. In 

conclusion, local low dose CpG-B administration in early stage melanoma patients 
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provides an adjuvant treatment option offering durable protection for a large 

group of patients currently going untreated despite being at considerable risk for 

disease recurrence. 

The studies described in this thesis are further discussed and integrated in 

Chapter 8 which serves as a general discussion and offers a view on future 

prospects. It positions our findings in the context of recent trials on (neo-)adjuvant 

treatment with immune checkpoint inhibitors in patients with stage II and III 

melanoma, and proposes a possible clinical decision tree for therapy options in 

early and advanced stage melanoma.  
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Het duurt lang voordat een mens heeft geleerd  

dat hij eigenlijk niets te doen heeft,  

en pas dan begint hij gewoonlijk ergens aan. 

 

Sándor Márai,  
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Abstract 

To increase (tumor) vaccine efficacy, there is an urgent need for phenotypic 

and functional characterization of human Dendritic Cell (DC) subsets residing in 

lymphoid tissues. In this study we identified and functionally tested four human 

conventional DC (cDC) subsets within skin-draining sentinel lymph nodes (SLN) 

from early-stage melanoma patients. These SLN were all tumor negative and were 

removed on average 44 days after excision of the primary melanoma. As such, they 

were considered representative of steady state conditions. Upon comparison with 

skin-migrated cDC, two CD1a+ subsets were identified as most likely skin-derived 

CD11cint Langerhans Cells (LC) with intracellular Langerin and E-Cadherin expression 

or as CD11chi Dermal DC (DDC) with variable expression of Langerin. Two other 

CD1a- LN-residing cDC subsets were characterized as CD14-BDCA3hiCD103- and 

CD14+BDCA3loCD103+, respectively. Whereas the CD1a+ skin-derived subsets 

displayed higher levels of phenotypic maturation, they were associated with lower 

levels of inflammatory cytokine release, and inferior in terms of allogeneic T cell 

priming and IFNγ induction. Thus, despite their higher maturation state, skin-

derived cDC (and LC in particular) proved inferior T cell activators as compared to 

the CD1a- cDC subsets residing in melanoma draining LN. These observations 

should be considered in the design of DC-targeting immunotherapies. 
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Introduction 

Dendritic cells (DC) are the most powerful antigen-presenting cells and play 

critical roles in keeping the balance between immune tolerance and activation. DC 

are therefore also important for starting an efficient anti-tumor immune response 

and are seen as promising targeting candidates for tumor immunotherapy 

strategies [1,2]. Current DC-based immunotherapies generally employ ex vivo 

generated autologous monocyte-derived or CD34+ haematopoietic precursor-

derived DC [2,3]. Despite occasionally observed clinical benefits from DC-based 

vaccination, there is a large gap between the actual and expected efficacy of such 

trials, based on in vivo animal experiments [4]. Many questions remain as to which 

DC type to use, how to stimulate them, or where best to administer the DC in order 

to achieve vaccination with mature, migratory, and Th1-inducing DC that provoke 

an efficient antitumor immune response [5-7].  

An ever increasing insight in specialized functions of murine DC subsets is 

sadly mirrored by a lack of knowledge on how human DC relate to mouse DC and 

whether subsets that have been identified in mice have a (phenotypically different, 

but functionally equivalent) counterpart in humans [4,8-11]. In particular the inter-

relationship between non-plasmacytoid, conventional DC (cDC) subsets has been 

obscure, in large part due to their plasticity and dynamic changes in their 

differentiation and maturation state, which is accompanied by shifts in associated 

phenotypic markers [12]. In mice, extensive DC subset analyses have been 

performed through the use of transgenic models, the ability to track and monitor 

cells in vivo and to remove specific organs, whereas in humans, especially for DC 

subsets present at low frequencies in lymphoid tissues such as lymph nodes (LN) 

(0.1-2%), this is more complicated [13-15]. As skin is generally regarded an attractive 

site for delivery of vaccines, identification and characterization of DC subsets in 

skin-draining LN is particularly relevant. Although previous immunohistochemical 

studies have indicated the presence of both LC and DDC in steady-state skin-
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draining LN [14,15], until now it has proven technically unfeasible to perform more 

extensive flowcytometry-based phenotypic and functional cDC subset analyses.  

We and others previously described a method to obtain viable cells from 

melanoma-draining Sentinel Lymph Nodes (SLN) without hindering routine 

diagnostic procedures [16,17]. We have employed this methodology to study the in 

vivo effects of immune modulators such as the CpG-B TLR9-ligand PF-3512676 and 

Granulocyte/Macrophage-Colony Stimulating Factor (GM-CSF) on DC and T cell 

subsets in the SLN [18-21]. In the context of three separate clinical Phase II trials, we 

have collected a sizeable number of SLN from untreated or saline placebo-

administered melanoma patients, from which phenotypic DC data were obtained 

through multi-parameter flowcytometric analysis and of which viable cells were 

cryopreserved for further functional analysis. From these, we have selected tumor-

negative SLN from Stage I-II melanoma patients, which were removed 1-2 months 

after excision of the primary melanoma, to perform an in-depth analysis of cDC 

subsets in steady state skin-draining LN. In four discernable cDC subsets we have 

studied the differential expression patterns of markers which have been linked to 

maturation, co-stimulation, and crosspresentation or tolerance-induction (i.e. 

BDCA3/CD141, CD103, B7-H1/-H4), or that identify human skin-derived subsets (i.e. 

CD1a, DC-SIGN, E-cadherin, and Langerin), and we performed comparative 

analyses with human skin-emigrated cDC.  

Our data indicate the presence of at least two skin-derived and two LN-

resident cDC subsets with differential maturation states and functional T cell priming 

abilities. In analogy to recent mouse data [14,22-25], Langerin+ cells, with lower 

Langerin expression levels than found in LC, were observed within the DDC subset 

derived from human skin and its putative equivalent from skin-draining LN, as well 

as BDCA3/CD141+ and CD103+ cDC. These data represent the first functional 

characterization of human LN cDC subsets and supply new leads for the 

development of human DC-targeted immunotherapies.  
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Materials and Methods 

Patient selection and isolation of viable lymph node cells 

Human lymph node material was obtained with informed consent from 

Stage I/II melanoma patients undergoing the SLN triple technique procedure [16] at 

the VU University medical center, without interference with pathological diagnostics 

and following hospital guide lines. The SLN were sampled in the context of three 

clinical Phase II trials carried out between 2002 and 2009, which were approved by 

the institutional review board of the VU University Medical Center. Patients included 

in the analyses presented here were either untreated or received i.d. injections of a 

saline placebo; eight women and six men were included (mean age of 50, range 

29-76). All had tumor-negative SLN and an average Breslow thickness of 1.5 mm 

(range 0.5 – 3.6). Prior to SLN removal the primary tumors had been excised at a 

mean interval of 44 days (range 12-94 days). Viable cells were isolated from the SLN 

using a cytological scraping method as previously described [16,17]. In short, LN 

were bisected lengthwise with a surgical scalpel. From one half, 10 scrapes were 

made with a surgical blade (no. 22), rinsing the blade after each scrape in a tube 

filled with 15ml of 0.1% DNase and 0.14% collagenase A (Roche Nederland B.V., 

Woerden, The Netherlands). The cell suspension was then transferred to a sterile 

flask in a total volume of 30ml DNase/collagenase, after which the suspension was 

incubated in a 37°C water bath on a magnetic stirrer for 45 minutes. The cell 

suspension was run through a 100μm sterile cell strainer and the flask and strainer 

were rinsed with 20ml Iscove‘s modified Dulbecco‘s medium (IMDM) (Lonza, 

Verviers, Belgium) with 10% Fetal Calf Serum (FCS, Perbio, Helsingborg, Sweden). 

Cells were centrifuged at 1500rpm, 4°C for 5 minutes, washed with 10ml IMDM with 

10% FCS and taken up in 3ml IMDM with 10% FCS for viable cell count by trypan 

blue exclusion. 

 

Skin explant culture and collection of skin-emigrated DC 
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Human skin tissue was obtained after informed consent from patients 

undergoing corrective breast or abdominal plastic surgery at the VU University 

medical center (Amsterdam, The Netherlands) or the Tergooi hospital (Hilversum, 

The Netherlands), following hospital guidelines. Biopsies of 6mm diameter were 

taken as described previously and cultured in IMDM supplemented with 5% Human 

Pooled Serum (HPS, Sanquin, Amsterdam, The Netherlands) [26]. Cells were 

allowed to migrate from the biopsies for 48 hours, after which they were harvested 

and analyzed by flow cytometry. 

 

Flowcytometric phenotyping 

Human SLN single-cell suspensions were phenotypically analyzed by flow 

cytometry using the following monoclonal antibodies (mAbs) diluted in PBS 

supplemented with 0.1% BSA and 0.02% NaN3 (FACS buffer) and incubated for 30 

minutes at 4°C: IgG1-FITC/PE (1:25), CD11c-APC (1:10), CD14-PerCP_Cy5 (1:10), CD1a-

PE (1:25), CD1a-FITC (1:10), PD-L1 FITC (1:25), DC-SIGN PE (1:25), CD40-FITC (1:10), 

CD80-FITC (1:10), CD86-FITC (1:25) (BD, San Jose, CA), BDCA3-PE (1:10) (Miltenyi, 

Bergisch Gladbach, Germany), CD103-PE (1:25) (Caltag Laboratories, Burlingame, 

CA), E-cadherin PE (1:10), Langerin-PE (1:10), CD83-PE (1:10), CD83-FITC (1:10) 

(Beckman Coulter Immunotech), B7H4-FITC (1:10) (AbD Serotec). After incubation, 

cells were washed in FACS buffer to remove excess antibodies. Cells (0.25 – 0.5*106) 

were analyzed on a FACS-Calibur flow cytometer (Becton and Dickinson, San Jose, 

CA) equipped with CellQuest analysis software. Of note, inclusion of a lineage 

cocktail (consisting of anti-CD3, anti-CD19, ant-CD56 and anti-CD15) in a set of 

three SLN samples showed contaminating non-DC cells in each of the measured 

DC subsets to average 6.4% (range 0-18%). For intracellular staining of Langerin, E-

Cadherin and DC-SIGN, surface markers CD14, CD1a and CD11c were first stained as 

described above. Subsequently, cells were fixed and permeabilized using the BD 

Fix-Perm kit, following manufacturer‘s guidelines. Intracellular staining with PE-

labeled DC-SIGN, Langerin or control IgG1 was performed for 30 minutes at 4°C in 
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1x permeabilization buffer. Cells were washed once with 1x permeabilization buffer 

and once with FACS buffer before analysis.  

 

Flow-based cell sorting 

cDC subsets were isolated by fluorescent cell sorting using a FACS Aria (BD) 

and BD Diva software. Cells (10-30*106) were first stained with 5 μl CD1a-PE, 10 μl 

CD14-PerCP-Cy5 and 10 μl CD11c-APC in sterile PBS for 30 minutes at 4°C. After 

staining the cells were washed and taken up in IMDM, supplemented with 10% fetal 

calf serum (FCS) (HyClone), 100 IU/ml sodium penicillin (Yamanouchi Pharma, 

Leiderdorp, The Netherlands), 100 μg/ml streptomycin (Radiumfarma-Fisopharma, 

Naples, Italy), 2.0 mM L-glutamine (Invitrogen, Breda, The Netherlands) and were 

filtered over a cell filter (Miltenyi) to remove clumps that could clog the system. The 

four cDC subsets were sorted over 4 streams at a time, based on the expression of 

the three surface markers. After sorting, cells were washed and were used for 

functional assays. 

 

Mixed Leukocyte Reaction 

Peripheral blood leukocyte (PBL) proliferation induced by sorted LN cDC 

subsets was assessed by Mixed leukocyte Reaction (MLR) with a carboxyfluorescein 

succinimidyl ester (CFSE)-based proliferation read-out. 27 Allogeneic donor PBL 

were labeled with 1 μM CFSE in PBS supplemented with 5% FCS for 7 minutes at 

37°C (in a water bath). Cells were washed three times with PBS/5% FCS and once 

with IMDM + 10%HPS, penicillin, streptomycin and glutamine. PBL (10,000 – 30,000) 

(1*106 cells/ml) were stimulated with 1000-3000 LN-cDC (0.1*106 cells/ml) (10:1 ratio 

responder:stimulator cells). PBL proliferation, measured by CFSE-dilution, was 

analyzed by flow cytometry on day 7. Prior to harvesting, culture supernatants were 

collected for T cell cytokine analysis (see paragraph on cytokine analysis below). 

 

Imprint specimens and cytospins 
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Imprints were made from the SLN cutting surface that was not scraped and 

immunocytochemically analyzed. The imprints and cytospins were air-dried 

overnight, fixed in acetone for 10 minutes, and stained using a biotin-streptavidin 

staining technique as described previously [28]. CD1a, BDCA3/CD141 (Miltenyi 

Biotec, Bergisch Gladbach, Germany), CD14 (Novocastra, Newcastle upon Tyne,UK), 

DC-SIGN (BD, San Jose, CA), and CD3 mAbs (Dakopatts, Glostrup, Denmark) were 

used at dilutions of 1:10. Cytospins were made of the FACS-sorted cDC subsets, and 

subsequently stained according to May Grünwald-Giemsa [28]. At room 

temperature, with air as medium, expression was analyzed using a Leica DMR 

microscope (Leica, Wetzlar, Germany) with 40/0.75 HCX PL Fluotar and 10/0.30 and 

20/0.50 HC PL Fluotar objectives (Leica). Images were captured using a Leica 

DC200 digital camera (Leica Microsystems, Rijswijk, The Netherlands) and Leica DC 

Viewer (Leica Microsystems, Heerbrugg, Germany). 

 

Cytokine analysis 

Freshly isolated SLN cells were cultured overnight at 37°C (1x10e5 per 100 μl) 

in IMDM with 10% FCS. The supernatants were harvested and stored at -20°C until 

analysis. For ex vivo T cell cytokine detection, freshly isolated SLN cells were 

incubated for 1 h on ice with 2 μg anti-CD3 and 0.4 μg anti-CD28 per 106 cells 

(kindly provided by Dr. René van Lier, CLB) in 100-200 μL IMDM with 5% FCS. After 

incubation and washing, cells were placed in 24-well tissue culture plates (Greiner 

Bio-One), which were previously coated with affinity-purified goat anti-mouse 

immunoglobulin (1:100 in PBS; DAKO, Glostrup, Denmark), in complete medium 

with 10% FCS at a concentration of 106/mL/well for 1 h at 4 ºC. Subsequently, the 

plates were transferred to a humidified incubator and cultured overnight at 37 ºC, 

after which the culture supernatants were harvested and stored at -20°C until 

analysis. Supernatants were analyzed using the inflammatory cytokine bead array 

(CBA) kit or the Th1/Th2 CBA kit (both from BD Biosciences, USA) for the 

simultaneous flow cytometric detection of IL-8, IL-1β, IL-6, IL-10, TNF-α, and IL-
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12p70, or IL-2, IL-4, IL-5, IL-10, TNF-α, and IFN-γ, respectively, following the 

manufacturer‘s instructions and using CBA analysis software (BD Biosciences). 

 

Statistical Analyses 

Differences between DC subsets were analyzed using the one-way Anova 

test. The post hoc multiple comparison Tukey test was used to analyze differences 

between two DC subsets. The two-sided paired T test was used for comparisons 

between two samples. Correlations were determined using the Pearson r test. 

Differences were considered significant when P<0.05. 

 

Results 

 

Definition of four human cDC subsets in LN 

As cDC subsets from human skin have previously been characterized by 

differential expression of CD1a, CD11c, and CD14 [28,29], we set out to identify their 

migrated equivalents by expression analysis of these markers in SLN suspensions. 

We identified four cDC subsets (Figure 1A): two distinct CD1a+ populations with 

different expression levels of CD11c and CD1a (CD1aintCD11chi and CD1ahiCD11cint) 

and two distinct CD1a- populations with differential CD14 expression, gated out by 

high CD11c expression levels (CD11c+CD14- and CD11c+CD14+). Of note, CD1a and 

CD14 expression in these populations was mutually exclusive. Figure 1B shows the 

frequencies of the four cDC subsets as percentages of total leukocytes within the 

SLN single cell suspensions (n=14) and indicates the CD14+ subset to be relatively 

rare under steady state conditions. The CD1a+ subsets had higher forward (FSC) 

and side scatter (SSC) properties (Figure 1C), suggestive of a larger and more DC-

like morphology.  

This finding was confirmed by cytochemical analysis of the FACS-sorted 

subsets (Figure 1D) as well as by imprint cytology of the SLN, which also revealed a 

paracortical localization of the CD1a+ cDC (Figure 1E). Like CD1a, Langerin has been 
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associated with skin-derived cDC subsets and we found it expressed on large cells 

scattered throughout the paracortical T cell areas (Figure 1E). The CD14+ subset had 

a smaller, monocyte-like appearance (Figure 1D) and was often localized around 

vessel-like structures (see right panel Figure 1E). Nevertheless, CD14+ protrusions 

that extended between lymphocytes, suggestive of a DC-like appearance, were 

clearly discernable in situ (marked by arrows in Figure 1E).  

 

 

Figure 1. Identification of four cDC subsets in human SLN (A) Flow cytometric dot 

plots for CD11c, CD1a and CD14: gating of four different cDC subsets in human SLN, 



80 
 

i.e. two CD1a+ subsets, CD11chi CD1aint and CD11cint CD1ahi (top graphs) and two 

CD1a- subsets, CD1a- CD11c+ CD14- and CD1a+ CD11c+ CD14+ (gated to exclude 

CD1a+ cells). (B) Frequencies of the four cDC subsets within SLN single cell 

suspensions (n=14). (C) Forward scatter and side scatter plots for the four cDC 

subsets, gated on CD11chi CD1aint, CD11cint CD1ahi, CD1a- CD11c+ CD14- and CD1a+ 

CD11c+ CD14+ and back-gated onto FSC/SSC. (D) Morphological characterization 

(cytochemical May-Grünwald Giemsa staining) of sorted CD11chiCD1aint, 

CD11cintCD1ahi, CD1a-CD11c+CD14- and CD1a-CD11c+CD14+ cells, isolated (FACS-

sorted) from human SLN. (E) Immunocytochemical staining for CD1a, CD14, and 

Langerin cells on SLN imprints, arrows indicate CD14+ cell protrusions 

(magnification 400x).  

 

Flowcytometric identification of Langerin+ Dermal DC and Langerhans Cells in 

human LN 

Since in human skin, Langerin+ Langerhans Cells (LC) are typified by high 

CD1a expression levels, we hypothesized that the CD1ahiCD11cint LN subset might 

represent skin-emigrated LC and that the CD1aintCD11chi subset might be migrated 

Dermal DC (DDC) with reported lower levels of CD1a [29] (Figure 2A). Indeed, FACS 

analysis of human skin explant-emigrated DC clearly showed CD1ahiCD11cint and 

CD1aintCD11chi populations (Figure 2B) reminiscent of the populations found in SLN 

(Figure 1A). No surface expression of either of the C-type Lectins Langerin or DC-

SIGN was detected on the CD1a+ LN-DC subsets (data not shown), which would 

have facilitated easy discrimination between LC and DDC. However, upon 

intracellular staining for these markers, expression was detectable and there were 

clear differences between the two CD1a+ cDC subsets (see Figure 2C: expression in 

percentages [open bars, lefthand y-axis] or in Median Fluorescence Intensity [MFI, 

closed bars, righthand Y-axis]).  

By making direct comparisons with DC migrated from ex vivo healthy donor 

skin explants [28], we were able to draw clear phenotypic parallels between the 
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CD1a+ LN-DC subsets and skin-emigrated LC and DDC. Whereas DC-SIGN 

expression was generally low, it was significantly lower (percentage-wise) in the 

CD1ahiCD11cint cDC, which also expressed intracellular Langerin at high levels. In 

conjunction with their exclusive expression of Ecadherin, these features clearly 

revealed these CD1ahiCD11cint cDC to be epidermis-derived LC (Figure 2C). 

Interestingly, heterogeneous expression of intracellular Langerin was observed in 

the CD1aintCD11chi cells (and at much lower intensity levels than in the LC), 

suggesting the presence of migrated human Langerin+ DDC, previously identified in 

mouse studies [23,25,30,31]. Remarkably consistent expression patterns were 

observed between the SLN-derived and skin-emigrated subsets, with the exception 

of lower expression levels of DC-SIGN in the SLN-derived CD1aintCD11chi DDC, 

suggesting its down-regulation upon migration and accompanying maturation. Of 

note, while neither of the CD1a- LN-cDC subsets expressed Langerin, 

heterogeneous DC-SIGN expression was also observed in the CD14+ subset (data 

not shown).  

 



82 
 

 

Figure 2. Identification of skin-migrated dermal DC and Langerhans cells in human 

SLN (A) Average mean fluorescence intensity (MFI) values for CD1a expression 

levels on CD11chiCD1aint and CD11cintCD1ahi SLN cDC (n=14) (B) Gating strategy for 

CD11chiCD1aint and CD11cintCD1ahi DC, migrated from human skin explants (data 
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from one representative experiment of four is shown). (C) Percentages positive cells 

(of SLN leukocytes, open bars -left Y-axis) and the median fluorescence intensities 

(MFI, closed bars -right y-axis) for intracellular DC-SIGN, Langerin and E-cadherin 

on CD11chiCD1aint and CD11cintCD1ahi cDC in SLN single cell suspensions (left, n=3) 

and skin-migrated cells (right, n=4). Bars represent the mean ± SEM; dotted line 

indicates MFI=2; * P<0.05 in paired 2-sided T test. 

 

Expression of co-stimulatory and co-inhibitory receptors on human LN-cDC 

Using four-color flow cytometry, CD1aintCD11chi DDC, CD1ahiCD11cint LC, and 

the CD1a- CD11c+CD14- or CD1a-CD11c+CD14+ cDC subsets were compared for the 

expression of various co-stimulatory (Figure 3A) and co-inhibitory (Figure 3B) 

receptors at their cell surface. Both CD1a- cDC subsets displayed a relatively 

immature phenotype as reflected by low percentages and low expression levels of 

the various activation markers and costimulatory molecules, like CD40, CD83, CD80 

and CD86. In contrast, the CD1a+ skin-derived cDC subsets expressed significantly 

higher intensity levels of all the tested co-stimulatory molecules, with the 

CD1a+CD11chi DDC-like subset displaying the most mature phenotype, clearly 

demonstrated by its superior expression levels of CD40, CD80, and CD83 (Figure 

3A). In accordance with their mature state, most CD1a+cDC in addition expressed 

the co-inhibitory molecules B7H1 and B7H4. In contrast, generally less than half of 

the CD1a- CD11c+ cDC expressed these surface markers and at lower intensity levels 

as compared to the CD1a+ LN-DC (Figure 3B). 
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Figure 3. Activation status of human SLN cDC subsets Percentages (left) and the 

median fluorescence intensities (MFI) (right) of (A) co-stimulatory (CD40, CD83, 

CD80, CD86) (n=14) and (B) co-inhibitory (B7H1 and B7H4) (n=3) surface receptors. 

* P<0.05 in one-way Anova with post hoc multiple comparison Tukey test. Numbers 

indicate the significant difference compared to the 1) CD11chi CD1aint, 2) CD11cint 

CD1ahi 3) CD11c+CD1a-CD14- and 4) CD11c+CD1a-CD14+ subsets. 

 

Identification of BDCA3/CD141 and CD103 expressing cDC subsets 

Recently, human BDCA3/CD141+ cDC in peripheral blood were identified as 

cross-presenting DC that most closely resembled the much-studied splenic murine 

CD8α+ cDC subset, established as mainly responsible for in vivo cross-presentation 

[9-11]. Similarly, CD103 is also expressed on cDC subsets that were associated with 

cross-presentation [32,33]. In the SLN, both CD1a- cDC subsets were found to 

express BDCA3 (Figure 4A). While high percentages of BDCA3-expressing cells 

were detected both in the CD14- and CD14+ subsets, expression levels were much 

higher on the CD11c+CD14- subset (Figure 4A and C). A small percentage of the 

CD1a+CD11cint LC subset also expressed low levels of BDCA3 (Figure 4A and C). In 

mice, CD103 expression has been associated with a small subset of Langerin+ DDC 

that patrols the dermis in the steady state and can migrate to skin-draining LN [22]. 

In contrast, in human skin-draining SLN CD103 was almost exclusively expressed on 

the CD11c+CD14+ cDC subset (Figure 4B and C). While paracortical CD14 staining 

shed light on the morphology of the CD14+CD103+ subset (see Figure 1E), we 

utilized the high BDCA3 levels that characterize the CD1a-CD14- cDC subset to 

study its localization and morphology in LN. Immunocytochemical analysis of SLN 

imprints showed these cells to be located in the paracortical T cell areas of the LN 

and to display a classical DC morphology (Figure 4D). Indeed, high magnification 

microscopy revealed long BDCA3+ protrusions interdigitating between the 

lymphocytes (Figure 4D, righthand panel). 
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Figure 4. Expression of BDCA3 and CD103 on SLN cDC subsets Percentages positive 

cells (left) and median fluorescence index levels (MFI, right) of (A) BDCA3/CD141 

(n=11) and (B) CD103 (n=6) surface expression on the four cDC subsets identified in 

human SLN. *P<0.05 in one-way Anova with post hoc multiple comparison Tukey 

test. Numbers indicate the significant difference compared to 1) CD11chiCD1aint, 2) 

CD11cintCD1ahi 3) CD11c+CD1a-CD14- and 4) CD11c+CD1a-CD14+ subsets. (C) 
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Histogram plots of one representative experiment showing expression levels of 

BDCA3/CD141 (top) and CD103 (bottom) on SLN cDC subsets. The markers were 

placed based on respective isotype control staining. (D) Characterization of the 

localization and morphology of BDCA3/CD141+ cells within SLN imprint samples. 

Shown is a CD3 staining to identify the paracortical T cell areas (left, maginifcation 

400x) as well as BDCA3 staining in two magnifications (middle 400x and right 630x). 

 

T cell stimulatory capacity of LN cDC subsets 

To study their T cell stimulatory capacity, isolated SLN cDC subsets from 

three donors were co-cultured with CFSE-labeled allogeneic PBL in independent 

experiments. Surprisingly, in view of its relatively immature phenotype (Figure 2A), 

the CD1a-CD11c+CD14- cDC subset turned out to be the most powerful inducer of T 

cell proliferation (Figure 5A,B). On the other hand, in seeming contrast with their 

mature phenotype, the CD1a+ cDC subsets, and the CD1ahiCD11cint LC in particular, 

were poor inducers of T cell alloreactivity (Figure 5A,B). Of the T cell cytokines 

measured in supernatants of the MLR cultures, only IFNγ was consistently detected. 

As shown in Figure 5B, high levels of IFNγ were induced in particular by the CD1a-

CD11c+CD14+ subset, while the CD1ahiCD11cint LC proved poor stimulators in this 

respect. 

To further assess the association of the four cDC subsets with a 

microenvironment conducive to T cell activation, available data were analyzed to 

determine their relative frequencies in SLN single-cell suspensions in relation to 

spontaneous ex vivo release levels of inflammatory cytokines as well as to anti-

CD3/anti-CD28 induced release of T cell cytokines. Consistently negative 

correlations with the release of inflammatory cytokines (IL-6, IL-1β, and IL-12p70) 

were observed for both of the CD1a+ skin-derived subsets, whereas positive 

correlations (at varying levels of significance) were found for the CD1a-CD11c+ LN-

resident subsets (Figure 5C). Accordingly, T cell cytokine release levels correlated 

with CD1a- subset content rather than with CD1a+ subset frequencies, although not 
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significantly so due to the low numbers of available data (shown for IFNγ, IL-2 and 

IL-4 in Figure 5D). 

 

 

 

Figure 5. T cell stimulatory ability of the CD1a- and CD1a+ SLN cDC subsets. T cell 

stimulatory abilities of human SLN cDC subsets were analyzed by allogeneic MLR 

with CFSE-labeled human T cells. Data from one representative experiment of three 

performed is shown in (A) and in (B) the average percentage of proliferated cells 

(n=3, left Y-axis) combined with IFNγ present in day 7 MLR supernatants (right Y-

axis) are shown. Correlations between the frequencies of SLN cDC subsets and (C) 



89 
 

IL-6, IL-1β, and IL-12p70 present in 24h unstimulated cultures of SLN single cell 

suspensions (n=7) or (D) IFNγ, IL-2 and IL-4 in 24h supernatants of SLN T cells 

stimulated by anti-CD3 and anti-CD28 (n=5). Correlations were determined using 

the Pearson r test. Differences were considered significant when P<0.05. 

 

 

Discussion 

 

The lack of knowledge on phenotype and function of human cDC subsets in 

skin-draining lymph nodes has proven a major hurdle in translating pre-clinical DC-

based therapies in mice into successful DC-based therapies for humans [4,8]. The 

data provided in this manuscript are a first step towards a more detailed 

discrimination of different human LN-cDC subsets, both in terms of phenotype and 

of function. This information could provide new insights leading to improved 

immunotherapeutic strategies. In particular the identification of LN-cDC subsets, 

which are primarily tolerogenic and thereby disadvantageous for anti-tumor 

immunity, and the exploration of ways in which to break this tolerance, are of prime 

importance in this regard. On the other hand, establishing which DC subsets are the 

most potent in inducing anti-tumor immunity and studying ways to promote their 

functions may push the envelope for future immune-enhancing therapies.  

The skin is commonly regarded as an attractive gateway for the delivery of 

(tumor) vaccines. A dense network of DC and lymphatic vessels facilitates antigen 

capture and subsequent transport to the draining LN. In mice, different cDC subsets 

in skin have been described in detail, delineating their origins and specialized 

functions. LC in the steady state are derived from precursor cells residing in the 

skin, whereas under inflammatory conditions they can also develop from 

monocytes originating from the blood [14,34]. There is evidence to suggest that 

upon their activation and migration to LN, LC preferentially bind and activate T cells 

[35]. Recently, Langerin+ and CD103+ DDC were identified in murine studies as a 
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major migratory DDC subset with the ability to cross-present proteins from the skin 

environment [22,33,36]. It has been suggested that CD1a+ DDC may be the human 

equivalent of this subset [35], but evidence to back up this claim has so far been 

lacking. Beside these skin-migrated cDC subsets, murine skin-draining lymph nodes 

also harbor resident subsets, most notably the CD8α+ subset with a superior CD8+ 

T cell activating capacity and the ability to cross-present antigens [13,14]. Clearly, to 

optimize the efficacy of cutaneously applied vaccines in humans, it is of the utmost 

importance to positively identify functional equivalents of these DC subsets in 

human skin and LN. To establish a baseline, it is vital to study these subsets in 

steady state tissues, which, in the case of skin-draining LN, is near-impossible. We 

therefore used SLN that drained early-stage melanomas. We feel that single-cell 

suspensions from tumor negative SLN of which the primary tumor has been 

removed over a month before, provide a valid model resembling the steady state. 

Nevertheless, interpretation of the obtained results warrants caution, as some 

lingering tumor influences cannot be excluded. 

Based on 4-color flow cytometry and by making head-to-head comparisons 

with skin-emigrated DC, we discerned and characterized four human cDC subsets 

in skin-draining LN, i.e. the skin-derived CD1ahiCD11cint LC- and CD1aintCD11chi DDC-

like subsets, and the CD1a- LN-resident CD11c+CD14- and CD11c+CD14+ subsets.  

While, for obvious reasons, it was impossible to demonstrate a direct physical 

link between the human CD1a+ skin-emigrated and LN-residing DC (as 

demonstrated by e.g. FITC painting in mice), the clear phenotypic parallels 

nevertheless strongly supported the identity of CD1ahiCD11cint and CD1aintCD11chi as 

skin-derived LC and DDC, respectively. Despite their more activated phenotype, the 

CD1a+ skin-derived subsets proved not to be very efficient in inducing T cell 

proliferation in an allogeneic MLR. This might in part be due to their relatively high 

surface expression levels of the co-inhibitory molecules B7H1 and B7H4. While this 

may be a common feature of steady state skin-migrated cDC in LN, it can‘t be 

excluded that it might also be a residual tumor-induced suppressive effect [37]. The 
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observed mature phenotype of in particular the CD1a+ DDC subsets is in keeping 

with our previous observation of a correlation and contiguous relationship between 

migrating CD1a+CD83+ DDC and mature CD1a+ DC in SLN [38]. Interestingly, the 

observation of consistently negative correlations between the CD1a+ DDC and LC 

frequencies in the SLN and ex vivo inflammatory cytokine release (see Figure 5D) 

suggests that these subsets may be actively tolerogenic in the steady state despite 

their mature status. This may either be due to their B7H1/-H4 expression or 

expression of Indoleamine 2,3-dioxygenase (IDO), which has previously been 

associated with T cell suppression by activated LC [39]. Nevertheless, upon 

intradermal delivery of GM-CSF, the maturation state and frequencies of CD1a+ DC 

in the SLN were up-regulated and correlated significantly with melanoma-specific 

CD8+ effector T cells, indicative of the validity of activational targeting of these LN-

cDC subsets for tumor vaccination [21]. These observations reflect seemingly 

contradictory reports on the tolerizing or T cell stimulatory function of LC in mice 

[14]. 

Whereas in mice Langerin+ DDC with cross-presenting and T cell activating 

abilities have been identified [22,24,30] and have extensively been studied in 

elegant transgenic mouse models [14,25,31,40,41] , no direct proof has been 

published thus far showing these cells to be present in human dermis or human LN. 

Their existence has nevertheless been implied [41]. Our data, using intracellular 

staining of Langerin in both human skin explant-migrated DDC and their 

CD1aintCD11chi LN equivalents, clearly demonstrated the presence of Langerin 

expressing cells within this subset, providing the first proof that also in human 

tissues Langerin+ DDC can be distinguished. Further comparative phenotypic and 

functional studies between Langerin- and Langerin+ human DDC are now 

underway. 

While CD14+ DC were previously identified among skin-emigrated DC by us 

and by others [28,29,42,43], these differed from the CD14+ cDC detected in the SLN 

suspensions in that they lacked expression of CD83 and displayed morphological 
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features more reminiscent of macrophages [28]. In addition, CD1a-CD14-CD11c+ DC 

that had migrated from human skin explants lacked the high levels of BDCA3 that 

we observed on the CD1a-CD14-CD11c+ cDC subset in the SLN suspensions [28]. 

Thus, in contrast to the CD1a+ subsets, the CD1a- subsets did not appear to have 

analogues among the skin-emigrated DC. Rather than deriving from skin, we 

propose these CD1a- LN-resident subsets to originate from precursors in the blood. 

It could be envisioned that they might be mobilized and rapidly activated under 

inflammatory conditions. This would be in line with their superior allogeneic T cell 

priming and cytokine release properties and the observed correlation between their 

frequencies and ex vivo pro-inflammatory, T cell activating cytokine profiles (Figure 

5). 

DC-mediated cross-presentation of tumor-derived antigens to CD8+ T cells is 

vital for the elicitation of an effective anti-tumor immune response. In murine 

spleens CD8α- expressing DC have been pinpointed as mainly responsible for 

cross-presenting exogenous antigens on MHC class I and for effective CTL priming 

[36,37,44,45]. Interestingly, a genome-wide transcriptional profiling study suggested 

BDCA3+ DC in LN to be the human equivalent of this CD8α+ DC subset [46]. 

Recently, three groups independently confirmed this observation and reported 

BDCA3+ cDC in human blood to most closely resemble the murine CD8α+ subset, 

both in phenotype and in cross-presenting ability [9-11]. In reaction to this, others 

have compared mammalian DC subsets with cross-priming abilities for their 

relatedness and found that mouse CD8α+, sheep CD26+ and human blood-derived 

BDCA3+ DC all expressed signal regulatory protein (SIRP)-α, cell adhesion molecule 

1 (CADM1), the C-type lectin domain family 9, member A (CLEC9A), chemokine 

receptor 1 (XCR1), and CD205 [47,48]. BDCA3+ cells have previously been detected 

in melanoma SLN [49]. Our data now show that specifically both CD1a- cDC subsets 

as well as a small sub-population within the CD1ahiCD11cint LC-like compartment 

express BDCA3. In addition, the CD11c+CD14+ cells were shown to express CD103, 

another marker previously linked to antigen cross-presentation in mice, although, 
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remarkably, in that case by LN-migrating DDC rather than by blood-mobilized DC 

[33]. Additional polychromatic flowcytometric and functional analyses will have to 

reveal the exact (co-)expression profiles of BDCA3, CD103, CLEC9A, XCR1, SIRP, 

CADM1, and/or CD205 and how these profiles may define specific LN-cDC subsets 

with demonstrable cross-presenting ability. Cross-presentation may result in either 

T cell activation or tolerization, depending on input from the microenvironment and 

may independently differ per defined cDC subset [32,50]. In this regard, extensive 

C-type Lectin and Toll-like Receptor expression profiling of the discerned cDC 

subsets is of the utmost importance. 

In summary, whereas the CD1a+ LC- and DDC-like subsets derived from 

human skin-draining LN, displayed higher phenotypic maturation, the LN-resident 

BDCA3/CD141+ subsets were more potent in terms of allogeneic T cell priming and 

cytokine release. The SLN-derived LC subset in particular proved a poor inducer of 

allogeneic T cell proliferation and cytokine release. These data reflect earlier 

findings from in vivo murine studies and reveal phenotypic and functional 

heterogeneity among cDC subsets in skin-draining LN, which should be taken into 

account in the design of cutaneously applied (tumor) vaccines. 
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Chapter 2.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

De mens heeft tanden die hij op elkaar kan zetten  

en waarmee hij knarst,  

maar kijk eens naar de planten –  

die hebben geen tanden en zij groeien en sterven in vrede. 

 

Alexander Solzjenitsyn, 

uit: Kankerpaviljoen. 
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Breslow thickness and excision interval affect the activation 

state of Langerhans cells in melanoma sentinel lymph nodes 

  

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 low-dose 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 
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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]. 
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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 
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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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I may walk slowly, but I never walk backwards. 

 

Abraham Lincoln. 
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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 LN-resident DC subsets for early immunotherapeutic interventions to 

prevent melanoma recurrence and spread. 
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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 tumor-

draining 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 SLN-derived 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- LN-

resident 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- LN-resident cDC subsets express BDCA3 and 
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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 early-stage 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 
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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 
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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 maxi-mum 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), BDCA-2/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 
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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 
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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., CD1a-CD11c+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 
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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). 
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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-
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CD11c+BDCA3+CD14- and 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 
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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 
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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). 
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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 skin-derived migratory DC subsets proved to be associated 
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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. 
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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. 
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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 
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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 LN-resident 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 
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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, LN-resident 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 cross-priming 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 
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(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 LN-resident 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 cross-presenting 

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). 
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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 material 

 

 

Suppl. Fig. 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). 
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Suppl. Fig. 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. 
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Suppl. Fig. 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. 

 

 

 

Suppl. Fig. 4. CD4+CD25hiFoxP3+ Treg rates in melanoma SLN, grouped by tumor 

stage. 
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Suppl. Fig. 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). 
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Suppl. Fig. 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. 
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met ons staart op het water,  
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menen wij mensen dat ons  

spetteren ertoe doet. 

 

  Frank Westerman  
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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/GM-

CSF 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. 
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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 GM-CSF, 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 DC-targeted 

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 PF-3512676 (3, 16). As both compounds act through 

activation of different DC subsets, we hypothesized that their combined 

administration should most effectively activate a cell-mediated immune response. In 
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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 cross-presenting capacity of SLN cells, suggesting that their recruitment 

may contribute to protection against metastatic spread through increased CTL 

induction against melanoma-derived antigens. 
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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 
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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-cyto-metric 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, BDCA-2/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 
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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 serum-free 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 
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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 MART-1 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-A2-tetramer 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 
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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 

GM-CSF/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, 
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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. patient and SLN characteristics (A) and inflammatory cytokine 

concentrations in supernatants from 24-hour cultures of SLN cells (B) 

  Saline GM-CSF 

+PF3512676 

PF3512676 Pb 

A. Patient and SLN characteristics     

 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 

B. Cytokines released by SLN     

 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 ± 1,38 361 ± 293 0.026 

 IL8 2,872 ± 2,1 10,140 ± 12,3 4,167 ± 2,03 0.108 

NOTE: all concentrations are in pg/mL (mean ± SD). 
aVolume: height x width x length. 
bStatistical significance among the three patient groups by one-way ANOVA 
cStatistically 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 
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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 LN-resident, 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 
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(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. 
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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 
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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 IFNα-mediated 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+ 
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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 post-treatment 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 

BDCA3-expressing 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 IFN-related 

recruitment of BDCA3+ cDC2 to the SLN, followed by their CpG/GM-CSF–induced 

maturation to BDCA3/CD141+CD14- LN-resident cDCs. 
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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). 
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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 cross-presented 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+ skin-migrated cDCs or pDCs (Fig. 5D). 
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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 MART-1 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 r2 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 
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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 CD1a-CD11c+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-CD14- and CD1a-CD14+ cDCs (19). In the steady state (e.g., in 

saline-administered patients), CD1a-CD14- cDCs express CD83 and costimulatory 

molecules at lower levels than the CD1a+ skin-migratory 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 
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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 
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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 
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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, 
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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 material 

 

 

Suppl. Fig. 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). 
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Suppl. Fig. 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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Chapter 5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(…), de wereld zoals de mensen die met kolossale inspanningen hebben ingericht, de een 

door briljante uitvindingen te doen, de ander door vlijtig met zijn handen te werken. Dat 

alles lag hem in gelijke mate aan het hart, het was de wereld die hij liefhad, die hij wilde 

behouden. Mannen noemen dat ‗de cultuur‘. Wij vrouwen houden niet van zulke grote 

woorden en zwijgen meestal als ze dergelijke dure woorden in ons bijzijn gebruiken. 

Tenslotte kennen wij de essentie van het leven en zij alleen abstracte begrippen. Die twee 

hebben over het algemeen weinig met elkaar te maken. 

 

Sándor Márai, 

uit: Kentering van een huwelijk. 
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Local delivery of CpG-B and GM-CSF induces concerted 

activation of effector and regulatory T cells in the human 

melanoma sentinel lymph node. 
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Abstract 

Impaired effector functions in the melanoma sentinel lymph node (SLN) may 

allow for early metastatic events. In an effort to determine the optimal way to 

strengthen immune defenses, 28 clinical stage I–II melanoma patients were 

randomized in a 3-arm Phase II study to receive, prior to excision and sampling of 

the SLN, i.d. injections of saline or low-dose CpG-B (CpG), alone or combined with 

GM-CSF (GM), around the melanoma excision site. We previously described the 

combined administration of these DC-targeting agents to result in activation and 

recruitment of potentially cross-presenting BDCA3+ DCs to the SLN. In this report 

we describe the effects on effector and regulatory T and NK cell subsets. Local low-

dose CpG administration resulted in lower CD4/CD8 ratios, Th1 skewing, increased 

frequencies of melanoma-specific CD8+ T cells and possible recruitment of effector 

NK cells, irrespective of GM co-administration. These immune-potentiating effects 

were counterbalanced by increased IL-10 production by T cells and significantly 

higher levels of FoxP3 and CTLA4 in regulatory T cells (Tregs) with correspondingly 

higher suppressive activity in the SLN. Notably, CpG ± GM-administered patients 

showed significantly lower numbers of SLN metastases (saline: 4/9, CpG + GM: 1/9, 

CpG: 0/10, p = 0.04). These findings indicate that i.d. delivery of low-dose CpG ± 

GM potentially arms the SLN of early-stage melanoma patients against metastatic 

spread, but that antitumor efficacy may be further boosted by counteracting the 

collateral activation of Tregs. 
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Introduction 

 

Cutaneous melanoma is the most aggressive type of skin cancer, and its 

incidence is increasing worldwide. Once melanoma spreads beyond its primary site, 

prognosis is very poor [1]. Therefore, in early-stage melanoma patients, an effective 

adjuvant treatment to counter metastatic spread would be highly valuable. 

Melanoma is also one of the most immunogenic tumors. Tumor-reactive T cells are 

already detectable in the blood and TDLN in early stages of tumor development 

[2]. In recent years, it has become increasingly clear that melanoma evades and 

suppresses the immune system, thereby precluding an effective antitumor response 

and hampering the effect of cancer immunotherapy [3, 4]. As professional APCs 

and prime orchestrators of the innate and adaptive immune response, dendritic 

cells are obvious targets of melanoma-induced immune suppression [5]. When 

suppressed, they prevent an effective antitumor immune response and promote 

tolerance to melanoma-associated antigens (MAA). The first-line TDLN, the sentinel 

lymph node (SLN), takes the brunt of the melanoma-associated immune 

suppression, making it in effect an ―immuneprivileged site‖ with the ability to assert 

and maintain a state of systemic tolerance to MAA [3, 6]. Impaired immune effector 

functions in the SLN most likely contribute to the early metastatic events that are 

associated with melanoma. 

The sentinel lymph node procedure (SNP) presents a unique translational 

setting to study adjuvant immune therapies in vivo [7]. To assess the functional 

immune status of the SLN, we developed a previously reported sampling technique 

whereby viable immune effector cells can be obtained without interfering with 

standardized diagnostic procedures [8]. By scraping the surface of bisected SLN, 

flow cytometric analysis of myeloid and lymphocytic subsets and expansion of 

functional T cells can be achieved, while allowing regular lengthwise lamellar 

sampling of the whole SLN for immunohistochemical assessment of tumor 
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involvement. The feasibility and non-interference with diagnostic outcome were 

subsequently confirmed by others [9].  

In previous work we investigated the applicability of i.d. administration of 

GM-CSF or CpG in early-stage melanoma patients to reverse melanoma-induced 

immune suppression and mount an effective antitumor response. Both the 

targeting of conventional myeloid DCs by GM-CSF and plasmacytoid DCs (pDCs) 

by CpG elicited impressive activation, maturation and recruitment of DCs to the SLN 

and a subsequent increase in melanoma-specific CD8+ T cells, supporting the utility 

of these agents as adjuvant treatment in early-stage melanoma patients [10–13]. 

Since both compounds have been shown to interact synergistically to induce an 

antigen-specific antitumor immune response in murine models [14, 15] and proved 

to be clinically safe [16], we combined CpG and GM-CSF, both at lower doses than 

before to minimize side effects (1 mg and 100 μg, versus 8 mg and 3 µg/kg/day for 

4 consecutive days, respectively), and studied their effects in a randomized Phase II 

trial in comparison with administration of low-dose CpG alone or saline.  

As recently reported by us [17], this combined administration resulted in 

activation of the full range of DC subsets and recruitment of potentially cross-

presenting BDCA3+ DCs to the SLN. Here we report on the subsequent effects on 

the T and NK effector cells. Overall, our data point to dominant effects of CpG over 

GM-CSF at the administered doses. Besides lowering CD4/CD8 ratios, skewing to a 

type-1 T cell response profile, possibly inducing NK effector trafficking and 

increasing MAA-specific CD8+ T cell frequencies, we show that CpG has clear 

collateral suppressive effects in vivo, specifically by activating regulatory T cells 

(Tregs). 

 

Material and methods 

Patients, clinical procedures, and cell sampling 
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From September 2006 until May 2008, 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. Montville, NJ) 

and synthetic CpG-B (PF-3512676, Coley Pharmaceutical Group, Inc., Wellesley, 

MA), CpG-B alone or saline (NaCl 0.9 %). All patients were clinically diagnosed with 

stage I/II melanoma, according to criteria of the American Joint Committee on 

Cancer, and were scheduled to undergo SNP. Inclusion criteria were as described 

previously [13]. The Institutional Review Board of the VU University Medical Center 

approved the study, and written informed consent was obtained from each patient 

prior to treatment. 

All patients received 4 ml i.d. injections directly into the scar of the primary 

melanoma excision, 7 and 2 days before SNP; injections consisted of either a 

combination of 1 mg CpG and 100 μg of GM-CSF, 1 mg CpG or 4 ml plain saline. 

Heparinized blood was drawn prior to the first injection (t = −7) and on the day of 

the SNP (t = 0). Viable PBMCs were isolated and cryopreserved for further analysis 

as previously described [12]. One week after the first injection all patients underwent 

SNP and reexcision of the primary melanoma site as described [18]. SLNs were 

collected in sterile ice-cold IMDM supplemented with 25 mM HEPES buffer 

(BioWhittaker, Verviers, Belgium) with 10 % FCS, 50 IU/ml penicillin–streptomycin, 

1.6 mM l-glutamine and 0.05 mM β-mercaptoethanol [i.e., complete medium (CM)]. 

Viable cells were scraped from the SLN using a previously described method [8]. 

SLN cells were washed twice in CM, counted, and further processed. 

T cell expansion 

T cells from all SLN were expanded as described previously [11]. Briefly, cells 

were incubated for 1 h on ice with 2 µg anti-CD3 and 0.4 µg anti-CD28 per 106 cells 

(clones 16A9 and 15E8, kindly provided by Dr. René van Lier, Sanquin, Amsterdam, 

the Netherlands) in 100–200 µl CM with 5 % FCS. After incubation and washing, 

cells were placed in 24-well plates (Greiner Bio-One) pre-coated with affinity-

purified goat antimouse Ig (1:100; DAKO) in CM with 10 % FCS at a concentration of 
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106/ml/well for 1 h at 4 °C. Cells were subsequently cultured for 48 h in a humidified 

5 % CO2 incubator at 37 °C. After 24 h 100 μl supernatant from each well was 

stored for T cell cytokine analysis (see next paragraph). After 48 h, cells were 

resuspended and the contents of each well were divided over four new uncoated 

wells at 250 µl/well. To each well, 750 µl CM supplemented with 14 IU/ml 

recombinant human IL-2 (Sanquin) was added, resulting in a final concentration of 

10 IU/ml rhIL-2. Cells were cultured for another 5 days, after which they were 

harvested and counted. All SLN T cells underwent two expansion cycles. Finally, the 

expanded T cells were harvested and cryostored for functional analysis at a later 

date. 

 

T cell cytokine profiling 

Supernatants from the 24-h polyclonal T cell ex vivo expansion cultures were 

analyzed using the Type 1/2 T helper (Th1/Th2) Cytometric Bead Array kit for flow 

cytometric detection of IL-2, IL-4, IL-5, IL-10, TNF-α and IFN-γ, following the 

manufacturer‘s instructions and using Cytometric Bead Array analysis software (BD 

Biosciences, San Jose, CA). 

Expanded T cells were used for analysis of intracellular T cell cytokines. 1 × 

106 cells were stimulated for 4½ h in a humidified 5 % CO2 incubator at 37 °C with 

50 ng/ ml PMA and 500 ng/ml ionomycin in the presence of 1:500 Golgiplug (BD 

Biosciences) resuspended in Yssels medium at a concentration of 2 × 106/ml. After 

stimulation cells were washed and stained. 

Flow cytometry 

Freshly isolated SLN cells, expanded SLN T cells or thawed PBMCs were 

directly stained with antibodies labeled with either FITC, PE, PE-CY5.5, PerCP-CY5.5 

or allophycocyanin and analyzed by flow cytometry at 100,000 or 200,000 events 

per measurement, as previously described [8, 9]. Monoclonal antibodies against 

CD3, CD4, CD8, CD56, CD19, CD25 (BD Biosciences) and latency-associated 

peptide (LAP) (R&D Systems Inc. Minneapolis, MN) with matching isotype control 
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antibodies were used. Intracellular FoxP3 staining was done using the eBioscience 

(San Diego, CA) PE-antihuman FoxP3 staining set following the manufacturer‘s 

instructions. CTLA4, IFN-γ, TNF-α, IL-2, IL-4 and IL-5 were stained intracellularly 

using the Cytofix/Cytoperm Kit with GolgiStop (BD Biosciences) as described [19]. 

LAP staining was performed as described [20]; CD4- and CD25-enriched and CD4- 

and CD25-expanded T cells were stimulated for 48 h with anti-CD3 and anti-CD28 

mAbs (both at 1 μg/ml) in the presence of 10 IU IL-2 after which they were stained 

according to the published protocol [20]. 

 

Suppression assay 

Tregs were enriched from expanded SLN T cells and PBMC. After 

resuspending cells in PBS + 0.5 %BSA + EDTA an untouched CD4 MACS isolation 

was performed according to the manufacturer‘s protocol (Miltenyi Biotec, Bergisch 

Gladbach, Germany), routinely achieving purities of approximately 95 %. In 

addition, a CD25 magnetic bead-mediated isolation was performed twice to select 

for CD4+CD25hi cells (Miltenyi). Average Treg purity after enrichment, defined as % 

CD3+CD4+CD25hiFoxP3+ cells of total T cells, was 32.9 ± 4 and 43.9 ± 3.1 % from 

expanded SLN T cells and PBMC, respectively. Purity did not differ significantly 

between the three groups (p = 0.62 and p = 0.54 for SLN and PBMC, respectively). 

Enriched Tregs were resuspended in CM at 0.5 × 106/ml. Effector cells were isolated 

from two different buffy coats. After untouched CD4 isolation, CD25+ cells were 

depleted using CD25 magnetic beads according to the manufacturer‘s protocol 

(Miltenyi). Until use in suppression assays, CD4+CD25−/low cells were cryostored. 

After thawing, CD4+CD25−/low effector cells were resuspended in PBS + 0.1 % BSA 

at 1 × 106 cells/ml and incubated for 7 min at 37 °C with 3 µM carboxyfluorescein 

succinimidyl ester (CFSE). Cells were washed and resuspended in CM for 15 min to 

stabilize CFSE staining. After a final wash step, cells were resuspended in CM at 0.5 

× 106/ml as previously described [21]. 5 × 104 Tregs were cultured at a 1:1 ratio with 

allogeneic CD4+CD25−/low cells. The cells were stimulated with anti-CD3 mAb (1 
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μg/ml) and anti-CD28 mAb (1 μg/ml) in the presence of 10 IU IL-2 in 96-well round-

bottom plates. After 3 days, proliferation (i.e., CFSE dilution) of responder cells was 

analyzed by FACS. Assays were performed in triplicate or duplicate, and 

suppression was calculated as the average decrease of proliferation of effector cells 

compared to positive controls (i.e., effector cells without added Tregs). 

 

Tetramer staining 

PE-labeled HLA-A2 tetramers (kindly provided by Dr. Ton Schumacher, 

Netherlands Cancer Institute, Amsterdam, the Netherlands) presenting melanoma-

associated epitopes Gp100154–162, Gp100209–217, Gp100280–288, MAGEA3271–

279, MART-126–35, NY-ESO157–165 and TYR369–377 were used to detect MAA-

specific CD8+ T cells. Gp100 tetramers were pooled. Tetramer staining was 

performed as previously described [22]. 

 

Statistics 

Overall differences between the three patient groups in terms of patient and 

SLN characteristics and immune parameters were analyzed using the Kruskal–Wallis 

test. The post hoc multiple comparison Dunn‘s test was used to analyze differences 

between two patient study groups. For differences between two groups the Mann–

Whitney test was used. Correlations were determined using the Pearson r test. 

Differences were considered statistically significant when p < 0.05. 

 

Results 

Patient characteristics 

A total of 28 patients with clinical stage I–II melanoma were included in this 

study. Patients were randomly assigned to one of three test groups: receiving two 

i.d. injections of (1) saline, (2) CpG-B (1 mg) and GM-CSF (100 μg) (CpG + GM) or 3) 

CpG-B only (1 mg) (CpG). Injections were administered 7 and 2 days prior to SNP. 
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Adverse effects of CpG ± GM were transient and mild flu-like symptoms [17]. After 

pathological examination, 5 of 28 SLNs contained tumor cells, corresponding to 

pathologically confirmed stage III disease. Four of these stage III patients had 

received saline, resulting in a remarkable and statistically significant difference in 

lymph node positivity between groups (p = 0.04). Of these lymph node metastases, 

two had a diameter greater than 2 mm, one in the saline and the other in the CpG 

+ GM group. All patients but one with a positive SLN underwent an additional 

lymph node dissection, and all additional nodes were found to be tumor negative. 

The one patient for whom a watchful waiting policy was followed harbored a 

micrometastasis, but developed a clinically detectable regional lymph node 

metastasis 8 months after SNP, whereupon a delayed completion lymph node 

dissection was performed. HLA-A2 status was determined by flow cytometry to 

enable testing of specific CD8+ T cell frequency for a panel of melanoma-derived 

CD8+ T cell epitopes. Patient characteristics are summarized in Table 1. 

 

Table 1. Patient and sentinel lymph node characteristics  

 Saline CpG+GM CpG p¥ 

Gender (male:female) 4:5 4:5 6:4 0.74 

Age (mean ± SD) 47±12 50±12 58±12 0.16 

Breslow thickness [mean ± SD (mm)] 1.67±

0.55 

2.19±1.37 1.73±

0.96 

0.67 

Tumor-positive SLNs 4/9 1/9 0/10 0.04 

Additional lymph node dissection 3/9 1/9 0/10 0.12 

Time from primary excision to SNP [mean ± 

SD (days)] 

45±19 47±9 47±20 0.77 

HLA-A2 4/9 5/9 8/10 0.28 

¥ By Kruskal-Wallis test, bold value indicates statistical significant difference 
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Lymphocyte subsets and T cell cytokine profiles: CD4/ CD8 shift and Th1 skewing 

No significant differences in frequencies of B and NK cells from freshly 

isolated SLN cells were found between patient groups. However, in both CpG test 

groups we observed significantly decreased frequencies of CD4+ T cells leading to 

significantly lower CD4/CD8 ratios in the CpG + GM group. The expression levels of 

the activation markers CD25, CTLA4 and FoxP3 in activated CD4+ T effector cells 

(Tact, i.e., with intermediate CD25 and FoxP3 expression levels) in the SLN were 

slightly, but not significantly, higher in the CpG test groups (Table 2).  

 

Table 2.  Sentinel lymph node lymphocyte subset frequencies 

 Lymphocyte subsetsa  CD4 : 

CD8 

ratio 

Tactb 

CD25+Fox

P3int  

(%) 

Tregb 

CD25hiFox

P3hi  

(%) 

Treg : 

Tact 

ratio 

 B cells 

(%) 

NK 

cells 

(%) 

T 

cells 

(%) 

CD4 

cells 

(%) 

CD8 

cells 

(%) 

Saline 14.2 1.25 77.9 66.5 8.8 8.9 3.87 5.41 2.30 

Range 9.9-20 0.7-

2.2 

69-

85 

55-75 3.5-

12 

5.1-20 1.3-9.0 2.3-9.5 0.3-4.4 

CpG+ 

GM 

16.7 1.56 70.9 51.8* 15.1 3.9* 6.36 5.60 1.08 

Range 11-28 1.1-2.0 51-

80 

32-67 9.0-

22 

2.1-6.6 2.2-9.1 2.9-11 0.6-2.4 

CpG 17.7 1.38 68.1

* 

52.5* 10.9 5.6 4.44 5.36 1.60 

Range 6.9-35 0.7-

2.2 

52-

78 

36-60 5.2-

16 

2.4-10 1.6-8.0 2.7-8.0 0.4-3.3 

* p < 0.05 versus saline by Kruskal–Wallis test with Dunn‘s post-test, bold values indicates 

statistical significant difference 
a Indicated percentages are of measured SLN leukocytes  
b Indicated percentages are of CD3+CD4+CD25int T cells  
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To determine the effects of local CpG or CpG + GM administration on T cell 

skewing in the melanoma SLN, we measured Th1 and Th2 cytokines in supernatants 

of freshly isolated SLN cells ex vivo, which were stimulated overnight by 

immobilized anti-CD3 and anti-CD28. No clear differences were observed between 

the CpG and CpG + GM groups. However, compared to the saline group, CpG ± 

GM administration led to increased production of all measured cytokines and 

resulted in significantly skewed Th1 profiles as determined by IFN-γ/IL-4 ratios (Fig. 

1a). 

A statistically nonsignificant trend was observed for the association of type-1 

skewed profiles with CpG ± GM administration in CD4+ and CD8+ T cells as 

detected by intracellular cytokine expression after expansion (Fig. 1b). There was a 

general lack of detectable type-2 cytokine expression. Although consistent with the 

considerably (10- to 100-fold) lower concentrations of released Th2 cytokines in 

pre-expansion populations (as shown in Fig. 1a), this might also have resulted from 

the expansion procedure. 
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Figure 1. T cell cytokine profiles reveal CpG-associated Th1 skewing. A) Cytokine 

secretion profiles and Th skewing (represented as the average of all IFN-γ/IL-4 

ratios) of freshly harvested SLN T cells after in vitro stimulation. Means (in bar 

graphs with SEM) are shown. B) Intracellular cytokine levels in expanded SLN CD4+ 

(top row) and CD8+ (bottom row) T cells after in vitro stimulation. Shown are 

percentages of cells positive for the indicated intracellular Th1 and Th2 cytokines 

and Th skewing. *p < 0.05; **p < 0.01. 

 

CpG/GM effects on NK cells 

In contrast to saline administration, after CpG as well as CpG + GM 

administration NK cell frequencies in the peripheral blood on average decreased 

(Fig. 2a). Although this difference was limited and did not reach statistical 

significance, the changes in NK cell frequencies in the peripheral blood correlated 

significantly (p < 0.01) with frequencies of NK cells in SLNs of CpG ± GM-

administered patients, suggesting a recruitment of NK cells to the SLN upon CpG ± 

GM administration (Fig. 2b). Although not statistically significant (p = 0.085), we 

observed a shift from a predominant CD56bright regulatory SLN NK cell population 

in the saline-administered group toward more CD56dim effector SLN NK cells in 

both CpG test groups (Fig. 2c). In the CpG + GM group, we found highly 

significantly (p < 0.01) elevated percentages of NK cells with surface expression of 

TRAIL compared to the saline as well as the CpG group (Fig. 2d), pointing to an 

essential role for GM-CSF in this up-regulation. Of note, the same held true for 

TRAIL expression on SLN T and B cells (data not shown). 

 

 

 

 

 

 

 



189 
 

 
 

Figure 2.  CpG/GM effects on NK cells. A) Absolute changes in percentages of 

blood NK cells between t = −7 (pre-treatment) and t = 0 (post-treatment) are 

shown. B) Changes in peripheral blood NK cell frequencies for CpG ± GM-

administered patients are significantly and reversely correlated to corresponding 

SLN NK cell frequencies. C) Shift from predominant regulatory CD56bright to more 

effector CD56dim NK cells in the melanoma SLN. Average CD56dim/ CD56bright ratios 

are shown for each group by box and whisker plot. D) Surface TRAIL expression on 

SLN NK cells. *p < 0.05; **p < 0.01. 

 

Increased Treg activation in the SLN, but not in peripheral blood 

Neither in freshly isolated SLN cells nor in the peripheral blood, differences in 

percentages of natural Tregs (nTregs, defined as CD3+CD4+CD25hiFoxP3+) were 

observed between patient groups (Table 2; data not shown for peripheral blood). 

There was, however, a clear and significant difference in levels of expression of 
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FoxP3 and CTLA-4 in freshly isolated SLN Tregs between both CpG test groups and 

the saline control group (Fig. 3a). In contrast, FoxP3 levels in Tregs isolated from 

peripheral blood (t = 0) were comparable between groups (MFI, saline: 197 ± 14, 

CpG + GM: 202 ± 126, CpG: 160 ± 75). In addition, in supernatants of freshly 

isolated SLN cells from both CpG test groups, we found elevated levels of IL-10 

after overnight stimulation by immobilized anti-CD3 and anti-CD28 compared to 

the saline control group, reaching significance for the CpG group (Fig. 3a).  

To assess suppressive functionality of Tregs, enriched fractions from PBMC 

and expanded SLN T cells were used. To obtain sufficient cells for functional testing 

of Treg activity we were forced to expand SLN T cells. Figure 3b shows 

representative Treg (CD25/FoxP3) staining after magnetic bead-mediated Treg 

enrichment from SLN and PBMC samples. Generally high CD25 levels in SLN Tregs 

resulted from their expansion and concomitant activation. Two representative 

suppression assays, one from a saline and the other from a CpG-administered 

patient, are shown in Fig. 3c. For comparison between groups we used the relative 

suppression of proliferation of CD4+CD25− target cells by CD4+CD25+ enriched 

fractions from expanded SLN T cells and PBMC at a 1:1 ratio. Corresponding to the 

elevated IL-10 release and high expression levels of suppressive FoxP3 and CTLA-4 

in unexpanded Tregs from the SLN we observed a statistically nonsignificant trend 

(p = 0.09) toward increased suppressive activity of Treg-enriched fractions from 

expanded SLN T cells in CpG-administered patient groups (Fig. 3d). In contrast, no 

difference in suppressive activity of Treg-enriched populations from peripheral 

blood was observed between patient groups, in keeping with the equivalent FoxP3 

expression levels in these cells (Fig. 3d). 

LAP is expressed on the cell surface of activated, but not resting Tregs, and 

has not only been shown to be useful in the purification of Tregs from expansion 

cultures, but also as a marker of Tregs for immune-monitoring studies in patients 

treated with active immunotherapy [20, 23]. We stained extracellular LAP after 48 h 

of anti-CD3/ anti-CD28-mediated stimulation of Treg-enriched fractions of 
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expanded SLN T cells as previously described [20]. Figure 3e shows LAP expression 

in relation to FoxP3 and CD25 from a representative patient. Indeed, LAP+ Tregs 

were also highly positive for CD25 and FoxP3, in keeping with their reported 

regulatory activity. We observed a statistically nonsignificant trend toward higher 

frequencies of LAP+ Tregs in the CpG and to a lesser extent in the CpG + GM 

group, as compared to the saline group (Fig. 3f), corresponding to the observed IL-

10 release (Fig. 3a) and suppressive activity in these groups (Fig. 3d). 

 

 
 

Figure 3. Increased Treg activation and suppressive activity in SLN, but not in 

peripheral blood. A) CTLA-4 and FoxP3 expression levels [by mean fluorescence 

intensity (MFI)] in freshly isolated SLN Tregs and IL-10 secretion after stimulation of 

freshly harvested SLN T cells. *p < 0.05; **p < 0.01. B) Representative Treg staining 

of CD25-depleted and CD25-enriched expanded SLN T cells and of T cells from the 

peripheral blood,  % Tregs are listed. C) Representative suppression assays from a 
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saline- and a CpG-administered patient. Gray bars show the percentage of 

proliferated CD4+CD25− effector cells in the presence of CD4+CD25+-enriched 

fractions of expanded SLN T cells at different ratios. D) Closed bars indicate the 

suppressive activity of CD4/CD25-enriched, expanded SLN T cells for all three 

groups. Open bars indicate the suppressive activity of CD4/CD25enriched T cells 

from the peripheral blood at the same time point as SLN harvest (t = 0). Numbers 

of patients tested in the SLN and peripheral blood are, respectively: saline: 5/6, CpG 

+ GM: 7/6, CpG: 6/5. E) Representative CD25/LAP and FoxP3/LAP staining after 

pregating on CD3+CD4+ cells. F) LAP expression of CD3+CD4+CD25+ cells from 

expanded SLN T cells. Average percentages of LAP with SEM are shown for each 

group. N = 4 in each group. 

 

 

Increased melanoma‑specific CD8+ T cell frequencies in CpG + GM‑treated SLN  

We determined CD8+ T cell frequencies against a panel of MAA by tetramer 

binding of HLA-A2+ patients with sufficient numbers of T cells expanded from the 

SLN suspensions (Fig. 4a). We stratified tetramer-binding results according to SLN 

tumor status because, in accordance with previous reports [2], a trend (p = 0.07) 

toward higher tetramer-binding rates was found in tumor-positive SLN from saline-

administered patients (Fig. 4a). Consistent with our previous studies of CpG or GM-

CSF single administration [11, 12], we found significantly higher levels of MAA-

specific CD8+ T cell rates in tumor-negative SLNs of combined low-dose CpG and 

GM-CSF-administered patients compared to the tumor-negative control group (Fig. 

4b). Low-dose CpG only also resulted in higher tetramer response rates, but this did 

not reach statistical significance.  

A tetramer response was considered positive when the frequency of CD8+ 

tetramer-binding T cells exceeded the mean tetramer response rate plus two times 

the standard deviation in the tumor-negative control group (i.e., 28 tetramer+CD8+ 

T cells/105 CD8+ T cells). Positive responses are listed in Fig. 4a, b, showing that five 
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out of seven evaluable CpG ± GM-treated patients showed a positive response 

(8/21 epitopes tested), while neither of the two evaluable tumor-negative control 

patients showed a positive response (0/7 epitopes tested). 

 

A)                                              B) 

 

Positive T cell respons (by tetramer staining) 

Patients      0/2            1/1 Patients       0/2  2/2 3/5 

Epitopes      0/7           2/4 Epitopes       0/7  4/7 4/14 

 

 

Figure 4.  MAA-specific CD8+ T cells in the SLN. A) MAA-specific tetramer+CD8+ T 

cell rates in the SLN of HLA-A2+ saline-administered patients are shown for tumor-

negative and tumor-positive SLNs. Each dot represents one melanoma-specific 

tetramer-binding CD8+ population. The cutoff threshold set for positive tetramer 

responses is shown as a dashed line. B) MAA-specific tetramer+CD8+ T cell rates in 

tumor-negative SLNs for all three groups. Below both graphs response numbers 

relative to evaluated numbers of patients and epitopes are shown. *p < 0.05. 
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Discussion 

 

In previous studies of single i.d. administration of either GM-CSF or CpG, we 

found evidence for antimelanoma immune potentiation of the primary tumor site 

and its lymphatic drainage area through the boosting of tumor-specific CD8+ T cells 

[11, 12]. In the current study we monitored the effects of combined i.d. 

administration of low-dose GM-CSF and CpG and found a full-range activation of 

DC subsets in SLN (migratory and lymph node resident) and peripheral blood as 

well as a recruitment of BDCA3/CD141+ DC subsets with cross-priming ability to the 

SLN [17]. In the current report we have endeavored to assess the functional 

consequences of this adjuvant treatment in terms of effector and regulatory 

lymphocyte activation. Except for the up-regulation of TRAIL after CpG + GM 

administration on lymphocyte subsets and NK cells, we did not observe obvious 

differences between CpG and CpG + GM administration. This seems contradictory 

to the reported synergy between these two agents [14, 15] and may be explained 

by the small size of our study groups. This lack of power also calls for caution in the 

interpretation of some of our other results. The monitoring of melanoma-specific 

CD8+ T cells in particular was hampered by the limited number of cells and HLA-

A2-positive patients evaluable. Nevertheless, in concordance with our previous 

studies, we found significantly increased frequencies of MAA-specific CD8+ T cells in 

the SLN of low-dose CpG + GM-administered patients [11, 12]. Moreover, the 

apparent dominant effect of CpG over GM-CSF in terms of T cell activation 

corresponds to our previous findings for DC recruitment and activation [17].  

Others have combined CpG and GM-CSF with melanoma-associated 

peptides for vaccination in patients with advanced (stage III–IV) melanoma and 

have shown it to be a safe and promising strategy, but with poor to moderate 

clinical results, which were attributed to the presence of local regulatory responses 

and the exhausted phenotype of tumor infiltrating lymphocytes [16]. Although T cell 

exhaustion is believed to play a minor role in early-stage malignancies, regulatory 
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responses may well be an important hurdle for effective immunotherapy in early-

stage melanoma [24, 25]. Therefore, beside monitoring the effector arm of the 

immune system, we were interested in potentially suppressive effects of CpG and 

GM-CSF, particularly since recent evidence shows that CpG can induce IDO and 

STAT-3 expression in pDCs with collateral activation of Tregs [26–28]. In our 

previous study of single dose (8 mg) CpG administration we observed lower 

percentages of CD4+CD25hi SLN Tregs in CpG-administered patients [10]. In the 

current study of low-dose CpG ± GM, we found no differences in SLN Treg 

frequencies between groups. This apparent discrepancy might be attributable to 

the difference in dosing and timing of CpG administration, to higher numbers of 

SLN samples included in the analyses or to more accurate Treg analyses used in the 

current study (using freshly harvested T cells and consistently including FoxP3 in the 

gating strategy).  

More importantly, we found that intradermal CpG ± GM administration led 

to significantly higher expression levels of CTLA-4 and FoxP3 (CpG + GM group 

only) in freshly isolated SLN Tregs and to a correspondingly higher, but statistically 

nonsignificant, suppressive activity of Treg-enriched fractions from expanded SLN T 

cells. In contrast, no differences in Treg activation and suppressive activity were 

observed in peripheral blood. To obtain sufficient cells for functional testing of Treg 

activity we were forced to expand T cells from SLN. It has previously been shown 

that the suppressive potential of Tregs is preserved after in vitro anti-CD3/anti-

CD28 expansion [29, 30]. Conversely, we found no evidence for an expansion-

induced increase in suppression, since expanded Tregs from PBMCs showed similar 

suppressive activity as their unexpanded counterparts in two parallel tests we 

performed (Suppl. Fig. 1). The recent identification of LAP as a means to identify 

highly suppressive Tregs in expanded or activated T cell populations [20, 31, 32] 

prompted us to monitor its expression in our patients. The observed trend toward 

higher frequencies of LAP+ Tregs in expanded SLN T cells from CpG ± GM-

administered patients might reflect their increased suppressive potential.  
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It cannot be excluded that in addition to nTregs, induced Tregs were 

involved in the increased suppressive activity of Tregs from CpG-conditioned SLNs. 

Induced Tregs are hard to distinguish from nTregs since no specific markers exist 

[33]. Their primary mode of action appears to be through the secretion of IL-10 (Tr1 

cells, i.e., induced regulatory T cells) [34] or TGF-β (Th3 cells) [31]. An indication for 

the increased induction of Tregs after CpG administration is the significantly 

increased IL-10 release by freshly harvested T cells from the CpG-conditioned SLN. 

In addition, IFN-α strongly enhances IL-10-induced Tr1 differentiation [35]. Although 

CpG-B is a relatively weak IFN-α inducer, we have demonstrated that it induced a 

systemic transcriptional IFN-α response signature in our patients [17]. Finally, the 

significantly elevated levels of CTLA-4 in the SLN Tregs of CpG-administered 

patients could have contributed, via the proposed model of reverse signaling in 

pDCs, to the induction and activation of Tregs by IDO+ pDCs [36].  

We observed a remarkably lower number of tumor-positive SLNs in the CpG 

± GM-administered groups compared to saline-administered patients (Table 1). We 

interpret this to result from an effective antitumor immune response, boosted by 

the locally applied CpG ± GM. This may seem unlikely (i.e., the elimination within 1 

week of metastases that persisted or grew out between primary tumor excision and 

SLN procedure), however, recent studies have demonstrated the ability of T cells, 

when properly unleashed, to rapidly clear even bulky tumors, and all metastases 

found in the SLN were clinically occult and often very small (<2 mm) [43]. As such, 

this observation would suggest that the increase in local suppressive markers after 

CpG ± GM administration does not outweigh the immune stimulatory properties of 

these agents. But, because this study was not powered to detect this unanticipated 

difference, it might be a mere coincidental finding. To exclude the possibility that 

the administration of CpG ± GM or the scraping procedure led to false-negative 

SLNs, we are closely monitoring the follow-up of all patients and, encouragingly, 

preliminary data point to prolonged recurrence-free survival of the intervention 

groups (Koster, van den Hout and colleagues, manuscript in preparation).  



197 
 

Because of the imbalance in SLN positivity, comparisons between groups at 

an immunological level might be biased. To make sure the observed immunological 

differences were not related to the presence of tumor cells we compared the 

immunological results from the CpG ± GMadministered patients to SLN-positive 

and SLN-negative patients from the saline group (see Suppl. Fig. 2 for 

representative examples). This clearly demonstrated that the immune stimulatory 

and regulatory effects on a T and NK cell level were related to CpG ± GM 

administration and not to the presence of tumor cells.  

Our finding that CpG ± GM administration in melanoma patients enforces 

antitumor immunity through DC activation, a skewed Th1 response, and the 

boosting of CD8+ cytotoxic T cell responses is in keeping with previous observations 

in animal studies [14, 37]. Beside T cell immunity, an important role of NK cells, both 

in direct antitumor immunity and through shaping of the adaptive immune 

response via DC activation and editing, is becoming increasingly clear [38]. In 

murine models, tumor rejection after peritumoral injection of CpG was found to be 

dependent on NK cell recruitment to the tumor site, which led to the induction of a 

tumor-specific CTL response via crosspresentation by DCs [39, 40]. Some 

corroborating evidence is found in human studies: a phase II trial with 

subcutaneous CpG in metastatic melanoma patients showed that clinical benefit 

was associated only with NK cell cytotoxicity [41]. In the present study we found 

circumstantial evidence for a CpG ± GM-induced recruitment of NK cells to the 

SLN, corresponding to murine studies in which more conclusive evidence for TLR-

mediated NK cell recruitment could be obtained [40, 42]. Together with a trend 

toward more effector CD56dim NK cells after CpG ± GM administration and 

increased expression of TRAIL after CpG + GM, this points to increased tumoricidal 

activity of SLN NK cells.  

Overall, we conclude that, although CpG ± GM-administered patients 

showed significantly lower numbers of SLN metastases, additional measures to 
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minimize loco-regional Treg activity might optimize the clinical efficacy of CpG and 

GM-CSF as immune-potentiating agents for early-stage melanoma patients. 
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Supplementary material 

 

 

 

Suppl. Fig. 1. Suppression assays from a saline and a CpG administered patient. 

Negative control (open bar)=unstimulated CD4+CD25- effector T cells, positive 

control=stimulated CD4+CD25- effector T cells. Gray bars show the percentage of 

proliferated CD4+CD25- effector T cells in the presence of CD4+CD25+ enriched 

fractions of respectively expanded SLN T cells (SLN), peripheral blood T cells 

(PBMC) and expanded peripheral blood T cells (PBMCexp) harvested at the same 

time point (t=0). 
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Suppl. Fig. 2 Immune stimulatory and regulatory effects are related to CpG±GM 

administration and not to the presence of tumor cells a) Representative T cell 

cytokine profiles after in vitro stimulation stratified by tumor negative or positive 

saline and CpG±GM administered patients. Means (in bar graphs with SEM) are 

shown. *P<0.05. b) Pre- and post-treatment changes in NK cell frequencies in the 

peripheral blood, shift from predominantly regulatory CD56bright to more effector 

CD56dim NK cells in the melanoma SLN, and surface TRAIL expression on SLN NK 

cells stratified by tumor negative or positive saline and CpG±GM administered 

patients. *P<0.05. c) Mean Fluorescence Intensity (MFI) of CTLA-4 and FoxP3 

expression in SLN Tregs and IL-10 secretion after stimulation of SLN T cells stratified 

by tumor negative or positive saline and CpG±GM administered patients. * P <0.05. 
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Chapter 6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Het geluk hangt niet af van onze mate van welvaart,  

maar van de verwantschap van het ene hart met het andere  

en van de manier waarop we de wereld beschouwen.  

Beide houdingen liggen binnen ons vermogen,  

zodat een mens gelukkig is zolang hij zelf verkiest gelukkig te zijn –  

en niemand kan hem tegenhouden. 

            

     Alexander Solzjenitsyn, 

uit: Kankerpaviljoen. 
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Abstract 

 

We have been studying the re-activation of tumor-associated antigen (TAA)-

specific CD8+ Tcells in sentinel lymph nodes (SLN) of melanoma patients upon 

intradermal administration of the CpG-B oligodeoxynucleotide PF-3512676. To 

facilitate functional testing of T cells from small SLN samples, high-efficiency 

polyclonal T cell expansion is required. In this study, SLN cells were expanded via 

classic methodologies with plate- or bead-bound anti-CD3/CD28 antibodies and 

with the K562/CD32/4-1BBL artificial APC system (K32/4-1BBL aAPC) and analyzed 

for responsiveness to common recall or TAA-derived peptides. K32/4-1BBL-

expanded T cell populations contained significantly more effector/memory CD8+ T 

cells. Moreover, recall and melanoma antigen-specific CD8+ T cells were more 

frequently detected in K32/4-1BBL-expanded samples as compared with anti-

CD3/CD28-expanded samples. We conclude that K32/4-1BBL aAPC are superior to 

anti-CD3/CD28 antibodies for the expansion of in vivo-primed specific CD8+ T cells 

and that their use facilitates the sensitive monitoring of functional anti-tumor T cell 

immunity in SLN. 
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Introduction 

 

Over the past decade, much progress has been made in the development of 

different anti-tumor vaccination approaches. The primary objectives of most early 

clinical studies have been safety and immunogenicity. A requisite for further rational 

development of such cancer vaccines and assessment of their potential for clinical 

efficacy is the monitoring of elicited cellular immune responses. In most preclinical 

models, and some clinical studies, CD8+ cytotoxic T cells have been recognized as 

the main effectors mediating tumor regression [1–5], and they are therefore the 

focus of most immune monitoring schemes [6–8], warranting the development of 

novel detection methods with ever increasing sensitivity [9–13]. Despite recent 

advances, accurate monitoring of vaccine- and/or tumor-specific T cell responses 

remains difficult, due to extremely low frequencies of tumor-specific T cells in the 

periphery. Moreover, peripheral blood lymphocytes, although easily accessible, are 

not the most relevant compartment in which to monitor primed effector T cells and 

establish correlations with clinical responses [6]. Therefore, T cells obtained from 

effector sites such as tumor tissue, delayed type hypersensitivity (DTH) sites, 

vaccination site biopsies or tumor- or vaccine-draining lymph nodes (LN) have 

proven valuable for the monitoring of CD8+ T cells responding to tumor associated 

antigens (TAA) [14–17]. Clinical biopsies obtained from such effector sites are 

generally small and often contain limited numbers of T cells, necessitating their 

polyclonal expansion prior to functional testing. Indeed, the number of events 

analyzed has been demonstrated to be the critical determinant for the sensitive 

detection of antigen-specific CD8+ T cells by the Cancer Immunotherapy 

Consortium (CIMT)-monitoring panel [18]. Several protocols are available for 

polyclonal T cell expansion, but they are not necessarily interchangeable in terms of 

the subset or differentiation state predominance of the expanded T cells. 

CD3/CD28 T cell stimulation is widely used as CD28 is recognized as one of the 

most important co-stimulatory pathways for TCR activation. However, CD3/CD28-
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based stimulation preferentially induces naïve T cell stimulation, favors CD4+ T cell 

expansion regardless of the addition of IL-2, and may result in collateral Treg 

expansion [19,20]. An alternative route of T cell costimulation is through the tumor 

necrosis factor (TNF) receptor family member 4-1BB (CD137) [21]. 4-1BB has been 

reported to signal through downstream pathways independent of CD28 [22] and 

upon ligation to favor expansion of CD8+ T cells with a memory phenotype. 

Incorporation of 4-1BBL into artificial APCs (aAPC) resulted in augmented polyclonal 

and antigen-specific T cell expansions [19,23]. These characteristics point to 4-1BB 

costimulation as a more favorable expansion methodology to facilitate detection of 

in vivo primed TAA-specific T cells. We therefore set out to compare a novel 4-

1BBL-aAPC based method to classic CD28-based methods for the expansion of 

functional TAA-specific CD8+ effector T cells from clinical LN samples.  

First-line tumor-draining LN, so-called Sentinel LN (SLN), were obtained from 

early-stage melanoma patients participating in a clinical Phase II trial and receiving 

intradermal CpG-B ODN PF-3512676 or saline. So as not to interfere with the 

diagnostic process, small scrape samples were taken as previously described [17]. T 

cells from SLN samples were expanded using plate-bound anti-CD3/CD28 

antibodies, antiCD3/CD28-coated beads(both combined with IL-2) orK32/41BB 

aAPC, i.e. irradiated K562 cells transfected with the human low-affinity Fcγ receptor 

CD32 (loaded with the antiCD3 OKT3 monoclonal antibody) and the co-stimulatory 

molecule 4-1BBL (combined with IL-15). Expanded T cells were analyzed for the 

presence of memory/effector CD8+ T cells and the recognition of, and 

responsiveness to, common recall antigen- or TAA-derived epitopes by various 

assays. Our data show that K32/4-1BBL aAPC are superior to plate-or bead-bound 

anti-CD3/CD28 antibodies for the expansion of TAA-specific effector-memory 

CD8+ T cells and that they provide a powerful tool for the monitoring of functional 

antitumor immunity in SLN upon in vivo immunomodulation. 
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Material and methods 

 

Patients and sampling of SLN 

SLN were obtained from early-stage (clinically Stage I-II) melanoma patients 

upon intradermal administration of CpG-B ODN PF-3512676 (1 mg) or saline (7 and 

2 days prior to SLN excision), by the triple-technique SLN procedure, as described 

previously [17,24]. All patients participated in a Phase II clinical trial, approved by the 

VU University medical center's Medical Ethical Committee, and gave written 

informed consent. In brief, a lymphoscintigraphy was performed at least 4 h before 

surgery to determine the lymphatic drainage pattern in a dynamic fashion. Just 

before surgery, Patent Blue V (Laboratoire Guerbet) was injected intradermally next 

to the excision scar of the primary melanoma. During surgery, guided by a 

handheld gamma probe and the blue staining of the draining tissues, the SLN was 

identified, removed, and after isolation of viable SLN cells, examined meticulously 

by the pathologist. 

 

Isolation of SLN cells 

Immediately after removal, SLN were collected in sterile icecold IMDM 

medium. Before routine histopathologic examination, SLN cells were isolated using 

a previously described scraping method [17]. In short, the SLN was bisected 

crosswise 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, Germany), and 5% FCS, then incubated for 45 min at 37 °C 

and subsequently in PBS with 5 mmol/L EDTA for 10 min on ice. Finally, upon 

further processing, the SLN cells were washed twice in complete medium and 

counted. 

 

Cell lines 
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The human CD32- and 4-1BBL-transfected K562 aAPC line was prepared and 

cultured as described [19]. In brief, K562 cells were transfected with pcDNA3.1-neo-

CD32 and pcDNA3.1-hygro-4-1BBL by electroporation, after which cells were 

cloned by fluorescence-activated cell sorting (FACS). CD32 and 4-1BBL transgene 

expression was confirmed by flow cytometry and T cell stimulatory capacity of the 

aAPC was demonstrated by polyclonal CD4+ and CD8+ T cell proliferation assay 

[19]. K32/4-1BBL cells were cultured in IMDM (Lonza, Verviers, Belgium) 

supplemented with 10% fetal bovine serum (Hyclone, Amsterdam, The 

Netherlands), 100 I. E./ml sodium penicillin (Yamanouchi Pharma, Leiderdorp, The 

Netherlands), 100 μg/ml streptomycin sulphate (Radiumfarma-Fisiopharma, Naples, 

Italy), 2.0 mM L-glutamine (Invitrogen, Breda, The Netherlands) and 0.01 mM 2-

mercapto-ethanol (Merck, Darmstadt, Germany; hereafter referred to as complete 

medium). On a monthly basis, medium was supplemented with 1 mg/ml G-418 

sulphate (Gibco, Paisley, Scotland) and 0.2 mg/ml hygromycin B (Roche, 

Indianapolis, IN) to maintain transgene expression. The TAP-deficient cell line T2 

and the EBV-transformed B cell line JY (both HLA-A2+) were cultured in IMDM 

complete medium. 

 

T cell expansions 

T cells from the SLN were expanded according to different T cell expansion 

protocols. The selected patients were all HLA-A2+. T cells were expanded using 

either the anti-CD3/CD28 plate-bound expansion protocol as described previously 

[25–28], a CD3/CD28-bead-based expansion protocol [29], or the K32/4-1BBL-

expansion protocol [19]. For anti-CD3/CD28 plate-bound expansion, the SLN cells 

were incubated for 1 h on ice with 2 μg anti-CD3 and 0.4 μg anti-CD28 per 1×106 

cells (clones 16A9 and 15E8, kindly provided by Dr. René van Lier, CLB, Amsterdam, 

the Netherlands) in IMDM complete medium. After incubation and washing, the 

cells were placed on 24-well plates, coated with affinity-purified goat antimouse 

immunoglobulin (1:100; Dako, Glostrup, Denmark) in IMDM complete medium at a 
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concentration of 1×106 cells/well for 1 h at 4 °C. Subsequently, the cells were 

cultured for 48 h in a humidified 5% CO2 incubator at 37 °C, after which they were 

split to four new uncoated wells with fresh culture medium supplemented with 10 

U/ml rhIL-2 (Strathmann Biotec, Hamburg, Germany). After 5 days, the expanded T 

cells were harvested and counted and the expansion cycle was repeated once. 

CD3/CD28 bead-based expansion was performed according to manufactures‘ 

protocols and as described [30]. In brief, 1×106 SLN cells were stimulated with 

CD3/CD28 T cell expander beads (Invitrogen Dynal, Oslo, Sweden) at a ratio of 

three beads per T cell in one ml IMDM complete medium in the presence of 10 

U/ml IL-2 in a 24 well plate. Every 2–3 days, expanded SLN T cells were harvested, 

counted and resuspended at 0.5×106/well in fresh IL-2-containing medium. After 2 

or 3 weeks of stimulation, the expanded T cells were harvested and counted. For 

K32/4-1BBL-mediated expansion, the SLN T cells were incubated with K32/4-1BBL 

as described [19,31]. In brief, SLN T cells were incubated with K32/4-1BBL aAPC at a 

2:1 ratio in the presence of 10 ng/ml IL-15 (eBioscience, San Diego, CA). Prior to 

stimulation, K32/4-1BBL cells were lethally irradiated (100 Gy), washed, resuspended 

at 0.5×106/ml in IMDM complete medium and loaded with 2 μg/ml anti-CD3 

antibody (OKT3; Orthoclone, Janssen-Cilag, Tilburg, The Netherlands) for 15 min at 

room temperature, after which 500 μl K32/4-1BBL cells (=250,000 K32/4-1BBL cells) 

were cultured with 500,000 SLN cells in a total volume of 2 ml of IMDM complete 

medium. The CD8+ T cells were isolated by magnetic cell sorting via negative 

selection using the CD8 T cell isolation kit (Miltenyi Biotec, Bergisch Gladbach, 

Germany) and subsequently used for further functional analysis. 

 

Antibodies, tetramers and flow cytometry 

Fluorescein isothiocyanate- (FITC), phycoerythrin- (PE),peridinin chlorophyll 

protein-Cy5.5- (PerCP-Cy5.5) or allophycocyanin (APC)-labeled Abs directed 

against human CD3, CD8, CD45RA, CD27, CD62L and matching isotype control 

antibodies (all from BD Biosciences, Mountain view, CA) and PE- and/or APC-
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labeled HLA-A2 tetramer presenting melanoma-associated epitopes MAGE-A3271–

279, GP100154–162, GP100209–217, GP100280–288, NY-ESO-1157–165, 

tyrosinase369–377 and MART-126–35 and Influenza virus epitope Flu-M158–66 (all 

kindly provided by Dr. John Haanen, Netherlands Cancer Institute, Amsterdam, the 

Netherlands) were used for flow cytometric analysis. Antibody and/or tetramer 

staining was performed in PBS supplemented with 0.1% BSA and 0.02% Sodium-

Azide for 30 min at 4 °C and 15 min at 37 °C respectively. Stained cells were 

analyzed on a FACScalibur (BD Biosciences) using Cell Quest software. To exclude 

dead cells in flow cytometric tetramer analysis, 0.5 μg/ml Propidium Iodide (ICN 

Biomedicals, Zoetermeer, The Netherlands) was used. The number of CD8+ T cells 

measured was at least 150,000. T cell expansion cultures were considered tetramer 

positive when tetramer+ cells were equal to or exceeded 10 cells per 1×105 CD8+ T 

cells (>0.01%). 

 

Peptides and peptide loading of T2 stimulator cells 

The HLA-A2-restricted peptides MAGE-A3271–279 (FLWGPRALV), GP100154–

162 (KTWGQYWQV), GP100209–217 (IMDQVPFSV), GP100280–288 (YLEPGPVTV), 

tyrosinase369–377 (YMDGTMSQV), NY-ESO-1157–165 (SLLMWITQC), MART-126–35 

(EAAGIGILTV), Flu-M158–66 (GILGFVFTL), EBV280–288 (GLCTLVAML), HIV476–488 

(ILKEPVHGV) and Bcr-abl926–934 (SSKALQRPV) were synthesized by solid-phase 

strategies on an automated multiple peptide synthesizer (Syro II, MultiSyntech, 

Witten, Germany) using Fmoc-chemistry. Peptides were analyzed by reversed-

phase high performance liquid chromatography (HPLC), dissolved in DMSO (Merck) 

and stored at −20 °C.  

HLA-A2+ T2 cells were loaded overnight in serum-free medium with 25 

μg/ml melanoma-associated or control peptides in the presence of 3 μg/ml β2-

microglobulin (SIGMA, St Louis, MO) at 37 °C in a humidified 5% CO2 incubator. 

After overnight pulsing, T2 stimulator cells were washed, counted, irradiated and 

used as stimulator cells in CD8+ T cell reactivity assays. 
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In vitro antigen-specific re-stimulation of CD8+ T cells 

Isolated CD8+ T cells from a select number of patients (n=3) were also 

subjected to an antigen-specific in vitro stimulation (IVS) protocol. In brief, CD8+ T 

cells isolated from K32/4-1BBL-aAPC-expanded SLN T cells (by magnetic 

microbeads as previously described [26]), were stimulated with recall or melanoma 

peptide-loaded JY cells in the presence of 10 U/ml IL-7 (R&D systems). After 3 days, 

10 U/ml of IL-2 was added. At day 9, in vitro re-stimulated CD8+ T cells were used 

for HLA-A2 tetramer analysis and tested in an intracellular IFN-γ/CD107a 

degranulation assay as described below. 

 

Functional CD8+ T cell reactivity assays: intracellular IFN-γ and CD107a 

degranulation assay 

Antigen-specific CD8+ T cell reactivity was determined by intracellular IFN-γ 

production and cytolytic degranulation [12]. The latter was determined by the 

cumulative exposure of granular membrane protein CD107a (also known as 

lysosomal-associated membrane protein-1 (LAMP-1)) on the cell surface of 

responding antigen-specific T cells. CD8+ T cells were stimulated with pools of 

peptide-loaded T2 stimulator cells (10:1 ratio per peptide-loaded T2 cell) for 5 h at 

37 °C in the presence of anti-CD107a-PE (BD Biosciences) and 4 μM monensin 

(Sigma-Aldrich, St. Louise, MO). Following stimulation, cells were washed and 

stained with peridinin chlorophyll protein (PerCP)-labeled anti-CD8 mAb (BD 

Biosciences). After fixation with cytofix/cytoperm solution and permeabilization with 

Perm/wash solution (both from BD Biosciences), cells were labeled with FITC-

conjugated anti-IFNγ mAb (BD Biosciences) and analyzed on a FACScalibur. 

Number of CD8+ T cells measured was at least 150,000. CD8+ T cell responses were 

considered positive when (a) the percentage of IFNγ+CD107a+CD8+ T cells in 

response to EBV/FluM1 or melanoma peptides exceeded the percentage of 

IFNγ+CD107a+CD8+ T cells in response to the negative control peptides by at least 
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2-fold and (b) the percentage of IFNγ+ or CD107a+CD8+ T cells was equal to or 

higher than 0.01%. 

 

Functional CD8+ T cell reactivity assays: CD137 assay 

As described by Wolfl et al., CD137/4-1BB is up-regulated on CD8+ T cells 

upon antigen-specific activation, and thus permits detection of antigen-specific 

CD8+ T cells [13]. To determine whether CD137 up-regulation could be used to 

detect antigen-specific CD8+ T cells in the expanded T cell cultures, CD8+ T cells 

were stimulated with pools of peptide-loaded T2 stimulator cells (10:1 ratio per 

peptide-loaded T2 

cell) for 24 h at 37 °C. Following stimulation, cells were stained with CD3-APC, CD8-

FITC and 4-1BB-PE (all from BD Biosciences) and analyzed on a FACScalibur. 

 

Cytokine release assay 

The presence of recall and melanoma antigen-specific CD8+ T cells in the 

different SLN-expanded T cell cultures was also determined by cytokine release as 

measured by cytometric bead array (CBA; BD Biosciences). Cytokine levels were 

determined in the supernatants of 18-h co-cultures of peptide-loaded T2 stimulator 

cells and CD8+ T cells by making use of a human Th1/Th2 cytokine bead array kit 

according to manufacturer's protocol (BD Biosciences). CD8+ T cell responses were 

considered positive when the amount of cytokine produced in response to the 

melanoma or EBV/FluM1 peptides exceeded the amount of cytokine in response to 

the negative control peptides by at least 2-fold. 

 

Statistical analysis 

Differences between groups were analyzed with the two-sample Mann–

Whitney U test or the Fisher's exact test (both two-tailed). Differences were 

considered significant when p<0.05. 
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Results 

 

T cell expansion: effects on numbers and phenotype 

Comparing the phenotype of T cells expanded by 4-1BBL-transfected aAPC 

with those expanded by CD28-based methods revealed striking differences. As 

shown in Fig. 1A, the K32/4-1BBL aAPC induced significantly more expansion of SLN 

T cells after two stimulation rounds compared to plate- and bead-bound anti-

CD3/CD28 antibodies. Importantly, the K32/4-1BBL-expanded T cell populations 

contained more CD8+ T cells as compared with plate- and bead-bound anti-

CD3/CD28 antibody-expanded T cell populations (n=4; p=0.200 and p=0.0286, 

respectively (Fig. 1B)). SLN cells were also analyzed for the presence of naïve (Tn), 

central memory (Tcm), effector memory (Tem) and effector cells (Teff) by their 

expression patterns of CD45RA and CD62L, both pre- and post-expansion. Prior to 

stimulation, the majority of the CD8+ T cell fraction consisted of Tn and Tcm cells, 

whereas only low frequencies of Tem and Teff cells were detectable (Fig. 1C). 

Stimulation through anti-CD3/CD28 (both plate- and bead-bound) resulted in the 

selective enrichment of CD45RA−/CD62L+ Tcm cells, whereas signaling through 

anti-CD3/4-1BBL by means of the K32/41BBL aAPC system resulted in the 

predominant outgrowth of both CD45RA+/CD62L− Teff and CD45RA−/CD62L− Tem 

cells (Fig. 1C). Consistent with this observation, significantly lower mean fluorescence 

intensity (MFI) levels of CD62L on the K32/4-1BBL-expanded CD8+ T cells were 

found than on the anti-CD3/CD28 expanded T cells (Fig. 1D). 
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Figure 1. K32/4-1BBL aAPC are superior in the expansion of CD8+/CD45RA−/CD62L− 

effector-memory T cells. SLN-derived T cells were expanded by weekly stimulation 

with K32/4-1BBL aAPC in the presence of IL-15 or plate- or bead-bound anti-

CD3/CD28 antibodies in de presence of IL-2. (A) Fold increase of total number of 

cells (n=4) in the K32/4-1BBL aAPC and plate- and bead-bound anti-CD3/CD28-

expanded cultures is depicted after two stimulations. (B) Percentage of CD8+ T cells 

was determined in SLN cells prior to expansion (pre) and after 2 stimulations with 

K32/41BBL aAPC and plate- or bead-bound anti-CD3/CD28 antibodies by flow 

cytometry. Percentage of CD8+ T cells within the total cell population is depicted. 

(C) Unexpanded and K32/4-1BBL aAPC- and plate or bead-bound anti-CD3/CD28-

expanded T cell populations were analyzed for the presence of naïve (Tn), central 

memory (Tcm), effector memory (Tem) and effector CD8+ T cells (Teff) by flow 

cytometry. Tn, Tcm, Tem and Teff were defined as follows: Tn as CD45RA+/CD62L+, 

Tcm as CD45RA−/CD62L+, Tem as CD45RA−/CD62L− and Teff as CD45RA+/CD62L−. 

Percentage of Tn, Tcm, Tem and Teff within the CD8+ T cell population is depicted 
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after two stimulation rounds. (D) Mean fluorescence intensity (MFI) of CD62L on the 

CD8+ T cells population was determined after 2 stimulations with K32/4-1BBL aAPC 

and plate- or bead-bound anti-CD3/CD28 antibodies by flow cytometry. 

Differences were compared using a paired two-sided Mann–Whitney U-test and 

were considered significant when p<0.05, as indicated with the given p-value or an 

asterisk (*). 

 

Functional analysis of melanoma-specific CD8+ T cell reactivity 

To determine whether the 4-1BB- versus CD28-expanded T cells were 

equally effective in recognizing and responding to melanoma-associated and recall 

antigens, they were analyzed by HLA-A2 tetramer analysis, and upon stimulation by 

control and test peptide-loaded T2 cells, by combined intracellular IFNγ assay and 

CD107a degranulation assay, CD137 expression assay, and by cytokine release. 

Direct comparisons were made between CD8+ T cells expanded by 4-1BBL-aAPC 

and by plate-bound anti-CD3/CD28 from SLN of melanoma patients that were 

HLA-A2+ and received intradermal injections of CpG-B (1 mg) around the primary 

tumor excision site, 7 and 2 days prior to SLN excision (n=5).  

Tetramer binding results for three HLA-A2 melanoma epitopes and one 

Influenza M1 recall epitope from two representative patients are shown in Fig. 2A as 

the number of tetramer+ cells per 1×105 CD8+ T cells. Frequencies were generally 

low, but between the five patients analyzed, tetramer positive T cells were more 

frequently detected in 4-1BBL-expanded T cell populations as compared to CD28-

expanded T cells, with measurable Flu-M1 recall tetramer+ populations in 5/5 versus 

0/5 cases, respectively (p=0.0079) and measurable melanoma epitope tetramer+ 

populations in 12/30 versus 5/30 cases (p=0.084); p=0.0041 for the difference in 

combined recall and melanoma tetramer positivity (17/35 versus 5/35). 

Next, functional assays were performed to assess antigen specificity of the 

expanded CD8+ T cells, employing pools of T2 cells that were loaded with individual 
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peptides derived either from Influenza and EBV recall antigens or from melanoma 

antigens. 

CD137 expression read-out yielded high background expression levels on the 

expanded CD8+ T cells (ranging between 0.5 and 3%), irrespective of the expansion 

method used, which precluded the detection of any antigen-specific T cells (data 

not shown).  

Combined intracellular IFNγ production and cytolytic degranulation (CD107a) 

measurements identified 3/5 of the 4-1BB-expanded samples to clearly contain a 

CD8+ effector T cell population responsive to the tested EBV/Flu recall antigen-

derived peptides (Fig. 2B and C). In stark contrast, no such specific reactivity was 

found among CD8+ T cells from the CD28-expanded samples, due to high 

background reactivity (Fig. 2C). Similarly, low frequencies of melanoma-reactive 

CD8+ T cells were detectable in 3/5 patients among 4-1BB-expanded CD8+ T cells, 

although these frequencies only just reached the pre-set cut-off and detection limit 

of 0.01% (see Fig. 2B and C).  

For the detection of functional melanoma and recall antigen-specific CD8+ T 

cells by cytokine release, supernatants of 18-h co-cultures of CD8+ T cells and 

peptide-loaded T2 cells were analyzed by CBA. Results from the five SLN samples 

are shown in Fig. 2D. Upon peptide-loaded T2 stimulation, recall and melanoma 

antigen-specific CD8+ T cells were detectable in respectively 3/5 and 2/5 K32/4-

1BBL-expanded CD8+ T cell samples, through the specific release of IFNγ, IL-2, 

TNFα or IL-10. In only 1/5 of the 

anti-CD3/CD28-expanded T cell samples recall epitope-reactive CD8+ T cells could 

be detected. Similarly, a weak IL-2 response in only one of these samples was 

detectable against the tested pool of melanoma peptides (Fig. 2B,Patient #5).  
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Figure 2. Flowcytometric analysis of HLA-A2 tetramer binding, combined 

intracellular IFNγ/surface CD107a expression, and cytokine release by K32/4-

1BBLaAPC- and plate-bound aCD3/CD28-expanded CD8+ T cells. CD8+ T cells 

expanded either by K32/4-1BBL aAPC or by plate-bound anti-CD3/CD28, from SLN 

of patients after i.d. CpG-B administration (n=5) were analyzed for their reactivity 

against melanoma- and recall antigen-derived peptides by tetramer analysis, 

combined intracellular IFNγ/CD107a degranulation assay and cytokine release 

assay. (A) HLA-A2 tetramer results shown are from two representative patients. 

Epitopes presented by the employed tetramers were derived from the indicated 

melanoma or recall antigens. Top panel: K32/4-1BBL aAPC-expanded CD8+ T cells, 

and bottom panel: plate-bound anti-CD3/CD28-expanded CD8+ T cells. Results for 

live, propidium iodide negative cells are shown. The number of tetramer+ cells per 

10e5 CD8+ T cells is indicated in the upper right quadrants. T cell cultures were 

considered tetramer positive when the number of tetramer+ cells≥10 cells per 1×105 

CD8+ T cells (>0.01%; indicated in bold). (B) For the combined intracellular IFNγ

/CD107a degranulation assay, CD8+ T cells were stimulated for 4–5 h by pools of T2 

target cells individually loaded with HLA-A2 binding melanoma antigen-derived 

peptides, recall antigen-derived peptides or with control antigen (HIV/bcr-abl)-

derived peptides. Representative results are shown for one patient (patient #4). (C) 

Mean percentages of IFNγ+/CD107a+ T cells in response to pooled T2 target cells, 

individually loaded with either HIV/bcr-abl peptides (white bars), FluM1/EBV 

peptides (black bars), or melanoma peptides (grey bars), from five CpG-

administered patients. Reactivity was considered positive when the percentage of 

IFNγ+/CD107a+ cells in response to the EBV/FluM1 or melanoma peptides exceeded 

the percentage of IFNγ+/CD107a+ cells in response to the HIV/bcr-abl peptides by 

at least 2-fold and the percentage of IFNγ+/CD107a+ cells was 
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higher than the detection threshold of 0.01%. (D) For Cytometric Bead Array (CBA) 

read-out of cytokine release, CD8+ T cells were stimulated for 18 h as described 

under C), after which the supernatants were harvested and analyzed for the 

presence of cytokines. Top panel: K32/4-1BBL aAPC-expanded T cells, and bottom 

panel: plate-bound anti-CD3/CD28-expanded T cells. Concentrations of IL-2, IL-10, 

TNF-α and IFN-γ (in pg/ml) in response to T2 target cells loaded with HIV/bcr-abl 

peptides (white bars), FluM1/EBV peptides (black bars) or melanoma peptides (grey 

bars) are shown for each individual patient. Response was considered 

positive when the cytokine release in response to the EBV/FluM1 or melanoma 

peptides exceeded the cytokine release in response to the HIV/bcr-abl peptides by 

at least 2-fold, as indicated by an asterisk (*). 

 

 

To validate that the observed low-frequency (0.01%) melanoma-reactive 

CD8+ T cells by combined IFN-γ/CD107a read-out are indeed true melanoma 

antigen-specific CD8+ T cells, we performed in vitro recall and melanoma antigen-

specific re-stimulations with individually peptide-loaded JY target cells in three 

patients and subsequently analyzed the re-stimulated CD8+ T cells for their 

reactivity against these epitopes. HLA-A2 tetramer analysis (an example of which is 

shown in Fig. 3A) and IFNγ/CD107a assay (Fig. 3B) revealed that melanoma 

epitope-specific re-stimulation of the SLN-derived CD8+ T cells resulted in 

increased and measurable frequencies of these melanoma epitope-specific CD8+ T 

cells in all three patients, thereby confirming that the previously observed low 

frequencies of IFN-γ+/CD107a+ T cells were indeed bona fide melanoma antigen-

specific T cells.  
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Figure 3. Flowcytometric HLA-A2 tetramer binding and combined IFNγ/CD107a 

analysis of K32/4-1BBL aAPC-expanded CD8+ T cells after in vitro antigen-specific 

re-stimulation. K32/4-1BBL-expanded CD8+ T cells from SLN of three CpG-

administered patients were subjected to in vitro (recall or melanoma epitope-

specific) re-stimulations with individually loaded JY target cells and subsequently 

analyzed for their reactivity against these individual epitopes. (A) Representative 

HLA-A2 tetramer binding analysis in one patient is shown for 2 epitopes, performed 

before (left) and after (right) in vitro epitope-specific re-stimulation. Top panel: 

MAGE-A3271-specific CD8+ T cells and bottom panel: MART-126-specific CD8+ T 

cells. Results for live, propidium iodide negative cells are shown. The percentage of 
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tetramer+ cells is denoted in the upper right quadrants. (B) Specific IFNγ/CD107a 

reactivity against recall and melanoma-specific epitopes of all 3 patients is shown 

after in vitro antigen-specific re-stimulation (in percentage positives of CD8+ T 

cells). Positive IFNγ/CD107a reactivity is indicated by an asterisk (*). 

 

Taken together, functional CD8+ T cell testing revealed the K32/4-1BBL 

aAPC-mediated expansion to afford more sensitive monitoring of melanoma 

reactive T cells from immunopotentiated SLN. This was demonstrated by the 

observed positive responsiveness rates in any of three of the employed assays: (1) 

tetramer binding, (2) IFNγ/CD107a or (3) cytokine release assays for the respective 

4-1BB- versus CD28-expanded T cell cultures, i.e. 5/5 versus 1/5 for the recall 

epitopes and 5/5 versus 2/5 for the melanoma epitopes tested (Table 1). Moreover, 

in most cases this recall and/or melanoma antigen-specific CD8+ T cell reactivity 

was detectable in multiple assays (as summarized in Table 1). 

 

Table 1. Analysis of positive CD8+ T cell reactivity in any of the three employed 

assays (i.e. tetramer binding, IFNγ/CD107a, or cytokine release assay) for K32/4-

1BBL aAPC and plate-bound anti-CD3/CD28 expanded SLN T cells. 

#Positive assays/  

total #employed 

assaysa 

Recall peptides (#patients) Melanoma peptides (#patients) 

K32/4-1BBL 

aAPC 

Plate-bound 

aCD3/CD28 mAbs 

K32/4-1BBL 

aAPC 

Plate-bound 

aCD3/CD28 mAbs 

0/3 0 4 0 3 

1/3 2 1 1 2 

2/3 0 0 3 0 

3/3 3 0 1 0 

aAn assay was scored positive according to pre-defined cut-offs, as described in 

Materials and methods. 

 

Detection of melanoma-specific CD8+ T cell reactivity in saline versus CpG-

conditioned SLN samples 
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As described previously by us, employing plate-bound anti-CD3/-CD28 

expansion, increased SLN frequencies of melanoma-specific CD8+ T cells were 

detected in clinically stage I/II melanoma patients receiving local administration of 

GM-CSF or CpG-B ODN over SLN frequencies from patients receiving saline 

[25,26]. Indeed, detection of recall and melanoma antigen-specific CD8+ T cells 

proved near impossible in the saline-administered patients, with measurable 

responses only in three of in total 17 patients tested in these trials. In order to 

determine whether expansion by means of the K32/4-1BBL aAPC system also 

increased measurable responses in saline-administered SLN, we performed HLA-A2 

tetramer and CBA cytokine release analysis on K32/4-1BBL aAPC-expanded CD8+ T 

cells from five saline-administered patients. Recall- or melanoma-specific CD8+ T 

cells could be detected in four of the five saline-administered patients by HLA-A2 

tetramer analysis (in total; 2/5 of the tested recall peptides and 5/30 of the tested 

melanoma peptides, respectively; see Table 2). Recall and melanoma 

antigenspecific CD8+ T cells were detectable in respectively 2/4 and 1/4 patients by 

CBA read-out (not shown). These positive reactivities among saline-administered 

patients clearly indicate an increased sensitivity of CD8+ T cell reactivity detection 

afforded by 4-1BBL-aAPC-mediated expansion. Nevertheless, comparing tetramer 

reactivity between CpG and saline-administered patients revealed that recall and 

melanoma tetramer-positive T cells were more frequently detected in the CpG-

administered patients (5/30 by 7/35; p=0.0224; Table 2). Furthermore, FluM1- and 

melanoma-specific T cells were detectable in higher frequencies and melanoma-

reactivity encompassed multiple melanoma epitopes (MAGE-A3, GP100, tyrosinase 

and/or MART-1), while the melanoma-specific T cell response in saline patients was 

restricted to MART-1 (data not shown). 
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Table 2. Analysis of tetramer reactivity among 4-1BBL-aAPC-expanded CD8+ T cells 

from CpG- (n=5) and saline-modulated (n=5) SLN. 

K32/4-1BBL-aAPC expanded T cell cultures 

 CpG-modulated SLN Saline-modulated SLN 

 Recall 

epitope 

Melanoma 

epitope 

Recall 

epitope 

Melanoma 

epitope 

Tetramer+ CD8+ T cell 

measurements 

5 12 2 5 

Tetramer- CD8+ T cell 

measurements 

0 18 3 25 

Total positive 5/5 12/30 2/5 5/30 

Total (recall and 

melanoma) positive 

17/35a 7/35 7/35  

aVersus total positives in saline-modulated SLN; p=0.0224, two-sided Fisher‘s exact 

test. 

 

 In line with these findings, the amount of cytokines produced in response to 

pooled melanoma or recall peptides also tended to be higher in the CpG-B group 

as compared to the saline group (Fig. 4A). Of note, the observed increased cytokine 

levels in CpG patients compared to saline patients was associated with increased 

specific T cell frequencies, as demonstrated for IFNγ and cumulative Tm frequencies 

in Fig. 4B. These findings thus confirm our previous observation of increased 

melanoma antigen-specific reactivity of CD8+ T cells expanded from SLN after local 

administration of CpG [25,26]. 
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Figure 4. Comparative analysis of CD8+ T cell reactivity between CpG-B- and saline-

treated SLN samples. CD8+ T cells expanded by K32/4-1BBL aAPC from SLN 

samples obtained from CpG- or saline-administered melanoma patients were 

analyzed for their reactivity against recall (left hand panel) or melanoma antigen-

derived (right hand panel) peptides by (A) cytokine release in a cytometric bead 

array read-out. Specific release of IFNγ, IL-2, TNFα and IL-10 (in pg/ml) against 

pooled recall (EBV/FluM1) or melanoma antigen-derived peptides is shown for 
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CpG- (closed symbols) and saline-administered patients (open symbols; n=5 and 

n=4, respectively). (B) IFNγ levels against pooled recall or melanoma peptides and 

corresponding tetramer frequencies are depicted for CpG- and salineadministered 

patients. Specific release of IFNγ is depicted in pg/ml (black bars) and tetramer 

frequencies is given as the cumulative frequency (in % of tested epitopes (white 

bars; FluM1 or MAGE-A3, GP100, MART, Tyr and NY-ESO-1 epitopes) for CpG- and 

saline-administered patients (n=5 and n=4, respectively). 

 

 

Discussion 

 

In this study, we investigated optimal polyclonal T cell expansion and 

antigen-specific CD8+ T cell detection methods for the monitoring of 

immunopotentiated SLN suspensions. Our data demonstrate that the use of K32/4-

1BBL aAPC affords more effective expansion of effector and effector-memory CD8+ 

T cells as compared to plate- and bead-bound anti-CD3/CD28 antibodies. As a 

result, both recall and melanoma specific CD8+ T cells were more readily detected 

in functional assays. This is in line with findings by others [19,20]. As described by 

Zhang et al., T cell expansion via K32 aAPC-based anti-CD3/CD28 resulted in 

enhanced expansion of CD8+ T cells as compared to bead-based anti-CD3/CD28 T 

cell expansion. Furthermore, several groups showed that co-stimulation through 4-

1BB led to preferential activation and expansion of CD8+ T cells, and to augmented 

polyclonal and antigen-specific T cell expansion [19,23,32].  

In keeping with previous reports, phenotypic analysis revealed that signaling 

through CD3/CD28 resulted in the expansion of T cells with a central memory 

phenotype, whereas stimulation through anti-CD3/4-1BBL resulted in the 

preferential expansion of effector-memory T cells [19,20]. The latter illustrates the 

particular potential of this system for the expansion of T cells obtained from effector 

sites such as tumor, DTH or vaccination site biopsies, since in vivo primed (i.e. 
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antigen-experienced) CD8+ T cells quickly downregulate CD28 upon acquisition of 

effector function [33], making signaling through alternative co-stimulatory 

molecules necessary. As in any LN, the majority of T cells in the unexpanded SLN 

suspensions had a naïve or central-memory phenotype (Fig. 1C). To nevertheless 

preferentially expand the in vivo primed and differentiated effector and effector-

memory T cells (that may protect against the spread of micrometastases), the 

K32/4-1BBL aAPC expansion platform proved very useful. Both the use of 4-1BBL 

and IL-15 most likely resulted in the improved expansion and survival of effector 

and effector-memory CD8+ T cells in the expansion cultures as compared to the 

use of CD28 and IL-2 [34,35]. 

Immunomonitoring to assess effector functions and specificity of elicited 

vaccine- or tumor-specific T cells ex vivo requires robust, sensitive and reproducible 

assays. We previously employed the IFNγ Elispot assay to enumerate specific CD8+ 

T cell responses among anti-CD3/CD28-expanded T cells from SLN samples 

[25,26]. While this assay allowed for relatively sensitive detection, a major draw-

back was high background reactivity in the expanded CD8+ T cells and the lack of 

polyfunctional assessment (e.g. cytolytic potential and release of additional 

cytokines). In order to determine what combination of assays would be most 

suitable for the detection and functional assessment of low-frequency antigen-

specific CD8+ T cells, we compared different flow cytometry-based assays for the 

detection of recall- and/or melanoma antigen-specific CD8+ T cells in the expanded 

SLN samples. Neither recall nor melanoma antigen-specific CD8+ T cell reactivity 

could be detected by the CD137 assay. A possible explanation for this might be the 

relatively high background reactivity, most likely induced by the in vitro polyclonal 

expansion. The combined IFNγ/CD107a assay was previously used for ex vivo T cell 

detection [12,36] and indeed identified recall antigen-specific CD8+ T cells in the 

majority of our patients. It proved less useful for the detection of low-frequency 

melanoma antigen-specific CD8+ T cells, as these in some cases only just reached 

the pre-set positivity cut-off of 0.01% (see Fig. 2B and C). Yet, in vitro melanoma 
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peptide-specific re-stimulation experiments confirmed that these low frequency 

CD8+ T cells detected at 0.01% were indeed melanoma epitope-reactive CD8+ T 

cells, thereby corroborating the validity of the assay. Our data confirm the 

importance of using multiple assays in the monitoring of low-frequency tumor-

specific T cells [18], each validating the other in the observed T cell reactivities. More 

frequent detection of melanoma and recall antigenspecific CD8+ T cells in K32/4-

1BBL aAPC-expanded T cell populations could be confirmed by combined 

IFNγ/CD107a and cytokine release assay, thereby validating our HLA-A2 tetramer 

data—and vice versa. Recall and melanoma antigen-specific CD8+ T cells were 

detectable in three of five K32/4-1BBL-expanded samples in multiple parallel tests, 

but in only one test in one of five anti-CD3/CD28-expanded samples, clearly 

indicating the superiority of the aAPC in the expansion of recall or melanoma-

specific CD8+ effector T cells from SLN material. As described by the CIMT-

monitoring panel [18], an important determinant for the sensitive detection of 

antigen-specific CD8+ T cells is the number of cells analyzed. Since the anti-

CD3/CD28 antibody–expanded T cell cultures contained significantly lower CD8+ T 

cell rates, lower total numbers of CD8+ T cells were available for analysis. Thus, the 

higher number of available CD8+ T cells post-expansion with aAPC should also 

facilitate more sensitive monitoring of their TAA specificity and effector functions. 

We previously reported that local intradermal administration of CpG-B ODN 

or GM-CSF around the primary tumor excision site in clinically stage I/II melanoma 

patients resulted in increased PDC and MDC activation and increased frequencies 

of melanoma-specific CD8+ T cells, as compared to saline administration [25,26]. In 

these studies, measurable CD8+ T cell responses to recall- or melanoma peptides 

were found in only three of the in total 17 patients who received saline injections 

[25,26]. By applying the K32/4-1BBL expansion methodology, we were now able to 

detect recall or melanoma-specific CD8+ T cell responses in 4 out of the 5 tested 

patients who received i.d. saline (by tetramer binding and cytokine release analysis). 

This is a clear indication of an increased sensitivity in the detection of low-frequency 
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reactive CD8+ T cells, afforded by the aAPCbased expansion methodology. 

Importantly, our previous findings of increased recall and melanoma-specific CD8+ 

T cell reactivity after local treatment with CpG or GM-CSF [25,26] was still observed 

when SLN-derived T cells were expanded with the K32/4-1BBL-aAPC platform, both 

validating our previous findings and demonstrating the usefulness of the K32/4-

1BBL aAPC expansion method for immunomonitoring purposes. This study was 

designed to test the utility of the K32/4-1BBL aAPC expansion method for the 

detection of CD8+ effector/memory T cells per se, and not to demonstrate 

correlations to clinical outcome. Since we only evaluated a small number of patients 

at an early stage of disease (Stage I-II, at which most patients do not relapse), 

clinical correlation was not feasible. However, the K32/4-1BBL aAPC expansion 

method could prove very useful in this regard in larger randomized studies. 

Our data on more efficient K32/4-1BBL-mediated expansion of melanoma 

antigen-specific SLN T cells is also of potential interest to the field of adoptive cell 

therapy (ACT). Although it has been described that tumor-reactive T cells for ACT 

can be expanded from tumor draining lymph nodes in mice and man by making 

use of anti-CD3 and anti-CD28 antibodies [27,37], our data suggest that the use of 

K32/4-1BBL aAPC might be advantageous over the use of anti-CD3 and anti-CD28 

antibodies for the expansion of LN T cells with potent anti-tumor effector functions. 

In summary, K32/4-1BBL aAPC are superior to plateand bead-bound anti-

CD3/CD28 antibodies for the expansion of functional effector-memory CD8+ T cells 

from immunomodulated SLN, as demonstrated by combined analysis of tetramer 

binding, IFNγ/CD107a expression and cytokine release. We conclude that 4-1BB-

mediated expansion of in vivo primed effector-memory CD8+ T cells by means of 

aAPC facilitates sensitive monitoring of functional antitumor immunity in small 

samples from tumor-draining LN. 
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Chapter 7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I tell you, we are here on earth to fart around,  

and don‘t let anybody tell you different. 

 

Kurt Vonnegut 
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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 tumor- draining 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. 
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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 

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. 
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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 tumor-draining 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 
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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). 
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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. 
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Table 1. Patient and tumor characteristics at enrollment 

Clinical parametersa Treated group 

(n=30) 

Placebo group 

(n=22) 

Overall 

(n=52) 

Age, in years    

  Mean (SD) 54.1 (12.6) 50.9 (13.4) 52.7 (12.9) 

Gender    

  Male 16 (53.3) 13 (59.1) 29 (55.8) 

  Female 14 (46.7) 9 (40.9) 23 (44.2) 

Location    

  Head, neck, and trunk 20 (66.7) 12 (54.5) 32 (61.5) 

  Extremities 10 (33.3) 10 (45.5) 20 (38.5) 

Histologic subtype    

  SSM 23 (76.7) 17 (77.3) 40 (76.9) 

  Nodular 4 (13.3) 4 (18.2) 8 (15.4) 

  Other or unknown 3 (10.0) 1 (4.5) 4 (7.7) 

Breslow (mm)    

  Mean (SD) 1.77 (0.98) 1.86 (1.24) 1.81 (1.09) 

Ulceration    

  Yes 5 (16.7) 4 (18.2) 9 (17.3) 

  No 25 (83.3) 18 (81.8) 43 (82.7) 

Follow-up RFS (in 

months) 

   

  Median (range) 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 pre-specified period, treatment allocation 

in both trials did not have the exact 1:1 and 1:1:1 ratio. Sealed opaque envelopes 
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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. skin-derived 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 
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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 pre- and post-treatment peripheral blood 

mononuclear cells (6,14). In brief, after polyclonal anti- CD3 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 melanoma-

associated epitopes gp100154-162, GP100209-217, Gp100230-233, MAGE-A3271-

279, MART-126-35, 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. 
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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. 
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Table 2. Pathologic disease stage 

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) 

aPathologic 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- LN-resident 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 read-out 

(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 
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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 
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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 (CD1ahiCD11c+) 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 antigen-derived 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 in-transit) 
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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. 
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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. 
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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 85-90% 

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 3-5%), 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 non-significant, 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). 
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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 SLN-resident 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 CpG-B (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, 
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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 loco-regional 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 
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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 CpG-B 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 material 

 

 

 

Suppl. Fig. 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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Chapter 8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Een goede dokter weet wanneer  

hij van het protocol moet afwijken. 
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Chapter 8: Summarizing discussion and future prospects 

 

We‘ve come a long way since the English physician Thomas Fawdington 

(1795-1843) wrote about melanoma and decided ―to leave to future investigators 

the merit of revealing the laws which govern the origin and progress (of 

melanosis)… and pointing out the means by which its ravages may be prevented or 

repressed‖ [1]. Although melanoma is still a deadly disease, the laws that govern its 

origin and progress are slowly being untangled, and the means by which 

melanoma can be prevented or repressed are gradually being uncovered. 

 

In the Introduction of this thesis in Chapter 1 the historical background of 

melanoma research is highlighted up until the last decade where, with the 

breakthrough of immunotherapy, developments in the treatment of melanoma 

have gained enormous momentum, to a point that metastasized melanoma is now 

no longer considered an untreatable disease [2-4]. Also, major paradigm shifts in 

the management of ‗high-risk‘ (stage IIIB/C) melanoma are currently underway [5]. 

Adjuvant immunotherapies and targeted therapies are now available that have 

been shown to improve survival in these patients [6-8]. The vast majority (>80%) of 

melanoma patients are diagnosed with localized disease and despite increased 

knowledge on the etiology of melanoma, the incidence of (especially thin (<1mm)) 

melanoma has risen dramatically in the past few decades [9, 10]. Despite a relatively 

favorable prognosis, these ‗low-risk‘ patients still face a real chance of disease 

recurrence. Ultimately, melanomas with a Breslow thickness of less than 1 mm or 1–

2 mm are so common that they account for nearly half of future deaths by 

melanoma, according to data from Australia and the USA, including the SEER 

registry [11, 12]. So, despite all the recent improvements in the management of 

advanced and ‗high risk‘ melanoma, there is still a large unmet need for adjuvant 

therapy in lower risk groups, because systemic checkpoint inhibition and targeted 

therapies as used for ‗high risk‘ disease cannot be considered cost-effective for low 
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risk patients. Chapter 1 further highlights the changing role of the SLN biopsy in the 

management of melanoma patients over time, up until its current position as an 

important prognosticator as well as its role in risk stratification and as an inclusion 

tool for clinical trials. Importantly, as the birthplace of antitumor immunity, the SLN 

plays a pivotal role in the critical initial decision between immune activation and 

tolerance [13]. Besides its pathological sentinel function (tumor positivity and 

burden), the utilization of the SLN as an immunological sentinel has proven 

invaluable for the studies described in this thesis and may, given its central role in 

the ‗melanoma-immunity cycle‘, prove of future interest in directing melanoma 

management, especially immunotherapeutically [14]. The immunotherapeutic 

windows described in Chapter 1 are partly opened to us through insights from 

immune monitoring studies performed on the melanoma SLN. These windows offer 

plentiful leads for immunotherapeutic strategies besides (or combined with) 

checkpoint inhibition that can be explored with the promise of a favorable 

therapeutic index for the management of patients with so-called ‗low-risk‘ 

melanoma. 

Exact knowledge on the frequency and activation state of cells involved in 

the immune response is of great importance for effective application of 

immunotherapeutic agents. Since DCs play a central role in the immune response, 

they are logical targets for immunotherapeutic interventions, but the lack of 

knowledge on the phenotype and function of human DC subsets in LNs has proven 

a major hurdle in translating preclinical DC-based therapies from mouse studies 

into successful DC-based therapies for humans [15, 16]. In Chapter 2 four cDC 

subsets from the melanoma SLN are phenotypically and functionally characterized. 

Two CD1a+ skin derived cDC subsets (i.e. Langerhans cells (LCs) and dermal 

dendritic cells (DDCs)) are distinguished and two CD1a-CD11c+BDCA3+ cDC subsets, 

presumably derived from precursors in the blood. Despite their phenotypically 

higher maturation state, the CD1a+ skin derived cDC subsets proved inferior T-cell 

activators compared with the CD1a-BDCA3+ subsets residing in lymph nodes. These 
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data represent the first functional characterization of human lymph node cDC 

subsets and are a first step toward more detailed functional discrimination of 

different human DC subsets, a subject that has also been addressed by other 

groups hereafter [17]. The BDCA3+ cDC subset described in this chapter is of special 

interest. Not only because it proved to be the most potent allogeneic T-cell 

activator, but also because it has now become clear that this subset most likely 

encompasses the human equivalent of the murine CD8α cDC subset, established as 

responsible for in vivo cross-priming of potent CD8+ cytotoxic effector T cells [18-

21]. Since DC-mediated cross-presentation of tumor-derived (neo-)antigens to 

CD8+ T cells is vital for the elicitation of an antitumor immune response, this subset 

is of major interest for tumor immunology.  

As an addendum to Chapter 2, Chapter 2.1 presents a response to a letter to 

the editor of Blood by Gerlini et al. claiming that LCs in melanoma SLNs are 

immature, at variance with our data represented in Chapter 2 [22].  In response, we 

show that this difference in LC maturation in melanoma SLNs may be explained by 

the difference in patient groups between both studies: we show that both Breslow 

thickness and the time interval between primary melanoma excision and SLN 

harvest play a significant role in the maturation status of LCs in the melanoma SLN. 

These findings offer a glimpse into the complex interplay between immune cells 

and melanoma in vivo. More detailed knowledge on these interactions is crucial for 

the development of efficient immunotherapeutic strategies. 

Chapter 3 therefore builds on these observations and further explores the 

immunosuppressive effects of melanoma on the regional immune system by 

determining the maturation and activation state of SLN DC subsets in relation to 

melanoma stage. In addition, melanoma induced suppressive effects on the SLN T 

cell compartment are described.  Whereas in stage I and II melanoma, increased 

Breslow thickness is associated with progressive suppression of skin-migrated CD1a+ 

DC-subsets, LN-resident DC-subsets and T cells are only affected once metastasis 

to the SLN occurs (i.e. stage III disease). Follow up of these patients showed that 
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local melanoma recurrence is correlated to lower frequencies of skin-migrated SLN 

CD1a+ DC-subsets, whereas distant recurrence and melanoma-specific survival are 

associated with reduced maturation of SLN-resident DC-subsets. These findings 

offer a rationale to target migratory as well as LN-resident DC subsets for early 

immunotherapeutic interventions to prevent respective local and distant melanoma 

recurrence and spread. These observations suggest differential roles of migratory 

versus LN-resident cDC subsets in terms of T cell priming and imprinting, possibly 

resulting in differential homing properties of resulting effector T cells.  Additional 

findings from this chapter also attest to the potential of the immune activation state 

of the melanoma SLN as predictor of clinical outcome. In this small cohort, 

expression of the DC maturation marker CD83 on the SLN-resident BDCA3+ DC 

subset proved to be a strong predictor for distant recurrence free survival (DRFS), 

whereas SLN tumor status did not appear to be related to DRFS (Figure 1).  

  

 

Figure 1: Kaplan-Meier plots of DRFS in clinical stage I and II melanoma patients. 

The left plot shows a statistically significant difference in DRFS between patients with 

above median (n=14) and below median (n=14) expression of the DC maturation 

marker CD83 on the CD1a-CD11c+BDCA3+ SLN DC subset. The right plot shows no 

effect of SLN tumor status on DRFS (SLN pos: n=9, SLN neg: n=19) in the same 

group of patients,* by Log-rank test. 
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In Chapter 4, data from a randomized clinical phase II trial is presented which 

aims to target the migratory as well as LN-resident DC subsets by locally 

administering GM-CSF and/or the TLR9-activating agent CpG-B in early stage 

melanoma patients. 28 clinically stage I-II melanoma patients 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. 

Combined CpG/GM-CSF administration resulted in enhanced maturation of 

conventional as well as plasmacytoid SLN DC subsets and selectively induced 

increased frequencies of LN-resident BDCA3+ cDC subsets. 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 SLN 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 

these BDCA3+ DCs correlated with increased 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.  

Studies described in Chapter 5 explored the effects of local administration of 

CpG and GM-CSF on effector and regulatory T and NK cell subsets in the 

melanoma SLN in patients from the phase II clinical trial introduced in chapter 4. On 

the one hand, effects favoring anti-tumor immunity, like lower CD4/CD8 ratios, Th1 

skewing, possible recruitment of effector NK cells and increased frequencies of 

melanoma-specific CD8+ T cells, are presented. On the other hand, these immune-

potentiating effects are shown to be counterbalanced by increased IL-10 production 

by T cells and significantly higher levels of FoxP3 and CTLA4 in Tregs with 

correspondingly higher suppressive activity in the SLN. These observations are in 

line with reports showing that CpG can induce Tregs in an IDO-dependent manner 

[23, 24]. The significantly lower numbers of SLN metastases observed in the 
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CpG/GM-CSF administered patients compared to the saline control patients 

however, suggest that increased local suppressive markers after CpG/GM-CSF 

administration do not outweigh the immune stimulatory properties of these agents, 

but that additional measures to minimize loco-regional Treg activity might optimize 

clinical efficacy of CpG and GM-CSF as immune-potentiating agents for early stage 

melanoma patients.  

To facilitate functional testing of T cells from small SLN samples, high-

efficiency polyclonal T cell expansion is required. In a comparative study described 

in Chapter 6, melanoma SLN cells were expanded via classic methodologies with 

anti-CD3/CD28 antibodies and compared with the novel K32/4-1BBL artificial APC 

(aAPC) system, and analyzed for responsiveness to common recall or TAA-derived 

peptides. K32/4-1BBL-expanded T cell populations contained significantly more 

effector-memory CD8+ T cells. Moreover, recall and melanoma antigen-specific 

CD8+ T cells were more frequently detected in K32/4-1BBL-expanded samples as 

compared with anti-CD3/CD28-expanded samples. Thus, K32/4-1BBL aAPC appear 

to be superior to anti-CD3/CD28 antibodies for the expansion of in vivo-primed 

specific CD8+ T cells and their use may facilitate the sensitive monitoring of 

functional anti-tumor T cell immunity in the SLN. 

Chapter 7 finally presents the long term follow-up results of the randomized 

phase II trial described in chapter 4 and 5, combined with the follow-up results of a 

previous clinical trial on the local administration of CpG-B as a single agent in early 

stage melanoma patients [25, 26]. Identical enrollment criteria and consistent 

immune modulating effects of CpG-B in both trials support this pooled analysis. 

After a median clinical follow-up of 88.8 months, a clearly improved recurrence-free 

survival (RFS) for the CpG treated patients as compared with the placebo (saline) 

controls was shown (p=0.008). Also for pathologically confirmed stage I–II patients 

separately, a significant difference in RFS in favor of the treated group was 

demonstrated (p=0.02).  These clinically favorable results were further supported by 

a pooled analysis of immune monitoring data from both trials which confirmed the 
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CpG-induced selective recruitment and activation of BDCA3+ cDC subsets with 

cross-presentation ability in the melanoma SLN, as described in Chapter 4. 

Combined T cell monitoring data confirmed that higher melanoma-specific T-cell 

response rates were found in SLN of CpG-B–treated patients. In addition, peripheral 

blood T-cell monitoring showed that systemic melanoma-specific T-cell response 

rates were significantly increased, indicative of systemic immune protection 

following local CpG-B administration, consistent with an observed near-significant 

improvement in distant RFS upon local CpG-B and/or GM-CSF administration. In 

conclusion, local low dose CpG-B administration in early stage melanoma patients 

provides an adjuvant treatment option offering durable protection for a large 

group of patients currently going untreated despite being at considerable risk for 

disease recurrence. 

  

As demonstrated in Chapter 5, CpG acts on the immune system as a double 

edged sword: besides desirable immune stimulatory effects it induces regulatory 

responses, presumably as part of a normal physiological mechanism to limit 

collateral damage during infection or inflammation [27]. What matters, of course, is 

the net effect: the lower frequencies of SLN tumor positivity combined with the 

significantly longer RFS in the CpG-treated groups on long term follow up, 

presented in Chapter 7, clearly point to an overall beneficial effect of CpG in early 

stage melanoma patients. Subanalysis of pathologically confirmed stage I-II patients 

also showed a significant RFS increase upon CpG administration. This strengthens 

the hypothesis that there was no down-staging without RFS benefit. Because these 

phase II trials were designed to study the biological effects of local low dose CpG 

with or without GM-CSF on the loco-regional immune system in melanoma, these 

unanticipated follow up results have now prompted us to perform a larger phase II 

trial with a next-generation CpG ODN (IMO-2125) in cT3-4N0M0 melanoma 

patients (Intrim 1 Study)[28]. The primary objective of this study is to investigate 

whether local administration of a single dose of IMO-2125 at the primary melanoma 
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excision site results in decreased tumor positive SLN rates. The secondary objectives 

are to investigate whether a single dose of IMO-2125 induces a loco-regional and 

systemic immune response and to determine RFS and OS after 5 and 10 years of 

clinical follow up. 

So far, despite promising preclinical data, many clinical trial results with CpG 

have been disappointing or not promising enough to pursue further [29-31]. For 

GM-CSF, largely the same holds true [32, 33]. So why should we anticipate a 

different result with a single dose of CpG in a malignancy long considered as one of 

the most therapy resistant, or even an untreatable disease [2]?  

First and foremost, in the (not too distant) past most clinical trials with 

immunomodulatory agents were conducted in patients with advanced cancer 

where the immunosuppressive state was likely too profound to be overthrown by 

relatively simple immune stimulatory approaches like the injection of cytokines or 

TLR activation. We know now that more profound measures, like immune 

checkpoint inhibition, may be required in this setting. Indeed, in a melanoma 

vaccine trial with adjuvant CpG in patients with metastatic melanoma, a systemic 

anti-melanoma tumor response was attained, but without clinical benefit, which was 

attributed to an increase in Tregs at local tumor sites [31]. Immunosuppressive 

hurdles in early stage cancer are not as high as those in advanced disease. In 

Chapter 3 we‘ve clearly demonstrated that melanoma-induced immune 

suppression is a stepwise process in which an increase in disease burden (i.e. 

melanoma stage) is reflected by the degree and extent of suppression of different 

DC and T cell subsets. We also show that this melanoma-induced immune 

suppression has major clinical impact since the suppression of skin-derived and LN-

resident DC subsets is related to local and distant melanoma progression, 

respectively. We only found an increase in SLN Tregs in patients with LN-metastasis 

(i.e. stage III disease). What logically follows from these observations is that for 

different melanoma stages, different immunotherapeutic strategies targeting 

different leukocyte subsets should be applied. We‘ve shown that for early stage 
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disease, the local boosting of DC subsets likely is sufficient to mount a clinically 

effective anti-melanoma immune response. Combined analysis of immune 

monitoring data from SLNs from melanoma patients described in Chapter 3 (n=36) 

with immune monitoring data from SLNs from CpG-administered patients from 

both phase II trials as presented in Chapter 7 (n=35) show that melanoma-induced 

suppression of BDCA3+ mDC and pDC is completely lifted by the administration of 

CpG for melanoma stage I-III. Increased expression levels of maturation and 

activation markers (CD83, CD40 and CD80) on BDCA3+ mDC and pDC are shown 

in Figure 2 in CpG administered patients as compared to the control patients. 

Notably, this activating effect was independent of tumor stage. 

  

 

Figure 2: Combined immune monitoring data of clinically stage I and II, CpG 

administered, melanoma patients from two phase II trials (n=35) versus control 

patients (n=36). Expression of the DC maturation and activation markers CD83, 
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CD80 and CD40 on SLN CD1a-CD11c+BDCA3+cDC and SLN pDC are shown for 

different melanoma stages in both groups. *p<0.05, **p<0.01, ***p<0.001 by two-

way ANOVA and Bonferroni post test. #p<0.05, ##p<0.01 by one-way ANOVA with 

post-hoc Tuckey test. 

 

Another advantage of applying immunotherapy in early stage melanoma is 

the lower tumor load. Although recent studies have demonstrated the ability of T 

cells, when properly unleashed, to rapidly clear even bulky tumors, smaller tumors 

will likely be cleared easier [34]. In conjunction with a lower tumor load, tumor 

heterogeneity will generally be less pronounced than in advanced disease.  This can 

be important, since recent work from McGranahan and co-workers suggests that 

highly clonal tumors are more likely to be controlled by immune responses than 

their more heterogeneous counterparts [35].  

As a third important point, we‘ve learned that locally applied immune 

modulators, like CpG, are more effective against loco-regional immunosuppressive 

effects and have superior efficacy compared to systemically applied agents. In 

preclinical studies, the route of CpG administration was found to be a critical factor 

in mediating antitumor activity. By inducing localized inflammatory signals at tumor 

sites, locally injected CpG effectively promotes the migration, activation and 

function of immune cells, ultimately leading to improved tumor control, not just 

locally but also at distant, non-injected sites [36-40]. This abscopal effect of 

intratumoral CpG injection has been clinically observed in metastatic melanoma and 

may also help overcome secondary resistance to PD-1 blockade by increasing T cell 

and NK cell infiltration in the tumor microenvironment [41]. Of note, repeated 

administration of CpG in non-tumor sites combined with chemotherapy in earlier 

trials in melanoma and non-small cell lung cancer did not contribute to tumor 

control in the metastatic setting and resulted in the discontinuation of the CpG 

oncoimmunology program by Pfizer [29, 42].  
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A final reason to pursue this kind of local immunomodulatory therapy is the 

strong immunological basis, comprehensively described in this thesis, on which the 

clinical efficacy is built. In short, we‘ve demonstrated the selective recruitment and 

activation of a BDCA3+ DC subset, specialized in cross-presenting tumor antigens, 

to the melanoma SLN in conjunction with a boost in regional as well as systemic 

anti-melanoma cytotoxic T cells. 

Of course, a major precondition for the application of adjuvant immune 

therapies in the low risk setting of early stage melanoma is the minimization of 

toxicity. In phase II studies performed so far with local (subcutaneous or 

intratumoral) CpG, no significant adverse events have occurred and only mild, flu 

like symptoms were observed [26, 41, 43-45]. This is confirmed by in vivo mouse 

studies showing equal or improved antitumor efficacy upon local (intratumoral) 

administration of checkpoint inhibitors or TLR ligands like CpG without systemic side 

effects [40, 46]. 

The long follow up time needed for this type of studies in early stage 

melanoma may well be the single most important reason that still no widely used 

adjuvant treatment after surgical excision of primary melanoma exists: for drug 

developers, it is almost impossible to realize a viable business model to reach 

marketing authorization for drugs in this adjuvant setting. Also, adverse events are 

far less tolerable in early compared to advanced stages of the disease. Therefore, 

most immunotherapeutic studies are still being performed on patients with 

advanced disease. Since we‘ve learned that immunosuppressive hurdles in these 

settings are very hard to overcome it may be reasonable to state that this approach 

might be one of the reasons that the final breakthrough of cancer immunotherapy 

has taken so long. 

Besides CpG and GM-CSF there are many other TLR targeting drugs and 

cytokines that could prove therapeutically effective as anti-cancer agents. Many of 

those have yet to be tested in a clinical setting. Only sporadic, but promising small-

scale clinical trials with local immunomodulation in melanoma exist [41, 47-50]. 
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Combination therapies of TLR ligands and other immune modulators may have 

additive, or even synergistic effects as shown in several preclinical studies [51, 52]. In 

this respect, one might also think of combinations with local low-dose cytostatic 

drugs, since early preclinical work from Scheper et al showed impressive immune-

enhancing effects with minimal side effects of local cytostatic drugs via an effect on 

DCs [53, 54]. Although in the clinical phase II trial described in this thesis CpG had 

obvious dominant effects over GM-CSF, and study groups were too small to draw 

definite conclusions on a possible additive effect of GM-CSF on CpG, we did 

observe a greater increase in BDCA3+ DC activation and higher frequencies of 

melanoma specific SLN CD8+ T cells in the group that received the combination of 

CpG and GM-CSF (Chapter 4 and 5). Also, immune checkpoint inhibitors may be 

applied locally and combined with immune modulatory agents [55]. In a mouse 

tumor model, local subcutaneous injection of anti-CTLA4 in the tumor area was 

shown to be as effective as the systemic administration of the agent, but with an 8-

fold reduction in dosage and thousand-fold decreased levels of antibody in the 

serum, reducing adverse events and the risk of autoimmunity [46]. Anti-CTLA4 is an 

attractive agent to combine with CpG or GM-CSF since local anti-CTLA4 has been 

shown to reduce Treg levels and can help to unleash primed melanoma-specific 

CD8+ T-cells [56]. Another strategy to target unwanted inhibitory effects of TLR 

ligands like CpG could be to combine CpG with the inhibition of IDO, p38 MAPK or 

STAT3 activity. In preclinical models, it has been convincingly demonstrated that this 

approach attenuates Treg induction by TLR agonists and enhances their clinical 

efficacy as cancer immunotherapeutics [57-61].  

Since locally applied immune modulators are less toxic and more effective 

than when they are systemically applied, it is not surprising that this ‗local approach‘ 

is now also being translated to patients with metastasized disease: preclinical and 

early clinical data show promising effects of local CpG in combination with systemic 

checkpoint inhibition [62-64]. In phase II trials in patients with metastasized 

melanoma conducted so far, efficacy of local CpG in combination with anti-CTLA4 
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or anti-PD1 was shown in injected and un-injected distant lesions, demonstrating an 

abscopal effect. Also, no synergistic toxicity with immune checkpoint inhibition was 

observed and some patients refractory to PD-1 blockade did respond to the 

combination with local CpG [41, 64]. A follow up phase III trial (ILLUMINATE-301) is 

currently underway. The abscopal effect can be explained by the fact that locally 

applied immune modulators, like CpG, can induce a more inflamed (‗hot‘) tumor 

microenvironment and induce T cell priming and/or boosting in TDLN, leading to 

systemic anti-melanoma immune responses. The crucial role of TDLN in this 

process in earlier melanoma stages was clearly demonstrated in earlier work from 

our group [25] and confirmed in the work presented in Chapter 7 from this thesis 

[65] and by recent studies using mouse models [66, 67].  

Another promising approach in more advanced stage melanoma is neo-

adjuvant immunotherapy in patients with confirmed stage III disease. The rationale 

behind using checkpoint inhibitors before instead of after surgery (i.e. complete LN 

dissection) is that the source of tumor antigens present in conserved metastases 

could induce a stronger and more prolonged antitumor T cell immune response 

resulting in a more effective prevention of tumor relapse. In mouse models of 

metastatic tumors, the benefit of this approach has been clearly shown. The 

prolonged protection of the animals which was observed after neo-adjuvant 

immunotherapy followed by surgery was dependent on the presence of CD8+, 

CD4+, and NK cells and was associated with an increase of tumor-specific T cells in 

the blood as well as in several organs [68]. Although two early phase I clinical trials 

in advanced stage melanoma patients using the neo-adjuvant approach showed 

unacceptably high levels of toxicity, they are still worth pursuing [69, 70], not only 

because maximum efficacy is required in this high risk setting, but also because 

patients‘ blood and tumor samples provide useful data which can guide future 

therapies, analogous to the way immunomonitoring data from the melanoma SLN 

guided our clinical studies [71].  
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Given all these exciting developments and possibilities of immunotherapy in 

melanoma, we can foresee a future clinical decision tree which will be radically 

different from a decade ago when there was a scarcity of adjuvant therapeutic 

options (Figure 3). For clinically stage I and II melanoma, adjuvant 

immunomodulatory therapy with CpG could become a real option with a major 

potential impact on melanoma mortality awaiting the first results of the recently 

initiated phase II Intrim 1 Study [28]. If, despite local immunomodulatory measures, 

pathological staging in these clinical stage I and II patients through re-excision and 

SLN biopsy would reveal stage III disease, systemic adjuvant measures like 

checkpoint inhibition or targeted therapy with BRAF or MEK inhibitors would seem 

appropriate. CLND will be performed less and less. As mentioned before, 

therapeutic efficacy of local CpG might be further enhanced by measures limiting 

Treg activity through, for example, inhibition of IDO, p38 MAPK or STAT3 signaling 

or adding local (CTLA4) checkpoint inhibition. This kind of combined local 

immunotherapy may be indicated for thicker (stage II) melanomas, which harbor a 

considerably higher chance for regional and systemic spread and have shown a 

more profound immune suppressed state of the SLN (see Chapter 3). These 

approaches urgently await clinical testing which will be feasible and most effective 

through small scale phase II trials like those presented in this thesis. A strategy that 

is already being explored in a large international randomized phase III trial is 

adjuvant systemic anti-PD1 (Pembrolizumab) in high risk stage II (stage IIB and IIC) 

melanoma (ClinicalTrials.gov, NCT03553836). It remains to be seen which strategy 

will the most effective, both in terms of protection against disease recurrence and 

of cost, and importantly, the safest. Based on the data presented in this thesis, the 

best therapeutic index will more likely be found in the local approach. In the 

advanced setting of stage III and IV melanoma, the situation is different. Here, 

systemic immunotherapy and targeted therapy have proven their use as adjuvant 

therapies, although still only a minority of patients responds to these treatments. 

Their effects may be further enhanced by local, intratumorally applied 
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immunomodulatory agents, possibly in combination with systemic immune 

checkpoint blockade, as is currently being investigated [41, 64]. Neo-adjuvant 

administration of systemic immunotherapy can also increase efficacy and holds 

great promise, but may prove too toxic for many patients.  
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 Figure 3: Clinical stage is determined clinicoradiologically and after diagnostic 

excision of the primary melanoma. Pathological stage is determined after 

reexcision, SLN biopsy and/or CLND (according to AJCC TNM 8th edition). CpG: 

local injection of CpG in the scar after primary melanoma excision. CpG+: as CpG 

combined with agents to minimize Treg activity (local inhibition of IDO, p38 MAPK, 

STAT3 or immune checkpoints (CTLA4)). Dotted line: optional. 

 

The deeper understanding of cancer-related immunologic components and 

processes such as described in this thesis has spawned renewed exploration of 

more rational, mechanism-based immunologic strategies for cancer prevention. 

The immunoprevention of cancer recurrence after removal of the primary tumor, 

sometimes referred to as secondary immunoprevention, is now gaining in 

momentum [72-74]. Others prefer to label this concept ‗early adjuvant therapy‘, 

because it eradicates possible undetectable minimal residual disease, as opposed to 

‗late adjuvant therapy‘ which is applied when overt metastatic disease (nodal or 

visceral) has been completely resected, but disease recurrence is expected [75]. 

Whatever the used terminology, if, by relatively simple measures, such as local CpG 

injection, it would prove possible to prevent melanoma from recurring and 

metastasizing, then in theory a substantial part of the very costly and toxic systemic 

(immune) therapies applied in later stages of the disease would no longer be 

necessary. This strategy is likely to have a better chance of decreasing melanoma 

mortality than any late adjuvant strategy and should be invested in more heavily in 

the near future. The approach presented in this thesis may serve as an important 

and clinically actionable example for the potential of early adjuvant immunotherapy 

a.k.a. secondary immunoprevention of cancer.  
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Nederlandse samenvatting 

 

Het doel van dit proefschrift is het onderzoeken van de therapeutische 

mogelijkheden van locoregionale immuunmodulatie bij vroeg stadium melanoom 

patiënten. Dit zijn patiënten die klinisch enkel gelokaliseerde ziekte hebben 

(stadium I en II melanoom). Ondanks het feit dat deze patiënten een relatief 

gunstige prognose hebben, hebben zij toch een reële kans op ziekterecidief of 

metastasen. Momenteel bestaat er echter geen adjuvante therapie voor deze grote 

groep patiënten die de kans op recidivering of metastasen kan verkleinen. Omdat 

deze groep zo groot is (>80% van alle melanoom patiënten) en de laatste tientallen 

jaren sterk is toegenomen, maken zij nu al bijna de helft uit van alle mensen die 

uiteindelijk sterven aan de gevolgen van melanoom. De ontwikkeling van een 

effectieve adjuvante therapie is dus dringend gewenst. Voorwaarde is wel dat de 

toxiciteit van een adjuvante therapie tot een minimum beperkt blijft aangezien de 

grote meerderheid van deze vroeg stadium melanoom patiënten een uitstekende 

prognose heeft. Vandaar dat systemische ‗checkpoint inhibitors‘ zoals nu voor 

stadium III en IV melanoom gegeven worden, niet in aanmerking komen. 

In dit proefschrift wordt het effect van zowel afzonderlijke als gecombineerde 

intradermale injecties met immuunstimulantia GM-CSF en CpG-B onderzocht. Deze 

injecties worden gegeven op de plaats waar het primaire melanoom geëxcideerd is. 

Met deze gerichte, lokale injecties proberen we het locoregionale immuunsysteem 

dusdanig te stimuleren dat er een effectieve antitumor respons ontstaat zonder 

ernstige bijwerkingen.  

GM-CSF is een cytokine waarvan bekend is dat het dendritische cellen (DCs) 

kan rekruteren en activeren. DCs hebben een zeer belangrijke en centrale rol in de 

immuunrespons tegen kanker: zij kunnen tumorantigenen opnemen en verwerken 

en uiteindelijk presenteren aan T-cellen in lymfklieren nadat zij hierheen zijn 

gemigreerd via de lymfbanen. Daarbij activeren zij CD8+ T-cellen, die op hun beurt 

tumorcellen kunnen herkennen en doden nadat zij via de bloedbaan naar de tumor 
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zijn gemigreerd. CpG-B is een kunstmatig ongemethyleerd oligodeoxynucleotide. 

Ongemethyleerde oligodeoxynucleotiden komen in de natuur voor in bacteriën en 

virussen. Door het lichaam worden deze ‗vreemde‘ oligodeoxynucleotiden als 

pathogeen herkend via ‗Toll-like receptoren‘ (TLRs). CpG-B bindt via TLR9 aan 

plasmacytoide DCs (pDCs), die hierdoor geactiveerd raken en grote hoeveelheden 

interferon-alpha (IFNα) gaan secreteren. IFNα stimuleert andere immuuncellen 

zoals conventionele (myeloide) DC subgroepen (cDC) en ‗Natural Killer‘ (NK)-cellen 

waardoor er een effectieve immuunrespons kan optreden tegen de 

ziekteverwekker.  

Om te onderzoeken wat de effecten van GM-CSF en CpG-B zijn op het 

immuunsysteem van vroeg stadium melanoom patiënten hebben we gebruik 

gemaakt van de schildwachtklier (SWK) procedure. Dit is een diagnostische 

procedure die verricht wordt bij melanoom patiënten om de SWK te onderzoeken 

op metastasen, en is belangrijk voor de stadiëring en prognose van melanoom 

patiënten. De SWK is de lymfklier waarop het melanoom als eerste draineert en 

daardoor ook de plaats waar het eerst lymfkliermetastasen op zullen treden. Om de 

immuuncellen uit de SWK te kunnen onderzoeken ontwikkelden we een techniek 

waarmee we deze cellen uit de SWK konden ‗schrapen‘ zonder dat verder 

onderzoek op (micro)metastasen in het gedrang komt. 

Deze immuuncellen, waaronder DCs, T-cellen en NK-cellen onderzochten we 

door middel van onder andere flow-cytometrie, een techniek waarmee we de 

expressie van multipele maturatie, activatie en suppressieve markers kunnen 

bepalen. Ook onderzochten we de eventuele aanwezigheid van melanoom-

specifieke CD8+ T-cellen en de suppressieve activiteit van regulatoire T-cellen 

(Tregs) in de SWK en het perifere bloed na in vitro expansie van T-cellen. Door 

buiten deze klinische fase 2 studies ook SWK van andere vroeg stadium melanoom 

patiënten op dezelfde wijze te onderzoeken en de resultaten te combineren met 

die van de placebo groepen uit de fase 2 studies konden we behalve de effecten 

van GM-CSF en CpG-B ook de effecten van het melanoom op het locoregionale 
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immuunsysteem onderzoeken. Ook stelde dit werk ons in staat om verschillende 

DC subgroepen uit de SWK fenotypisch en functioneel te karakteriseren en via 

bloedonderzoek bij dezelfde patiënten verbanden te leggen met systemische DC 

subgroepen en andere immuuncellen. Ten slotte deden we lange termijn follow-up 

van alle patienten uit de klinische fase 2 studies en keken we naar verschillen in 

ziektevrije overleving tussen de met CpG ± GM-CSF behandelde patiënten en de 

placebo groep. 

 

In Hoofdstuk 1 wordt een algemene inleiding gegeven waarbij de historische 

achtergrond van het melanoom onderzoek wordt geschetst, de epidemiologie en 

stadiëring van melanomen kort worden besproken, en enkele opmerkingen over de 

etiologie en genetica van melanoom worden gemaakt. Zowel nieuwe als oude 

geaccepteerde behandelmethoden voor melanoom worden aangestipt met een 

nadruk op de recente doorbraak van immuuntherapie. Vervolgens wordt zowel de 

historie als de huidige rol van de SWK binnen zowel de melanoom diagnostiek als 

het wetenschappelijk onderzoek toegelicht. Het laatste deel van Hoofdstuk 1 

behandeld de verzamelde kennis over de complexe interactie tussen het melanoom 

en het immuunsysteem en schetst met behulp van deze inzichten de 

mogelijkheden om therapeutisch gebruik te maken van deze wisselwerking. 

In Hoofdstuk 2 wordt een fenotypische en functionele karakterisering van vier 

cDC subgroepen uit de SWK van melanoom patiënten gepresenteerd. Twee CD1a+ 

vanuit de huid gemigreerde cDC subgroepen (Langerhanscellen (LC) en dermale 

dendritische cellen (DDC)) worden onderscheiden, alsmede twee CD1a-

CD11c+BDCA3+ cDC subgroepen, die waarschijnlijk vanuit het bloed naar de SWK 

zijn gemigreerd. Ondanks dat de vanuit de huid gemigreerde CD1a+ cDC 

subgroepen fenotypisch meer matuur waren, bleken zij slechter in het activeren van 

T-cellen dan de CD1a-CD11c+BDCA3+ cDC subgroepen. Deze studie, de eerste die 

humane DCs uit de lymfklieren functioneel karakteriseert, biedt aanknopingspunten 

voor het ontwikkelen van op humane DCs gebaseerde immuuntherapieën. 
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Als addendum bij Hoofdstuk 2, laat Hoofdstuk 2.1 een reactie zien op een 

‗letter‘ van Gerlini et al. naar de editor van Blood, waarin gesteld wordt dat LCs in 

de SWK van melanoom patiënten immatuur zijn, in tegenstelling tot de data die we 

presenteren in Hoofdstuk 2. Als reactie daarop laten we zien dat dit verschil te 

verklaren is door de verschillen tussen de patiëntengroepen in beide studies: zowel 

de Breslow dikte (invasiediepte van het primaire melanoom) als het tijdsinterval 

tussen de melanoomexcisie en SWK procedure hebben een belangrijke invloed op 

de maturatie status van LCs in de SWK van melanoom patiënten.  

Hoofdstuk 3 bouwt voort op deze bevindingen. Hierin onderzoeken we de 

immuunsuppressieve effecten van het melanoom op het regionale immuunsysteem 

door zowel de maturatie als activatiestatus van verschillende DC subgroepen in de 

SWK te onderzoeken in relatie tot het ziektestadium (melanoom stadia 1 t/m 3). 

Daarnaast worden de effecten van de verschillende melanoom stadia  op het T-cel 

compartiment in de SWK beschreven. Bij stadium 1 en 2 melanoom blijkt de 

Breslow dikte significant en negatief te correleren met de maturatie en activatie 

status van de CD1a+ DC subgroepen: dikkere melanomen onderdrukken deze 

subgroepen sterker. De in de SWK aanwezige en uit het bloed afkomstige CD1a- 

DC subgroepen worden echter pas onderdrukt bij stadium 3 melanoom patiënten, 

en ook Tregs in de SWK nemen pas toe in dit ziektestadium. Na follow up van de 

patiënten uit deze studie bleek lokale recidivering van melanoom te correleren met 

kleinere hoeveelheden van de uit de huid gemigreerde CD1a+ DC subgroepen 

terwijl melanoom recidieven op afstand en melanoom-specifieke overleving 

correleerden met de maturatie status van de uit het bloed afkomstige CD1a- DC 

subgroepen in de SWK. Deze bevindingen tonen het belang aan van zowel uit de 

huid (CD1a+) als uit het bloed (CD1a-) gemigreerde DC subgroepen in het 

ziektebeloop van melanoom patiënten, en onderbouwen het gebruik van middelen 

die zich richten op deze subgroepen om lokale recidieven en metastasen te 

voorkomen bij vroeg stadium melanoom patiënten. 
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In Hoofdstuk 4 wordt een klinische fase 2 studie gepresenteerd die zich 

zowel richt op uit de huid als uit het bloed gemigreerde DC subgroepen in de SWK 

van melanoom patiënten door de lokale injectie van GM-CSF en CpG. In totaal 28 

klinische stadium 1 en 2 melanoom patiënten werden gerandomiseerd en 

ontvingen intradermale injecties op de plaats waar het primaire melanoom 

geëxcideerd was van (1) CpG-B [CpG-groep], (2) CpG-B en GM-CSF [CpG+GM 

groep] of (3) een fysiologische zoutoplossing [placebo groep] 7 en 2 dagen voor 

de SWK procedure. De gecombineerde toediening van CpG en GM-CSF 

resulteerde in een toegenomen maturatie status van zowel cDC als pDC 

subgroepen en in een selectieve toename van CD1a-BDCA3+ cDC subgroepen in 

de SWK. Via in vivo en in vitro correlaties vonden we aanwijzingen dat deze CD1a-

BDCA3+ cDCs afkomstig zijn uit het bloed en op een type I IFN-afhankelijke manier 

gemobiliseerd worden naar de SWK om vervolgens te matureren onder de 

gecombineerde invloed van CpG en GM-CSF. De toename van deze CD1a-BDCA3+ 

cDCs in de SWK bleek te correleren met een toegenomen capaciteit voor 

kruispresentatie, een manier om tumor antigenen direct te presenteren aan tumor 

specifieke CD8+ T-cellen, die essentieel is voor een effectieve anti- tumor 

immuunrespons. De gecombineerde lokale toediening van CpG en GM-CSF 

versterkt dus de beschermende immuunrespons tegen melanoom via de 

gecoördineerde activatie van pDC en cDC subgroepen en de mobilisatie van 

BDCA3+ cDC subgroepen die met behulp van kruispresentatie T-cellen kunnen 

stimuleren. 

Hoofdstuk 5 beschrijft de effecten van de lokale toediening van CpG en GM-

CSF op zowel effector als regulatoire T en NK-cel subgroepen in de SWK van de 

melanoom patiënten uit hoofdstuk 4. Enerzijds worden effecten gezien die 

antitumor immuniteit ondersteunen zoals lagere CD4/CD8 ratios, Th1 ‗skewing‘, 

mogelijke rekrutering van effector NK cellen, en toegenomen hoeveelheden 

melanoom-specifieke CD8+ T-cellen. Anderzijds blijkt er tegengewicht te worden 

gegeven aan deze immunogene effecten door een toegenomen IL-10 productie 
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door T-cellen en significant hogere expressie levels van FoxP3 en CTLA4 in Tregs en 

een hiermee samengaande toename van suppressieve activiteit van Tregs in de 

SWK. Een significant lager aantal SWK metastasen in de patiëntengroep die CpG 

en/of GM-CSF toegediend heeft gekregen in vergelijking met de placebo groep 

suggereert echter dat deze toename van suppressieve activiteit na CpG/GM 

toediening de immuun stimulerende eigenschappen niet overtreffen, maar dat 

manieren om deze suppressieve effecten te verminderen de effectiviteit van CpG 

en GM-CSF mogelijk nog zouden kunnen doen toenemen. 

Om T-cellen uit kleine SWK monsters functioneel te kunnen testen is 

polyklonale T-cel expansie noodzakelijk. In de vergelijkende studie die beschreven 

wordt in Hoofdstuk 6 worden cellen uit de SWK van melanoom patiënten 

geëxpandeerd op de klassieke manier met anti-CD3/CD28 antilichamen en met het 

artificiële K32/4-1BBL APC systeem en wordt hun reactiviteit voor ‗recall‘ en 

melanoom-specifieke antigenen getest. Onder de K32/4-1BBL-geexpandeerde T-

cellen bevonden zich significant meer effector/geheugen CD8+ T-cellen. Daarnaast 

werden ‗recall‘ melanoom-specifieke antigenen vaker gedetecteerd in K32/4-1BBL-

geexpandeerde T-cellen in vergelijking met de anti-CD3/CD28 antilichaam-

geëxpandeerde T-cellen. Het artificiële K32/4-1BBL APC system lijkt daarom beter 

geschikt voor de expansie van in vivo geprimede specifieke CD8+ T-cellen dan 

CD3/CD28 antilichamen en kan daarmee de monitoring van anti-tumor T-cel 

immuniteit in de SWK verbeteren. 

Hoofdstuk 7 presenteert de lange termijn follow-up resultaten van het fase 2 

onderzoek beschreven in hoofdstukken 4 en 5, gecombineerd met de follow-up 

resultaten van een voorgaande trial van onze groep waarbij enkel CpG lokaal 

geïnjecteerd werd bij vroeg stadium melanoom patiënten. Identieke inclusiecriteria 

en vergelijkbare immuunmodulatoire effecten van CpG in beide trials 

ondersteunden deze gecombineerde analyse. Na een klinische follow-up van 88.8 

maanden (mediaan) observeerden we een duidelijk verbeterde ziektevrije 

overleving voor patiënten die behandeld waren met CpG/GM in vergelijking met de 
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controlegroep (p=0.008). Ook bij separate analyse van pathologische melanoom 

stadium 1 en 2 patiënten werd een significante verbetering van de ziektevrije 

overleving gezien in het voordeel van de patiënten die met CpG/GM behandeld 

waren. Deze gunstige klinische resultaten worden ondersteunt door 

gecombineerde analyses van de immuun monitoring data van beide studies. Deze 

bevestigden zowel de selectieve mobilisatie en activatie van CD1a-BDCA3+ cDC 

subgroepen met het vermogen tot kruispresentatie als de toename van melanoom-

specifieke CD8+ T-cellen in de SWK van CpG-behandelde melanoom patiënten. 

Aanvullend onderzoek van het perifere bloed van deze patiënten toonde 

bovendien dat melanoom-specifieke T-cellen ook in het perifere bloed waren 

toegenomen. Dit wijst op een systemische immunologische bescherming na lokale 

CpG injectie en is in overeenstemming met de geobserveerde en bijna-significante 

verbetering van ziektevrije overleving op afstand na lokale CpG/GM toediening.  

Concluderend kunnen we stellen dat lokale, laag gedoseerde CpG injectie bij 

vroeg stadium melanoom patiënten een adjuvante therapeutische mogelijkheid 

biedt, die duurzame bescherming kan bieden aan een grote groep melanoom 

patiënten die momenteel, ondanks een reëel risico op ziekterecidief, geen 

adjuvante behandelopties hebben.  

De studies in dit proefschrift worden verder bediscussieerd en geïntegreerd 

in Hoofdstuk 8 dat ook dient als een algemene discussie en vooruitzichten geeft op 

toekomstige ontwikkelingen. Daarnaast positioneert het onze bevindingen in de 

context van de ontwikkelingen binnen de immuuntherapie, waaronder recente 

bevindingen uit trials naar de (neo)adjuvante behandeling met immuun ‗checkpoint‘ 

inhibitoren, en stelt het een mogelijke toekomstige behandelboom voor voor 

melanoom patiënten. 
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Dankwoord  

 

Waar ik in mijn voorwoord nog kort de voordelen aan kon stippen, loop ik in dit 

dankwoord onherroepelijk tegen de nadelen van een dergelijk langdurige 

promotietraject aan.  Want hoe zorg ik dat ik niemand vergeet? Laten we maar 

gewoon bij het begin beginnen… 

 

Geachte Prof.dr. R.J. Scheper, promotor. Beste Rik, bij jou begon het inderdaad 

toen ik als schuchtere basisarts - met enige klinische ervaring maar meer interesse 

in pathologie, immunologie en research - jouw kamer binnenliep. Al snel wist ik dat 

ik op de juiste plek was, want met het je kenmerkende enthousiasme en een snufje 

oppertunisme wist je me in korte tijd een enorm spectrum aan mogelijke 

onderzoeksprojecten voor te schotelen. Veel dank voor de kans die je me toen 

geboden hebt en voor je  input later. 

Geachte Prof.dr. T.D. de Gruijl, beste Tanja, bij jou –eerst als co-promotor, later als 

promotor- kwam ik op het lab terecht en leerde ik de ‗ins en outs‘ van de 

(tumor)immunologie. Dat ging met vallen en opstaan, maar altijd wist jij geduldig 

koers te houden, ook al hebben we die koers af en toe aan moeten passen. Echter, 

dankzij jouw expertise en creativiteit waarmee je het tweesnijdend zwaard der 

immunologie weet te hanteren heb ik er altijd vertrouwen in gehouden dat we dit 

project tot een goed einde zouden brengen. Bedankt voor de inspiratie en vrijheid 

die je me daarbij gegeven en geboden hebt, vooral ook de vrijheid om mijn eigen 

ideeën uit te werken. En al had deze vrijheid natuurlijk ook haar keerzijde, het is het 

resultaat dat telt, en dat mag er zijn.  

Geachte Prof.dr. A.J.M. van den Eertwegh, promotor. Beste Fons, naar verluidt 

kwam jij met het lumineuze idee om niet alleen naar de immunologische resultaten, 

maar ook naar de klinische follow up van onze patientenpopulatie te kijken. De 

resultaten zijn bekend en beschreven in Hoofdstuk 7. Bedankt ook voor je kritische 

beoordeling van verschillende papers. 
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Geachte Dr. P.A.M. van Leeuwen, copromotor. Beste Paul, ook jij bedankt voor de 

kansen die je me geboden hebt en voor je eigenzinnige betrokkenheid.  

 

Aan de leden van mijn promotiecommissie: Prof.dr. Y van Kooyk, Prof.dr. S.H. van 

der Burg, Prof.dr. I.J.M. de Vries, Prof.dr. A. zur Hausen, Dr. A.C.J. van Akkooi, Dr. M. 

Labots en Dr. M.W. Bekkenk: Dank voor de tijd en aandacht die jullie aan mijn 

proefschrift hebben besteed.  

 

Mijn voorgangers in deze onderzoekslijn, Ronald Vuylsteke, Barbara Molenkamp en 

Berbel Sluijter, bedankt voor jullie –weliswaar vaker onbewuste, via data en 

voorwerk, dan bewuste-  bijdrage aan dit proefschrift.  

 

Saskia Santegoets, Sas, bedankt voor je begeleiding op het lab, het kritisch 

meedenken en de gezelligheid. Anita en Sinéad, ook jullie bedankt voor de hulp op 

het lab en de gezelligheid.  

Want gezellig was het, en is het waarschijnlijk nog steeds, in de georganiseerde 

chaos van het CCA en daarbij waren en zijn heel veel mensen betrokken, met name 

collega AIO‘s, post-docs, PI‘s en analisten. Samen hebben we vele borrels, 

uitstapjes, zeil-, skiweekenden etc. beleefd.  De sfeer was altijd goed en de 

onderlinge betrokkenheid groot. Exemplarisch hiervoor is Jelle, die me mocht 

inwerken op het lab, maar die tijd liever besteedde aan het beschrijven van zijn 

avonturen in het nachtleven. Op de een of andere manier is het hem toch gelukt 

mij een pipette te leren hanteren, zonder dat er bezuinigd werd op de sterke 

verhalen. Samen met onder andere Rieneke, Annelies, Kirsten, Suki en Famke 

vormden we in die tijd een hele leuke bende, die alle ‗ups en downs‘ van het AIO 

bestaan met elkaar kon delen. Later kwamen daar onder meer Lotte, Renée, Bas en 

Kim bij terwijl Cillie en haar dames een stabiele factor vormden.  
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Toen was ik echter al aan het specialiseren in Leiden, hetgeen weinig ruimte overliet 

voor onderzoek. Desalniettemin wil ik mijn toenmalige opleiders daar, Prof.dr. Gert-

Jan Fleuren en Prof.dr. Vincent Smit hartelijk bedanken voor hun interesse (is je 

boekje al af?!), en vooral ook voor de mogelijkheid de wetenschapsstage van mijn 

specialisatie te besteden aan mijn promotie onderzoek. Ook tijdens mijn huidige 

werk in Maastricht heb ik op dezelfde interesse (is je boekje al af?!) en ook oprechte 

betrokkenheid van collega‘s kunnen rekenen, waarvoor dank.  

 

Bas, knap hoe jij als mijn ‗opvolger‘ resp. je eigen weg en unieke bijdrage weet te 

vinden en geven aan deze onderzoekslijn. Bedankt dat je mijn paranimf wilt zijn, en 

ik kijk nu al uit naar jouw promotiefeestje.  

Mijn andere paranimf, mijn zus Janneke, op wie ik altijd terug kan vallen, bedankt. 

 

Dit brengt mij als vanzelf bij mijn ouders aan wie ik veel te danken heb. Jullie 

hebben mij alle kansen gegeven en ik heb altijd op jullie onvoorwaardelijke, 

impliciete en expliciete, steun kunnen rekenen.  

 

Tot slot, om ook met een citaat af te sluiten:  

―I you have a why to live, you can bear almost any how‖ (F. Nietzsche). 

 

Inge, Raf en Ben, jullie zijn mijn ‗why‘…  

en wat betreft het ‗how‘…  

hebben we hier in Zuid-Limburg helemaal niets te klagen. 

 

 

Mari van den Hout 

Eijsden, 30 december 2019 
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