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Abstract
Complete surgical excision at an early stage remains the only cura ve treatment for cutaneous
melanoma with few available adjuvant therapy op ons. Nevertheless, melanoma is a rela vely
immunogenic tumor type and par cularly amenable to immunotherapeu c approaches. A dense
network of cutaneous Dendri c Cells (DC) may account for the reported eﬃcacy of vaccina on
through the skin and provide an a rac ve target for the immunotherapy of melanoma. Several
phenotypically dis nct DC subsets are discernable in the skin: a.o. epidermal Langerhans Cells (LC)
and dermal DC (dDC). Upon appropriate ac va on both subsets can eﬃciently migrate to melanoma-draining lymph nodes (LN) to prime T cell mediated responses. Unfortunately, from an early
stage, melanoma development is characterized by strong immune suppression, facilita ng unchecked tumor growth and spread. Par cularly the primary tumor site and the first-line tumor-draining
LN, the so-called Sen nel LN (SLN), bear the brunt of this melanoma-induced immune suppression
-and these are exactly the sites where an -melanoma eﬀector T cell responses should be primed by
DC in order to prevent early metastasis. Through local immunopoten a on or through DC-targeted
vaccina on, the dermis may be u lized as a portal to ac vate DC and kick-start or boost eﬀec ve T
cell-mediated an -melanoma immunity, even in the face of this immune suppression.
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1 Melanoma: the need for adjuvant immunotherapy op ons
Malignant and invasive growth of melanocytes which are located in the basal layer of the epidermis, is termed melanoma cu s or cutaneous melanoma. Although it represents only 4% of all
diagnosed cases of skin cancer, melanoma of the skin is one of the most aggressive types of cancer
with a high invasive and metastasizing poten al. As yet, the only cura ve treatment op on remains
excision of the primary tumor at an early stage of the disease, before it penetrates into the dermis
where it can access lympha c and blood vessels for metasta c spread (for AJCC Staging overview,
see Box 1). (1-4) Once metastases are present, therapeu c op ons are limited and most pa ents
do not survive for more than 6 months a er being diagnosed with advanced disease. Although
cutaneous melanoma is not sensi ve to tradi onal chemo- and radiotherapy, it is highly immunogenic. Case reports of spontaneous regressions have been documented and are sugges ve of
immune-mediated tumor rejec on. In addi on, melanoma-specific T cells can be found early on
in the blood and Tumor-Draining Lymph Nodes (TDLN) of most pa ents. (5-7) This knowledge has
led to extensive research of immunotherapeu c approaches aimed at controlling local melanoma
growth and elimina ng distant metastasis. The immunomodulatory drugs IL-2 and IFNα have both
been FDA approved for the treatment of melanoma pa ents. However, treatment will only follow
a er diagnosis of local or distant metastases, even though stage II melanoma (see Box 1) is already
considered to be of intermediate risk for local recurrence or distant metastasis. Adjuvant therapy
could be of value to these pa ents since 5 year survival rates for stage IIA-IIC range from 53 to 80%.
(2,8) The same applies to pa ents with stage III melanoma: these tumors have spread to regional
Lymph Nodes (LN) without evidence of distant metastasis (Box 1). Even with treatment, stage III
disease is considered to be of intermediate to high risk for local recurrence or distant metastasis
and 5-year survival rates for stage IIIC can drop as low as 27%. (1) Clearly, pa ents in early stages
of melanoma might benefit from adjuvant immunotherapy, aiming to control tumor growth and
spread at the primary tumor site and the TDLN. Possible treatment approaches for these pa ents
are local immunomodula on or vaccina on. Local management of the disease has the advantage
that it is less likely to cause severe systemic side eﬀects. Moreover, there is evidence that local immune ac va on may lead to systemic immune protec on. (9,10) The dermis provides an ideal portal for the delivery of immunopoten a ng agents or vaccines. It contains a variety of diﬀerent immune eﬀector cell popula ons and provides ready access to skin-draining LN through a network of
aﬀerent lympha c vessels. By boos ng local innate and adap ve immune responses in the dermis,
the growth and local spread of melanoma may be contained in early stages of its development.
Dendri c Cells (DC) are the central ini ators and orchestrators of the immune response with a
unique ability to prime and skew T cell responses. (11) During their ac va on (i.e. end-stage matura on) they receive environmental input that determines their cytokine release pa erns which in
turn direct the type of T cell responses that are elicited. (12) They are prime candidates to target
using local immunomodula on. Here, we will discuss how developing melanomas influence their
microenvironment to eﬀec vely suppress the local immune system and we will propose ways in
which DC or T cells in the dermis and draining LN may be targeted and modulated to overcome this
immune suppression in aid of melanoma immunotherapy.
2 The challenges of genera ng an -melanoma immunity
In cutaneous melanoma, skin-resident DC take up and transport Melanoma-Associated An gens
(MAA) to TDLN. (11,13) The rela vely large number of iden fied MAA a ests to the immunogenicity of this tumor. Diﬀerent types of MAA are discerned, a.o. cancer/tes s an gens (e.g. MAGE, NYESO, and PRAME) and melanocyte diﬀeren a on an gens (e.g. tyrosinase, Tyrosinase Related Proteins-1 and -2 [TRP-1/-2], MART-1/Melan-A, and gp100). (14) In order to ac vate T cells specifically
recognizing these MAA, the skin-emigrated DC need to become ac vated, i.e. express high levels
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of co-s mulatory molecules as well as appropriate chemokine receptors to migrate to the paracorcal T cell areas of the TDLN. (12) In the T cells areas of the TDLN the MAA-presen ng DC bind and
specifically ac vate recircula ng naïve and memory T-helper (Th) cells and cytotoxic T lymphocytes
(CTL). (15) Ac vated eﬀector CTL leave the LN via eﬀerent vessels and home to tumor sites in order
to eradicate melanoma cells. Although Tumor-Infiltra ng Lymphocytes (TIL) recognizing MAA can
be readily found in primary tumors, TDLN and metastases, they obviously cannot prevent ul mate
melanoma growth and spread. (7) Nevertheless, important clinical studies performed by Rosenberg et al., in which autologous TIL were adop vely transferred to advanced melanoma pa ents,
have clearly demonstrated the powerful intrinsic ability of these TIL to eliminate bulky melanoma
metastases (reviewed by Rosenberg & Dudley (16)). In order for this approach to be eﬀec ve, the
TIL need to be extricated from the immunosuppressive tumor environment and expanded in vitro.
Moreover, pa ents receive lymphodeple ng chemotherapy to eliminate suppressor cells and other
eﬀector cells that may compete for growth factors with the adop vely transferred TIL, prior to infusion of billions of expanded TIL. By elimina ng the suppressive microenvironment of the tumor
and systemically “rese ng” the immune system of the pa ent through lymphodeple ng chemotherapy, adop ve T cell transfer has proven eﬀec ve, achieving objec ve regression of melanoma
metastases in up to 70% of treated pa ents. (16) These studies serve as an impressive demonstra on of the immune system’s capacity to eradicate melanoma tumors. One of the challenges in
the adjuvant se ng, where distant metastases have not yet developed, is to curb the melanoma’s
immunosuppressive traits and kick-start a protec ve an -tumor immune response in order to prevent metasta c spread. Central to the premiss of local immunopoten a on in melanoma is the
enhancement or restora on of an -tumor DC and T cell func ons in the tumor and its draining LN,
even in the face of immunosuppressive condi ons imposed by the tumor. (17-19) The elimina on
of these suppressive condi ons is also a prerequisite for any MAA-based vaccine to be eﬀec ve.

Box 1: Staging of Melanoma Cu s according to the American Joint Commi ee on Cancer (AJCC)*
and eligibility for immunopoten a on in the adjuvant se ng
Stage
g 0 melanoma: When the epidermis, but not the underlying dermis, is involved, this is called Stage 0
melanoma or melanoma in situ. There is no invasion of surrounding ssues, lymph nodes, or distant sites.
A er radical excision Stage 0 is considered very low risk for disease recurrence, for tumor spread to lymph
nodes or distant sites. 5 year survival is >97%.
Stage
g I melanoma: Stage I melanomas are tumors with a Breslow thickness of ≤ 2.0 mm without ulcera on
or ≤1.0 mm with ulcera on, that have not spread to nearby lymph nodes or distant sites. Timely resec on
of these lesions results in low risk for recurrence and metastasis. Ten year survival rates for Stage IA-IB range
from 85 to 99%.
Stage
g II melanoma: Stage II melanomas are tumors with a Breslow thickness of ≥ 2.0 mm without ulcera on
or ≥ 1.0 mm with ulcera on that have not spread to nearby lymph nodes or distant sites. Even with treatment, Stage II disease is considered to be intermediate-risk for local recurrence or distant metastasis: 16%
develop a recurrence, which is associated with a significant decrease in survival. Five year survival rates for
Stage IIA-IIC are 53-80%.
Stage
g III melanoma: Stage III melanomas are tumors that have spread to regional lymph nodes without
evidence of distant metastasis. With treatment, Stage III disease is considered to be intermediate to highrisk for local recurrence or distant metastasis. The 5-year survival rates for Stage IIIA-IIIC range from 40% to
78%.
Stage
g IV melanoma: Stage IV melanomas are associated with metastasis to distant sites in the body. Five
year survival rates range from 10-28% depending on the anatomical loca on of the metastases; median
survival a er the onset of distant metastases is usually only 6-9 months.
NB: Pa ents with Stage
g I-III melanoma might
g benefit from adjuvant
j
local immunopoten
p
a on
*from Balch et al. (1,2)
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3 The immune microenvironment and DC subsets of the skin
As the first and main physical barrier between the body and the outside world, the skin can be
regarded as the largest immune organ of the body. It consists of a large number of epidermis- and
dermis-resident immune eﬀector cells that under steady state condi ons maintain homeostasis
and tolerance, but in case of infec on or inflamma on can prime specific immune responses. (20)
Beside DC, skin-resident leukocytes include macrophages, T cells, NKT cells, mast cells, and granulocytes (for an in-depth review, see Nestle et al. 21). Moreover, non-immune cells in the epidermis and dermis, such as kera nocytes and fibroblasts, should not be regarded as immunologically
inac ve. Indeed, kera nocytes express a wide range of Toll-like Receptors (TLR) and can “sense”
microbial infec on through binding of TLR-Ligands (TLR-L). (22) Upon their TLR-mediated ac va on
kera nocytes release protec ve an microbial pep des, but also a variety of cytokines (a.o. IL-1, -6,
-10, -18, and TNF) that in turn can ac vate DC and condi on dermal fibroblasts to secrete chemokines that a ract DC and further recruit immune eﬀector cells. (23,24) Beside microbial recogni on,
kera nocytes are also endowed with the ability to sense ssue damage and stress (e.g. induced
by toxins, irritants, UV light or tumor growth) through so-called Nucleo de-binding domain, Leucin-rich Repeat (NLR) containing proteins, linking to the inflammasome complex and inducing the
cleavage of IL-1β and/or IL-18 from their pro-cytokines. This will start a cascade of events, resul ng
in immune ac va on. (21)
Beside this cross-talk between immune and non-immune cells in support of immune surveillance,
the dermis also contains a dense network of blood and lymph vessels, facilita ng both the rapid
recruitment of immune eﬀector cells from blood and ready access to skin-draining LN, where adapve B and T cell responses can be primed or boosted. (25) These features have made the skin a favored site for delivery of vaccines and immunomodulatory agents. (26,27) Vaccina on through the
skin has been shown to result in eﬀec ve an -tumor immunity. (27-29) In par cular for melanoma,
being a skin-derived tumor, skin-based immuniza on approaches may be very eﬀec ve. (30) This
is in part a ributable to the fact that eﬀector-memory T cells primed in skin-draining LN eﬃciently
and preferen ally home to the skin through the expression of skin-homing molecules such as Cutaneous Lymphocyte-associated An gen (CLA). This is a process referred to as “imprin ng” and
involves skin-derived DC. (31,32)
A dense network of readily accessible and diﬀeren ally specialized DC subsets lines the skin and
upon any sign of danger can rapidly ini ate immune ac va on. LC are the DC of the epidermis and
were the first DC to be described. In the steady state LC are derived from precursor cells residing in
the skin, whereas under inflammatory condi ons they can also develop from monocytes recruited
from the blood. (33,34) They express high levels of CD1a and Langerin at their cell surface, as well
as the epithelial adhesion molecule EpCAM. There is evidence to suggest that upon their ac va on
and migra on to LN, LC preferen ally bind and ac vate T cells. (35) In contrast to LC, CD1a+ dDC do
not express Langerin and only intermediate to low levels of CD1a. Instead, DDC can express an alterna ve set of Lec ns, including the Mannose Receptor (MR) and DC-SIGN, as well as Factor XIIIa.
(25) The T cell skewing abili es of inters al DC/dDC are not fixed, but rather dictated by a balance
of factors in the microenvironment, e.g. their number, and ac va on state, resul ng in diﬀeren al
Th1, Th2, or Th17 profiles. (25,36,37) The ability to modulate this balance may be of crucial importance for successful immunotherapy of cancer. Recently, Langerin+ and CD103+ DDC were iden fied
in murine studies as a major migratory DC subset from skin with the ability to cross-present proteins from the skin environment. (38-40) It has been suggested that CD1a+ dDC may be the human
equivalent of this subset (35), but evidence to back up this claim is lacking. Our own compara ve
ex vivo study of the ability of LC and CD1a+ dDC to prime CD8+ eﬀector T cells against a MART-1
epitope, point to a puta vely superior T cell s mulatory ability of dDC over LC. (41)
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In contrast to the above described conven onal DC (cDC) subsets, immature plasmacytoid DC
(pDC) with a plasma cell-like appearance and a more lymphoid phenotype, preferen ally seed LN
straight from the blood through L-Selec n-mediated homing. (42) In the steady state they reside in
LN rather than in skin, constantly screening the surroundings for signs of infec on. However, under
pathological or inflammatory condi ons (e.g. psoriasis) pDC may also be recruited from the blood
to the re cular dermis, likely in a CXCR3-mediated fashion. (43,44) Diﬀeren al TLR expression (45)
or specific expression of C-type lec ns (e.g. BDCA2 or DCIR (46-49)) may allow for the specific targe ng of pDC for immunotherapy.
3.1 DC subsets in skin-draining LN
As dermally delivered substances will also rapidly diﬀuse to skin-draining LN, DC subsets residing in
these LN may be directly modulated and/or targeted. In contrast to the mouse, very li le is known
about cDC subsets present in human LN that drain the skin. From our own previous melanoma SLN
studies we can discern at least two diﬀerent cDC popula ons, beside a pDC popula on. (50,51)
1) CD1a+ DC; these DC express high levels of co-s mulatory molecules, CD83 and CCR7. Intradermal administra on of GM-CSF leads to further upregula on of their co-s mulatory machinery and
CD83 and to increased numbers of these DC in the paracor cal LN areas. (51) A high and significant
correla on was found between densi es of CD1a+ DC in the papillary dermis and matching SLN,
strongly sugges ng the CD1a+ DC subset in the SLN to derive from dermis-emigra ng CD1a+ LC and/
or dDC. (50,52) Frequencies of these mature CD1a+ DC in the SLN also correlated significantly with
melanoma-specific CD8+ eﬀector T cells, indica ve of the validity of this DC subset for tumor vaccine targe ng. (53)
2) CD11chiCD14- DC; these DC do not express CD1a, but do express CD83 and co-s mulatory molecules on their surface, albeit at lower levels than the CD1a+ DC. (50) We found the frequencies of
this DC subset to be upregulated in melanoma SLN upon CpG administra on. (50) The most likely
explana on for this is the recruitment and/or diﬀeren a on of LN-resident or blood-derived monocytes or other DC precursors under the influence of pDC-derived IFNα. The func onal abili es of
this novel subset remain to be established, although expression of TRAIL on their surface suggests
a direct cytoly c ability. Expression of the C-type Lec n BDCA3/CD141 on at least part of these DC
(Sluijter et al., submi ed) suggests that the BDCA3+ cDC subset in peripheral blood may be their
direct precursor, but this remains to be established. Interes ngly, a recent genome-wide transcriponal profiling study suggested BDCA3+ DC to be the human equivalent of the CD8α+ DC subset in
murine spleen, which is known to be the subset with cross-priming and powerful CTL priming abilies. (54) Indeed, recent in vitro studies provided evidence for the cross-priming abili es of human
BDCA3+ DC and thus confirmed this hypothesis. (55-58)
Both DC-SIGN and Langerin expression is apparent by immunohistochemistry on DC-like cells in the
LN paracortex. (59,60) However, neither DC-SIGN nor Langerin surface expression is discernable by
flowcytometry on any of the above listed cDC subsets, leaving their rela on to skin subsets obscure
for the moment. Of note, strongest expression of DC-SIGN is found in marginal zone and sinus macrophages (Granelli-Piperno et al. (61) and our own unpublished observa on), leaving its relevance
for selec ve DC targe ng in doubt.
4) BDCA2/CD303+CD123+ pDC; in the steady state pDC reside in LN in low numbers, which in fact go
up in melanoma-draining LN, and bind microbial products through specific receptors such as TLR9.
(62,63) TLR9 binds unmethylated CpG oligodinucleo de-containing mo fs, derived from bacterial
DNA, and ac vates pDC, which then release IFNα . IFNα can in turn boost CTL and NK cell responses (64,65) as well as promote the diﬀeren a on and matura on of bystander cDC and their precursors. (50,66) In addi on, pDC can also directly (cross-)present MAA-derived epitopes and thus
prime melanoma-specific CTL. (64,67,68)
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4 Subver ng the immune response: melanoma-induced DC suppression
The very reason that melanoma is such an a rac ve target for immunotherapy, i.e. its intrinsically
high immunogenicity, is most likely also why it is a powerful immunosuppressive tumor type and
refractory to conven onal tumor vaccina on approaches: in order to survive the host immune
response and enable tumor outgrowth and spread, it has had to develop ingenious ways through
which to subvert and escape the an -tumor immune response. (69) The main challenge for tumor
immunotherapists is to iden fy these suppressive mechanisms and devise novel strategies to overcome them.
An obvious target of this tumor-induced immunosuppression is the central immune orchestrator,
the DC. Hampered DC diﬀeren a on and ac va on has been reported in many tumors and decreased tumor infiltra on by mature DC is generally recognized as a poor prognos c factor. (70-72)
Immature DC with ready access to MAA derived from primary or metasta c tumor sites can induce
specific tolerance through inappropriate or abor ve T cell ac va on. (73,74) Indeed, immature cDC
isolated from melanoma metastases were reported to induce T cell tolerance (75,76), while cDC in
TDLN were similarly reported to display immature characteris cs. (18,77,78) cDC development and
ac va on can both be frustrated by inhibitory factors commonly associated with melanoma, such
as VEGF, TGFβ, IL-10 or gangliosides. (18,75,76,79) Over the past years it has become clear that
many of these tumor-derived suppressive factors exert their suppressive eﬀects on cDC through
ac va on (i.e. phosphoryla on) of Signal Transducer and Ac vator of Transcrip on-3 (STAT3). (80)
STAT3 ac va on during later stages of DC development may block DC diﬀeren a on and instead
favour the development of macrophages and immature Myeloid-Derived Suppressor Cells (MDSC).
Rather than by mature DC, tumors will be infiltrated by alterna vely ac vated (M2), Tumor-Associated Macrophages (TAM) and MDSC, that release immunosuppressive Arginase, inducible NitricOxide Synthase (iNOS), Reac ve Oxygen Species (ROS), and TGFβ. (80,81)
pDC also infiltrate melanomas and their draining LN (62,63,82) and are recruited by stromal cell-derived factor-1 (SDF-1/CXCL12) and CCL20, both of which are expressed by melanomas. (65,83,84)
Tumor-associated pDC have been shown to induce immunosuppressive IL-10-producing T cells (83),
to express low levels of TLR9 and to harbour a diminished capacity for IFNα produc on. (85) Moreover, although virtually absent from normal LN, indoleamine 2,3-dioxygenase (IDO)-expressing pDC
were found in abundant numbers in melanoma TDLN. (62,82,86) IDO is a tryptophan-catabolizing
enzyme, which can induce tryptophan deple on from the tumor-condi oned micro-environment
which in turn hampers T cell prolifera on and reduces specific T cell responses in vivo. (87) A high
content of IDO+ pDC in TDLN from pa ents with early stage melanoma (without detectable metastases) correlated significantly with reduced overall survival. (87,88) Suppressive CD4+CD25hiFoxP3+
regulatory T cells (Tregs) are found at increased frequencies in the blood, tumors and TDLN of
melanoma pa ents (89,90) and have been reported to enhance IDO expression by DC through a
CTLA4-dependent mechanism. (91) Excessive IDO expression in turn leads to abor ve eﬀector T
cell ac va on and facilitates the further recruitment and ac va on of Tregs (92-94), which in melanoma LN metastases was shown to be associated with decreased survival. (94) These ac vated
Tregs express high levels of CTLA4 and may thus perpetuate this vicious cycle by in turn enhancing
IDO expression by DC. (95)
The degree of immunosuppression in TDLN was found to be directly related to their distance from
the primary tumor (18), indica ng the causa ve agents to be tumor-derived. The first LN to directly
drain the primary tumor, the Sen nel LN (SLN), is a preferen al site of early lymph-borne metastasis (96-98) and shows the most pronounced immunosuppression, even at the earliest stages of
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melanoma development. (18,78) The density of ac vated cDC in the paracor cal T cell areas of
SLN is o en reduced and most cDC present in melanoma SLN lack dendri c morphology and display lower expression levels of cos mulatory molecules as compared to cDC in more down-stream
draining LN. (78,99) These profoundly suppressive condi ons imposed by tumors have led Munn
and Mellor to describe the TDLN as an immune-privileged site. (95) Local immunomodula on
aimed at poten a ng DC and T cell func ons at the site of the primary melanoma and its draining
LN (and the SLN in par cular), may therefore oﬀer a valuable therapy op on in the adjuvant se ng
to prevent both local and systemic metastasis.
5 DC suppression in the skin: lessons from human skin explant studies
As primary melanomas grow and invade the dermis, immunosuppressive factors will condi on the
dermis to become permissive for tumor growth. To study the eﬀects of tumor-induced suppression we have conducted studies in which we injected various melanoma-associated suppressive
cytokines into the dermis of healthy human skin and studied their eﬀects on skin-emigra ng DC.
To this end 6 mm diameter explants were taken from the i.d. injec on spots and cultured for two
days while floa ng in medium with the epidermal side up. Emigra ng DC were collected over the
next two days and immediately analyzed or cultured for an addi onal five days in the explant-condi oned medium. Of all tested suppressive factors, we only observed suppressive eﬀects for IL-10
upon its i.d. delivery. (100) Dermal condi oning by IL-10 resulted in a shi from mature CD83+CD1a+
cDC to immature CD83-CD14+ DC with more macrophage-like quali es. Upon an addi onal 5-day
culture period, virtually all CD1a+ DC converted to CD14+ cells, passing through a CD1a+CD14+ stage.
Interes ngly, CD1a+CD14- and CD1a+CD14+ DC as well as CD1a-CD14+ cells are all commonly found
in the aﬀerent lymph from normal human skin. (101) The observed post-migra onal phenotypic
switch also occurred in medium-injected control explants, but was accelerated and reinforced by
IL-10. (100) Importantly, it was preventable by co-injec on of the DC-ac va ng cytokines GM-CSF
and/or IL-4. Experiments with separated epidermal and dermal sheets showed these events to
occur both in LC and dDC, but for full conversion to a CD14+ macrophage-like state to occur, the
dermis microenvironment was required. Our own recent observa ons suggest a role for dermal
fibroblasts in this process (Ouwehand et al., submi ed). As outlined in Figure 1 (see color figure
1.1 in back of thesis), IL-10 condi oned DC took on a macrophage-like granular appearance, while
GM-CSF/IL-4 condi oned DC maintained their dendri c morphology. While control and IL-10 modulated DC gradually lost expression of the LC and dDC markers CD83, CD1a, Langerin and DC-SIGN,
GM-CSF/IL-4-condi oned DC maintained their expression (shown for DC-SIGN in Figure 1). Instead,
IL-10-condi oned skin-emigrated DC displayed upregulated expression of the macrophage markers CD14 and CD68, down-regulated expression of matura on and co-s mulatory markers, lacked
expression of the LN-homing receptor CCR7, were unable to prime allogeneic T cells, and secreted
higher levels of IL-10. (100) IL-10 is secreted in the epidermis by melanocytes and possibly kera nocytes in response to environmental stress (102-105) and in the dermis by ac vated macrophages.
(106,107) The CD1a-to-CD14 switch, observed upon migra on of LC and dDC in the absence of
strong matura on-inducing signals, could thus be a mechanism to maintain tolerance in the face of
ssue damage and avoid the induc on of collateral autoimmunity.
In conclusion, the post-migra onal CD1a-to-CD14 conversion of dermis-emigra ng DC may serve
to maintain immunological ignorance under steady state condi ons, but reinforced by melanomasecreted IL-10, it will interfere with the genera on of eﬀec ve an -tumor immunity. Indeed, high
IL-10 levels in melanoma metastases have been linked to a disturbed DC phenotype with high levels
of CD14. (75) Immunopoten a on of the melanoma-infiltrated dermis might result in normalized
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DC ac va on and so support the induc on of protec ve immunity (Figure 1). To overcome melanoma-induced immunosuppression and (re-)ac vate eﬀec ve an -melanoma T cell immunity, local
immunopoten a on of DC and T cell func ons can be applied, targe ng the microenvironment of
the dermis and its draining LN.
6 Local immunopoten a on of the primary melanoma site and the SLN
By dermal delivery of immunos mulatory agents, both the primary melanoma site and TDLN may
be condi oned to permit re-ac va on of primed melanoma-specific CD8+ T cells. A staggering 20
billion T cells are es mated to be present in normal, healthy skin. (21) Many of these are eﬀectormemory T cells that can persist locally for years and provide rapid protec on upon rechallenge with
their specifically recognized an gen. (108) Thus, previously primed tumor-specific eﬀector T cells
at the primary melanoma site and in the draining LN may be re-ac vated by immune modula on
–even without further an genic exposure. We have indeed found evidence for this in SLN upon i.d.
administra on of GM-CSF or CpG. (9,53) Such local immune modula on strategies may aﬀord local
as well as systemic T cell-mediated control of metasta c outgrowth and prove of considerable value as adjuvant therapy. Lympha c mapping and selec ve SLN excision is a minimally invasive procedure, which allows for the iden fica on of pa ents at risk of LN metastasis who should undergo
a full therapeu c LN dissec on. The SLN procedure in melanoma has proven a useful prognos c
tool for the assessment of melanoma relapse and mortality risk. (109) In addi on, the rou ne SLN
procedure as carried out in early stage melanoma pa ents provides an ideal pla orm to test opons for local pre-opera ve strengthening of SLN immune eﬀector func ons, i.e. through dermally
applied immunos mulatory compounds around the primary tumor excision site.
Growing knowledge of the intricacies of DC matura on, migra on and T cell ac va on, as well as
of immune escape mechanisms employed by tumors, has led to the iden fica on of a substanal number of druggable targets to influence these processes in favour of genera ng an -tumor
immunity. Recently, at the behest of the Na onal Cancer Ins tute, a panel of experts composed
a ranked list of immune response modifiers that should be made available for expedited clinical
development. (110) These include: 1) DC ac vators and growth factors, 2) vaccine adjuvants, 3) T
cell s mulators and growth factors, 4) immune checkpoint inhibitors and 5) neutralizing agents for
suppressive cells, cytokines and enzymes. There is a consensus that only combina ons of agents
from all these diﬀerent classes of modifiers will ul mately yield op mal an -tumor eﬃcacy. Below,
examples of these immune modulatory therapeu c agents are discussed that show promise for
local immunopoten a on and that have either already entered or are about to enter the clinical
tes ng phase.
6.1 DC-s mulatory cytokines
Cytokines are secreted proteins or glycoproteins that act in a paracrine or autocrine manner to
induce ac va on, prolifera on, diﬀeren a on or chemotaxis of cells. Some cytokines, like TNFα or
-β, can induce cytotoxicity. Cytokines regulate many processes in our body, varying from organogenesis, wound healing or haematopoiesis. In cancer research they are either studied for their direct an -tumor eﬀects or for their ability to elicit or enhance an immune response and poten ally
direct it against tumors. Cytokines can signal through a variety of pathways, which usually involve
cytokine receptor-associated Janus Kinases (JAK) and subsequent phosphoryla on of Signal Transducers and Ac vators of Transcrip on (STAT, see Figure 2). Cytokines employed in (experimental)
melanoma therapies target either APC, most notably DC (GM-CSF and IFNα), or eﬀector T cells or
NK cells (IL-2 and IFNα), in an a empt to harness an -tumor immune responses that are o en
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primed but rendered ineﬀec ve through tumor-induced immune suppression. Below a brief overview is given of clinical experience with the administra on of the DC-modulatory cytokines GM-CSF
and IFNα and how they may be applied locally in aid of an -tumor immunity.

Figure 2 Signaling pathways connec ng to cytokine and TLR receptors and down-stream cellular
events.

Granulocyte-macrophage colony-s mula ng factor (GM-CSF)
Granulocyte-Macrophage Colony-S mula ng Factor (GM-CSF) is a 23-kDa haemopoe c glycoprotein that s mulates prolifera on and diﬀeren a on of progenitor cells of myeloid lineages, amongst
others neutrophilic and eosinophilic granulocytes and monocytes. Addi onally, GM-CSF was seen
to have immunological eﬀects on macrophages, fibroblasts, and DC. It was found to promote the
prolifera on, survival, matura on and migra on of DC and its precursors, to induce their cytokine
produc on, to upregulate MHC class II and co-s mulatory molecules, all of which are vital to the
induc on of a T cell response. As a result, GM-CSF has become a prime candidate for use in immunotherapeu c strategies. (111) Vectors carrying the GM-CSF gene have been used to transduce
tumor cells and DC for adop ve transfer, but have also been directly injected in vivo. (112) All these
approaches resulted in eﬀec ve T cell-mediated an -tumor immunity in murine models. (112-114)
In clinical studies with melanoma pa ents, evidence has been found for enhanced an -tumor T cell
responses and increased autoimmunity in the form of vi ligo upon systemic administra on of GMCSF, but clinical responses have usually been modest with some reports of stabilized disease.
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Local administra on of low-dose GM-CSF may prove eﬀec ve without unwanted side eﬀects. Indeed, local release of GM-CSF has been reported to result in enhanced recruitment of ac vated
DC to draining LN in a murine model (114) and GM-CSF has been used as an adjuvant in tumor
vaccina on protocols. (115) These features make GM-CSF a good candidate to test its local immunomodulatory eﬀects on melanoma in a clinical se ng. In a first pilot study, (16) melanoma
pa ents with advanced disease received intralesional GM-CSF followed by subcutaneous IL-2 injec ons. (10) Par al responses (n=2), minimal responses (n=2) and stable disease (n=9) were observed. Interes ngly, responses were also observed in non-treated lesions, indica ve of the enhancement of systemic immunity through the local intratumoral applica on of GM-CSF followed
by systemic IL-2 administra on. A likely explana on for this may be the induc on or re-ac va on
of melanoma-specific T cells through the ac va on of DC at the tumor site or in the tumor-draining
LN. Indeed, this was also observed in in a small single-blinded phase II study, carried out by us,
in which 12 stage I melanoma pa ents were included to receive four daily i.d. injec ons of GMCSF (at 3 μg/kg) or saline around the primary tumor excision site. (51,53) On the day of the last
GM-CSF administra on, the pa ents underwent an SLN procedure. We have developed a method
whereby the SLN can be sampled for live immune eﬀector cells without interference in subsequent
diagnos c procedures. (116) We employed this technique to monitor the phenotype of DC in the
SLN through flowcytometry and to assess the frequency and func onality of CD8+ T cells responding to specific melanoma-derived pep des in an IFNγ Elispot assay. The GM-CSF-receiving pa ents
showed a significant increase in the number and matura on state of CD1a+ cDC, which was associated with a more robust melanoma-specific CD8+ T cell response in the SLN, as compared to saline
injected pa ents. Of note, melanoma-specific T cell rates correlated directly to mature CD83+CD1a+
DC frequencies in the SLN, confirming the importance of properly ac vated DC in the induc on
of an an -melanoma immune response. These data are in keeping with findings by Lee et al. who
showed that peritumoral administra on of GM-CSF resulted in a type-1 cytokine profile consistent
with enhanced cell-mediated immunity. (117)
Interferon-α (IFNα)
IFNα has an -angiogenic, cytotoxic and cytosta c eﬀects on tumors and also s mulates T and NK
cells. Systemic administra on of IFNα has been extensively evaluated in (adjuvant) therapy trials
with melanoma pa ents. (118,119) Meta-analyses of randomized trials on the adjuvant treatment
with IFNα in stage II and III melanoma pa ents showed increased recurrence-free, but not overall
survival for IFNα treatment. (119) Current and planned trials with IFNα are now aimed at iden ficaon of subgroups of stage II/III melanoma pa ents that will benefit most from treatment.
Emerging evidence on the immunological eﬀects of IFNα argues in favour of exploring its use as
a local immunomodula on. (120) Gogas et al. described an associa on between improved recurrence-free and overall survival and serological and clinical autoimmune parameters in melanoma
pa ents receiving high-dose IFNα. (121) This is reminiscent of observa ons for other immunomodulators, e.g. an -CTLA4, where such autoimmune events correlate with an -tumor responses. This
observa on remains to be confirmed by other studies (122), but raises the possibility that IFNα
exerts its an -tumor eﬀects, at least in part, through immunopoten a on. Wang et al. observed
decreased ac va on (i.e. phosphoryla on) of the signalling protein STAT3 in SLN upon administraon of high-dose IFNα to stage IIIB melanoma pa ents. Decreased levels of phosphorylated STAT3
(pSTAT3) and increases in pSTAT1/pSTAT3 ra os following high-dose IFNα treatment suggest its efficacy in suppressing melanoma-induced immune suppression (123), in which STAT3 ac va on has
been iden fied as a key regulator. (80) In addi on, IFNα-exposed monocytes quickly diﬀeren ate
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into mature CD83+CD14+ APC with the ability to boost memory T cells (124); this characteris c may
contribute to an an -melanoma response through re-ac va on of in vivo primed an -tumor CTL.
Combined, these findings indicate that local condi oning of melanoma tumors and their draining
LN by IFNα may well contribute to reversal of immunosuppression and thus to immune poten aon of the an -tumor immune response: an avenue well worth exploring.
6.2 TLR Ligands
The TLR family is a group of pathogen recogni on receptors that detect pathogen-associated molecules. TLR expressed on DC or assessory cells cons tute a rac ve targets for immunopoten a on.
Eleven TLR have so far been iden fied each with their own class of pathogen-expressed molecules
that they are able to detect: e.g. TLR1,-2, and -4 bind bacterial glycoproteins and endotoxins, while
TLR3, -7,-8, and -9 bind viral or bacterial RNA or DNA. (125) Most TLR are present on the cell surface. However, TLR7 through -9 are located in the endosomal compartment and TLR3 is an intracellular receptor, although its exact loca on has not yet been determined. With the excep on of
TLR3, all TLR elicit a response via MyD88 signalling, eventually leading to nuclear transloca on of
NF-κB and transcrip onal ac va on of a plethora of pro-inflammatory mediators (Figure 2). (125)
TLR3 and TLR4 also couple to TRIF, leading a.o. to IRF3-mediated upregula on of IFNβ expression
and co-s mulatory molecules (see Figure 2). Ample evidence from an ever growing number of
mouse studies shows that TLR-L are instrumental in inducing pro-inflammatory cytokine release
from APC in support of long-term eﬀector T cell mediated immunity. (125) This characteris c has
also sparked interest for their implementa on in an -tumor immunotherapies, alone or in combina on with vaccines or other immune modulators. Below a brief outline is given of experience with
clinically explored op ons in the local treatment of melanoma.
Imiquimod and Resiquimod
TLR7 and -8 agonists (i.e. ssRNA analogues) have shown powerful an -tumor eﬀects in preclinical
studies, mainly through induc on of the release of type-1 skewing immune mediators, but also
through the induc on of DC with direct an -tumor ac vity. (126)
Imiquimod (formulated as Aldara cream for topical applica on) is a synthe c agonist for TLR7/8.
It has been FDA approved for treatment of Basal Cell Carcinoma (BCC), ac nic keratosis and HPVinduced warts. TLR7 is present on cDC, pDC and B cells. (127,128) When TLR7 is ac vated (e.g. by
Imiquimod) it ini ates an immune response that leads to the release of high amounts of IFNα but
also of TNFα and IL-1, -6, -8 and -12. (127,129) These cytokines in turn ac vate cDC, monocytes and
macrophages, NK, Th1 cells and CTL. (127,130) This ac va on of a type-1 cell-mediated immunity
is consistent with the an -viral proper es of Imiquimod and also suggests an -tumor eﬃcacy.
Two groups reported 100% clearance of stage 0 (i.e. epidermal) melanoma lesions with Imiquimod.
(131-133) Biopsies before, during, and a er treatment revealed an increase in Th cells and Granzyme-B posi ve CTL in the aﬀected area during treatment. (131) Two other papers also described
the use of Imiquimod for the treatment of (sub)cutaneous metastases of melanoma with promising results (134,135), i.e. histopathologically confirmed reduc ons of in-transit metastases a er
Imiquimod applica on only and a restored Th1/Th2 balance upon addi onal intralesional interleukin-2 injec ons. (136) Overall, a clinical response rate of 50.5% was seen, with 91% of the complete
regressions appearing in the pa ents with cutaneous lesions. Of note, pre-condi oning of cutaneous vaccina on sites with Imiquimod was well tolerated and resulted in the eﬃcient induc on of
both humoral and cell-mediated immune responses against an NY-ESO-based vaccine in stage II/III
melanoma pa ents. (137) These results clearly warrant the further development of Imiquimod as
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local immunomodulator and adjuvant cons tuent of cutaneously applied melanoma vaccines.
R848 (or Resiquimod), a TLR7/8 agonist, topically applied in combina on with subcutaneous administra on of ovalbumin, was reported to generate robust an gen-specific CTL with an -melanoma ac vity. (138) Interes ngly, R848 also induced TRAIL-mediated tumor-cytoly c ac vity of
pDC. (139) An i.d. delivered gp100/MAGE-A3 melanoma vaccine with or without an R848-based
adjuvant is about to enter clinical tes ng and should provide further insight into the clinical eﬃcacy
of R848. (140)
CpG OligoDeoxyNucleo des (CpG ODN)
Adjuvants based on bacterial unmethylated CpG dinucleo de sequences have strong immunogenic
proper es. (141) All classes of CpG ODN bind to TLR9 (141,142) leading to DC and B cell ac va on
and matura on and subsequent Th1-skewing of cytokine produc on (IL-12, IFN-α) resul ng in both
an gen-specific memory and naïve CD8+ T cell induc on. (143-145) Interes ngly, CpG-mediated
TLR9 ac va on was shown to be a enuated by STAT3 ac va on, leading to immune suppression.
(146) This was prevented by conjuga ng CpG ODN to STAT3 siRNA prior to delivery. (147) These
findings argue in favor of combining CpG ODN with newly developed small-molecule JAK2/STAT3
inhibitors. (148)
PF-3512676, formerly known as CpG 7909, is a B-type CpG oligodeoxynucleo de (ODN) that has
been tested extensively in humans. It has a strong eﬀect on the ac va on of B cells but a modest
eﬀect on IFNα produc on by pDC, in contrast to A- and C-class ODN which strongly induce IFNα
secre on. (142) In a phase II study conducted by us, 23 stage I/II melanoma pa ents received one
i.d. injec on of either 8 mg PF-3512676 or saline. Pa ents receiving PF-3512676 showed a clear
enhancement of both pDC and CD1a+ cDC matura on and ac va on in the SLN by flowcytometric
analyses. (50) Also, a significant decrease in Treg frequencies and significantly higher CD8+ T cell
response rates to MAA-derived epitopes in blood and the SLN were detected. (9) Moreover, a significant and direct correla on was found between pDC ac va on in the SLN (by CD86 and CD40
expression levels) and the aggregate increase in frequencies of MAA pep de-reac ve CD8+ T cells
in post-treatment peripheral blood. This indicates a direct role for the locally CpG-modulated pDC
in the SLN in the genera on of the observed systemic an -melanoma CD8+ T cell response. In
the same trial we observed infiltrates of ac vated cDC and pDC as well as of T cells in the dermis
upon i.d. injec on of CpG (van den Hout et al., manuscript in prepara on). This was also recently
reported for combined GM-CSF and CpG administra on (149) and hints at a possible u lity of local
CpG ODN administra on to recruit lymphocy c eﬀector infiltrates, e.g. to tumor sites. In keeping
with this no on, in another phase I trial the eﬀects were studied of intralesional treatment with PF3512676 in 5 pa ents with BCC and 5 pa ents with (sub)cutaneous melanoma metastases. (150)
Pa ents received doses of up to 10 mg intralesional CpG every 14 days. Two complete regressions
were observed (in 1 BCC and 1 melanoma pa ent) and 4 par al regressions in BCC pa ents. Moderate to abundant cellular infiltrates of lymphocytes were found post-treatment in most biopsies.
Systemic and prolonged administra on of PF-3512676 has been studied in combina on with
chemotherapy in large randomized phase III trials in pa ents with non-small cell lung cancer. A few
years back these trials were prematurely terminated due to disappoin ng clinical results in interim
analyses. (151) At the me this presented a major setback in the development of CpG ODN as
an -cancer therapeu cs. However, it also served to re-evaluate the most viable opportuni es for
clinical applica on of CpG ODN, e.g. as locally applied immune modulators, possibly combined with
other TLR-L and/or viral or tumor vaccines. (143) Indeed, the above described small-scale clinical
studies in melanoma pa ents demonstrate that local CpG-mediated ac va on of the immune system can lead to a systemically detectable an -tumor response with the possibility of recogni on
and elimina on of metasta c tumor cells by circula ng T cells.
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6.3 Combining Cytokines and TLR-L for melanoma immunotherapy
Promising results have been obtained using (combina ons of) the cytokines and TLR-L discussed in
the paragraphs above; e.g. CpG combined with GM-CSF proved to enhance vaccine-induced tumor
rejec on, as compared to GM-CSF alone. (152) However, combined use of GM-CSF and CpG as adjuvant, added to an hTERT-based melanoma vaccine, yielded disappoin ng results in terms of an tumor immune induc on. (149) Although at first glance cytokine-receptors and TLR seem to signal
through separate pathways (see Figure 2), recent studies have uncovered cross-talk between these
pathways that can result in interference with the intended immune ac va on. Specifically, TLR
ac va on can lead to the upregula on of proteins belonging to the Suppressor Of Cytokine Signalling (SOCS) family. (153,154) These SOCS proteins inhibit ac va on of STAT signal transducers and
thus interfere with cytokine signalling. Indeed, TLR signalling was shown to interfere with GM-CSF
responsiveness through SOCS-1 induc on. (154) In conclusion, cau on is warranted in combining
TLR-L and pro-inflammatory cytokines, since they may not always yield the expected addi ve or
synergis c s mulatory eﬀects on cell-mediated immune responses. It is nevertheless worthwhile
to carefully explore promising combina ons for their puta ve therapeu c eﬃcacy. Importantly,
such immunomodulatory strategies may not only provide protec on against local tumor spread:
the ac vated eﬀector T cells can also recirculate and home to distant metasta c sites. On a final
note, it now seems of the utmost importance to clinically establish the most op mal combina ons
of immunotherapeu c agents. Rather than tes ng clinical eﬃcacy of monotherapies in large-scale
phase III trials, it might be more prudent to first study combina on therapies in mul ple smallscale and carefully designed phase II trials with biological read-outs. This would allow for the more
ra onal design of mul -targeted therapies with a be er chance of a aining improved clinical efficacy in randomized phase III trials.
7 Outline of this thesis
Clinical observa ons in melanoma pa ents
Across the world the life me risk of developing a malignant melanoma of the skin has been rising
exponen ally since the beginning of the 20th century, par cularly in Caucasian popula ons. With
adjuvant therapies s ll under inves ga on, early detec on is the only way to improve melanoma
pa ent survival. The influence of incisional biopsies on melanoma pa ent survival has been discussed for many years. It is important for all physicians to feel confident about removing a pigmented skin lesion suspect for melanoma. Chapter 2 inves gates both the influence of diagnos c
biopsy type and the presence of residual tumor cells in the re-excision specimen on disease free
and overall survival. The aim of Chapter 3 was to evaluate the clinical outcome of stage I/II melanoma pa ents who underwent selec ve SLN dissec on a er a follow-up of at least 120 months.
We analyzed the influence of several pa ent and tumor characteris cs, e.g. Breslow thickness, SLN
status, ulcera on, lympha c invasion, addi onal posi ve lymph nodes and SLN tumor burden, on
melanoma pa ent survival.
Immunohistochemistry of primary tumors and SLN from stage I/II melanoma pa ents
A large number of studies have shown that the cellular immune response plays an important role in
the control of melanoma growth and spread. Proper ac va on of a CD8+ T-cell mediated immune
response requires an gen to be presented in the context of MHC-I. Loss of MHC-I expression has
been shown to be involved in immune escape and tumour progression and has been associated
with poor clinical outcome. In addi on, target cell killing by CTL requires the help of CD4+ Th cells.
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CD4+ Th cells require presenta on of an gens in the context of MHC-II an gens by professional
APC. In Chapter 4 we inves gate if the presence of Tumor Infiltra ng Lymphocytes (TIL) in diagnos c primary melanoma biopsies is related to pa ent outcome in clinically stage II melanoma paents. Moreover, we inves gated whether the presence of TIL correlated with expression of MHC-I
and MHC-II on tumor cells and/or tumor infiltra ng APC.
Target cell killing by CTL is nega vely regulated by suppressive Tregs. These suppressive T-lymphocytes express the FoxP3 transcrip on factor. In Chapter 5 we inves gated the presence of ac vated
Granzyme B posi ve (GrB+) TIL, the presence of suppressive (FoxP3+) TIL and MHC-I expression on
tumor cells in paired primary tumors and SLN from 20 pa ents with an SLN metastasis and 20 paents with a nega ve SLN.
Priming of the SLN of melanoma pa ents with GM-CSF and/or PF-3512676 CpG-B
Previously, we inves gated the eﬀects of local i.d. administra on of GM-CSF and PF-3512676 CpGB on DC and T cell ac va on in the SLN of stage I-III melanoma pa ents. We found that intradermal
administra on of GM-CSF increased the number and ac va on state of cDC in the paracor cal T
cell areas of the SLN. These increased numbers of SLN-cDC in turn correlated to the frequency of
MAA-specific CTL in the SLN. These studies also showed that local administra on of PF-3512676
resulted in increased pDC and cDC ac va on status, the induc on of a novel TRAIL+ cDC subset, a
pro-inflammatory type-1 T cell cytokine profile and reduced Treg frequencies. Encouraged by these
findings Chapter 6 inves gates whether these PF-3512676-induced immunos mulatory eﬀects on
both DC and T cell subsets in the SLN translate into higher melanoma-specific CD8+ eﬀector T cell
frequencies in both the SLN and peripheral blood of melanoma pa ents.
The results of these previous trials led us to inves gate the immunopoten a ng eﬀects of combined local administra on of both immunos mulants. In Chapter 7 we study the eﬀects of the
intradermal administra on of the combina on of GM-CSF and CpG/PF-3512676 on cDC and pDC in
the SLN and blood of stage I-III melanoma pa ents.
A requisite for the ra onal development of cancer vaccines and immunotherapies is the monitoring of cellular immune responses. Despite the recent advances in developing these methods,
accurate monitoring of vaccine- and/or tumor-specific T cell responses remains diﬃcult, due to
low frequencies of tumor-specific T cells and limited availability of small tumor or SLN samples,
necessita ng expansion of the T cell popula on. Several protocols are available for T cell expansion, not necessarily interchangeable when it comes to percentages of memory-eﬀector T cells
harvested. In Chapter 8, plate-bound an -CD3/CD28 an bodies, an -CD3/CD28-coated beads and
cell-based ar ficial APC (aAPC) T cell expansion methods were evaluated side-by-side for expansion
of T cells from small SLN scrape samples. Expanded T cells were analyzed for preferen al expansion
of memory-eﬀector T cells and subsequent recogni on of and responsiveness to common recall
an gen- or MAA-derived epitopes.
In Chapter 9 a summary of this thesis is given and the implica ons of the findings presented are
discussed. Finally, direc ons for future research are sketched.
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Abstract
Background: In fair-skinned Caucasian popula ons both the incidence and mortality rates of cutaneous melanoma have been increasing over the past decades. With adjuvant therapies s ll being
under inves ga on, early detec on is the only way to improve melanoma pa ent survival. The
influence of incisional biopsies on melanoma pa ent survival has been discussed for many years.
This study inves gates both the influence of diagnos c biopsy type and the presence of residual
tumor cells in the re-excision specimen on disease free and overall survival.
Methods: A er (par al) removal of a pigmented skin lesion 471 pa ents were diagnosed with
stage I/II melanoma and underwent re-excision and a sen nel node biopsy. All pa ents were followed prospec vely with a mean follow up of more than 5 years. Pa ents were divided according
to their diagnos c biopsy type (wide excision biopsy, narrow excision biopsy, excision biopsy with
posi ve margins and incisional biopsy) and the presence of residual tumor cells in their re-excision
specimen. Survival analysis was done using Cox’s propor onal hazard model adjusted for eight important confounders of melanoma pa ent survival.
Results: The diagnos c biopsy was wide in 279 pa ents, narrow in 109 pa ents, 52 pa ents underwent an excision biopsy with posi ve margins and 31 pa ents an incisional biopsy. In 41 pa ents
residual tumor cells were present in the re-excision specimen. Both the diagnos c biopsy type and
the presence of tumor cells in the re-excision specimen did not influence disease free and overall
survival of melanoma pa ents.
Conclusions: Non-radical diagnos c biopsies do not nega vely influence melanoma pa ent survival.
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Introduc on
In fair-skinned Caucasian popula ons cutaneous melanoma is an important growing public health
problem, causing a heavy burden on healthcare services. Both its incidence and mortality rates
have been increasing in Europe over the past decades. (1) The absolute total number of new cases
of melanoma in the Netherlands is expected to be more than 4800 in 2015, compared with around
2400 in 2000. (2) The Netherlands, as many other countries, has a two- ered medical care system
in which pa ents need to seek a medical opinion ini ally from a general prac oner (GP) before
referral, if necessary, to a specialist.
The mean number needed to treat (NNT), defined as the mean number of pigmented lesions needed to be excised to iden fy one melanoma, among 468 GPs in Perth, Australia, was 29 and ranged
from 83 in the youngest pa ents (≤19 years) to 11 in the oldest pa ents (≥70 years). (3) Assuming
that for each new case of melanoma another 20–50 pa ents with pigmented skin lesions will visit
the GP, the demand for detec on will increase quite markedly. With adjuvant therapies s ll being
under inves ga on, early detec on is the only way to improve melanoma pa ent survival. (4) Dutch
guidelines recommend pigmented skin lesions suspect for melanoma to be removed through a
diagnos c excision biopsy with a minimal lateral clearance of 2 mm. (5) This recommenda on is
in line with the advice of the Na onal Ins tutes of Health (NIH) to remove any suspicious lesion
through excisional biopsy with a narrow margin of normal-appearing skin. (6) The influence of an
incisional biopsy on melanoma pa ent survival has been discussed for many years and diﬀerent
inves gators have found contradic ng results. (7-15) Two recent publica ons concluding incisional
biopsies not to interfere with melanoma pa ent survival were not able to end this discussion since
pa ent groups were not fully comparable (16) or follow up (FU) was short. (17)

Pa ents and Methods
Pa ents
Between August 1993 and September 2004, 551 pa ents were diagnosed with clinical stage I/II
cutaneous melanoma according to criteria of the American Joint Commi ee on Cancer (AJCC) and
underwent re-excision of the primary melanoma site and a SN biopsy. If pa ents were referred to
us from another ins tu on the pathologic characteris cs of the primary melanoma were reviewed
in our hospital before the SN procedure. All pa ents were treated according to the same protocol;
re-excision margins were 1 cm for melanomas with a Breslow thickness of ≤ 2 mm and 2 cm for
melanomas with a Breslow thickness of >2 mm. To iden fy and retrieve the SN, the triple technique
was used as described previously. (18-20) In short, the day before surgery pa ents underwent a
dynamic and sta c lymphoscin graphy to determine the lympha c drainage pa ern. Just prior to
surgery, Patent Blue V (Laboratoire Guerbet, Aulnay-sous-Bois, France) was injected intradermally
next to the ini al site of the melanoma. During surgery, guided by a hand held gamma probe and
the blue staining of the draining ssues, the SN was removed.
To inves gate the influence on survival, pa ents were divided both according to their diagnos c
biopsy type; wide excisional biopsy (lateral clearance ≥ 2 mm), narrow excisional biopsy (lateral
clearance < 2 mm), excisional biopsy with posi ve margins and incisional biopsy (includes punch
biopsies) and the presence of residual tumor cells in their re-excision specimen.
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Sta s cal analysis
Data were processed with the Sta s cal Package for the Social Sciences so ware for Windows
2000 (SPSS 11.5, Chicago, IL). Cox’s propor onal hazard model was used for survival analysis.
P values <0.05 were considered significant.

Results
Pa ent popula on
Between August 1993 and September 2004, 551 pa ents were diagnosed with clinical stage I/II
cutaneous melanoma, 257 male (46.6%) and 294 female (53.4%) with a mean age of 49.9 years
(Table 1). Most primary melanomas were located on the trunk (43.7%) or on the lower extremi es
(36.7%). Breslow thickness was categorized into four groups (≤ 1.00 mm; 1.01–2.00 mm; 2.01–4.00
mm; >4.01 mm), but due to spontaneous regression of the primary lesion remained unknown in 38
pa ents. The majority of pa ents had a superficial spreading melanoma (65.0%) or a nodular melanoma (26.7%). In 46 pa ents the type of melanoma was diﬀerent or remained unknown (8.3%).
Ulcera on, defined as the absence of intact epidermis overlying the major por on of primary melanoma, was diagnosed in 80 pa ents (14.5%), unknown in 1 pa ent (0.2%) and absent in 470 paents (85.3%). Lympha c invasion was present in 25 pa ents (4.5%), absent in 521 pa ents (94.6%)
and remained unknown in 5 pa ents (0.9%). The SN was nega ve in 446 pa ents (80.9%) and
posi ve in 94 pa ents (17.1%). In 11 pa ents the SN was not removed and the SN status remained
unknown (2.0%). In total, there were 101 missing variables in 80 pa ents; all were excluded from
the study.
SN Iden fica on
In 11 of the 551 pa ents the SN status remained unknown (2.0%), in 5 of these pa ents the SN
was located in the deep lobe of the paro d gland and in one pa ent the SN was located high in
the le axilla, in all cases the decision was made not to remove the SN to avoid poten al morbidity
associated with the interven on. The SN was not iden fied in 3 cases due to non-visualiza on by
preopera ve lymphoscin graphy. In one pa ent the SN was located in the right axilla and could
not be removed because the pa ent was suﬀering from frozen shoulder syndrome, the physical
condi on of another pa ent did not allow further treatment. Therefore, the success rate of SN
iden fica on was 98% (540 of 551 pa ents). Two of the pa ents with the SN located in the deep
lobe of the paro d gland experienced metastasis of the paro d gland, one pa ent is s ll alive with
disease and one pa ent is dead of disease. The pa ent whose physical condi on did not allow
further treatment, passed away soon a er re-excision of the primary melanoma site, from massive
hematogenic and lymphogenic metastasis. The 8 remaining pa ents have shown no evidence of
disease.
Diagnos c biopsy type and survival
The influence of diagnos c biopsy type on DFS and OS was tested in 471 pa ents with a mean FU
of more than 5 years; 279 pa ents (59.3%) underwent a wide excision biopsy, 109 pa ents (23.1%)
a narrow excision biopsy, 52 pa ents (11.0%) an excision biopsy with posi ve margins and 31 paents (6.6%) an incision biopsy (Table 2A).
In 91/471 pa ents (19.3%) the SN was posi ve, 58/279 pa ents (20.8%) a er a wide excision biopsy, 14/109 pa ents (12.8%) a er a narrow excision biopsy, 15/52 pa ents (28.8%) a er an ex-
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cision biopsy with posi ve margins and 4/31 pa ents (12.9%) a er an incisional biopsy. In 79/471
pa ents (16.8%) a recurrence was found during FU, 45/279 pa ents (16.1%) a er a wide excision
biopsy (21 locoregional skin, 8 SN basin and 16 systemic), 17/109 pa ents (15.5%) a er a narrow
excision biopsy (7 locoregional skin, 2 SN basin and 8 systemic), 10/52 pa ents (19.2%) a er an
excision biopsy with posi ve margins (5 locoregional skin, 2 SN basin and 3 systemic) and 7/31 paents (22.6%) a er an incision biopsy (5 locoregional skin, and 2 systemic). But confounding factors
were not equally distributed between the diagnos c biopsy groups. Therefore, survival analysis
was done using Cox’s propor onal hazard model adjusted for; gender, age, site of primary melanoma, Breslow thickness, type of melanoma, ulcera on, lympha c invasion and sen nel node (SN)
status.
Table 1. Pa ent characteris cs
Characteris cs
Follow up (years)
Mean (SD)
Gender
Male
Female
Age (years)
Mean (SD)
Site of primary melanoma
Lower extremity
Upper extremity
Head/Neck
Trunk
Breslow thickness (mm)
0<x≤1
1<x≤2
2<x≤4
>4
Unknown (regression)
Type of melanoma
Superficial spreading
Nodular
Other/Unknown
Ulcera on
No
Yes
Unknown
Lympha c invasion
No
Yes
Unknown
Sen nel node status
Nega ve
Posi ve
Unknown

Pa ents (n = 551)
5.1 (2.8)
257 (46.6%)
294 (53.4%)
49.9 (15.3)
202 (36.7%)
63 (11.4%)
45 (8.2%)
241 (43.7%)
153 (27.8%)
207 (37.6%)
114 (20.7%)
39 (7.1%)
38 (6.9%)
358 (65.0%)
147 (26.7%)
46 (8.3%)
470 (85.3%)
80 (14.5%)
1 (0.2%)
521 (94.6%)
25 (4.5%)
5 (0.9%)
446 (80.9%)
94 (17.1%)
11 (2.0%)

43

Chapter 2

Table 2. Pa ent distribu on according to (A) diagnos c biopsy type and (B) the presence of residual
tumor cells in the re-excision specimen
A

Pa ents (n = 471) Follow up (years; mean ± SD)

Diagnos c biopsy type
Wide excision biopsy ( ≥ 2 mm)

279 (59.3%)

5.0 ± 3.0

Narrow excision biopsy (0<x<2 mm)

109 (23.1%)

6.0 ± 2.7

Excision biopsy with posi ve margins

52 (11.0%)

5.8 ± 2.9

Incision biopsy

31 (6.6%)

5.4 ± 2.4

B

Pa ents (n = 441) Follow up (years; mean ± SD)

Re excision specimen
No residual tumor cells

400 (90.7%)

5.1 ± 2.9

Residual tumor cells

41 (9.3%)

5.8 ± 2.6

In univariate analysis; gender, age, Breslow thickness, type of melanoma, ulcera on, lympha c
invasion and SN status were all significantly related to both DFS and OS (Table 3). Site of primary
melanoma on the head/neck was in univariate analysis only significantly related to DFS (Table 3).
Diagnos c biopsy type did not have a significant rela on with either DFS or OS (Table 3).
Even though, diagnos c biopsy type did not have a significant rela on with either DFS or OS in univariate Cox regression analysis it was also tested in mul variate Cox regression analysis together
with all significant variables from univariate analysis, to inves gate its influence on DFS and OS
a er correc on for the confounding factors. In mul variate analysis, the only significant and independent predictors of both DFS and OS were; age, Breslow thickness, lympha c invasion and SN
status (Table 3). Site of primary melanoma on the lower extremi es or head/neck and ulcera on
were in mul variate analysis only significant and independent predictors of DFS (Table 3). Also in
mul variate analysis, diagnos c biopsy type did not have a significant rela on with either DFS or
OS (Fig. 1A, B).
The same analysis was done a er combining the groups; the wide excision biopsy group was joined
with the narrow excision biopsy group and compared to the excision biopsy group with posi ve
margins joined with the incision biopsy group. S ll, diagnos c biopsy type did not have a significant
influence on either DFS or OS (data not shown).
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Table 3. Univariate and mul variate Cox regression analysis of disease-free survival and overall
survival according to diagnos c biopsy type

Tested variables

Disease Free Survival

Overall Survival

Univariate Mul variate

Univariate Mul variate

P

HR

95% CI

P

P

HR

95% CI

P

Wide excision
biopsy

0.691

1.00

–

0.204

0.500

1.00

–

0.765

Narrow excision
biopsy

0.360

0.71

0.39–1.28

0.255

0.315

0.74

0.37–1.51

0.411

Excision biopsy
with posi ve
margins

0.870

0.59

0.29–1.18

0.132

0.748

0.75

0.34–1.65

0.476

Incision biopsy

0.581

0.47

0.19–1.16

0.101

0.387

0.74

0.29–1.89

0.530

Gender

0.018

1.15

0.70–1.89

0.573

0.004

1.44

0.81–2.57

0.215

Age (years)

0.004

1.02

1.00–1.04

0.018

0.002

1.03

1.01–1.05

0.007

Lower extremity

0.091

1.00

–

0.023

0.153

Upper extremity

0.825

0.91

0.41–2.01

0.809

0.071

Head/Neck

0.014

3.40

1.45–7.97

0.005

0.095

Trunk

0.731

0.93

0.54–1.61

0.790

0.063

0<x≤1

<0.001

1.00

–

<0.001 <0.001

1.00

–

0.001

1<x≤2

0.003

13.19

1.77–98.41

0.012

0.016

8.15

1.07–62.19

0.043

2<x≤4

<0.001

34.11

4.50–258.60

0.001

<0.001

21.43 2.79–164.84 0.003

>4

<0.001

15.73

1.86–132.81

0.011

<0.001

11.85 1.35–103.70 0.025

Type of melanoma

<0.001

1.58

0.95–2.62

0.078

<0.001

1.57

0.88–2.79

0.128

Ulcera on

<0.001

1.83

1.09–3.07

0.023

<0.001

1.64

0.89–3.04

0.116

Lympha c invasion

<0.001

3.98

2.05–7.72

<0.001 <0.001

2.19

1.07–4.48

0.032

Sen nel node status

<0.001

3.87

2.23–6.70

<0.001 <0.001

3.19

1.75–5.81

<0.001

Diagnos c
biopsy type

Site of primary
melanoma

Breslow thickness
(mm)
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Figure 1: A Disease free survival rates and B overall survival rates according to the ini al biopsy type.

Residual tumor cells in the re-excision specimen and survival
441 out of 471 pa ents (93.6%) underwent re-excision of the primary melanoma site and in 30
pa ents (6.4%) the diagnos c biopsy was found to be suﬃcient. In 41/441 pa ents (9.3%) residual
tumor cells were found in the re-excision specimen (Table 2B). All 41 pa ents with residual tumor
cells in the re-excision specimen underwent either an excision biopsy with posi ve margins or an
incision biopsy. In none of the pa ents with a wide or narrow excision biopsy residual tumor cells
were found.
In univariate analysis; gender, age, Breslow thickness, type of melanoma, ulcera on, lympha c
invasion and SN status were all significantly related to both DFS and OS (Table 4). Site of primary
melanoma on the lower extremity or head/neck was in univariate analysis significantly related to
DFS and site of primary melanoma on the head/neck or trunk was significantly related to OS (Table
4). Residual tumor cells in the re-excision specimen did not have a significant rela on with either
DFS or OS (Table 4).
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Even though residual tumor cells in the re-excision specimen did not have a significant rela on with
either DFS or OS in univariate Cox regression analysis it was also tested in mul variate Cox regression analysis together with all significant variables from univariate analysis, to inves gate its influence on DFS and OS a er correc on for the confounding factors. In mul variate analysis, the only
significant and independent predictors of both DFS and OS were; age, site of primary melanoma on
the head/neck, Breslow thickness, lympha c invasion and SN status (Table 4). Also in mul variate
analysis, residual tumor cells in the re-excision specimen did not have a significant rela on with
either DFS or OS (Fig. 2A, B).

Table 4. Univariate and mul variate Cox regression analysis of disease-free survival and overall survival
according to the presence of residual tumor cells in the re-excision specimen
Disease Free Survival

Overall Survival

Univariate Mul variate

Univariate Mul variate

Tested variables

P

HR

95% CI

P

P

HR

95% CI

P

Residual
tumor cells

0.094

0.79

0.38–1.64

0.532

0.230

0.83

0.36–1.92

0.668

Gender

0.025

1.14

0.68–1.92

0.611

0.009

1.22

0.65–2.28

0.531

Age (years)

0.007

1.02

1.00–1.04

0.038

0.007

1.02

1.00–1.04

0.040

Lower
extremity

0.032

1.00

–

0.033

0.105

1.00

–

0.123

Upper
extremity

0.830

0.95

0.41–2.20

0.910

0.069

2.21

0.85–5.71

0.102

Head/Neck

0.004

3.22

1.35–7.66

0.008

0.040

3.22

1.03–10.09

0.045

Trunk

0.647

0.96

0.54–1.74

0.903

0.049

2.02

0.98–4.20

0.059

0<x≤1

<0.001

1.00

–

<0.001 <0.001

1.00

–

0.004

1<x≤2

0.005

12.82

1.71–96.07

0.013

0.020

7.99

1.04–61.49

0.046

2<x≤4

<0.001

30.16

3.97–229.22

0.001

<0.001

20.13

2.59–156.25

0.004

>4

<0.001

15.91

1.86–136.25

0.012

<0.001

11.84

1.32–106.54

0.028

Type of
melanoma

<0.001

1.61

0.95–2.73

0.076

<0.001

1.63

0.87–3.04

0.128

Ulcera on

<0.001

1.55

0.90–2.67

0.119

<0.001

1.61

0.85–3.05

0.141

Lympha c
invasion

<0.001

4.16

2.13–8.14

<0.001 <0.001

2.24

1.04–4.80

0.038

Sen nel
node status

<0.001

3.30

1.87–5.83

<0.001 <0.001

3.05

1.56–5.96

0.001

Site of primary
melanoma

Breslow thickness
(mm)
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Figure 2: A Disease free survival rates and B overall survival rates according to the presence of residual
tumor cells in the re-excision specimen

Consistent confounders of melanoma pa ent survival
Age, Breslow thickness, lympha c invasion and SN status were the most consistent, independent
and significant confounders of melanoma pa ent DFS and OS (Table 3, 4). Site of the primary melanoma was not always an independent and significant confounder of melanoma pa ent survival,
but loca on on the head/neck region consistently carried the highest hazard ra o (HR) (Table 3, 4).
Surprisingly, ulcera on was not an independent and significant confounder of OS (Table 3, 4).

Discussion
Numerous inves gators have studied the influence of incisional biopsy on melanoma pa ent survival and found contradic ng results. Fitzpatrick et al. found a five-year OS rate of 30% in the incisional biopsy group as compared to 48% in the excisional biopsy group but the diﬀerent biopsy
groups were not matched for important prognos c factors. (8) Epstein et al. found a more favora-
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ble ten-year OS in the biopsy group (65%) as compared to the primary wide excision group (56%)
but biopsy was loosely defined as less than op mal or complete surgical excision. (9) Ironside et al.
found a five-year OS rate of 66% in the excision- and 43% in the incision biopsy group but failed to
describe the distribu on of prognos c factors between both groups. (10) Rampen et al. also found
a worse prognosis for pa ents a er an incision biopsy (14 pa ents) but the study was small and
retrospec ve. (11) Griﬃths et al. found no diﬀerence in survival but 7/19 incisional biopsy pa ents
were excluded because of missing histopathological data. (12) Survival rates were not significantly
diﬀerent between the incision- and excision biopsy groups of Lederman et al., but pa ent groups
were matched for Breslow thickness only. (13) Lees et al. also indicated no significant adverse eﬀect
of incisional biopsy in 96 pa ents, but 40% of the histopathological data was not assessable. (14)
Aus n et al. did find a significantly reduced survival in the incisional biopsy group, but pa ents in the
incisional biopsy group were also significantly older. (15) The two most recent publica ons found
no nega ve influence of incisional biopsies on melanoma pa ent survival but in Bong et al. pa ents
groups were not fully matched and in Mar n et al. median FU was only 28 months. (16;17)
This study not only inves gated the influence of diagnos c biopsy type but also the presence of
residual tumor cells in the re-excision specimen on melanoma pa ent survival in pa ent groups
adjusted for 8 important confounders of survival with a mean FU of more than 5 years. Excision biopsies with posi ve margins and incisional biopsies were found not to influence melanoma pa ent
survival. Interes ngly, DFS and OS even seemed slightly be er in the non-radical biopsy groups (Fig.
1A, B). In line with this, pa ents with residual tumor cells in their re-excision specimen also had
a slightly be er survival as compared to pa ents without residual tumor cells in their re-excision
specimen (Fig. 2A, B). Melanoma is the most immunogenic tumor iden fied to date; melanoma
specific T cells are detectable both in the blood and in tumor draining lymph nodes from melanoma pa ents and their frequency can be increased by specific vaccina on. (21-23) This intrinsic
immunogenicity makes melanoma lesions par cularly amenable to therapeu c approaches aimed
at strengthening tumor immune surveillance. Did residual tumor cells combined with biopsy induced wound healing trigger the melanoma pa ent’s immune system? In non-melanoma skin cancer
(NMSC) biopsy induced tumor regression has previously been described. Swe er et al. reported
that 24% of NMSCs transsected on the ini al biopsy showed no residual tumor in the excision specimens and suggested biopsy induced wound healing to play an important role. (24)
Even though non-radical diagnos c biopsies and residual tumor cells in the re-excision specimen
do not have a nega ve influence on melanoma pa ent survival, the rou ne use of incision biopsies
is not recommended. Incisional biopsies o en consist only of a small percentage of the surface
area of the pigmented skin lesion making it diﬃcult to sample a representa ve area within the tumor. Somach et al. found that 40% of the histopathological features were more pronounced in the
re-excision specimen as compared to the incision biopsy and in 20% areas of invasive melanoma
not detected in the incisional biopsy were observed in the re-excision specimen. (25) Further more
when melanoma is diagnosed, a emp ng to evaluate the depth of invasion in an incisional biopsy
is treacherous and may lead to over- or underes ma on of the invasion. (26;27) Of course these
problems are less prominent in excision biopsies with posi ve margins, here the majority of the
lesion has been removed and only the outer borders are compromised, making a sampling error
highly unlikely.
In conclusion; age, Breslow thickness, lympha c invasion and SN status were the most consistent,
independent and significant confounders of melanoma pa ent DFS and OS. The site of primary
melanoma and ulcera on were also important confounders of survival. Both the diagnos c biopsy
type and the presence of residual tumor cells in the re-excision specimen did not have a nega ve
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influence on melanoma pa ent DFS and OS. With melanoma incidence rates rising (1) and early
detec on of melanoma s ll being the only way to improve melanoma pa ent survival, (4) it is
important for all physicians to feel confident about removing a pigmented skin lesion suspect for
melanoma. Incisional biopsies are not recommended but there is no cause for concern when an
excision biopsy turns out to have posi ve margins.
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Abstract
Purpose: The aim of this prospec ve study was to evaluate the clinical outcome of stage I/II melanoma pa ents who underwent selec ve SLN dissec on a er a follow-up of at least 120 months.
We analyzed several covariates of long-term pa ent survival including the influence of the number
of addi onal posi ve lymph nodes at complete lymph node dissec on (CLND) and the sen nel
lymph node tumor burden on melanoma pa ent survival.
Pa ents and Methods: Two hundred twenty-four clinically stage I/II cutaneous malignant melanoma pa ents were eligible for 10 year survival analyses. Forty-three pa ents were SLN posi ve
and informa on concerning the size of the LN metastasis was available for all pa ents. Disease free
and overall survival analyses were performed using the Kaplan-Meier approach. Cox’s propor onal
hazards regression model was used to analyze DFS and OS associated covariates.
Results: The overall and disease free survival rates con nue to decrease a er 5 years. This was
most marked for pa ents with addi onal posi ve lymph nodes at CLND, and pa ents with a SLN
tumor load of >1.0 mm2.
Conclusions: We recommend that SLN procedures be performed for melanomas of ≥0.9 mm Breslow and that all pa ents with a tumor of less than 1 mm Breslow should not need to be included in
follow-up, regardless of their SLN status. The first 5 years remain the most cri cal period for followup especially for pa ents with a posi ve SLN, ulcera on, lympha c invasion and certainly pa ents
with posi ve ALN at CLND. Nonetheless, we feel that high risk pa ents should receive special atten on and careful monitoring for at least a decade.
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10-year Follow-up Results

Introduc on
The number of melanoma cases worldwide has been rising exponen ally since the beginning of the
20th century, par cularly in Caucasian popula ons. The annual increase in incidence rate has been
in the order of 3-7% per year for this group. The es mates suggested a doubling of melanoma incidence every 10-20 years. (1) Even though melanoma is the ninth most common cancer in the USA,
it ranks second among solid tumors in terms of years of produc ve life lost. (2) Due to increased
awareness in the general popula on and subsequent early detec on survival has improved. Nevertheless, melanoma related mortality rates con nue to rise in line with increasing incidence. Radical resec on as a cura ve therapy is only possible for early stage melanomas. Staging melanoma
pa ents correctly is necessary to iden fy those pa ents eligible for cura ve resec on, complete
lymph node dissec on (CLND), adjuvant therapy or clinical trials. The sen nel lymph node (SLN)
status together with Breslow thickness and tumor characteris cs, i.e. ulcera on and lympha c invasion, are important predictors of melanoma pa ent survival. (3-5) Moreover, the sen nel lymph
node procedure (SNP) spares melanoma pa ents with a nega ve SLN, i.e. approximately 80% of
all pa ents, a CLND and the associated morbidity. However, several studies have shown that in
77-80% of the pa ents undergoing CLND, the tumor has not yet spread to lymph nodes beyond
the SLN. (6;7) Nevertheless these pa ents are subjected to a CLND and thus the risk of developing
paresthesis, wound infec on, seroma or lymphedema.
In this ar cle we analyzed the influence of Breslow thickness, ulcera on, lympha c invasion, and
SLN status on the 10 year survival of melanoma pa ents. Addi onally, we evaluated the influence
of the number of addi onal posi ve lymph nodes at CLND and the SLN tumor burden on melanoma pa ent survival.

Pa ents and methods
Pa ents
Between August 1993 and August 2007 730 primary melanoma pa ents were treated at the VU
University Medical Center. Two hundred thirty-six pa ents were eligible for 10-year follow-up (FU)
analyses. However, 12 pa ents were lost to FU; 1 pa ent due to travel abroad and 11 pa ents due
to reloca on, leaving 224 pa ents for 10 year survival analyses. All pa ents were clinically stage I
or II as defined by the American Joint Commi ee on Cancer and received a SNP; nearly all pa ents
also received an addi onal re-excision of the primary excision scar. If the pa ent was referred to us
from another ins tute the primary tumor was re-examined by the pathology department of our ins tute prior to the SNP. To iden fy and retrieve the SLN, the triple technique was used as described
previously. (8) In short, a dynamic and sta c lymphoscin graphy was made the day before surgery.
Prior to the opera on, an intradermal injec on with Patent Blue V (Laboratoire Guerbet, Aulnaysous-Bois, France) was given adjacent the excision scar of the primary melanoma. Guided by the
scin graphy, the blue staining and a hand held gamma probe during surgery the SLN was iden fied.
If a lymph node was posi ve, i.e. tumor cells were present in the SLN, the pa ent received addi onal CLND. From the dissected draining lymph node basin, all lymph nodes were recovered.
To acquire informa on concerning the size of the lymph node (LN) metastasis the SLN of the all 43
posi ve pa ents were analyzed using an interac ve video morphometry system (Q-prodit®, Leica,
Cambridge, UK). Pa ents were divided into 3 groups based on tumor load <0.1mm2, 0.1-1.0 mm2
and >1.0 mm2.
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All pa ents were seen at our outpa ent department every 3 months the first 2 years a er the SNP,
the next 3 years pa ents were seen every 6 months. A er that pa ents were seen once a year up
to a follow-up of at least 120 months.
Pathological examina on
A er the SLN procedure, harvested sen nel lymph nodes were fixed in neutral buﬀered formaldehyde, lamellated according to size, and completely embedded in paraﬃn. Sen nel lymph nodes
smaller than 0.5 cm were processed and paraﬃn embedded intact. Those between 0.5 and 1.0 cm
were halved, and sen nel lymph nodes larger than 1.0 cm were lamellated into pieces of approximately 0.5 cm in size. One ini al 4 μm thick haematoxylin and eosin-stained sec on was made per
block. When nega ve, 4 addi onal step ribbons were cut at 250 μm intervals of which one sec on
was stained with haematoxylin and eosin and two were used for S100 and HMB45 immunohistochemistry. (10) When an addi onal regional lymphadenectomy was performed the lymph nodes
were analyzed using a similar technique. The lymph nodes were lamellated and embedded as described above. From each block, one sec on was cut and stained with haematoxylin and eosin.
To determine the sen nel lymph node metasta c area an interac ve video morphometry system
(Q-prodit®, Leica, Cambridge, UK) was used. In every sen nel lymph node found to contain metasta c tumor cells, the configura on of the metasta c cells, the number of foci and their distribuon within the lymph node were examined. The sen nel lymph node sec on containing the largest
visible amount of metasta c tumor cells was selected. The surface areas of the individual tumor
deposits in this single sec on were measured and the sen nel lymph node metasta c area was
calculated by summing up these areas. In case of two posi ve sen nel lymph nodes the one with
the largest tumor load was used. The sen nel lymph node metasta c areas were measured by two
independent observers, of which one observer measured the areas twice with an interval of approximately 8 weeks.
Sta s cal analysis
Disease free (DFS) and overall survival (OS) analyses were performed using the Kaplan-Meier approach, with sta s cal significance calculated using the log-rank test or the one way Annova test
if more than two groups were involved. Univariate and mul variate Cox’s propor onal hazards
regression analyses were used to associate covariates to DFS and OS. P values of <0.05 were considered significant. For all sta s cal analyses ‘Sta s cal Package for the Social Sciences so ware’ for
Windows was used (SPSS, Chicago, IL).

Results
Pa ent popula on
All 224 pa ents eligible for 10 year survival analysis received a SNP in our ins tute. Nineteen paents did not receive their re-excision at the VU University Medical Centre due to a suﬃcient primary excision or a re-excision elsewhere. Four pa ents received an amputa on instead of a reexcision procedure, 3 pa ents underwent an amputa on of (a part of) a toe and 1 pa ent received
an amputa on of a part of a foot. The Breslow thickness of 1 pa ent (0.4%) remained unclear even
a er extensive pathological examina on due to a rare melanoma type. In total 4 pa ents (2%) had
atypical melanomas, 17% had ulcera on and 8% had lympha c invasion of the primary melanoma.
The mean Breslow thickness was 1.87±1.55 mm. The median FU dura on was 132 months (see
Table 1 for pa ent characteris cs).
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Table 1: Pa ent Characteris cs
Total group
(224)

%

SLN +
(43)

%

Male

98

44

19

44

Female

126

56

24

56

Sex:

Age 1st present (yrs): mean

48

45

Primary site:
Arms

25

Head

18

8

0

0

Legs

88

39

19

44

93

42

17

40

Trunk

11

1.87
(± 1.55)

Breslow (mm): mean

7

16

3.20
(± 2.20)

Type:
Ssm

150

67

21

49

Nod

64

29

21

49

Lmm

3

1

0

0

Alm

3

1

0

0

Atypical

4

2

1

2

Y

39

17

14

33

N

185

83

29

67

Ulcera on:
Lympha c inv:

Y

18

8

9

21

N

206

92

34

79

Posi ve

43

19.2

43

100

Nega ve

180

80.4

-

-

Unknown

1

0.4

-

-

SLN status:

CLND status:
Posi ve

11

4.9

11

26

Nega ve

212

94.7

31

72

1

0.4

1

2

Unknown
Recurrence (yrs): mean

2.57

2.25

No. of LN basins mapped:
0

1

0.4

1

187

83.5

2

35

15.7

3

1

0.4

SLN + = Sen nel lymph node posi ve
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SLN iden fica on and status
Two hundred sixty-one lymph node basins were iden fied in 224 pa ents. In 187 out of 224 paents 1 lymph node basin was iden fied (83.5%), 2 lymph node basins were iden fied in 35 paents (15.7%) and in 1 pa ent 3 lymph node basins were iden fied (0.4%). In 1 pa ent (0.4%) the
SLN was not removed. During surgery the SLN was located high in the le axilla and it was decided
to leave the LN in place not to cause extensive damage. The pa ent was seen regularly at our outpa ent clinic and to date (follow-up 128 months) this pa ent with a Breslow thickness of 1.28 mm
is without evidence of disease. The success rate of the SNP was therefore 99.6% (223/224). Fortythree pa ents (19%) were SLN posi ve a er pathological analysis. However, 6 pa ents developed
a recurrence in the SLN basin that was previously examined and cleared, indica ng a false-nega ve
rate of 6 out of 49 pa ents (12%) and a failure-rate of 6 out of 224 (3%).
SLN posi ve pa ents
Of the 43 SLN posi ve pa ents, 15 (35%) had a tumor load smaller than 0.1 mm2, 15 (35%) between
0.1 - 1.0 mm2 and 13 (30%) greater than 1.0 mm2.
Forty-two pa ents with a posi ve SLN underwent a CLND, 11 (26%) had 1 or more posi ve addi onal lymph nodes (ALN) at pathological examina on; 7 had 1 posi ve ALN, 3 had 2 ALN and 1 had
3 ALN. In 1 case (2%) no CLND was performed a er careful considera on, instead this pa ent was
seen regularly at our outpa ent clinic. This pa ent is currently alive without any signs of disease
recurrence a er a follow up of 127 months. Of the 11 ALND posi ve pa ents, 1 (9%) had a tumor
load smaller than 0.1 mm2, 15 (27%) between 0.1 - 1.0 mm2 and 7 (64%) greater than 1.0 mm2.
Recurrence
Within 10 years a er surgery 58 pa ents (26%) developed a recurrence (see Table 2). Eighty-six
percent of these recurrences were detected within the first 5 years a er diagnosis, the remaining
14% occurred a er more than 5 years of FU. Median me un l recurrence was 23 months. Sixtytwo percent (24/39) of pa ents with ulcera on of the primary melanoma and 89% (16/18) of paents with lympha c invasion developed a recurrence. Ninety-two percent of the pa ents with
ulcera on had a recurrence within 5 years. Median me to recurrence was 10 months. Ninety-four
percent of the pa ents with lympha c invasion had a recurrence within 5 years. Median me to
recurrence was 13 months.
In the SLN nega ve group 17% (30/180) developed a recurrence. Eighty percent of these recurrences were detected within the first 5 years a er diagnosis, the remaining 20% occurred a er 60
months of FU. Median me to recurrence for the SLN nega ve group was 32 months.
Of the 43 pa ents with a posi ve SLN 28 pa ents (65%) developed a recurrence. Ninety-three percent of the recurrences were detected within the first 5 years a er diagnosis, the remaining 7% occurred a er 60 months FU. Median me un l recurrence was 21 months. Of note, 93% of pa ents
with a posi ve SLN with ulcera on of the primary melanoma and 100% of pa ents with lympha c
invasion and a posi ve SLN developed a recurrence.
Forty percent (6/15) of pa ents with a tumor load <0.1 mm2 developed a recurrence. Eighty-three
percent of these recurrences were detected within the first 5 years a er diagnosis, the remaining
17% occurred a er 60 months FU. Median me to recurrence was 23 months. Seventy-three percent of pa ents with a tumor load 0.1-1.0 mm2 developed a recurrence. All of these recurrences
were detected within the first 5 years a er diagnosis. Median me to recurrence was 21 months.
Eighty-five percent of pa ents with a tumor load >1.0 mm2 developed a recurrence. Ninety-one
percent of these recurrences were detected within the first 5 years a er diagnosis. Median me to
recurrence was 12 months.
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Table 2: Recurrences
Total recurrences
(%)

Locoregional skin
(%)

Systemic
(%)

Total group (224)

26

54

36

SLN nega ve (180)

17

47

33

Ulcera on (39)

62

Lympha c invasion (18)

89

SLN posi ve (43)

65

61

39

SLN posi ve and ulcera on (14)

93

SLN posi ve and lympha c invasion (9)

100

SLN Tumor Burden
< 0.1 mm2 (15)

40

2

73

2

85

0.1-1.0 mm (15)
> 1.0 mm (13)
SLN: sen nel lymph node

DFS and OS
The 10-year overall survival (OS) and disease free (DFS) rates for the whole group are 79% and 74%
respec vely. In this me 46 pa ents (21%) died of melanoma related causes of whom 24 (56%,
24/43) had a posi ve and 22 (12%, 22/180) had a nega ve SLN. The 10-year OS rate for SLN negave pa ents was 88% compared to 43% for the SLN posi ve pa ents (p<0.0001) (see graph 1), DFS
rates were 83% and 34% respec vely (p<0.0001) (graph not shown). Overall survival for pa ents
with ulcera on of the primary melanoma was 46% and pa ents with lympha c invasion had an
even worse OS rate of 39% (graph not shown).
When categorizing all 224 pa ents according to the Breslow thickness (0-1.00 mm, 1.01-2.00 mm,
2.01-4.00 mm and greater than 4.00 mm) the OS rates were 100%, 86%, 48%, 39% respec vely
and DFS rates were 100%, 78%, 41% and 39% respec vely (graph not shown). When combining
SLN status and Breslow thickness we found that all pa ents with a Breslow thickness of ≤1.00 mm
were alive a er 10-year follow-up regardless of SLN status (see graph 2). Pa ents with a melanoma
of 1.01 to 2.00 mm and a nega ve SLN had a 10 year OS of 88% compared to 71% for pa ents in
the same Breslow category with a posi ve SLN (p=0.104) (see graph 3). For the Breslow category
2.01-4.00 mm OS rates for SLN nega ve pa ents was 62% compared to 22% for the SLN posi ve
group (p=0.003)(see graph 4). This trend was also seen in the Breslow category > 4.0 mm with OS
of 75% and 22% respec vely, for SLN nega ve and posi ve pa ents in this group. However, due to
the small number of pa ents in this category this diﬀerence did not reach sta s cal significance
(p=0.098) (see graph 5).
Overall 10 year survival rates for pa ents with a SLN tumor load <0.1 mm2 were 72% (graph not
shown), DFS was 59%. This is not significantly be er than pa ents with a tumor load 0.1-1.0 mm2
(OS 39%, DFS 27%, p=0.122 and 0.269 respec vely). However, it is significantly be er than pa ents
with a tumor load >1.0 mm2 (OS 15%, DFS 15%, p=0.005 and 0.040 respec vely). The OS and DFS
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rates did not diﬀer significantly between pa ents with a tumor load 0.1-1.0 mm2 and pa ents with
a tumor load >1.0 mm2 (p=0.334 and 0.569 respec vely).
Pa ents with tumor cells in the SLN but no posi ve nodes at CLND had a 10-year overall survival
rate of 53% which dropped drama cally to 9% for pa ents with one or more posi ve lymph node
besides the SLN (p<0.0001) (see graph 6). The DFS rate for pa ents with a posi ve SLN and no posi ve nodes at CLND was 41% compared to 9% for pa ents with one or more posi ve lymph nodes
at CLND (p=0.001) (graph not shown).
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Univariate and Mul variate Regression Analysis
We performed univariate and mul variate Cox regression analyses to determine the influence of
several prognos c factors on DFS and OS. A er univariate analysis, Breslow thickness, SLN status,
ulcera on, lympha c invasion and addi onal posi ve lymph nodes were significantly related to
DFS and OS. These were taken along in the mul variate analyses where Breslow thickness, SLN
status and the presence of addi onal posi ve lymph nodes were independently and significantly
related to OS. SLN status was the strongest factor followed by Breslow thickness and ALN. Addi onal posi ve lymph nodes, lympha c invasion, ulcera on and SLN status showed an independent
and significant correla on with DFS, Breslow thickness was not significantly related to DFS in this
analysis (see Table 3).
We also performed univariate and mul variate Cox regression analyses on the group of 43 SLN
posi ve pa ents. In univariate analyses Breslow thickness, tumor load, presence of addi onal posive lymph nodes and ulcera on were significantly associated with OS, while ulcera on, lympha c
invasion and the presence of addi onal posi ve lymph nodes were significantly associated with
DFS. Upon mul variate analysis Breslow thickness and the presence of addi onal posi ve lymph
nodes were significantly related to OS, while lympha c invasion, ulcera on and the presence of
addi onal posi ve lymph nodes were all significantly associated with DFS (see Table 4).
Table 3: Mul variate Cox’s regression analysis: Total popula on
(n=224)

DFS

OS

Prognos c factor

HR

SE

P value

HR

SE

P value

Breslow thickness

1.109

0.070

0.141

1.188

0.078

0.028

SLN status

0.147

0.445

0.000

0.139

0.489

0.000

Lympha c invasion

0.407

0.339

0.000

0.553

0.393

0.161

Ulcera on

0.139

0.335

0.008

0.558

0.416

0.110

ALN status

0.371

0.426

0.020

0.381

0.464

0.038

Table 4: Mul variate Cox’s regression analysis: SLN + popula on
(n=43)
Prognos c factor
Breslow thickness
ALN status

DFS
HR

SE

OS
P value

HR

SE

P value

-

-

-

1.229

0.102

0.043

0.338

0.427

0.011

0.238

0.469

0.002

Tumor load

-

-

-

1.021

0.052

0.684

Ulcera on

0.417

0.416

0.035

1.083

0.589

0.892

Lympha c invasion

0.231

0.462

0.002

-

-

-
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Discussion
The SNP has been the standard of care for melanoma pa ents stage I/II at the Amsterdam VU University Medical Center since 1993. Previous ar cles showed that this technique is safe and reliable
with rela vely li le associated morbidity. (6;11) A er 10 year follow-up the false-nega ve rate of
12% and a failure-rate of 3% are slightly higher than at 5 year analysis (9% and 2% respec vely) but
s ll within the limits of rates men oned in other ar cles. (12-16) Moreover, with a SLN-retrieval
percentage of 99.6% it is clear that this technique has been successfully implemented at our ins tute.
Tradi onally, five year survival analysis is reported and most recurrences and cancer related fatali es do occur in the first five years. This is, however, not the whole picture. We therefore set out
to assess how melanoma pa ents do in the second five years a er diagnosis. Our secondary goal
was to see whether some pa ents had a higher risk of recurrence and associated morbidity in that
period that warranted closer observa on.
As expected, the majority of the recurrences (86%) in the whole group occurred within the first 5
years a er diagnosis. Fourteen percent occurred a er 5 years, including one recurrence in a previously cleared LN basin. A er 10 years 26% of our pa ents had a recurrence. This recurrence rates
is slightly higher than those men oned in the literature, that range from 18.5% to 20.7% (17;18).
However, these ar cles all describe 5 year FU and, as men oned, the number of recurrences increases in the second 5 year FU period. It is not this overall number, though, that is of interest but the
diﬀerences between the various subgroups of melanoma pa ents.
Of the SLN nega ve pa ents 14% develop a recurrence a er 5 years and 17% a er 10 years. In contrast, 55% of the SLN posi ve pa ents developed a recurrence during the first 5 years accumula ng
to 65% a er 10 years. Sixty-one percent of pa ents with ulcera on of the primary melanoma and
89% of pa ents with lympha c invasion developed a recurrence. Another interes ng observa on
is that most recurrences in pa ents with a posi ve SLN, ulcera on or lymph invasion occurred
in the first 5 years of FU (93%, 92% and 94% respec vely compared to 80% for the SLN nega ve
pa ents). In line with the increase of recurrence, the survival rates of these pa ents con nue to
decrease a er 5 years. These data show that pa ents with posi ve SLN, ulcera on and/or lymph
node invasion tend to metastasize more frequently and more rapidly than pa ents without these
characteris cs. This eﬀect of metastasis in the SLN (18-20) is well known, as is that of ulcera on
(5;21) and lympha c invasion (22). It is likely that these factors are indica ve of a more aggressive
tumor type.
That SLN status alone is not enough to predict melanoma pa ent survival is demonstrated by the
fact that not the en re posi ve SLN group had an adverse prognosis. All pa ents with a Breslow
thickness of <1 mm were alive a er 10 years, independent of their SLN status. There were three
pa ents with a Breslow thickness <1 mm who had a posi ve SLN. All three had a Breslow thickness
between 0.95 and 0.99 mm and no signs of ulcera on or lympha c invasion. One of these pa ents
even had an addi onal posi ve lymph node at CLND. However, all pa ents are alive without any
evidence of disease a er a FU of more than ten years. It has been suggested that the SNP is capable
of elimina ng the risk of recurrence in pa ents with thin melanomas (20;23;24). It is not unthinkable that thin melanomas have a less aggressive nature making it possible for the immune system to
eradicate any tumor cells that might have metastasized beyond the lymph nodes.
Generally the combina on of a thick primary melanoma and a posi ve SLN is an indica on of adverse clinical outcome as can be seen in graphs 2-5 where we sort pa ents according their Breslow
thickness and the presence or absence of tumor cells in the SLN. In all, the OS drops from 100% for
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pa ents with a Breslow thickness of <1 mm and a posi ve SLN to 22% for pa ents with a Breslow
thickness of > 4 mm and a posi ve SLN. The impact of SLN tumor burden on melanoma pa ent
survival has been described by a number of ar cles. (25-27) Overall 10 year survival rates in this
study for pa ents with a SLN tumor load <0.1 mm2 were 72%, 39% for pa ents with a tumor load
0.1-1.0 mm2 and 15% for pa ents with a tumor load >1.0 mm2. A er 10 years of FU the OS of paents with micrometastasis, ie. tumor load <0.1 mm2, is not as good as for pa ents with a nega ve
SLN (i.e. 80%) as suggested by one ar cle. It is, however, far be er than that of pa ents with a
higher SLN tumor load. This suggests there might be a pping point for melanoma metastasis. It
seems that micrometastasis up to a certain surface area can be contained by an -tumor ac vity
of the pa ent’s immune system. If there is tumor escape the cancer will be able to grow out and
metastasis beyond the SLN.
The subgroup of cutaneous melanoma pa ents with by far the worst OS rate are those with ALN at
CLND. Their OS rate of 9% is far below the 54% of that of SLN posi ve pa ents without addi onal
posi ve nodes at CLND. Although the eﬀect of addi onal posi ve lymph nodes at CLND on melanoma pa ent survival has been documented before (16;20), no one has published 10 year survival
rates.
If, as the es mates suggested, the incidence of melanoma will double every 10-20 years this will
mean a tremendous burden on health care systems worldwide. Owing to heightened awareness in
the popula on more people will present with thinner lesions. We therefore recommend that SLN
procedures be performed for melanomas of ≥0.9 mm Breslow and that all pa ents with a tumor of
less than 1 mm Breslow should not need to be included in follow-up, regardless of their SLN status.
The first 5 years remain the most cri cal period for follow-up especially for pa ents with a posi ve
SLN, ulcera on, lympha c invasion an certainly pa ents with posi ve ALN at CLND. Nonetheless,
we feel that high risk pa ents should receive special a en on and careful monitoring for at least
a decade.
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Summary
In this study we inves gated whether the presence of specific popula ons of tumor infiltra ng
lymphocytes (TILs) in diagnos c primary melanoma biopsies are related to outcome in clinically
stage II melanoma pa ents. Moreover, we inves gated whether the presence of TILs correlates
with expression of MHC class I an gen and MHC class II an gen on tumor cells and/or tumor infiltra ng an gen presen ng cells. Diagnos c primary melanoma samples of 15 pa ents with an unfavourable outcome were compared with 20 pa ents with favourable outcome. Pa ents were matched for age, gender and Breslow thickness. Biopsies were examined for the presence of granzyme
B+, CD8+, CD4+ and CD56+ TILs and for expression of MHC class I an gen and MHC class II an gen on
tumor and/or tumor infiltra ng cells. A favourable clinical outcome was strongly associated with
the presence of GrB+ and CD4+ TILs, with expression of MHC class I an gen on tumor cells and with
expression of MHC class II an gen on intratumoral an gen presen ng cells. These data strongly
support the no on that in melanoma pa ents the cellular immune response is a major factor in
preven ng melanoma cell dissemina on.
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Introduc on
Even though melanomas account for only 4% of all skin cancers, they cause the greatest number
of skin cancer-related deaths worldwide. Over the last few decades an increase in incidence and
mortality has been observed in Caucasian popula ons across the world. (1;2) Clinical outcome in
melanoma pa ents depends on several variables of which tumor thickness is an important factor
(according to Breslow). (3) The 5 year survival rate for pa ents with a Breslow thickness <1.5 mm
is more than 90%, whereas survival in pa ents with a Breslow thickness of >3.5 mm is only 50%.
(4) Other important prognos c factors are, amongst others, gender and age. (5-7) Fatal outcome in
melanoma pa ents o en results from occurrence of distant metastases, which mostly coincide or
are preceded by lymph node metastases. In line with this concept, previous studies demonstrated
that pa ents with a melanoma sen nel lymph node (SLN) metastasis have a worse prognosis than
pa ents without a SLN metastasis. (8;9) However, despite known prognos c parameters, outcome
o en remains unpredictable and further research to iden fy addi onal relevant prognos c markers
is warranted.
It has previously been shown that melanomas can elicit an immune response (10;11) and that
melanoma cells can eﬀec vely be eradicated in vivo by cytotoxic ac vity of MHC class I an gen
restricted CD8+ Granzyme B (GrB+) T cells. (12) Thus, a possible explana on for diﬀerences in clinical
outcome might be that a proper immune response, although incapable of preven ng the primary
tumor from growing, is able to prevent the occurrence of lymph node and/or distant metastases. A
large number of studies have shown that the cellular immune response plays an important role in
the control of melanoma growth and spread. (13;14)
Proper ac va on of a CD8+ T cell mediated immune response requires an gen to be presented in
the context of the appropriate MHC class I molecules. MHC class I molecules are hetero dimers
consis ng of a transmembrane α-chain, encoded by 3 polymorphic loci HLA-A, -B and -C, which is
non-covalently associated with β2-microglobulin (β2m). When a cell loses expression of MHC class
I molecules, it can no longer be recognized by CD8+ lymphocytes but it might become suscep ble
to natural killer (NK) cell recogni on. (15) Loss of MHC class I an gen expression has been shown
to be involved in immune escape and tumor progression (12;16;17) and has been associated with
poor clinical outcome. (18;19) In addi on, target cell killing by cytotoxic T cells (CTLs) requires the
help of CD4+ T helper (Th) cells. (20;21) CD4+ Th cells require presenta on of an gens in the context
of MHC class II by professional an gen-presen ng cells (APCs). (22;23) MHC class II molecules are
also heterodimers, but consist of 2 homologous pep des, an α and β-chain, each subunit contains
2 extracellular domains, a membrane spanning domain and a cytoplasmic tail. The HLA class II
region map into 3 subregions: DR, DQ and DP and are encoded on the HLA region of chromosome
6. (24-25)
We have previously shown, in stage III/IV melanoma pa ents, that presence of ac vated (GrB+) CTLs
in primary biopsy specimens is correlated with a favourable prognosis following treatment with
irradiated autologous tumor cell vaccina on. (26) In the current study, we inves gated if presence
of GrB+ Tumor Infiltra ng Lymphocytes (TILs) in diagnos c primary melanoma biopsies is related
to clinical outcome in clinically stage II melanoma pa ents. Moreover, we inves gated whether
presence of TILs correlates with expression of MHC class I and MHC class II an gens on tumor cells
and/or tumor infiltra ng APCs.
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Pa ents, Materials and Methods
Pa ents and clinical characteris cs
Pa ents primarily diagnosed with stage II melanoma were treated with surgical resec on of the primary melanoma and a sen nel lymph node procedure (SNP) in the VU University Medical Center.
(27) Two groups of pa ents were selected on the basis of contras ng clinical outcome. Unfavourable outcome was determined by the development of metastasis over me and favourable outcome
was determined by no sign of recurrence at me of last follow-up. Fi een pa ents with an unfavourable outcome (median follow up 35 months) were compared to 20 pa ents with favourable
outcome (median follow up 46 months). Pa ents were further selected to have comparable age,
gender distribu on and Breslow thickness to avoid a confounding eﬀect of these known prognos c
parameters. Paraﬃn embedded biopsies were kindly provided by the departments of pathology
from the following hospitals: Medical Center Alkmaar, Alkmaar, Bovenij Hospital, Amsterdam and
VU Medical Center Amsterdam, The Netherlands.
An bodies and Immunohistochemistry
Paraﬃn embedded 3 μm ssue sec ons of primary melanoma biopsies were treated as described
previously. (26;28) Lymphocytes were characterized for expression of CD4, CD8, CD56 and GrB
using the following an bodies: monoclonal an body (mAb) GrB7 (mouse IgG2a) specific for human
GrB (Monosan, Uden, Netherlands (29)), mAb CD4 (mouse IgG1, MEM-241, Monosan), mAb CD8
(mouse IgG1, clone 144B, Dako, Heverlee, Belgium), mAb CD56 (murine IgG2a, MEM-188, Monosan). Expression of MHC class I an gen on melanoma cells was inves gated using a polyclonal
an body against β2m (rabbit Ig, Dako), the mAb HCA2 and mAb HC10 preferen ally recognizing
HLA-B/C locus products (kindly provided by Prof. Dr. J. Nee es, Netherlands Cancer Ins tute, Amsterdam, Netherlands (30;31)). The mAb HCA2 reacts preferen ally with HLA-A locus heavy chains.
Its reac vity contrasts with that of HC10, a mAb with preferen al specificity for HLA-B and -C heavy
chains. Both HCA2 and HC10 were raised against free class I heavy chains of HLA-A and -B an gens
respec vely, to obtain mAbs that would s ll react with denatured class I an gens, as they occur in
conven onal light microscopically analysis of formalin-fixed, paraﬃn-embedded sec ons.
Expression of MHC class II an gen was determined using a mAb recognizing HLA-DR (mouse IgG2b,
clone LN3, VUmc, Amsterdam, The Netherlands). For staining with an bodies against GrB, MHC
class II, CD8, CD56 and HLA-B/C, an gen retrieval was performed with 10 mM Na-citrate, pH 6 and
for staining with an bodies against HLA-A and CD4 an gen retrieval was performed with 10 mM
TRIS, 1 mM EDTA, pH 9. No an gen retrieval was required for staining with an -β2m an body. Following an gen retrieval, primary an body was applied and visualiza on was performed with either
the EnvisionTM horseradish peroxidase system (DakoCytoma on, Glostrup, Denmark) for MHC class
I, MHC class II, CD8 and CD56, or Power Vision plusTM system (Immunologic, Duiven, The Netherlands) for GrB and CD4 according to manufacturer’s instruc ons.
Characteriza on of GrB+ TILs
Double staining was performed to determine whether GrB+ TILs are ac vated cytotoxic CD8+ TILs.
To detect double posi ve (GrB+CD8+) cells, slides were first incubated with GrB7 (mouse IgG2a)
as described above followed by a goat-an -mouse IgG2a-HRP (SouthernBiotech, Birmingham, AL)
and subsequently incubated with H2O2. Subsequently, slides were incubated with either an -CD8
or an -CD4 an body as described in the sec on above followed by goat-an -mouse IgG1-Bio n
(SouthernBiotech). Visualiza on of CD4 or CD8 was performed with streptavidin-Alexxa488 (Mole-
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cular Probes, Invitrogen, Breda, The Netherlands). Images of CD8+GrB+ TILs were recorded using a
confocal laser scanning microscope a 40× oil objec ve was used. To visualize ssue compartments
as well as the diﬀerence between TILs and lymphocytes surrounding the tumor, the gain and oﬀset
se ngs of each individual channel were op mized such that some noise is introduced to show the
ssue compartments.
Interpreta on of the staining
For interpreta on of stainings with an bodies against CD4, CD8, CD56, GrB, MHC class II (HLA-DR),
and MHC class I an gens (HCA2, HC10 and β2m), lymphocytes surrounding the tumor served as
internal posi ve control for the staining. The presence of CD4+, CD8+, and GrB+ lymphocytes was
scored in 2 groups: cases with posi ve TILs (>1 per high power field (HPF) and cases without TILs
(<1 per HPF). The diﬀerence between melanoma cells and lymphocytes was based on morphological examina on (see color figure 4.1 in back of thesis). Percentages of HLA-A, HLA-B/C and 2m
expressing tumor cells were scored semi-quan ta vely in steps of 10% from 0 to 100%. (32) APCs
present in ssue surrounding the tumor area func oned as posi ve control for HLA-DR staining.
Expression of MHC class II an gen was based on HLA-DR staining and tumor cells were recognized
based on morphological examina on (see color figure 4.1 in back of thesis). Expression of MHC
class II an gen on tumor infiltra ng APCs was scored as described above for MHC class I.
Sta s cal analysis
Progression free survival (PFS) me was determined from date of first diagnosis of primary tumor
un l date of diagnosis of disease metastasis. Overall survival (OS) me was determined from date
of first diagnosis of primary tumor un l date of disease related death. Pa ents without a recurrence were censored at the last me of follow-up. One pa ent died of a cause unrelated to the
disease and was censored. Diﬀerences between the Kaplan Meier curves were analyzed using the
Log-rank test. Qualita ve variables were analyzed by Pearson’s χ2 test, or by Fisher exact test when
appropriate. The Mann-Whitney U-test was used to compare group means. All p values were based
on two-tailed sta s cal analysis. If p values ≤0.05 they were considered significant. All analyses
were performed using the SPSS sta s cal so ware (version 12 SPSS, Inc, Chicago, IL).

Results
Pa ent characteris cs
Pa ents were selected based on comparable important prognos c parameters and the 2 groups
with diﬀerent clinical outcome therefore demonstrated no significant diﬀerences regarding gender,
age, Breslow thickness and SLN status (see Table 1). Although the diﬀerence was not significant, paents with an unfavourable outcome were more frequently male than female, which is consistent
with previous studies. (6)
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Table 1. Tumour Characteris cs in Rela on to Clinical Outcome
Clinical outcome

Median age
Median Breslow (mm)
Sen nel lymph node
Nega ve
Posi ve
Gender
Male
Female

Favourable

Unfavourable

p-value

53 (26-75)
2.5 (2.1-4.0)

57 (31-84)
2.7 (2.2-4.0)

Ns1
Ns1
Ns

14
6

8
6

9
11

11
3

3
17

8
6

5
15

8
6

4
16

9
5

2
18

6
7

5
15

10
3

14
6

11
3

Ns

Tumour Infiltra ng Lymphocytes
CD4+ TILS
Absent
Present
CD8+ TILS
Absent
Present
GrB+ TILs
Absent
Present
APCs
MHC class II (nd =1)
Absent
Present
Melanoma cells
MHC class I2 (nd = 1)
Loss
Preserved
MHC class II
Nega ve
Posi ve

0.02

ns

0.01

0.04

0.005

ns

ns, not significant; nd, not determined, due to lack of available ssue, absent means that lymphocytes were only
detected around tumour and no infiltra ng lymphocytes detected and present means infiltra ng lymphocytes
detected.
1
As determined by Mann-Whitney U-test.
2
Preserved expression of MHC-I (described in m&m) = >50% β2M + >80% HLA-A/B/C.

Presence of ac vated cytotoxic TILs and CD4+ TILs cells is associated with a favourable clinical outcome
The 2 predefined groups with diﬀerent clinical outcome were compared and in pa ents with favourable outcome CD4+ TILs and GrB+ TILs were significantly (p=0.02 and 0.01, respec vely) more frequently detected than in pa ents with unfavourable outcome (see Table 1). Furthermore, pa ents
with a favourable outcome tended to harbour more CD8+ TILs (see Table 1, p=0.08). Staining for
diﬀerent TIL popula ons are shown in Figure 1 (see color figure 4.1 in back of thesis).
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Double staining procedures (see color figure 4.1e in back of thesis) showed that GrB+ TILs were
also CD8+ TILs and therefore were considered to be ac vated cytotoxic TILs (acTILs). In 2/34 cases
GrB+ TILs but no CD8+ TILs were detected. These GrB+ cells were CD56- indica ng that these cells
were not NK cells. In none of the primary melanoma biopsies CD56+ posi ve tumor infiltra ng NK
cells were detected. The presence of acTILs correlated strongly with the presence of both CD4+
and CD8+ TILs. Thus, based on the analysis of TILs, 2 groups of melanomas could be iden fied: 1
group of melanomas showing infiltra on of acTILs as well as infiltra on of CD4+ T cells and 1 group
of melanomas without infiltra on of acTILs or CD4+ TILs. As expected from these results a strong
significant correla on was observed between individual scoring results for the TIL subpopula ons
(see Table 2).
Table 2. Presence of acTILs (GrB+) is Correlated with Presence of Several Mediators of Adap ve Immune System
Ac vated Cytotoxic TILs

Tumor Infiltra ng Lymphocytes
CD8+ TILs
Absent
Present
CD4+ TILs
Absent
Present
APCs
MHC class II2
Absent
Present
Melanoma cells
ß2M3
<50%
>50%
HLA-A/B/C
<80%
>80%
MHC class I4
Lost
Preserved
MHC class II
Nega ve
Posi ve
1

Favourable

Unfavourable

p-value1

11
2

2
20

<0.001

8
5

3
19

0.007

6
6

2
20

0.01

9
4

3
17

0.003

8
5

5
17

0.02

10
3

5
15

0.005

12
1

14
8

Ns

As determined by Pearson’s χ2test of Fisher exact test, when appropriate.
In one case expression could not be determined because of lack of ssue.
3
In two cases expression could not be determined because of lack of ssue.
4
Preserved expression of MHC class I (described in m&m) = >50% β2M + >80% HLA-A/B/C.
2
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Subsequently, pa ents were stra fied according to the presence or absence of the respec ve TIL
popula ons and Kaplan-Meier curves were constructed to es mate diﬀerences in PFS and OS. The
presence of GrB+ (see Figure 2a), CD8+ (see Figure 2b) and CD4+ (see Figure 2c) TILs was significantly
associated with a longer PFS. The presence of GrB+ (p=0.02) TILs was significantly associated with
a longer OS and the presence of CD8+ (p=0.09) and CD4+ (p=0.08) showed a trend toward a longer
OS.

Figure 2: Significant correla on between TILs and PFS. The Kaplan-Meier curves show significant
diﬀerences in PFS if TILs were present or absent. Pa ents have a significantly longer PFS (months)
if: (a) GrB+ TILs (p=0.02), and (b) CD8+ TILs (p=0.04) are present and (c) CD4+ TILs are present (p =
0.005).

Expression of MHC class I an gen is associated with the presence of acTILs
The mean percentage of tumor cells expressing HLA-A and HLA-B/C was determined at 80% and
the mean percentage of tumor cells expressing β2m was 50%. On the basis of the mean percentages of expression of the 3 individual markers (see color figure 4.1f-4.1h in back of thesis), MHC class
I an gen expression was considered preserved if both HLA-A and HLA-B/C expression was detected
on at least 80% of the tumor cells and β2m was expressed on 50% of the tumor cells. Complete
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loss of MHC class I an gen expression on tumor cells was observed in 1 case for HLA-B/C and in 2
cases for β2m. All other pa ents showed expression of the 3 diﬀerent markers ranging from 10%
to 100% posi ve tumor cells. A significant correla on was found between expression levels of HLAA and HLA-B/C (p=0.004, Pearson’s χ2 test) and between expression of HLA-A/HLA-B/C and β2m
(p=0.002, Pearson’s χ2 test). More importantly, a strong correla on was detected between expression of MHC class I an gen on tumor cells and presence of acTILs, both for individual markers and
for preserved (>50% β2M + >80% HLA-A/B/C) MHC class I an gen expression (see Table 2). When
comparing the 2 groups with diﬀerent clinical outcome, it appeared that clinically favourable cases are usually characterized by preserved MHC class I an gen expression on melanoma cells (see
Table 1). If pa ents were stra fied according to MHC class I an gen expression on tumor cells,
preserved MHC class I an gen expression was indeed significantly associated with a favourable PFS
(see Figure 3a, Log rank test; p=0.005).

Figure 3: Preserved MHC class I an gen expression and presence of MHC class II an gen expressing APCs is associated with longer PFS.
The me scale is in months. Kaplan-Meier curves demonstrate that (a) Pa ents with preserved
MHC class I an gen expression have a significant be er PFS (p=0.005). (b) Presence of intra tumoral
MHC class II an gen expression on APCs is significantly correlated to longer PFS (p=0.01).

Expression of MHC class II an gen on APCs correlates with presence of CD4+ TILs
Tumor infiltra ng MHC class II an gen expressing APCs were detected in 24/34 cases and their
presence correlated significantly (p=0.03) with presence of CD4+ TILs (see Table 3) and acTILs (see
Table 2, p=0.01). Moreover, presence of infiltra ng MHC class II an gen expressing APCs correlated
significantly with favourable prognosis (see Figure 3b). No expression of MHC class II an gen was
detected on normal melanocytes (not shown); however, in 9/35 (26%) melanomas MHC class II
an gen expression was detected in 10-80% of tumor cells. Expression of MHC class II an gen on
melanoma cells correlated significantly with presence of tumor infiltra ng CD4+ cells (p=0.03, see
Table 3). No correla on with PFS was observed.
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Table 3. MHC Class II Expression on Both Tumor Cell and Infiltra ng Cells is Correlated with Presence of CD4+ TILS

Absent

CD4+ TILs
Present

p-value1

Nega ve

11

15

0.03

Posi ve

0

9

Nega ve

5

3

Posi ve

5

21

MHC class II expression on tumour cells

MHC class II expression on APCs

1

0.03

As determined by Pearson’s χ2 test of Fisher exact test, when appropriate.

Discussion
In this report we have shown that diagnos c biopsies of clinically stage II melanoma pa ents with
a favourable outcome are characterized by presence of ac vated (GrB+ and CD8+) TILs and T helper
(CD4+) TILs, whereas these TILs are absent in melanoma biopsies of most pa ents with unfavourable clinical outcome. Moreover, we have shown that presence of acTILs and CD4+ TILs correlates
with preserved MHC class I an gen expression on tumor cells and with the expression of MHC class
II an gen on tumor infiltra ng APCs and with MHC class II an gen expression on tumor cells.
Our results are in accordance with previous studies demonstra ng that presence of lymphocytes
is associated with a favourable clinical outcome in melanoma biopsies. (33-35) Furthermore, our
data demonstrate that melanoma infiltra ng T lymphocytes consist of CD4+, CD8+ and GrB+ T-lymphocytes popula ons. In 2/34 cases GrB+ TILs but no CD8+ TILs were detected. Most likely these cells
are ac vated TILs which lost their detectable expression of CD8 (36) because no NK cells and no
CD4+GrB+ TILs were detected. Ac va on of cytotoxic T lymphocytes depends on specific MHC class
I restricted an gen recogni on and on the presence of co-s mulatory expressing and cytokine producing CD4+ T helper cells. (21;37)
We observed a strong correla on between presence of TILs and intact MHC class I an gen expression on melanoma cells. This associa on, which has previously also been observed in solid tumors
(38;39) and in lymphomas, (32;40) supports the idea that loss of MHC class I an gen expression
results in failure to mount a cellular, melanoma an gen-specific immune response and as such may
be a possible powerful immune escape mechanism. (18;41) Alterna vely, interferon-α (IFNα) upregulates transcrip on of MHC class I and II molecules (42) and therefore, the associa on between
decreased MHC class I an gen expression and absence of TILs may be caused by lack of TIL derived
IFN in the tumor environment. Of note, even in cases with apparent intact MHC class I an gen expression specific HLA haplotype losses may interfere with proper an gen recogni on, (43) because
the used an bodies do not allow to iden fy these MHC class I an gen altera ons.
Even though we did not demonstrate that the infiltra ng TILs are specifically directed against the
melanoma cells, it can reasonably be assumed that the TILs are part of an intact an -tumor response, assuming the ac vated status (GrB+) strongly suggests that these TILs are func onally ac ve.
This opinion is further strengthened by our previous report demonstra ng tumor an gen-specific
TILs are present in melanoma pa ents. (14) In addi on, in the large majority of cases with acTILs
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also CD4+ TILs and MHC class II an gen expressing APCs were present. In an earlier report, presence of CD8+ and CD4+ TILs was also closely correlated. (12) However, no correla on was detected
between expression of MHC class II an gen and the presence of TILs. This discrepancy with our
results might be explained by the fact that only the presence of CD8+ TILs was inves gated whereas
in our study GrB+ TILs were analyzed.
Thus, in pa ents with favourable outcome, all ingredients for an eﬀec ve cellular immune response appear to be present. S ll, even though this immune response is apparently unable to effec vely eradicate the primary tumor, because the tumor would not disappear without adequate
surgery, the presence of a cellular immune response appears to be able to prevent the occurrence
of distant metastasis. In pa ents with an unfavourable outcome with eventually the occurrence
of metastases, these ingredients for an eﬀec ve cellular immune response were not observed,
further sugges ng that the cellular immune response plays a func onal role in preven ng melanoma dissemina on.
Expression of MHC class II an gen in melanoma cells was detected in 25% of cases. Although controversial, most reports described that expression of MHC class II an gen is associated with an unfavourable outcome. (44) No such associa on was observed in our series, but this might be caused
by the rela vely low number of cases studied. However, its possible eﬀect appears to be limited
when compared with the prognos c value of ac vated TILs.
Because pa ents were selected based on comparable established prognos c parameters (SLN status, Breslow thickness, gender and age), the diﬀerences in clinical outcome between pa ents with
favourable and unfavourable outcome in this study are most likely to be directly related to diﬀerences in the cellular immune response.
We conclude that the presence of acTILs and CD4+ TILs and puta ve intact an gen presenta on in
the context of MHC class I and MHC class II an gen presenta on in primary melanomas predicts
a highly favourable outcome in clinically stage II melanoma pa ents. These data strongly support
the no on that the cellular immune response is a major factor in preven ng melanoma cell dissemina on.

Chapter 4

81

References
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

Coleman MP,Estève J,Damiecki P,Arslan A,Renard H. Trends in cancer incidence and mortality. IARC Scien fic
Publica ons No. 121. Lyon: Interna onal Agency for Research on Cancer, 1993.
Diepgen TL,Mahler V. The epidemiology of skin cancer. Br J Dermatol 2002; 146 ( Suppl 61): 1-6.
Breslow A. Thickness, cross-sec onal areas and depth of invasion in the prognosis of cutaneous melanoma. Ann
Surg 1970; 172: 902.
Balch CM,Murad TM,Soong SJ,Ingalls AL,Halpern NB,Maddox WA. A mul factorial analysis of melanoma: prognosc histopathological features comparing Clark’s and Breslow’s staging methods. Ann Surg 1978; 188: 732-42.
Aus n PF,Cruse CW,Lyman G,Schroer K,Glass F,Reintgen DSl. Age as a prognos c factor in the malignant melanoma popula on. Ann Surg Oncol 1994; 1: 487-94.
Streetly A,Markowe H. Changing trends in the epidemiology of malignant melanoma: gender diﬀerences and
their implica ons for public health. Int J Epidemiol 1995; 24: 897-907.
Balch CM,Soong SJ,Gershenwald JE,Thompson JF,Reintgen DS,Cascinelli N,Urist M,McMasters KM,Ross
MI,Kirkwood JM,Atkins MB,Thompson JA,et al. Prognos c factors analysis of 17,600 melanoma pa ents: validaon of the American Joint Commi ee on Cancer melanoma staging system. J Clin Oncol 2001; 19: 3622-34.
Sta us Muller MG,van Leeuwen PA,de Lange-De Klerk ES,van Diest PJ,Pijpers R,Ferwerda CC,Vuylsteke RJ,Meijer
S. The sen nel lymph node status is an important factor for predic ng clinical outcome in pa ents with Stage I
or II cutaneous melanoma. Cancer 2001; 91: 2401-08.
Vuylsteke RJ,Borgstein PJ,van Leeuwen PA,Gietema HA,Molenkamp BG,Sta us Muller MG,van Diest PJ,van der
Sijp JR,Meijer S. Sen nel lymph node tumour load: an independent predictor of addi onal lymph node involvement and survival in melanoma. Ann Surg Oncol 2005; 12: 440-8.
Nathanson N. Spontaneous regression of malignant melanoma: a review of the literature on incidence, clinical
features, and possible mechanisms. Natl Cancer Inst Monogr 1976; 44: 67-76.
Morton DL,Wanek L,Nizze JA,Elashoﬀ RM,Wong JH. Improved long-term survival a er lymphadenectomy of
melanoma metasta c to regional nodes. Analysis of prognos c factors in 1134 pa ents from the John Wayne
Cancer Clinic. Ann Surg 1991; 214: 491-9.
Al-Batran SE,Rafiyan MR,Atmaca A,Neumann A,Karbach J,Bender A,Weidmann E,Altmannsberger HM,Knuth
A,Jäger E. Intratumoral T-cell infiltrates and MHC class I expression in pa ents with stage IV melanoma. Cancer
Res 2005; 65: 3937-41.
Romero P,Dunbar PR,Valmori D,Pi et M,Ogg GS,Rimoldi D,Chen JL,Lienard D,Cero ni JC,Cerundolo V. Ex vivo
staining of metasta c lymph nodes by class I major histocompa bility complex tetramers reveals high numbers
of an gen-experienced tumour-specific cytoly c T lymphocytes. J Exp Med 1998; 188: 1641-50.
Haanen JB,Baars A,Gomez R,Weder P,Smits M,de Gruijl TD,von Blomberg BM,Bloemena E,Scheper RJ,van Ham
SM,Pinedo HM,van den Eertwegh AJ. Melanoma-specific tumour-infiltra ng lymphocytes but not circula ng
melanoma-specific T cells may predict survival in resected advanced-stage melanoma pa ents. Cancer Immunol
Immunother 2006; 55: 451-8.
Meyer D,Schubert J,Scholz C,Braun S,Schmidt RE. MHC-I an gen expression determines sensi vity of hematopoe c progenitor cells as targets for NK cells. Immunobiology 1997; 197: 494-504.
Ruiter DJ,Ma jssen V,Broecker EB,Ferrone. MHC an gens in human melanomas. Semin Cancer Biol 1991; 2: 35-45.
Res fo NP,Marincola FM,Kawakami Y,Taubenberger J,Yannelli JR,Rosenberg SA. Loss of func onal beta 2-microglobulin in metasta c melanomas from five pa ents receiving immunotherapy. J Natl Cancer Inst 1996; 88: 100-08.
Ferrone S,Marincola FM. Loss of HLA class I an gens by melanoma cells: molecular mechanisms, func onal
significance and clinical relevance. Immunol Today 1995; 16: 487-94.
Kageshita T,Hirai S,Ono T,Hicklin DJ,Ferrone S. Down-regula on of HLA class I an gen-processing molecules in
malignant melanoma: associa on with disease progression. Am J Pathol 1999; 154: 745-54.
Kalams SA,Walker BD. The cri cal need for CD4 help in maintaining eﬀec ve cytotoxic T lymphocyte responses.
J Exp Med 1998; 188: 2199-204.
Bevan MJ. Helping the CD8(+) T-cell response. Nat Rev Immunol 2004; 4: 595-602.
Villadangos JA. Presenta on of an gens by MHC class II molecules: ge ng the most out of them. Mol Immunol
2001; 38: 329-46.
Bernsen MR,Hakansson L,Gustafsson B,Krysander L,Re rup B,Ruiter D,Hakansson A. On the biological relevance
of MHC class II and B7 expression by tumour cells in melanoma metastases. Br J Cancer 2003; 88: 424-31.
Korman AJ,Boss JM,Spies T,Sorren no R,Okada K,Strominger JL. Gene c complexity and expression of human
class II histocompa bility an gens. Immunol Rev 1985; 85: 45-86.
Giles RC,Capra JD. Structure, func on, and gene cs of human class II molecules. Adv Immunol 1985; 37: 1-71.
van Houdt IS,Oudejans JJ,van den Eertwegh AJ,Baars A,Vos W,Bladergroen BA,Rimoldi D,Muris JJ,Hooijberg
E,Gundy CM,Meijer CJ,Kummer JA. Expression of the apoptosis inhibitor protease inhibitor 9 predicts clinical
outcome in vaccinated pa ents with stage III and IV melanoma. Clin Cancer Res 2005; 11: 6400-07.
Morton DL,Wen DR,Wong JH,Economou JS,Cagle LA,Storm FK,Foshag LJ,Cochran AJ. Technical details of intraopera ve lympha c mapping for early stage melanoma. Arch Surg 1992; 127: 392-9.
Bladergroen BA,Strik MC,Bovenschen N,van Berkum O,Scheﬀer GL,Meijer CJ,Hack CE,Kummer JA. The granzyme
B inhibitor, protease inhibitor 9, is mainly expressed by dendri c cells and at immune-privileged sites. J Immunol
2001; 166: 3218-25.

82

Favourable outcome in clinically stage II melanoma pa ents

29. Kummer JA,Kamp AM,Tadema TM,Vos W,Meijer CJ,Hack CE. Localiza on and iden fica on of granzymes A and Bexpressing cells in normal human lymphoid ssue and peripheral blood. Clin Exp Immunol 1995; 100: 164-72.
30. Stam NJ,Vroom TM,Peters PJ,Pastoors EB,Ploegh HL. HLA-A- and HLA-B-specific monoclonal an bodies reac ve
with free heavy chains in western blots, in formalin-fixed, paraﬃn-embedded ssue sec ons and in cryo-immuno-electron microscopy. Int Immunol 1990; 2: 113-25.
31. Sernee MF,Ploegh HL,Schust DJ. Why certain an bodies cross-react with HLA-A and HLA-G: epitope mapping of
two common MHC class I reagents. Mol Immunol 1998; 35: 177-88.
32. Muris JJ,Meijer CJ,Cillessen SA,Vos W,Kummer JA,Bladergroen BA,Bogman MJ,MacKenzie MA,Jiwa NM,Siegenbeek
van Heukelom LH,Ossenkoppele GJ,Oudejans JJ. Prognos c significance of ac vated cytotoxic T-lymphocytes in
primary nodal diﬀuse large B-cell lymphomas. Leukemia 2004; 18: 589-96.
33. Clemente CG,Mihm MC,Bufalino R,Zurrida S,Collini P,Cascinelli N. Prognos c value of tumour infiltra ng lymphocytes in the ver cal growth phase of primary cutaneous melanoma. Cancer 1996; 77: 1303-10.
34. Ladanyi A,Somlai B,Gilde K,Fejos Z,Gaudi I,Timar J. T-cell ac va on marker expression on tumour-infiltra ng
lymphocytes as prognos c factor in cutaneous malignant melanoma. Clin Cancer Res 2004; 10: 521-30.
35. Taylor RC,Patel A,Panageas KS,Busam KJ,Brady MS. Tumour-infiltra ng lymphocytes predict sen nel lymph node
posi vity in pa ents with cutaneous melanoma. J Clin Oncol 2007; 25: 869-75.
36. Robbins PA,McMichael AJ. Immune recogni on of HLA molecules downmodulates CD8 expression on cytotoxic
T lymphocytes. J Exp Med 1991; 173: 221-30.
37. Behrens G,Li M,Smith CM,Belz GT,Mintern J,Carbone FR,Heath WR. Helper T cells, dendri c cells and CTL Immunity. Immunol Cell Biol 2004; 82: 84-90.
38. Ogino T,Bandoh N,Hayashi T,Miyokawa N,Harabuchi Y,Ferrone S. Associa on of tapasin and HLA class I an gen
down-regula on in primary maxillary sinus squamous cell carcinoma lesions with reduced survival of pa ents.
Clin Cancer Res 2003; 9: 4043-51.
39. Ogino T,Shigyo H,Ishii H,Katayama A,Miyokawa N,Harabuchi Y,Ferrone S. HLA class I an gen down-regula on in
primary laryngeal squamous cell carcinoma lesions as a poor prognos c marker. Cancer Res 2006; 66: 9281-9.
40. Oudejans JJ,Jiwa NM,Kummer JA,Horstman A,Vos W,Baak JP,Kluin PM,van der Valk P,Walboomers JM,Meijer CJ.
Analysis of major histocompa bility complex class I expression on Reed-Sternberg cells in rela on to the cytotoxic T-cell response in Epstein- Barr virus-posi ve and -nega ve Hodgkin’s disease. Blood 1996; 87: 3844-51.
41. Rees RC,Mian S. Selec ve MHC expression in tumours modulates adap ve and innate an -tumour responses.
Cancer Immunol Immunother 1999; 48: 374-81.
42. van den Elsen PJ,Holling TM,Kuipers HF,van der Stoep N. Transcrip onal regula on of an gen presenta on. Curr
Opin Immunol 2004; 16: 67-75.
43. Garrido F,Ruiz-Cabello F,Cabrera T,Pérez-Villar JJ,López-Botet M,Duggan-Keen M,Stern PL. Implica ons for immunosurveillance of altered HLA class I phenotypes in human tumours. Immunol Today 1997; 18: 89-95.
44. Ferrone S,Campoli M. A fresh look at an old story: revisi ng HLA class II an gen expression by melanoma cells.
Exp Rev Dermatol 2006; 1: 805-23.

Chapter 5
Absence of Granzyme B posi ve tumour-infiltra ng lymphocytes in primary melanoma excisional biopsies is strongly associated with the presence of sen nel lymph node metastasis

‡

B.J.R. Sluijter
I.S. van Houdt
P.A.M. van Leeuwen
L.M. Moesbergen
E. Hooijberg
C.J.L.M. Meijer
T.D. de Gruijl
J.J. Oudejans
E. Boven

‡

Cellular Oncology. 2009;31(5):407-13

‡

These authors contributed equally to this work.

Chapter 5

85

Abstract
Background: Sen nel Lymph Node (SLN) status is strongly related to clinical outcome in melanoma
pa ents. In this study we inves gated the possible associa on between the presence of ac vated
and/or suppressive Tumour Infiltra ng Lymphocytes (TILs) and SLN status in clinically stage I/II melanoma pa ents.
Methods: Diagnos c primary melanoma samples from 20 pa ents with a sen nel lymph node
metastasis were compared to melanoma samples from 20 pa ents with a nega ve sen nel lymph
node, who were matched for gender, age and Breslow thickness. Presence of ac vated Granzyme
B posi ve (GrB+) TILs, presence of suppressive (FoxP3+) TILs and MHC class I an gen expression on
tumour cells were analysed by immunohistochemistry.
Results: FoxP3 and MHC-I expression had no direct bearing on the presence of melanoma metastases in the SLN. Whereas the presence of ac vated GrB+ TILs in the primary melanoma had no
predic ve value for SLN status either, their absence was strongly associated with the presence of
metastasis in the SLN (P=0.001). While both GrB+ and FoxP3+ TILs could be detected in SLN metastases, a majority did not display MHC-I expression.
Conclusion: These data support a role for cytotoxic T cells in the preven on of early metastasis of
melanoma to the draining lymph nodes.
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Introduc on
Fatal outcome in melanoma pa ents mostly results from occurrence of distant metastases, which
are usually preceded by lymph node metastases. (23;29) Lymph node metastases develop in the
first-line tumour-draining lymph node, the sen nel lymph node (SLN). The prognos c value of the
SLN status has been shown in several large studies (3) and the SLN status is used as a tool for selec ng pa ents for trials on adjuvant (immune) therapy. (20) The SLN status and clinical outcome
in melanoma pa ents is known to be associated with a number of variables, including Breslow
thickness, ulcera on, loca on of primary tumour, lympha c invasion, gender and age. (6;2;24;21)
It has previously been shown that melanomas can elicit an immune response (16;17) and that
tumour cells can eﬀec vely be eradicated in vivo by cytotoxic ac vity of MHC class I restricted
CD8+ Granzyme B+ (GrB+) T-cells. (1) Proper ac va on of a CD8+ T-cell mediated immune response
requires an gen to be presented in the context of the appropriate MHC class I molecules. When a
cell loses expression of MHC class I molecules, it can no longer be recognized by CD8+ lymphocytes, but it might become suscep ble to natural killer (NK) cell recogni on. (14) Loss of MHC class
I an gen expression has been shown to be involved in immune escape and tumour progression
(1;19;18) and has been associated with poor clinical outcome. (8;11) In addi on, target cell killing by cytotoxic T-cells (CTLs) requires the help of CD4+ T-helper (Th) cells (12;4) and is nega vely
regulated by suppressive regulatory T-lymphocytes. These suppressive T-lymphocytes express the
FoxP3 transcrip on factor, which we used in this study as a marker for detec on of suppressive Tlymphocytes. (9;30) FoxP3 is an X-chromosome-linked factor that controls development and funcon of regulatory T-lymphocytes (Treg). While high expression levels are indeed found in this specialized CD4+CD25+ T cell subset, FoxP3 expression may also specify immune-suppressive ac vi es
in ac vated conven onal T cells. (9;10)
In a previous study of pa ents with stage I/II melanoma we showed that the presence of ac vated
(i.e. GrB+ and CD8+) Tumour Infiltra ng Lymphocytes (TILs) predicted favourable outcome. Presence of these TILs was significantly correlated with expression of MHC class I an gen on tumour cells.
(26;27) These data suggest that the cellular immune response, although apparently not suﬃcient
to prevent primary tumour growth, is nevertheless able to prevent the occurrence of lymph node
and/or distant metastases.
On the basis of these previous observa ons, we set out to determine if MHC class I status and the
presence of GrB+ or FoxP3+ T cells in the immune infiltrate of early-stage primary melanomas might
be associated with the absence or presence of SLN metastases.

Materials and Methods
Pa ent characteris cs
Two groups of pa ents were selected from the melanoma database of the department of Surgical
Oncology at the VU University medical center based on the outcome of the SLN procedure to obtain 20 cases with a posi ve SLN and 20 cases with a nega ve SLN. All pa ents were diagnosed as
stage I/II based on the Breslow thickness, and underwent a re-excision of the primary tumour and
SLN procedure between October 1994 and September 2001. The 40 pa ents were selected to have
comparable age, gender distribu on and Breslow thickness to avoid a confounding eﬀect of these
known prognos c parameters. Both groups included 9 male and 11 female pa ents. From 12 of
20 pa ents with a posi ve SLN, paraﬃn-embedded ssue of the SLN metastasis was available to
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detect TIL popula ons in the tumour area in the aﬀected sen nel node. In the remaining 9 pa ents
no material was le for further analysis.
An bodies and immunohistochemistry
Paraﬃn-embedded 3 μm ssue sec ons of primary melanoma excisional biopsies were stained as
previously described. (5) Lymphocytes were characterised for expression of GrB using monoclonal
an body (mAb) GrB7 (mouse IgG2a; VU University Medical Centre, Amsterdam, the Netherlands)
specific for human GrB (13) and for expression of FoxP3 (rat IgG2a, PCH101; e-Biosciences, San
Diego, CA, USA). Expression of MHC class I an gen on melanoma cells was inves gated using polyclonal an body ß2-microglobulin (ß2m) (rabbit Ig, A0072 Dako; Heverlee, Belgium), the mAb HCA2
reac ve with HLA-A locus products, and mAb HC10 recognizing HLA-B/C locus products. (22) For
staining with an bodies against FoxP3 and HLA-B/C, an gen retrieval was performed with 10 mM
Na-citrate (pH 6) and for staining with an bodies against GrB and HLA-A, retrieval was performed
with 10mM TRIS, 1 mM EDTA (pH 9). No an gen retrieval was required for staining with an -β2m.
Following an gen retrieval, primary an bodies were applied and visualiza on was performed with
either the EnvisionTM horseradish peroxidase system (DakoCytoma on, Glostrup, Denmark) for
HCA2, HC10 and ß2m, or the Power Vision plusTM system (Immunologic, Duiven, The Netherlands)
for GrB and FoxP3 staining according to the manufacturer’s instruc ons.
Interpreta on of the immunohistochemical staining
Two independent observers, including an experienced pathologist and blinded to the SLN status,
performed scoring of immunohistochemically stained slides based on at least ten high power fields.
A high power field references the area visible using a 400x magnifica on level. Lymphocytes surrounding the tumour served as an internal control for interpreta on of GrB, FoxP3, and MHC class
I an gen expression. The diﬀerence between melanoma cells and lymphocytes was based on morphological examina on. GrB was used as a marker for ac vated TILs with cytoly c ability and FoxP3
was used as a marker for suppressive TILs. (16) GrB+ and FoxP3+ TILs were scored as either posi ve
(>1 posi ve TIL per high power field) or nega ve (<1 TIL per high power field). Expression of HLAA, HLA-B/C and ß2m on melanoma cells was scored semi-quan ta vely in steps of 10% from 0%
-100%. The median percentage of tumour cells expressing HLA-A, HLA-B/C and ß2m was determined. MHC class I expression was considered preserved if expression of both HLA-A, HLA-B/C and
ß2m was detected on a higher number of the tumour cells than the median percentage. Cases in
which one of the MHC class I an gen markers was expressed below the median percentage, were
categorized as “lost MHC class I an gen expression”.
Sta s cal analysis
All analyses were performed using the SPSS sta s cal so ware (version 12 SPSS, Inc, Chicago, IL.).
Diﬀerences between the groups were analysed using Pearson’s χ2 test or Fisher exact test when appropriate. The Mann-Whitney U-test was used to compare group means. All p values were based
on two-tailed sta s cal analysis. P values ≤0.05 were considered significant.
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Results
Pa ents and clinical characteris cs
Clinical characteris cs are listed in Table 1. The 20 pa ents with a SLN metastasis had a median
follow-up period of 83 (range: 24-147) months and the 20 pa ents without a SLN metastasis had a
median follow-up period of 102 (range: 65-137) months. Thirty-five pa ents were free of disease at
the me of last follow-up, while one pa ent in the SLN-posi ve group died of a disease-unrelated
cause and four pa ents had developed distant metastases resul ng in death in two of these paents.

Table 1. Clinical and primary melanoma characteris cs of SLN- and SLN+ pa ents*
Sen nel Lymph Node
nega ve (n=20)

posi ve (n=20)

P-value

9/11

9/11

ns

49

41

ns

Pa ents
Gender (male/female)
Median Age (years)
Median follow-up (months)

102 (65-137)

83 (24-147)

ns

Median Breslow (± st.dev)

1.36 (± 0.5) mm

1.32 (± 0.2) mm

ns

Absent

1

11

Present

19

9

Absent

8

11

Present

12

9

Loss**

13

13

Preserved***

7

7

Primary melanoma biopsies
GrB+ TILs
0.001

FoxP3+ TILs
ns

MHC class I an gen expression
ns

*
SLN = Sen nel Lymph Node
** defined as <70% (i.e. median) HLA-A/B/C expression
*** defined as ≥70% HLA-A/B/C expression

Presence of Sen nel Lymph Node metastasis correlates with absence of GrB+ TILs in primary
melanoma excisional biopsies
In 19 out of the 20 pa ents selected for nega ve SLN status, GrB+ TILs (see color figure 5.1 in back of
thesis) were present in the primary tumour. Primary melanomas of 9 pa ents from the SLN posi ve
group, however, also contained GrB+ TILs. Thus, a direct associa on with presence of GrB+ TILs and
a nega ve SLN status was not observed. In contrast, absence of GrB+ TILs in the primary tumour
was strongly associated with SLN metastasis: primary melanoma excisional biopsies of 12 pa ents
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did not contain any GrB+ TILs and for 11 of these 12 pa ents a metastasis was detected in the SLN
(p=0.001, see Table 1). While an inverse correla on between suppressive FoxP3+ T cells and GrB+
eﬀector T cells might a priori have been expected, the opposite was actually found: primary melanomas with GrB+ TILs most o en also harboured FoxP3+ TILs (see color figure 5.1b in back of thesis
and Table 2). The expected correla on between the presence of FoxP3+ TILs in primary tumours
and the presence of metastases in SLN was also not observed (Table 1).

Table 2. Expression of MHC class I and presence of GrB+ and FoxP3+ TILs in primary melanoma excisional biopsies and SLN metastasis
GrB+ TILs absent

GrB+ TILs present

N=12

N=28

Absent

8

11

Present

4

17

Loss*

10

16

Preserved**

2

12

GrB+ TILs absent

GrB+ TILs present

P value

Absent

1

1

ns

Present

2

7

Loss*

3

3

Preserved**

0

1

Primary melanoma biopsy

P value

FoxP3+ TILs
ns

MHC class I an gen expression

SLN metastasis

ns

FoxP3+ TILs

MHC class I an gen expression
ns

* defined as <70% (i.e. median) HLA-A/B/C expression
** defined as ≥70% HLA-A/B/C expression

Presence of MHC class I an gen expression on primary tumour cells does not correlate with
SLN status
Complete loss of MHC class I an gen expression in the primary melanoma was observed in one
case. All other pa ents showed expression of the three diﬀerent MHC-I markers ranging from 10%
to 100%. Based on the median percentages of posi ve cells, MHC class I an gen expression was
considered preserved if expression of HLA-A/B/C and ß2m was detected on ≥70% of the melanoma
cells. No correla on was observed between preserved MHC class I an gen expression and either
GrB+ T cell infiltra on or SLN status (Table 1).
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Both FoxP3+ and GrB+ TILs are frequently detected In SLN metastases
Paraﬃn-embedded ssue of the melanoma posi ve SLN was available from 12 out of 20 pa ents
with a SLN metastasis. In most cases both GrB+ TILs (see color figure 5.1c in back of thesis) and
FoxP3+ TILs (see color figure 5.1d in back of thesis) were detected in the metasta c melanoma area
(Table 2). In 7 of these 12 pa ents MHC class I expression on tumour cells infiltrated in the SLN
could be determined, while in the remaining five not enough tumour ssue was le in the ssue
blocks a er diagnos c examina on to make a reliable assessment. Of note, in 6 of the 7 evaluable
pa ents a loss of MHC class I expression was observed. However, no correla on was found between preserved MHC class I expression and presence of GrB+ TILs.

Discussion
In this study we demonstrate that absence of GrB+ TILs in primary melanoma excisional biopsies is
strongly associated with SLN metastasis, as GrB+ TILs were nearly always (19/20 cases) present in
primary melanoma excisional biopsies of pa ents with a nega ve SLN.
The two groups of pa ents, either with or without a SLN metastasis, were stra fied for relevant
co-variables, i.e. selected for comparable prognos c factors (Breslow thickness, gender and age).
Therefore, the diﬀerences in the cellular immune response as we describe is this report, are more
likely to be associated with diﬀerences in SLN status than with other confounding clinical factors.
These results are in line with our previous studies, demonstra ng that the presence of ac vated
GrB+ TILs is strongly associated with a favourable outcome in clinically stage I/II pa ents (27) and
may also have a favourable impact on survival in pa ents with more advanced melanoma. (26)
Furthermore, our data are in accordance with a recent study demonstra ng that absence of CD3+
TILs predicts SLN metastasis in cutaneous melanoma pa ents. (25)
We hypothesize that when GrB+ TILs are present in the primary tumour, they are capable of inhibi ng or delaying the occurrence of melanoma lymph node metastasis. The cellular immune response, however, is apparently not able to clear the primary tumour itself. In a substan al number
of cases (9 out of 20) GrB+ TILs were also observed in the primary tumour of pa ents with a SLN
metastasis. Although absence of GrB+ TILs in the primary tumour is associated with the presence of
SLN metastasis, the reverse is therefore not true. Apparently, an ac ve cellular immune response is
not suﬃcient for prohibi ng the spread of melanoma cells to lymph nodes. In 6 of these 9 pa ents
the occurrence of a posi ve SLN status despite presence of GrB+ TILs in the primary tumour, might
be explained by presence of FoxP3+ suppressive TILs in the primary tumour. Although it is now accepted that in humans FoxP3 is not an exclusive marker for naturally occurring regulatory T cells
(nTregs) as it can be expressed by other eﬀector T cells upon ac va on, FoxP3+ T-lymphocytes are
considered to be generally suppressive and may be involved in the induc on of immunotolerance
in lymph node metastases. (28;31)
While a novel model for the role of GrB in FoxP3+ Treg-mediated suppression of an -tumour CD8+
T cells has recently been proposed (7), the actual eﬀector func on of GrB in Tregs remains poorly
understood. We were unable to detect GrB and FoxP3 co-localiza on in TILs in the primary tumour
(unpublished data) and found no correla on between FoxP3+ TILs and GrB+ TILs, which supports
the assump on that the detected GrB+ TILs are likely not Tregs. We hypothesize that presence of
FoxP3+ suppressive TILs in the primary tumour, next to GrB+ eﬀector TILs (both markers of possible ac va on), might result in ac ve suppression of the la er and thus facilitate tumour escape,
despite the presence of immune eﬀector cells with a GrB-mediated cytoly c poten al. Such local
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immune suppression might also explain the presence of apparently ineﬀec ve GrB+ TILs in SLN
metastases, since most of these harboured FoxP3+ TILs as well.
Loss (either par al or total) of MHC class I an gen expression was observed in a significant number
of melanomas as described before (8), and is in accordance with our previous results. Loss of MHC
class I an gen expression on melanoma cells was nearly always associated with a lack of GrB+ TILs
(Table 2). Although no correla on was present between MHC class I an gen expression and SLN
status, a trend for associa on with clinical outcome was observed, because all pa ents with recurrence of disease (n=4) showed loss of MHC class I an gen expression. Moreover, the finding of
MHC class I loss in 6 out of 7 SLN metastases is highly sugges ve of a role for MHC class I down-regula on in early immune escape of melanoma and regional spread to the draining lymph nodes.
In conclusion, absence of GrB+ TILs in primary melanoma excisional biopsies is strongly associated
with the presence of SLN metastasis. These data underscore the no on that an ac vated cellular
immune response is important in preven ng melanoma cells to disseminate to lymph nodes. In
addi on, absence of GrB+ TILs in primary melanoma excisional biopsies in immunohistochemistry
might be used to predict presence of SLN metastasis. Although confirma on in a larger number of
pa ents is clearly needed, the absence of GrB+ TILs might prove a useful diagnos c tool to disnguish pa ents with invasive melanoma that might benefit from immediate full regional lymph
node dissec on.
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Abstract
Purpose: Impaired immune eﬀector func ons in the melanoma sen nel lymph node (SLN) may allow for early metasta c events. Local administra on of PF-3512676 (formerly known as CpG 7909)
has shown immunos mulatory eﬀects of both dendri c cell and T-cell subsets in the melanoma
SLN. Here, we set out to ascertain whether these PF-3512676-induced immunos mulatory eﬀects
translate into higher frequencies of melanoma-specific CD8+ T cells.
Experimental Design: Twenty-four stage I to III melanoma pa ents were randomized to preoperave local administra on of either PF-3512676 or saline. CD8+ T cells from SLN and peripheral blood
were tested for reac vity by IFN-γ ELISPOT assay against several HLA-A1/A2/A3-restricted epitopes
derived from various melanoma-associated an gens (MAA) in 21 of 24 enrolled pa ents. Frequencies of natural killer (NK) cells and frequencies and matura on state of dendri c cell subsets in the
SLN were determined by flow cytometry.
Results: Melanoma-specific CD8+ T-cell response rates against >1 MAA epitope in the SLN were 0 of
11 for the saline group versus 5 of 10 for the PF-3512676-administered group (P=0.012). Of these 5
responding pa ents, 4 also had a measurable response to >1 MAA epitope in the blood. Increased
frequencies in the SLN of both MAA-specific CD8+ T cells and NK cells correlated to CpG-induced
plasmacytoid dendri c cell matura on.
Conclusions: These data show an increase in melanoma-specific CD8+ T-cell frequencies as well as
an increased eﬀector NK cell rate a er a single dose of PF-3512676 and thus support the u lity of
local PF-3512676 administra on as adjuvant treatment in early-stage melanoma to try and halt
metasta c spread.
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Introduc on
Cutaneous melanoma is the most aggressive type of skin cancer, the incidence of which has increased rapidly over the past decades. (1) Fortunately, as a result of early detec on, melanoma
mortality increases at a slower rate, but melanoma s ll causes a dispropor onate mortality in young
and middle-aged pa ents. (1;2) On average, 18.6 poten al life years are lost for each melanoma
death and this is among the highest rates for adult-onset cancers. (2) Adjuvant therapy op ons are
s ll limited and complete surgical excision at an early stage remains the only cura ve treatment opon. Paradoxically, melanoma-associated an gens (MAA) have proven rela vely immunogenic with
specifically reac ve T cells already detectable at early stages of tumor development both in peripheral blood and in tumor-draining lymph nodes, whereas their frequency can be further increased
by vaccina on. (3-7) These observa ons raise the possibility to boost an -melanoma immunity to
curb early metasta c events. Unfortunately, early melanoma development is accompanied by a
tumor-induced inhibi on of matura on and ac va on of professional an gen-presen ng cells, the
dendri c cells, in the ini al tumor-draining lymph nodes, the so-called sen nel lymph node. (SLN;
ref. 8) This inhibi on may well interfere with eﬀec ve presenta on of MAA to specific an tumor
CTL and Th cells. (9) Novel therapeu c approaches aiming at the circumven on or reversal of this
melanoma-induced immune suppression are therefore urgently needed.
Plasmacytoid dendri c cells (pDC) cons tute an important dendri c cell subset with poten al angen-presen ng and T-cell-ac va ng capabili es. pDC reside in the lymph nodes and are able to
bind microbial products through specific receptors such as Toll-like receptor 9 (TLR9). TLR9 expression in human immune cells appears to be restricted to B cells and pDC. (10;11) Unmethylated
CpG oligodeoxynucleo des directly s mulate pDC through intracellular TLR9 triggering. TLR- and/
or CD40L-ac vated pDC preferen ally release large amounts of IFN-α (12-14), which may facilitate
direct ac va on of CD8+ T cells and natural killer (NK) cells as well as promote the diﬀeren a on
and matura on of neighbouring myeloid dendri c cell (mDC) or their precursors and thus also indirectly s mulate T-cell ac va on. (15–19)
NK cells are powerful innate eﬀector cells of the immune system with an ability to limit tumor burden before the onset of adap ve T-cell immunity. (20) They are defined by the expression of CD56
and diﬀerent NK cell subgroups can be dis nguished by the surface density of CD56. The CD56lo
subset has been shown to express perforin as well as the killer cell immunoglobulin-like receptors,
whereas the CD56hi subset does not carry perforin or killer cell immunoglobulin-like receptors but
seems to exhibit immunoregulatory func ons through the secre on of various cytokines [IFN-γ,
tumor necrosis factor-α, or interleukin (IL)-10; refs. 20, 21].
We recently reported on the immunos mulatory eﬀects of intradermal (i.d.) injec ons of the CpG-B
oligodeoxynucleo de PF-3512676 (formerly known as CpG 7909) around the excision site of stage
I to III melanoma tumors, resul ng in increased pDC and mDC ac va on, increased pro-inflammatory type 1 T-cell cytokine profile, and reduc on in immunosuppressive regulatory T-cell (Treg)
frequencies. (22) We hypothesized that these combined PF-3512676-induced immunos mulatory
eﬀects would translate into higher frequencies of melanoma-specific CD8+ T cells. Indeed, this hypothesis is supported by findings presented here, showing increased local and systemic CD8+ T-cell
responsiveness to melanoma associated epitopes, together with an increased CD56lo eﬀector NK
cell rate, on i.d. administra on of PF-3512676.
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Materials and Methods
Pa ents and PF-3512676 administra on
In this single-blinded phase II study, 24 pa ents with clinically stage I/II melanoma, according to
criteria of the American Joint Commi ee on Cancer, who were scheduled to undergo a SLN procedure, were assigned randomly to preopera ve local administra on of either 8 mg PF-3512676
(Coley Pharmaceu cal Group) dissolved in 1.6 mL saline or 1.6 mL plain saline (0.9% NaCl). I.d.
injec ons were given directly adjacent to the scar of the primary melanoma excision 1 week before
surgery. Pa ents who had undergone previous immunotherapy or chemotherapy were excluded as
well as pa ents receiving immunosuppressive medica on or suﬀering from any autoimmune disorder. The study was approved by the Medical Ethical Commi ee of the VU University Medical Center
and wri en informed consent was obtained from each pa ent before treatment. Pa ent characteris cs are listed in Table 1. As reported previously, PF-3512676 injec ons were tolerated well by all
pa ents with transient and mild flu-like symptoms and indura on at the injec on site. (22)

Table 1. Pa ent characteris cs

Sex (male/female)
Age (mean±SD)
Breslow thickness (mm;mean±SD)

PF-3512676

Control

P

6/5

9/4

0.469*

51±13

55±15

0.622*

1.51±0.88

1.92±1.44

0.534*
0.649†

Tumor cells in the SLN

2/11

4/13

Addi onal lymphe node dissec on

2/11

2/13

1.000†

HLA-A1

2/11

5/13

0.386†

HLA-A2

6/11

6/13

1.000†

HLA-A3
Time from primary excision to SLN procedure
(d; mean ± SD)

4/11

3/13

0.659†

52 ± 16

45 ± 18

0.338*

* Two-sample Mann-Whitney U t test.
† Two-tailed Fisher’s exact test.

Triple-technique SLN procedure and isola on of viable SLN cells
To iden fy and retrieve the SLN, the triple technique was used as described previously. (23-25)
In short, the day before surgery, pa ents underwent a dynamic and sta c lymphoscin graphy to
determine the lympha c drainage pa ern. Just before surgery, Patent Blue V (Laboratoire Guerbet) was injected i.d. next to the original site of the primary melanoma. During surgery, guided
by a hand-held gamma probe and the blue staining of the draining ssues, the SLN was removed.
Immediately a er removal, SLN were collected in sterile ice-cold complete medium, comprising
IMDM supplemented with 25 mmol/L HEPES buﬀer (BioWhi aker) with 10% FCS (Hyclone), 50
IU/mL penicillin-streptomycin, 1.6 mmol/L L-glutamine, and 0.05 mmol/L β-mercaptoethanol. Before rou ne histopathologic examina on of the SLN, viable cells were isolated using a previously
described scraping method. (26) In short, a er measuring the size and weight of the SLN, it was
bisected crosswise with a surgical scalpel and the cu ng surface of the SLN was scraped 10 mes
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with a surgical blade (Swann Morton, size no. 22). SLN cells were rinsed from the blade with medium supplemented with 0.2 mg/mL DNase I, 1 mg/mL collagenase A (Boehringer), and 5% FCS
and incubated for 45 min at 37°C. Finally, the SLN cells were washed twice in complete medium,
counted, and further processed. A er isola on of viable SLN cells, the SLN was handed over and
examined me culously by the pathologist. (27)
Isola on of peripheral blood mononuclear cells and flow cytometry
From each pa ent, blood (40-50 mL) was taken before, 1 week a er, and 3 weeks a er PF-3512676/
saline administra on. Peripheral blood mononuclear cells (PBMC) were isolated from heparinized
blood by density gradient centrifuga on using Lymphoprep (Nycomed Pharma). Cells were washed
twice with sterile PBS with 0.1% bovine serum albumin a er which they were counted, frozen, and
stored in liquid nitrogen for func onal analysis at a later date. To determine the pa ents’ HLA restric on for the planned func onal CD8+ T-cell studies, freshly isolated SLN cells were directly stained
with monoclonal an bodies (mAb) 8.L.104 (HLA-A1; US Biological), BB7.2, MA 2.1 (HLA-A2), and
GAP A3 (HLA-A3; American Tissue Culture Collec on). Freshly isolated SLN cells were also directly
stained with mAbs against CD3, CD4, CD8, CD25, CD56, CD69, CD123, HLA-DR (BD), CD1a, CD40,
CD86, CD123, CTLA-4 (PharMingen), CD40, CD83 (Immunotech), BDCA2 (Miltenyi Biotec), and matching isotype control an bodies, labelled with either FITC, PE, PE-CY5-5, PerCP-CY5.5, or APC, and
analyzed by flow cytometry at 100,000 events per measurement as described previously. (26)
T-cell expansion
To obtain suﬃcient numbers of T cells from the SLN for func onal analysis, T cells from all SLN were
expanded as described previously. (26) Briefly, cells were incubated for 1 hour on ice with 2 μg
an -CD3 and 0.4 μg an -CD28 per 1 × 106 cells (kindly provided by Dr. René van Lier, CLB) in 100 to
200 μL complete medium with 5% FCS. A er incuba on and washing, cells were placed on 24-well
plates (Greiner Bio-One) and coated with aﬃnity-purified goat an -mouse immunoglobulin (1:100;
DAKO) in complete medium with 10% FCS at a concentra on of 1 × 106/mL/well for 1 hour at 4°C.
The cells were cultured for 48 hours in a humidified 5% CO2 incubator at 37°C. A er 48 hours, the
cells were resuspended and the contents of each well were divided over four new uncoated wells
at a volume of 250 μL/well. To each new well, 750 μL complete medium supplemented with 14 IU/
mL recombinant human IL-2 (CLB) was added, resul ng in a final concentra on of 10 IU/mL rhIL-2.
The cells were cultured for another 5 days, a er which they were harvested and counted. All SLNT cells underwent two expansion cycles. Finally, the expanded T cells were harvested, frozen, and
stored in liquid nitrogen for func onal analysis at a later date.
Pep des and pep de loading of T2 s mulator cells
A panel of HLA-A1, HLA-A2, or HLA-A3 binding pep des (Pep de Synthesis Facility, IHB-LUMC),
derived from various melanoma-associated tumor an gens and containing previously described
CD8+ T-cell epitopes, was used for CD8+ T-cell reac vity tes ng in the IFN-γ ELISPOT assay. HLAT
A1: MAGE161-169 (EADPTGHSY), MAGE168-176 (EVDPIGHLY), TYR145-156 (SSDYVIPIGTY), TYR243-251 (KCDICTDEY), TYR454-463 (DSDPDSFQDY), INF NP44-52 (FLU) (CTELKLSDY), and hTERT1036-1044 (ISDTASLLY); HLAA2: gp100154-162 (KTWGQYWQV), MAGE-A3 (FLWGPRALV), MART126-35 (EAAGIGILTV), NY-ESO157-165
(SLLMWITQ), TYR369-377 (YMDGTMSQV), INF-A MP58-66 (FLU) (GILGFVFTL), and HPV-16 E711-20 (YMLDLQPETT); and HLA-A3: gp10017-25 (ALLAVGATK), MAGE96-104 (SLFRAVITK), INF NP265-273 (FLU) (RLEDVFAGK), and CEA961-970 (HLFGYSWYK). Pep des were dissolved in 100% DMSO at 50 mg/mL and
stored at -80°C. From this stock solu on, pep de was dissolved in complete medium without FCS at
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5 mg/mL and stored at -20°C un l use. Non-transfected T2 cells (in case of A2 binding pep des)
or HLA-A1 or HLA-A3 transfected T2 cells (in case of A1 or A3 binding pep des; kindly provided by
Dr. E.M. Jaﬀee, Johns Hopkins University School of Medicine) were loaded overnight in serum-free
medium with β2-microglobulin (5 μg/mL; Sigma) and melanoma-associated or control pep des
(50 μg/mL) at 37°C in a humidified 5% CO2 incubator. A er overnight pulsing, s mulator cells were
washed, counted, and used for CD8+ T-cell ac va on tes ng.
Melanoma-specific ex vivo CD8+ T-cell ac va on and IFN-γ ELISPOT analysis
To test the CD8+ T cells for func onal melanoma-specific reac vity, an IFN-γ ELISPOT assay was
done. (28, 29) As eﬀector cells, CD8+ T cells were isolated from expanded T cells from the SLN and
from PBMC using the untouched CD8+ mini MACS selec on kit according to the manufacturer’s instruc ons (Miltenyi Biotec). A er isola on, CD8+ T cells were washed and resuspended in complete
medium with 10% FCS and added directly to the pep de-pulsed T2 cells in an -IFN-γ precoated
Mul screen 96-well filtra on plates (Millipore). Plates were seeded with 10.000 s mulator cells
(pep de-pulsed T2 cells) per well and 100,000 or 50,000 eﬀector cells (CD8+ T cells), resul ng in
eﬀector/s mulator ra os of 10:1 and 5:1, respec vely. Assays were tested in quadruplicate where
possible, but at least in triplicate at each of the eﬀector/s mulator ra os. A er overnight (18 h) incuba on, the cells were flicked oﬀ and an ELISPOT assay was done as described previously (30) using a commercially available an -IFN-γ mAb pair (Mabtech). A er development of the plates, spots
were counted by an automated ELISPOT reader (AID Diagnos ka). CD8+ T-cell ELISPOT ac vity was
expressed either as the mean number of spots per well or as the number of specific eﬀector CD8+
T cells per 1 × 106 CD8+ T cells (obtained by subtrac ng the mean frequency of spot-forming CD8+
T cells in control condi ons from the mean spot-forming CD8+ T-cell frequencies in the test condions based on results from the eﬀector/s mulator ra o of 5:1). ELISPOT CD8+ T-cell responses were
considered posi ve when (a) the number of spots in the test condi on was significantly higher than
the number of spots in the control condi on in an unpaired two-sided Student’s t test (P < 0.05), (b)
the mean number of spots of the test condi on exceeded the mean number of spots for the corresponding eﬀector/s mulator ra o of the control condi on by at least 2-fold, and (c) the absolute
diﬀerence in number of spots between the test and control condi on was at least 5. (31)
Tetramer binding and Cytokine Bead Array analysis
PE-labelled HLA-A2 tetramers (Tm) presen ng melanoma-associated HLA-A2 epitopes were obtained from The Netherlands Cancer Ins tute or from Sanquin (both in Amsterdam, The Netherlands) and were prepared and used as described previously. (31) HLA-A2 restric on of melanomaspecific CD8+ T-cell reac vity in SLN and PBMC was determined by flow cytometric Cytokine Bead
Array (CBA) analysis. To this end, 500,000 MACS-isolated CD8+ T cells were s mulated with pools of
pep de-loaded T2 s mulator cells (10:1 ra o per pep de-loaded T2 cells) for 18 h at 37°C. Target
cells used were T2 cells loaded with nega ve control pep de HIV-1 RT476-484 (ILKEPVHGV), a pool
of T2 cells individually loaded with the posi ve control pep des INF-A MP58-66 (FLU) and EBV280(GLCTLVAML) or pools of T2 cells individually loaded with the five HLA-A2 binding melanoma
288
pep des listed above. To confirm that recogni on was HLA-A2 restricted, the melanoma-pep de
loaded T2 pools were incubated with a neutralizing an -HLA-A2 an body (BB7.2) or control IgG1
an body for 1 hour at 4°C before addi on of the CD8+ T cells. Following s mula on, supernatants
were harvested and the cytokine levels were determined by CBA (human Th1/Th2 cytokine kit; BD
Biosciences) according to manufacturers’ protocols.
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Sta s cal analysis
Diﬀerences between pa ent study groups were analyzed with the two-sample Mann-Whitney
U test or the Fisher’s exact test (all two-tailed). Correla ons were calculated using the Spearman’s
ρ test. Diﬀerences and correla ons were considered significant when P < 0.05.

Results
Pa ents
There were no significant diﬀerences in pa ent characteris cs between the saline-administered
control group and the PF-3512676-administered test group (Table 1). I.d. administra on of PF3512676 (herea er referred to as CpG) was tolerated well with transient flu-like symptoms. (22)
Pathologic examina on revealed 6 pa ents with stage III melanoma based on the presence of tumor cells in the SLN (2 of 11 pa ents in the CpG-administered group and 4 of 13 pa ents in the
saline-administered group). In 4 of 6 of these pa ents (n=2 in the saline group and n=2 in the CpG
group), the metastases were deemed to be of suﬃcient size to warrant an addi onal lymph node
dissec on and all lymph nodes in the addi onal lymph node dissec on were found to be tumor
nega ve. Based on flow cytometric posi vity for HLA-A1, HLA-A2, or HLA-A3, 11 pa ents in the
saline and 10 pa ents in the CpG group could be tested for CD8+ T-cell reac vity against a panel of
melanoma-associated epitopes. There was no significant diﬀerence in me elapsed from primary
excision to SLN procedure between both study groups (Table 1).
CD8+ T-cell reac vity in the SLN and peripheral blood
Before expansion, CD4/CD8 ra os were determined among the T cells from the freshly sampled
SLN (7 days a er saline or CpG administra on) and found to be higher in the saline control group
than in the CpG-modulated SLN samples (see Figure 1; median for saline and CpG, 7.74 and 4.95,
respec vely). Although this diﬀerence did not reach significance, it is sugges ve of preferen al
CD8+ T-cell expansion in the SLN on CpG administra on. As a measure of T-cell ac va on, flow cytometric analysis of T-cell ac va on markers on CD4+ and CD8+ T cells in the SLN was also done before
T-cell expansion (Fig. 1B). No diﬀerence was observed in expression of the T-cell ac va on markers
CD69 or HLA-DR on either CD4+ or CD8+ T cells. Interes ngly, on both CD8+ and CD4+ T cells, the
levels of CD25 and CTLA-4 (both T-cell ac va on markers associated with a regulatory phenotype)
were consistently low in the CpG-modulated SLN in contrast to the higher but more heterogeneous expression levels observed on T cells from the saline controls (Fig. 1B). CD8+ T-cell reac vity in
response to a range of melanoma-derived epitopes was measured at three diﬀerent me points
(before, 1 week a er, and 3 weeks a er CpG or saline administra on) by an IFN-γ ELISPOT readout (as shown in Fig. 1C). Beside MAA-specific CD8+ T-cell reac vity, reac vity against influenza
epitopes (FLU) was determined as a measure of general immunocompetence (see Fig. 1C). ELISPOT
CD8+ T-cell responses were considered posi ve only a er mee ng a strict defini on of posi vity as
described previously by Vuylsteke et al.. (31) Complying with these criteria, five pa ents showed
specific post-treatment reac vity to more than one MAA-derived epitope either in blood-derived
CD8+ T cells at 1 or 3 weeks a er CpG administra on or in SLN-derived CD8+ T cells 1 week a er
CpG administra on (all shown for the tested MAA and FLU epitopes in Fig. 1D and E, HLA-A3+ or
HLA-A2+ pa ents, respec vely; posi ve responses marked by an asterisk). Importantly, none of
these or any other of the tested pa ents showed MAA-specific reac vity in the blood before treat-
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ment (Table 2). Post-treatment CD8+ T-cell response rates against at least one of the tested MAA
epitopes were 0 of 11 for the saline control group in both blood and SLN and 7 of 10 and 5 of 10 for
the CpG-administered group in blood and SLN, respec vely (P=0.001 and 0.012; Table 2). Response
rates against more than one MAA epitope were 5 of 10 in the post-treatment blood and 5 of 10
in the SLN (Table 2). Four of these responding pa ents had measurable responses to more than
one MAA epitope in both the post-treatment blood and the SLN. In total, 6 of 10 pa ents in the
CpG-administered group and 0 of 11 pa ents in the saline-control group had a posi ve response to
more than one MAA epitope (P=0.004). Of note, increased FLU response rates in the blood on CpG
administra on (saline versus CpG: before treatment, 1 of 11 versus 4 of 10 (P=0.149); a er treatment, 2 of 11 versus 7 of 10 (P=0.030); Table 2) are indica ve of a generalized increase in CD8+ T-cell
ac va on state resul ng from CpG injec on. To verify that the MAA-specific CD8+ T-cell responses
measured by IFN-γ ELISPOT assay were not a mere reflec on of a generally heightened (nonspecific) T-cell ac va on state, we did HLA-A2 Tm binding analyses of T cells from stored SLN and PBMC
samples that were s ll available from four posi ve ELISPOT responders. MAA-Tm results from one
representa ve pa ent (resp. 4 in Fig. 1E) are shown in Figure 2A as number of Tm+ cells per 1 × 105
CD8+ T cells; also listed are the corresponding number of spots (per 1 × 105 CD8+ T cells) measured
in the IFN-γ ELISPOT assay (Tm frequencies over the detec on threshold and posi ve ELISPOT reac vity indicated in bold). Between the four tested HLA-A2+ pa ents, Tm+ T cells were measurable
for a total of 10 of 14 tested epitopes to which also a posi ve ELISPOT reac vity was found. Despite
a lack of quan ta ve correla on between the frequencies measured by ELISPOT or by Tm analysis
(illustrated by the data shown in Fig. 2A), overall concordance between the two tests in the presence or absence of detectable T cells to the tested epitopes was quite high at 74% (based on a total
of 23 Tm analyses and assuming a detec on threshold of 0.02% for the Tm stainings and adhering
to the defini on of posi ve ELISPOT reac vity as described in Materials and Methods). This is not
too dissimilar to the 88% concordance rate reported previously by us for MAA-specific CD8+ T-cell
frequencies similarly measured by IFN-γ ELISPOT and Tm analysis in melanoma SLN a er local administra on of granulocyte macrophage colony-s mula ng factor. (31) Finally, HLA-A2 restric on
of the measured MAA-specific CD8+ T-cell responses was verified in another posi ve responder
(resp. 5 in Fig. 1E). CD8+ T cells from post-treatment PBMC and SLN samples were s mulated for
24 h by a pool of T2 cells, individually loaded with MAA pep des (to which this donor responded
previously in the IFN-γ ELISPOT assay), in the presence of either an isotype control mAb (IgG1) or
a HLA-A2 neutralizing mAb (BB7.2). Supernatants were harvested and tested for the presence of
six T-cell-secreted cytokines by CBA analysis. Results for the PBMC sample are shown in Fig. 2B:
on MAA s mula on, specific release of IFN-γ, IL-2, and IL-10 was detected, which was prevented
by blocking of HLA-A2 during T-cell s mula on. Equivalent results were obtained with CD8+ T cells
from a SLN sample of the same donor, whereas no specific cytokine release was observed in a parallel test of SLN-derived CD8+ T cells from a CpG-treated pa ent who failed previously to respond
to MAA in the IFN-γ ELISPOT assay (Fig. 2C). Immune competence for both the MAA responder and
nonresponder was shown by specific IFN-γ release to influenza and EBV epitopes (at 29.2 and 15.4
pg/mL in the SLN samples, respec vely).
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Figure 1 (part 1 of 2): Local PF-3512676 CpG-B administra on leads to increased CD8+ T cell numbers in the SLN as well as to detectable levels of melanoma-specific CD8+ eﬀector T cells.
A, CD4/CD8 T-cell ra os in saline control (n = 12) versus PF-3512676 modulated SLN samples (n =
11) from which CD8+ T cells were expanded for tes ng of melanoma-specific reac vity. B, expression levels of the indicated T cell ac va on markers on CD4+ and CD8+ T cells (by percent posi vity)
in the saline control (open columns) or PF-3512676 modulated SLN (filled columns) determined
by flow cytometric analysis. C, example of IFN-γ ELISPOT results for the indicated gp100, FLU, and
E7 control pep des in HLA-A2+ pa ents a er administra on of either saline or PF-3512676. Representa ve well of three or four per condi on. Melanoma-specific CD8+ T cells from early-stage
melanoma pa ents recognize HLA-A3 (D) and HLA-A2 (E) binding epitopes from mul ple MAA both
in the SLN and in the peripheral blood. IFN-γ ELISPOT reac vity is expressed as number of spots
per 100,000 CD8+ eﬀector T cells. Mean ± SD of triplicate or quadruplicate samples. Data from all
posi vely responding pa ents to >1 MAA in the SLN (all treated with PF-3512676) are presented
(indicated as responder 1-5); of these pa ents, the response in both the SLN (d7 SLN) and the
peripheral blood, 1 wk (d7 blood) and 3 wk (d21 blood) a er treatment is shown. Open columns,
nega ve control pep des; filled columns, tested MAA pep des. Asterisks, posi ve responses according to criteria as formulated in Materials and Methods. (second part of image on next page)
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Figure 1 (part 2 of 2): Local PF-3512676 CpG-B administra on leads to increased CD8+ T cell numbers in the SLN as well as to detectable levels of melanoma-specific CD8+ eﬀector T cells.

Table 2. Melanoma-specific CD8+ T-cell responses
Saline

PF-3512676

P

FLU
PBMC pre

1/11

4/10

0.149

PBMC post

2/11

7/10

0.030

SLN

2/11

5/10

0.183

PBMC pre

0/11

2/10

0.214

PBMC post

0/11

7/10

0.001

SLN

0/11

5/10

0.012

MAA

>1 MAA
PBMC pre

0/11

0/10

1.000

PBMC post

0/11

5/10

0.012

SLN

0/11

5/10

0.012

NOTE: P -values determined by Fisher’s exact test.
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Figure 2 (part 1 of 2): HLA-A2 Tm binding and CBA analysis confirm the presence of MAA-specific
and HLA-A2-restricted CD8+ T cells in SLN and peripheral blood of CpG-treated pa ents.
A, MAA-specific Tm binding on CD3+CD8+ T cells from post-treatment SLN and blood samples (d7
and d21; epitopes presented by the employed Tm were derived from the indicated MAA). Top
right, number of Tm+ cells per 105 CD8+ T cells; bo om right, frequencies from corresponding IFN-γ
ELISPOT tests [number of spots per 105 CD8+ T cells; Tm frequencies over the detec on threshold
(0.02%) and posi ve ELISPOT reac vity are indicated in bold]. B, modest but specific IL-2, IL-10, and
IFN-γ release was measurable by CBA on MAA pep de s mula on of CD8+ T cells from post-treatment peripheral blood (day 7) of a CpG-administered pa ent (posi ve ELISPOT responder: resp.5)
and was blocked by addi on of the HLA-A2-neutralizing mAb BB7.2. C, similarly, CD8+ T cells from
the SLN of the same pa ent released IL-2, IL-10, and IFN-γ in response to MAA, which was blocked
by an -HLA-A2. In contrast, no MAA-specific cytokine release was observed by SLN CD8+ T cells
from a CpG-administered pa ent who also failed to respond in the IFN-γ ELISPOT assay (non-resp).
(second part of image on next page)
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Figure 2 (part 2 of 2): HLA-A2 Tm binding and CBA analysis confirm the presence of MAA-specific
and HLA-A2-restricted CD8+ T cells in SLN and peripheral blood of CpG-treated pa ents.

CD8+ T-cell reac vity to >1 MAA in the SLN and blood correlates to ac va on of BDCA2+CD123+ pDC
CpG-ac vated pDC rapidly release large amounts of IFN-α (12–14), which may facilitate direct ac va on of CD8+ T cells as well as promote the diﬀeren a on and matura on of neighbouring mDC
and thus also indirectly s mulate T-cell ac va on. (15–19) Interes ngly, a significant associa on was
found between high expression levels of the co-s mulatory and ac va on markers CD86 (P=0.003)
and CD40 (P=0.002) on BDCA2+CD123+ pDC and the presence of CD8+ T-cell reac vity to >1 MAA
in the SLN (see figure 3a), but no such associa on was found for the expression of CD86 and CD40
on CD1a+ mDC (see figure 3a). These data suggest a direct causal rela onship between pDC and
CD8+ T-cell ac va on rather than an involvement of bystander mDC ac va on. Similar results were
found when the expression of ac va on markers CD86 and CD40 on BDCA2+CD123+ pDC and CD1a+
mDC were correlated to qualita ve (+ or -) CD8+ T-cell reac vity to >1 MAA in the post-treatment
blood samples. Figure 3B clearly shows the rela onship among CpG administra on, MAA-specific CD8+ T-cell reac vity, and pDC ac va on state. As with SLN, a significant associa on was also
found between the presence of CD8+ T-cell reac vity to >1 MAA in the post-injec on blood (all
on CpG administra on) and the level of expression of the ac va on markers CD86 (P=0.001) and
CD40 (P=0.003) on BDCA2+CD123+ pDC (see figure 3b). Again, neither the expression of ac va on
markers CD86 and CD40 on CD1a+ mDC nor the expression of matura on marker CD83 on either
BDCA2+CD123+ pDC or CD1a+ mDC correlated significantly to melanoma-specific CD8+ T-cell reac vity to >1 MAA in the post-treatment blood (data not shown). To make a more quan ta ve correlaon between SLN-pDC ac va on state and treatment-induced MAA-specific CD8+ T-cell reac vity,
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we carried out the following analysis: for all HLA-A2+ pa ents (saline (n=6) and CpG (n=6); all tested
for the same five MAA epitopes derived from five diﬀerent MAA; see Materials and Methods), an
aggregate increase in MAA-specific frequencies was determined by adding up the specific increases in measured spots for all tested MAA epitopes (per 105 CD8+ T cells) between pre-treatment and
post-treatment PBMC samples. The results presented in Figure 3cc reveal a quan ta ve correla on
between high aggregate MAA-specific CD8+ T-cell frequency increases in blood (observed only in
the CpG-administered pa ents) and CD86 and CD40 expression levels on SLN-pDC. A significant
correla on in this analysis was only observed for CD40 levels on the pDC (P=0.005; Figure 3c).
From these analyses, we conclude that local CpG-induced pDC ac va on in the SLN may aﬀord systemic T-cell-mediated protec on against tumor spread in addi on to local tumor control in the SLN.
NK cell frequency in rela on to PF-3512676 administra on and melanoma-specific CD8+
T-cell reac vity
IFN-α released by ac vated pDC poten ally boosts not only CD8+ T-cell responses but also NK cell
responses. (12-14) From 4 saline-administered pa ents and 10 CpG-administered pa ents, frozen
stored samples of the original SLN single-cell suspensions were available to establish the frequency
of NK cells. A clear correla on was found between CD56+ NK cell frequency in the SLN and pDC
ac va on state by CD86 expression (see figure 4a). Increases in the frequency of CD56lo (“cytotoxic
eﬀector”) and CD56hi (“regulatory”) NK cells were found in the CpG test group compared with the
saline control group (both non-significant; see figure 4b). In addi on, the calcula on of NK subset
frequencies in the SLN of CpG-administered pa ents according to the presence (n=5) or absence
(n=5) of CD8+ T-cell reac vity to >1 MAA in the SLN (see figure 4c) revealed a significant associaon between MAA CD8+ T-cell reac vity and high frequencies of CD56lo cytotoxic eﬀector NK cells.
Altogether, these data clearly show a simultaneous increase in melanoma-specific CD8+ eﬀector T
cells and innate NK eﬀector cells, resul ng from i.d. PF-3512676 CpG-B administra on around the
primary tumor excision site and subsequent pDC ac va on in the draining SLN.

Discussion
More and more, the SLN procedure is becoming standard of care for melanoma pa ents. Not only
does it provide important prognos c informa on, it also iden fies pa ents with nodal metastases
whose survival may be prolonged by lymphadenectomy. (32) In addi on, rou ne applica on of
this procedure in early-stage melanoma pa ents presents a unique transla onal se ng to study
adjuvant therapies in vivo, aimed at immunopoten a on of the SLN. (33) We recently reported immunos mulatory eﬀects of local administra on of the CpG-B oligodeoxynucleo de PF-3512676 on
the SLN of stage I/III melanoma pa ents, leading to an increase in the ac va on state, but not the
frequency, of pDC and mDC, the induc on of a novel TRAIL+ mDC subset, a pro-inflammatory type
1 T-cell cytokine profile, and reduced Treg frequencies. (22) Our hypothesis that these CpG-induced
immunos mulatory eﬀects on both dendri c cell and T-cell subsets in the SLN would translate into
higher frequencies of melanoma-specific CD8+ T cells has now been confirmed by data presented
in this ar cle. Even in this rela vely small study of CD8+ T cells obtained from blood or by scraping
the cu ng surface of bisected SLN (26;34), we found convincing evidence that melanoma-specific
CD8+ T-cell responses (detected by specific IFN-γ release) were enhanced by i.d. injec on of PF3512676 around the excision site of the primary melanoma.
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Figure 3: Ac va on of PDC is associated with melanoma-specific CD8+ T-cell reac vity.
A, presence of melanoma-specific CD8+ T-cell reac vity to >1 MAA in the SLN (open columns, negave; filled columns, posi ve reac vity) in rela on to the ac va on status of BDCA-2+CD123+ PDC and
CD1a+ mDC (by the expression levels of ac va on markers CD86 and CD40) for all pa ents. P values
were determined by Mann Whitney U test. B, ac va on of pDC (defined by the expression of ac vaon markers CD86 and CD40) in the SLN correlates to PF-3512676 administra on and melanomaspecific CD8+ T-cell reac vity in the blood. CD8+ T-cell reac vity (+, posi ve ELISPOT response to >1
MAA in the pos njec on blood) in PF-3512676-administered (+) and NaCl 0.9% saline-administered
(-) pa ents are listed in rela on to the ac va on of BDCA-2+CD123+ PDC (ordered by percentages of
CD86 and CD40 expression). C, aggregate increase in the IFN-γ ELISPOT for all tested epitopes (n = 5)
was determined for all 12 HLA-A2+ pa ents [= aggregate δ (spots per 105 CD8+ T cells)] and correlated
to percentage posi vity of CD86 and CD40 on the SLN-pDC. Open triangles, saline-administered paents; filled triangles, CpG-administered pa ents. ρ and P values from Spearman ρ correla on tests.
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Figure 4: Ac va on of PDC and melanoma-specific CD8+ T-cell reac vity are associated with increased frequencies of NK cells in the SLN.
A, posi ve and significant correla on between pDC ac va on (by percentage CD86 posi vity) and
frequencies of CD56+CD3- NK cells in the SLN (expressed as percentage of total SLN leucocytes). ρ
and P values from Spearman ρ correla on tests. Frequencies of CD56lo cytotoxic eﬀector NK cells
and CD56hi regulatory NK cells in rela on to (B) PF-3512676 (filled columns) or saline administraon (open columns) and (C) melanoma-specific CD8+ T-cell reac vity (open columns, nega ve; filled
columns, posi ve) in the SLN of PF-3512676-administered pa ents. P values were determined by
Mann Whitney U test.
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Thus, as reported previously for GM-CSF (30), PF-3512676 is able to (re-)ac vate tumor-reac ve
CD8+ T cells that appear to be already recruited to the SLN in early stages of melanoma development but remain func onally “dormant.” Furthermore, a clear correla on was found between
CD56+ NK cell frequency and pDC ac va on, indica ng a simultaneous increase in specific and innate eﬀector cells on PF-3512676 treatment.
These eﬀects of CpG administra on on T-cell and NK cell ac va on are in keeping with previously
reported in vivo eﬀects of CpG oligodeoxynucleo des. It is known that PF-3512676 ac vates pDC
through Toll-like receptor 9 triggering and that ac vated pDC release IFN-α. (12-14, 35) The rapid
release of large amounts of IFN-α may enable pDC to boost CD8+ T-cell (36-38) and NK cell (13;18)
responses as well as promote the diﬀeren a on and matura on of neighbouring mDC (precursors;
ref. 19) and thus also indirectly s mulate T-cell ac va on. However, the rela vely poor induc on of
IFN-α release by CpG-B ODN like PF-3512676 (11;34), coupled to the observed correla on between
CpG-induced phenotypic pDC ac va on and increased frequencies of func onal CD8+ eﬀector T
cells and, importantly, the absence of such a correla on with increased ac va on of CD1a+ mDC
(or with a recently described in vivo CpG/IFN-α-induced CD83+TRAIL+ mDC subset; ref. 21; data not
shown), is sugges ve of direct ac va on of specific CD8+ T cells through pDC-mediated an gen
presenta on as reported previously. (16) Indeed, expression levels on SLN-resident pDC of the cos mulatory molecules CD86 and CD40, both essen al for eﬀec ve T-cell s mula on, correlated
directly with robust CD8+ T-cell reac vity against more than one MAA epitope in both the SLN and
peripheral blood. A generalized induc on of preferen al CD8+ T-cell prolifera on was further suggested by overall lower CD4/CD8 ra os observed in CpG-modulated SLN compared with saline controls. The rela ve contribu on of either CpG-induced contact-dependent s mula on or cytokine
release by pDC to the observed increase in eﬀector frequencies of CD8+ T cells and NK cells remains
to be clarified.
Tumor environmental factors interfere with dendri c cell matura on and/or diﬀeren a on, resulting in immature and/or par ally diﬀeren ated dendri c cells. (39;40) Tumor-associated pDC have
been reported to induce CD8+ Tregs (41-43) and tumor-associated immature mDC are capable of
promo ng Treg prolifera on. (44-47) We showed previously that a single dose of PF-3512676 was
suﬃcient to both increase the pDC and mDC ac va on state and decrease the Treg frequencies in
the melanoma SLN. (22) In this study, consistently lower CD25 and CTLA-4 expression levels were
observed on both CD8+ and CD4+ T cells in CpG-modulated SLN than in control SLN. Expression of
these markers signals immunosuppressive, regulatory func ons that may be induced in memory T
cells by tumor-modulated pDC or mDC. (8;40-42) Due to low pa ent numbers and highly variable
expression levels in the control SLN, the observed diﬀerences between the study groups were not
significant. Nevertheless, these observa ons suggest that, beside the down-regula on of natural
Tregs (22), CpG may also contribute to increased an -melanoma T-cell reac vity through downmodula on of nega ve feedback loops in ac vated eﬀector T cells maintained by inhibitory molecules such as CTLA-4. In this regard, it is temp ng to speculate that CpG may also be able to break
the vicious circle of on-going back-and-forth s mula on through CTLA-4/B7 interac ons between
Treg and tumor-condi oned dendri c cells, leading to respec ve up-regula on of the immunosuppressive transcrip on factor FoxP3 and the T-cell-inhibitory enzyme indoleamine-2,3-dioxygenase
(IDO). (48) On the other hand, systemic CpG administra on has been reported to result in increased
IDO expression by pDC (49); determina on of the net eﬀect of local PF-3512676 administra on on
IDO expression in the studied SLN awaits the results of on-going immunohistochemical analyses. Finally, Ghiringhelli et al. found an inverse correla on between NK cell ac va on and Treg frequency
in tumor-bearing pa ents, indica ng a role for Treg frequencies in blun ng the NK cell arm of the
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innate immune system. (50) Therefore, PF-3512676 might boost the innate immune system not
only by triggering pDC to release large amount of IFN-α (13;18) but also by reducing Treg frequencies. (50) Nevertheless, anecdotal evidence from the CBA analysis of HLA-A2-restricted and MAAspecific CD8+ T-cell reac vity in post-treatment PBMC and SLN samples of one CpG-administered
pa ent call for some cau on: beside IFN-γ, poten ally immunosuppressive IL-10 was released. This
observa on points to the need for a broader assessment of T-cell eﬀector and regulatory func ons
in follow-up studies.
In conclusion, whether eﬀected through direct immune ac va on or through interference with
tumor-related immune regulatory mechanisms, the demonstrated ability of locally administered
PF-3512676 to harness both adap ve and innate eﬀector arms of the immune system (through
local and systemic MAA-specific CD8+ T-cell reac vity and NK eﬀector cell mobiliza on) and thus
contribute to protec on against melanoma spread clearly indicates its u lity as a possible adjuvant
therapy op on for early-stage melanoma pa ents.

Chapter 6

115

References
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.

de Vries E, Coebergh JW. Melanoma incidence has risen in Europe. BMJ 2005;331:698.
Thompson JF, Scolyer RA, Keﬀord RF. Cutaneous melanoma. Lancet 2005;365:687–701.
Yamshchikov GV, Barnd DL, Eastham S, et al. Evalua on of pep de vaccine immunogenicity in draining lymph
nodes and peripheral blood of melanoma pa ents. Int J Cancer 2001;92:703–11.
Romero P, Dunbar PR, Valmori D, et al. Ex vivo staining of metasta c lymph nodes by class I major histocompatibility complex tetramers reveals high numbers of an gen-experienced tumor-specific cytoly c T lymphocytes.
J Exp Med 1998;188:1641–50.
Bu erfield LH, Ribas A, Disse e VB, et al. Determinant spreading associated with clinical response in dendri c
cell-based immunotherapy for malignant melanoma. Clin Cancer Res 2003;9:998–1008.
Anichini A, Vege C, Mortarini R. The paradox of T-cell-mediated an tumor immunity in spite of poor clinical
outcome in human melanoma. Cancer Immunol Immunother 2004;53:855–64.
Banchereau J, Palucka AK, Dhodapkar M, et al. Immune and clinical responses in pa ents with metasta c
melanoma to CD34(+) progenitor-derived dendri c cell vaccine. Cancer Res 2001;61:6451–8.
Cochran AJ, Morton DL, Stern S, Lana AM, Essner R, Wen DR. Sen nel lymph nodes show profound downregulaon of an gen-presen ng cells of the paracortex: implica ons for tumor biology and treatment. Mod Pathol
2001;14:604–8.
Pinzon-Charry A, Maxwell T, Lopez JA. Dendri c cell dysfunc on in cancer: a mechanism for immunosuppression. Immunol Cell Biol 2005;83:451–61.
Kadowaki N, Ho S, Antonenko S, et al. Subsets of human dendri c cell precursors express diﬀerent toll-like receptors and respond to diﬀerent microbial an gens. J Exp Med 2001;194:863–9.
Hornung V, Rothenfusser S, Britsch S, et al. Quan ta ve expression of toll-like receptor 1-10 mRNA in cellular
subsets of human peripheral blood mononuclear cells and sensi vity to CpG oligodeoxynucleo des. J Immunol
2002;168:4531–7.
Ito T, Kanzler H, Duramad O, Cao W, Liu YJ. The specializa on, kine cs, and repertoire of type I interferon responses by human plasmacytoid pre-dendri c cells. Blood 2006;107:2423–31.
Krug A, Towarowski A, Britsch S, et al. Toll-like receptor expression reveals CpG DNA as a unique microbial s mulus for plasmacytoid dendri c cells which synergizes with CD40 ligand to induce high amounts of IL-12. Eur J
Immunol 2001;31:3026–37.
Duramad O, Fearon KL, Chan JH, et al. IL-10 regulates plasmacytoid dendri c cell response to CpG-containing
immunos mulatory sequences. Blood 2003;102:4487–92.
Dzionek A, Sohma Y, Nagafune J, et al. BDCA-2, a novel plasmacytoid dendri c cell-specific type II C-type lec n,
mediates an gen capture and is a potent inhibitor of interferon α/β induc on. J Exp Med 2001;194:1823–34.
Pa erson S. Flexibility and coopera on among dendri c cells. Nat Immunol 2000;1:273–4.
Salio M, Cella M, Vermi W, et al. Plasmacytoid dendri c cells prime IFN-γ-secre ng melanoma-specific CD8 lymphocytes and are found in primary melanoma lesions. Eur J Immunol 2003;33:1052–62.
18. Kawarada Y, Ganss R, Garbi N, Sacher T, Arnold B, Hammerling GJ. NK- and CD8(+) T cell-mediated eradica on of established tumors by peritumoral injec on of CpG-containing oligodeoxynucleo des. J Immunol
2001;167:5247–53.
Gursel M, Verthelyi D, Klinman DM. CpG oligodeoxynucleo des induce human monocytes to mature into funconal dendri c cells. Eur J Immunol 2002;32:2617–22.
Ferlazzo G, Munz C. NK cell compartments and their ac va on by dendri c cells. J Immunol 2004;172:1333–9.
Penack O, Gen lini C, Fischer L, et al. CD56dimCD16neg cells are responsible for natural cytotoxicity against
tumor targets. Leukemia 2005;19:835–40.
Molenkamp BG, van Leeuwen PA, Meijer S, et al. Intradermal CpG-B ac vates both plasmacytoid and myeloid
dendri c cells in the sen nel lymph node of melanoma pa ents. Clin Cancer Res 2007;13:2961–9.
Sta us Muller MG, Borgstein PJ, Pijpers R, et al. Reliability of the sen nel node procedure in melanoma pa ents:
analysis of failures a er long-term follow-up. Ann Surg Oncol 2000;7:461–8.
Sta us Muller MG, van Leeuwen PAM, de Lange-De Klerk ES, et al. The sen nel lymph node status is an important
factor for predic ng clinical outcome in pa ents with stage I or II cutaneous melanoma. Cancer 2001;91:2401–8.
Veen Hvd, Hoekstra OS, Paul MA, Cuesta MA, Meijer S. Gamma probe-guided sen nel node biopsy to select
pa ents with melanoma for lymphadenectomy. Br J Surg 1994;81:1769–70.
Vuylsteke RJCLM, van Leeuwen PAM, Meijer S, et al. Sampling tumor-draining lymph nodes for phenotypic and
func onal analysis of dendri c cells and T cells. Am J Pathol 2002;161:19–26.
van Diest PJ. Histopathological workup of sen nel lymph nodes: how much is enough? J Clin Pathol 1999;52:871–3.
Yamshchikov G, Thompson L, Ross WG, et al. Analysis of a natural immune response against tumor an gens in a
melanoma survivor: lessons applicable to clinical trial evalua ons. Clin Cancer Res 2001;7:909–16s.
Czerkinsky C, Andersson G, Ekre HP, Nilsson LA, Klareskog L, Ouchterlony O. Reverse ELISPOT assay for clonal analysis of cytokine produc on. I. Enumera on of γ-interferon-secre ng cells. J Immunol Methods 1988;110:29–36.
Leen A, Meij P, Redchenko I, et al. Diﬀeren al immunogenicity of Epstein-Barr virus latent-cycle proteins for human CD4(+) T-helper 1 responses. J Virol 2001;75:8649–59.
31. Vuylsteke RJ, Molenkamp BG, van Leeuwen PA, et al. Tumor-specific CD8+ T cell reac vity in the sen nel
lymph node of GM-CSF-treated stage I melanoma pa ents is associated with high myeloid dendri c cell content.
Clin Cancer Res 2006;12:2826–33.

116

Local Administra on of PF-3512676 CpG-B

32. Morton DL, Thompson JF, Cochran AJ, et al. Sen nel-node biopsy or nodal observa on in melanoma. N Engl J
Med 2006;355:1307–17.
33. Molenkamp BG, van Leeuwen PA, van den Eertwegh AJ, et al. Immunomodula on of the melanoma sen nel
lymph node: a novel adjuvant therapeu c op on. Immunobiology 2006;211:651–61.
34. Ellio B, Cook MG, John RJ, Powell BW, Pandha H, Dalgleish AG. Successful live cell harvest from bisected sen nel lymph nodes research report. J Immunol Methods 2004;291:71–8.
35. Krieg AM. Therapeu c poten al of Toll-like receptor 9 ac va on. Nat Rev Drug Discov 2006;5:471–84.
36. Sparwasser T, Vabulas RM, Villmow B, Lipford GB, Wagner H. Bacterial CpG-DNA ac vates dendri c cells in vivo:
T helper cell-independent cytotoxic T cell responses to soluble proteins. Eur J Immunol 2000;30:3591–7.
37. Rothenfusser S, Hornung V, Ayyoub M, et al. CpG-A and CpG-B oligonucleo des diﬀeren ally enhance human
pep de-specific primary and memory CD8+ T-cell responses in vitro. Blood 2004;103:2162–9.
38. Baines J, Celis E. Immune-mediated tumor regression induced by CpG-containing oligodeoxynucleo des. Clin
Cancer Res 2003;9:2693–700.
39. Gabrilovich D. Mechanisms and func onal significance of tumour-induced dendri c-cell defects. Nat Rev Immunol 2004;4:941–52.
40. Zou W. Immunosuppressive networks in the tumour environment and their therapeu c relevance. Nat Rev
Cancer 2005;5:263–74.
41. Zou W, Machelon V, Coulomb-L’Hermin A, et al. Stromal-derived factor-1 in human tumors recruits and alters
the func on of plasmacytoid precursor dendri c cells. Nat Med 2001;7:1339–46.
42. Wei S, Kryczek I, Zou L, et al. Plasmacytoid dendri c cells induce CD8+ regulatory T cells in human ovarian carcinoma. Cancer Res 2005;65:5020–6.
43. Gilliet M, Liu YJ. Genera on of human CD8 T regulatory cells by CD40 ligand-ac vated plasmacytoid dendri c
cells. J Exp Med 2002;195:695–704.
44. Chakraborty NG, Cha opadhyay S, Mehrotra S, Chhabra A, Mukherji B. Regulatory T-cell response and tumor
vaccine-induced cytotoxic T lymphocytes in human melanoma. Hum Immunol 2004;65:794–802.
45. Jonuleit H, Schmi E, Schuler G, Knop J, Enk AH. Induc on of interleukin 10-producing, nonprolifera ng CD4(+)
T cells with regulatory proper es by repe ve s mula on with allogeneic immature human dendri c cells. J
Exp Med 2000;192:1213–22.
46. Dhodapkar MV, Steinman RM, Krasovsky J, Munz C, Bhardwaj N. An gen-specific inhibi on of eﬀector T cell
func on in humans a er injec on of immature dendri c cells. J Exp Med 2001;193:233–8.
47. Dhodapkar MV, Steinman RM. An gen-bearing immature dendri c cells induce pep de-specific CD8(+) regulatory T cells in vivo in humans. Blood 2002;100:174–7.
48. Munn DH, Mellor AL. The tumor-draining lymph node as an immune-privileged site. Immunol Rev 2006;213:146–58.
49. Mellor AL, Baban B, Chandler PR, Manlapat A, Kahler DJ, Munn DH. Cu ng edge: CpG oligonucleo des induce
splenic CD19+ dendri c cells to acquire potent indoleamine 2,3-dioxygenase-dependent T cell regulatory funcons via IFN-type 1 signaling. J Immunol 2005;175:5601–5.
50. Ghiringhelli F, Menard C, Terme M, et al. CD4+CD25+ regulatory T cells inhibit natural killer cell func ons in a
transforming growth factor-β-dependent manner. J Exp Med 2005;202:1075–85.

Chapter 7
Ac va on and recruitment of BDCA3/CD141+ Dendri c Cell subsets to
the Sen nel Lymph Node by delivery of CpG-B and GM-CSF at the melanoma excision site

B.J.R. Sluijter
M.F.C.M. van den Hout
P.A.M. van Leeuwen
B.G. Molenkamp
S. Vosslamber
C.L. Verweij
M.P. van den Tol
A.J.M. van den Eertwegh
S. Meijer
R.J. Scheper
T.D. de Gruijl

Chapter 7

119

Abstract
Purpose: Melanoma-induced suppression of Dendri c Cells (DC) in the Sen nel Lymph Node (SLN)
interferes with the genera on of protec ve an -tumor immunity. Purpose of this study was to assess the combined eﬀects of Granulocyte/Macrophage Colony-S mula ng Factor (GM-CSF) and
Cytosine-phosphate-Guanine (CpG) oligodeoxynucleo des on DC subsets in the SLN in an eﬀort to
strengthen the immune defense against metasta c spread.
Experimental design: In a 3-arm phase II study, 28 stage I-III melanoma pa ents were randomized
to receive intradermal injec ons around the primary tumor excision site of saline or low-dose CpGB (1 mg PF-3512676), alone or combined with GM-CSF (100 μg), 7 and 2 days prior to excision of
the SLN. SLN cells and PBMC were analyzed by flow cytometry.
Results: Significantly increased matura on of all iden fiable conven onal (cDC) and plasmacytoid
(pDC) DC subsets was observed in the SLN upon administra on of combined CpG/GM-CSF, as well
as recruitment of two CD1a-CD11chi cDC subsets (one CD14- and the other CD14+). The la er both
expressed BDCA3/CD141, sugges ve of cross-priming ability. Ac va on of cDC, pDC and monocytes was also observed in peripheral blood. Correla ve and in vitro analyses indicated CpG-B and
GM-CSF to ac vate and recruit BDCA3/CD141+ cDC from the blood to the SLN.
Conclusions: Combined CpG/GM-CSF delivery at the primary melanoma excision site results in
a more powerful and wide-ranging DC subset ac va on in SLN and blood, than achieved by CpG
alone. The concerted ac va on of pDC and cDC subsets as well as recruitment of cDC subsets with
puta ve cross-priming ability will further strengthen protec ve an -melanoma immunity.
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Introduc on
The first melanoma-draining lymph node, also known as the Sen nel Lymph Node (SLN), has been
iden fied as an important site of tumor-induced immune suppression. As professional An genPresen ng Cells (APC) and principal orchestrators of the innate and adap ve immune response,
Dendri c Cells (DC) are prime targets: in SLN they express lower levels of ac va on markers and
display a less ac vated morphology as compared to DC in second-line melanoma-draining LN. (1)
As a result, the most probable site of ini al micrometastasis, i.e. the SLN, is severely hampered in
its ability to generate protec ve T cell-mediated immunity. Local immunopoten a on may overcome this suppression. We and others have previously shown that the (local) administra on of
DC-s mulatory agents such as GM-CSF, CpG oligodeoxynucleo des (ODN), and IFNα can lead to
increased ac va on of DC in the SLN and p the local cytokine balance in favor of cell-mediated
immunity. (2-6) Such DC-targeted immunopoten a ng strategies may be generally applied and afford a measure of protec on against early metasta c spread.
Two major types of DC can be discerned based on their phenotype and morphology: conven onal
DC (cDC) and plasmacytoid DC (pDC). Both have been reported to directly ac vate CD4+ T-helper
(Th) cells and (cross-)prime CD8+ Cytotoxic T Lymphocytes (CTL), and both have been implicated in
the genera on of eﬀec ve an -melanoma immunity. (7-10) Cutaneous cDC are primarily responsible for surveillance of the skin and maintaining tolerance in the steady state as well as ac va ng
the immune system in case of impending danger, e.g. invasion by melanoma. Provided they are
suﬃciently ac vated, skin-derived cDC can migrate to the draining LN and prime specific Th cells or
CTL. (11,12) pDC reside in LN and can be ac vated through binding of microbial products to specialised Toll-Like Receptors (TLR). Upon TLR liga on pDC rapidly release large amounts of IFNα (13),
which ac vate eﬀector CTL and Natural Killer (NK) cells as well as promote the diﬀeren a on and
matura on of cDC. (14-16) The protec ve immunos mulatory eﬀects of DC subsets are subverted
by melanomas through the release of high levels of immunosuppressive cytokines such as IL-10. As
a result cDC remain immature a er contact with an gens and become poor s mulators of T cells
or may even adopt a suppressive phenotype through which they can ac vate and recruit regulatory
T cells (Tregs), either way resul ng in abor ve eﬀector T cell ac va on. (17) Similarly, pDC may induce immunosuppression rather than ac va on, by priming immunosuppressive IL-10-producing
T cells. (18) The combined suppression of cDC and pDC subsets thus contributes to tumor immune escape and metasta c spread. It stands to reason that combined poten a on of both subsets
should most eﬀec vely overcome these suppressive mechanisms and boost an -tumor immunity.
We previously reported on the respec ve cDC- and pDC-ac va ng eﬀects of locally administered GM-CSF or the CpG type-B (CpG-B) oligodeoxynucleo de (ODN) and TLR9 ligand PF-3512676,
observed in the SLN of early-stage melanoma pa ents par cipa ng in two small-scale phase II
clinical trials. (3,19) Since both compounds act through ac va on of diﬀerent DC subsets, we hypothesized that their combined administra on should most eﬀec vely ac vate a cell-mediated
immune response. In keeping with this no on, CpG combined with GM-CSF proved to facilitate
vaccine-induced tumor rejec on more eﬀec vely in vivo, than GM-CSF alone. (20) Here, we present results from a third, three-arm clinical trial, in which the eﬀects on the SLN immune status of
i.d. administra on at the primary tumor excision site of combined GM-CSF and PF-3512676 were
compared to the eﬀects of saline or of PF-3512676 alone. We report that combined administra on
leads to a full-range ac va on of DC subsets, both in the melanoma SLN and in blood. Moreover,
we observed a CpG-related ac va on and recruitment of two CD1a- cDC subsets to the SLN, both of
which expressed BDCA3/CD141. Since this marker was recently found to iden fy cDC subsets with
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cross-priming ability (21), our findings suggest that the CpG-induced recruitment of these newly
defined cDC subsets may contribute to an increased capacity of the SLN for CTL induc on against
melanoma-derived proteins.

Materials and Methods
Pa ents
From September 2006 un l May 2008, 28 pa ents were included in this single-blinded phase II
study and randomly assigned to receive preopera ve local administra on of either GM-CSF (Leukine®, Berlex Laboratories Inc. Montville, NJ) and synthe c CpG-B (PF-3512676, Coley Pharmaceucal Group, Wellesley, MA), CpG-B alone, or saline (NaCl 0.9%). All pa ents were diagnosed with
clinically stage I/II melanoma, according to criteria of the American Joint Commi ee on Cancer, and
were scheduled to undergo a Sen nel Node Procedure (SNP). Inclusion criteria were as described
previously. (19) The medical ethical commi ee of the VU University Medical Center approved the
study and wri en informed consent was obtained from each pa ent prior to treatment. A er pathological examina on 5 pa ents were diagnosed with stage III melanoma based on the presence
of tumor cells in the SLN (1/9 pa ents in the GM-CSF/PF-3512676 group, 0/10 pa ents in the PF3512676 group, and 4/9 pa ents in the saline group). One of these pa ents from the saline group
was diagnosed with micrometastasis (<0.1 mm) and did not undergo addi onal lymph node dissecon (LND), all addi onal nodes from the other 4 pa ents were nega ve. Pa ent characteris cs are
listed in Table 1a. In a previous trial (accrual between June 2004 and September 2005), 23 pa ents
with clinical stage I/II melanoma were assigned randomly to preopera ve i.d. administra on at the
primary melanoma excision site of either recombinant human PF-3512676 at 8 mg (n=11) or of
saline (n=12), 7 days prior to SLN excision. For pa ent characteris cs and clinical observa ons of
this trial we refer to Molenkamp et al.. (3,4) Relevant flowcytometric data from 4 saline- and 8 CpGadministered pa ents, par cipa ng in this trial, were available to perform the addi onal analyses
presented in this paper.
GM-CSF and PF-3512676 administra on, triple-technique SNP and cell sampling
All pa ents received 4 ml intradermal (i.d.) injec ons directly into the scar of the primary melanoma excision, seven and two days before SNP. Pa ents received either a combina on of 1 mg
PF-3512676 and 100 μg of GM-CSF, 1 mg PF-3512676, or 4 ml plain saline. Heparinized blood was
drawn prior to the first injec on and on the day of the SNP. Viable PBMC were isolated and cryopreserved for further analysis as previously described. (4) One week a er the first injec on all pa ents
underwent SNP and re-excision of the primary melanoma site as described. (22) The SLN were
collected in sterile ice-cold complete medium, consis ng of IMDM supplemented with 25 mM Hepes buﬀer (BioWhi aker, 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 without interfering with standard diagnos c procedures. (23) The SLN cells were washed twice in CM, counted, and further processed.
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Table 1. Pa ent and sen nel lymph node (SLN) characteris cs in the GM-CSF and/or PF-3512676
(CpG-B) test and saline control groups and inflammatory cytokine concentra ons in supernatants
from 24h cultures of SLN cells.

A. Pa ent and SLN characteris cs
Sex (male: female)
Age (mean±SD)

Saline

GM-CSF +
PF3512676

PF3512676

P†

4:5

4:5

6:4

0.755
0.183

47±12

50±12

58±12

Breslow thickness (mm;mean±SD)

1.67±0.55

2.19±1.37

1.67±0.55

0.493

Volume SLN (mm3; mean±SD)*

1.22±0.71

‡

2.94±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

29±25

77±61

70±55

0.125

4

1

0

0.031

Saline

GM-CSF +
PF3512676

PF3512676

P†

Yield scraping (x106; mean±SD)
SLN containing tumor cells
B. Cytokines released by SLN
IL-12p70

12±4

11±4

12±3

0.732

TNFα

30±34

34±31

38±40

0.910

IL-10

44±73

77±55

83±68

0.454

IL-1β

23±23

42±31

29±13

0.243

1,217±1385

361±293

0.026

10,140±12,350

4,167±2,030

0.108

IL-6

198±174

IL-8

2,872±2,047

‡

NOTE: all concentra ons are in pg/ml (mean ± SD)
* Volume: height x width x length
† By One-way ANOVA
‡ Significantly diﬀerent from Saline control group by Tukey post-hoc analysis (P<0.05)

Cytokine profiling
Freshly isolated SLN cells were cultured overnight at 37°C (1x10e5 per 100 μl) in CM. The supernatants were harvested and stored at -20°C un l detec on of cytokine levels by BD-cytometric bead
array (CBA) (BD, San Jose, CA) following manufacturer’s instruc ons.
Flow cytometry
Freshly isolated SLN cells or thawed PBMC were directly stained with an bodies 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. (23,24) Monoclonal an bodies against CD1a,
CD3, CD11c, CD14, CD16, CD19, CD25, CD40, CD56, CD80, CD86, CD123, CCR7, HLA-DR, IgM, rIgG2a (BD, San Jose, CA), CD11c, CD40, CD83 (Immunotech, Marseille, France), BDCA1/CD1c, BDCA2/
CD303, BDCA3/CD141 (Miltenyi Biotec, Bergisch Gladbach, Germany), MDC-8 (kindly provided by
Dr. Rieber, Dresden, Germany) and mIgM (Southern Biotechnology, Birmingham, AL) with matching
isotype control an bodies were used.
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Immunocytochemical staining of imprint specimens
Imprints were made from the SLN cu ng surface (n=20) that was not scraped and immunocytochemically analyzed. (23) The imprints were air-dried overnight, fixed in acetone for 10 minutes,
and stained using a bio n-streptavidin staining technique as described previously. (25) Monoclonal an bodies (mAbs) were used recognizing CD1a, CD123 (both from Becton Dickinson, USA),
BDCA3/CD141 (Miltenyi Biotec, Bergisch Gladbach, Germany), CD14, and CD83 (Novocastra, Newcastle upon Tyne,UK), and CD3 (Dakopa s, Glostrup, Denmark), at dilu ons of 1:10.
Quan ta ve Real-Time Polymerase Chain Reac on
RNA (0.25 μg) was isolated from PBMC and reverse transcribed into cDNA using a Revertaid Hminus cDNA synthesis kit (MBI Fermentas, St. Leon-Rot, Germany) according to the manufacturers’ instruc ons and as described previously. (26) Quan ta ve real- me PCR (qPCR) was performed using an ABI Prism 7900HT Sequence detec on system (Applied Biosystems, Foster City,
CA, USA) using SybrGreen (Applied Biosystems). Primers were designed using Primer Express
so ware and guidelines (Applied Biosystems): MxA (Genes Genbank accession no. NM 002462):
sense:TTCAGCACCTGATGGCCTATC, an sense: GTACGTCTGGAGCATGAAGAACTG; GAPDH: sense: GCCAGCCGAGCCACATC, an sense: TGACCAGGCGCCCAATAC. 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 rela ve to the housekeeping gene GAPDH.
PBMC cultures
PBMC from four healthy donors were cultured for two days at 5x106/ml in CM at 37°C, without
addi ves (neg. control), with 5 μg/ml CpG-A (ODN 2216) or with 5 μg/ml CpG-B (ODN 7909, PF3512676) (both from Coley Pharmaceu cal Group, Wellesley, MA), the la er either with or without
1000 IU/ml GM-CSF (Leukine®, Berlex Laboratories Inc. Montville, NJ), at 1ml/well/condi on in a
48-well ssue culture plate. A er two days cells were harvested and analyzed by flow cytometry.
Sta s cal analysis
Overall diﬀerences in pa ent or SLN characteris cs and immune parameters were analyzed using
the one-way Anova test. The post hoc mul ple comparison Tukey test was used to analyze diﬀerences between two pa ent study groups. The unpaired T test was used for comparisons between
groups of the 2-arm clinical trial and the paired samples T test was used to calculate diﬀerences in
immune parameters between the PBMC from the first and second me point. Correla ons were
determined using the Pearson r test. Diﬀerences were considered significant when P <0.05.

Results
Clinical observa ons
No significant diﬀerences were found between the three pa ent groups receiving either combined
GM-CSF and PF-3512676 (herea er referred to as CpG), CpG alone, or saline, in terms of age,
gender or Breslow Thickness (see Table 1a). Injec ons with CpG and/or GM-CSF were tolerated
well. Common side eﬀects were mild flu-like symptoms and indura on at the injec on site, all of
which were transient and easily controlled by paracetamol administra on. According to common
toxicity criteria (NCI CTC Toxicity scale Version 2.0) 70% of the CpG-administered pa ents and 56%
of the GM-CSF/CpG-administered pa ents had grade-1 fa gue and fever and/or grade-1 myalgia.
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Grade-2 injec on site reac ons were observed in 89% of GM-CSF/CpG- and in 50% of CpG-administered pa ents and 22% and 30% had grade-1 reac ons, respec vely. Indura on of the injec on site
remained present for 2 to 7 days a er injec on but was considered manageable by most pa ents.
One pa ent’s concern about the injec on site indura on 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 pa ent did not diﬀer significantly from others in the test group. No toxicity
was observed in saline-administered pa ents. A er pathological examina on 5 SLN were found to
contain tumor cells. Four of these stage III pa ents had received saline, resul ng in an uneven distribu on over the 3 groups (p=0.031, see Table 1a). Upon peropera ve inspec on, the SLN of the
GM-CSF/CpG receiving pa ents were found larger in comparison with the SLN of the other groups
(p=0.031, see Table 1a). Also, cell yields were higher, but this did not reach significance.
SLN cytokine release profiles
As an indica on of innate immune ac va on, spontaneous cytokine release by SLN leukocytes
was determined a er 24-hour culture. As shown in Table 1B, the combined i.d. administra on of
GM-CSF and CpG resulted in the release of higher levels of the pro-inflammatory cytokines IL-1β,
IL-6, and IL-8, reaching significance, in comparison to saline controls, for IL-6 only. This is in keeping
with reported CpG-induced IL-6 release by pDC (8) and consistent with an induced inflammatory
environment in the SLN, which was enhanced by the addi on of GM-CSF as evidenced by further
elevated levels of IL-1β, IL-6, and IL-8. Of note, we were unable to detect IFNα in any of the supernatants.
Eﬀects on SLN DC subset composi on
SLN cells isolated on the day of opera on were analyzed by flow cytometry for the frequency and
ac va on state of lymphocy c and DC subsets. Of note, no shi s in overall lymphocyte subset
composi on were observed between the test groups (data not shown). Ga ng strategies for the
discerned DC subsets are shown in Figure 1, together with their Forward and Side Sca er properes.
Although pDC rates (determined by combined CD123hi and BDCA2/CD303 expression, see Figure 1),
were not elevated by administra on of either GM-CSF/CpG or CpG alone (Figure 2a), their ac vaon state was, as evidenced by increased percentages of pDC expressing the ac va on markers
CD40, CD83 and CD86 (Figure 2b). Interes ngly, the expression levels of these ac va on markers
were clearly higher in SLN of pa ents receiving combined GM-CSF/CpG as compared to CpG alone
(see Figure 2b).
On the basis of CD1a, CD11c, and CD14 expression, three cDC subsets were discerned and phenotypically analyzed (Figure 1): 1) CD1a+ cDC, 2) CD1a-CD11chiCD14- cDC, and 3) CD1a-CD11chiCD14+
cDC, with the first subset most likely corresponding to skin-derived DC (27), and the la er two
more likely represen ng LN-residen al, blood-mobilized subsets. (3) Although phenotypically akin
to monocy c cells, we nevertheless posi vely iden fied the CD1a-CD11chiCD14+ subset as DC,
based on their expression of such DC-associated markers as CD83, CD80, and BDCA3/CD141 (see
Figure 3). CD1a+ cDC were slightly (but not significantly) increased in frequency in pa ents receiving combined GM-CSF/CpG (Figure 3A). In striking contrast, the frequencies of both CD1a- cDC
subsets were significantly upregulated in equal measure by either combined GM-CSF/CpG or CpG
single administra on (Figure 3a).
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Figure 1 Ga ng strategies and Forward and Side Sca er (FSC/SSC) proper es of discerned conven onal and plasmacytoid DC (cDC and pDC) subsets in melanoma Sen nel Lymph Nodes (SLN).
Shown are, from top to bo om (all with ac vated live gate), CD1a+ cDC, CD1a- cDC subsets: CD11chiCD14- and CD11chiCD14+, and BDCA2+CD123hi pDC. FSC and SSC plots are shown corresponding
to the separate subsets; do ed-lined oval denotes posi on of the lymphocyte popula on.
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Figure 2 Frequencies and phenotype of plasmacytoid DC (pDC) in melanoma Sen nel Lymph Nodes
(SLN). A) Frequency and B) CD83, CD86 and CD40 expression by percentage posi vity (top scatter plots, means indicated) and Mean Fluorescence Index (bo om bar graphs with standard error
bars), divided by pa ent group, receiving either saline placebo, 1 mg CpG-B and 100 μg GM-CSF
(CpG+GM), or 1 mg CpG-B alone (CpG). One asterisk indicates sta s cal significance at P <0.05 and
two asterisks at P <0.01.
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To assess cDC subset ac va on, expression levels of the matura on/co-s mulatory markers CD83,
CD40, CD80 and CD86 were determined. As shown in Figure 3B, the CD1a+ cDC subset was ac vated by the combined GM-CSF/CpG administra on, as evidenced by modest eleva on of expression
levels of all ac va on markers, but not by CpG alone. In contrast, both CD1a- cDC subsets displayed
a clearly enhanced ac va on state upon GM-CSF and/or CpG administra on. Whereas the CD14+
subset was equally ac vated by combined GM-CSF/CpG or CpG alone, the CD14- subset was more
ac vated by combined administra on, with all ac va on markers consistently elevated to higher
levels (Figure 3b). Of note, we found CD123, a marker more commonly associated with pDC, to be
specifically upregulated to high levels on the CD14+ cDC subset upon combined CpG and GM-CSF
administra on (Figure 3c). Finally, in contrast to the CD1a+ subset, the CpG-regulated CD1a- subsets
both expressed BDCA3/CD141 (Figure 3c), a molecule recently associated with cross-priming ability. (21) BDCA3/CD141 levels were higher on the CD14- subset but appeared down-regulated upon
CpG or CpG/GM-CSF administra on, while they were upregulated on the CD14+ subset, similarly to
CD123 (Figure 3c).
In a previous study, we observed a similarly increased frequency of the CD1a-CD11chiCD14- cDC
subset upon administra on of a single and higher dose of CpG-B (8 mg). (4) To establish the eﬀects
on both CD1a- cDC subsets, we re-analyzed the data from that trial. Results show equivalent increases in CD14- and CD14+ cDC frequencies as observed for the group receiving two administra ons
of low-dose (1 mg) CpG in our current trial (see color figure 7.4a in back of thesis and 3a, respecvely). Also, equivalent expression levels of CD83, co-s mulatory markers, and CD123 were found
on these subsets between the two trials, and, importantly, equivalent increases in expression levels
of these markers were observed upon low-dose or high-dose CpG administra on (see Figures 3b,
3c, and color figure 7.4a in back of thesis). A posi ve correla on between the frequencies of the
CD14- and CD14+ cDC subsets, observed in both trials, strongly suggests co-regula on of their recruitment to the SLN (Figure 7.4b in back of thesis). To gain more insight in the morphology of these
novel cDC subsets, we stained SLN imprints from pa ents receiving either saline or 8 mg CpG for
dis nguishing markers. Consistent morphological features and anatomic localiza on of the stained
cells was observed between both groups; characteris c stainings are shown for the SLN of a pa ent
who was administered CpG in Figure 3c. CD14+ cells were found in the paracor cal T cell areas of
the SLN (demarkated by CD3 staining); these cells were large and had a more rounded morphology
than CD1a+ cDC, which had a more classic dendri c appearance. Cells with a similarly round morphology also stained posi ve for CD123 (and were larger than the more intensely staining pDC –see
inserts in the CD123 panel in Figure 7.4c in back of thesis) as well as for CD83 and BDCA3/CD141
(see right insert in the BDCA3 panel), indica ng them to belong to the CD14+ cDC subset. Of note,
more frequently, BDCA3+ cells with a clear dendri c morphology were observed, that branched
out, making contact with mul ple lymphocytes (see le insert in the BDCA3 panel in Figure 7.4c in
back of thesis). These cells most likely represent the CD14-BDCA3/CD141+ cDC subset.
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Figure 3 Frequencies and phenotype of conven onal DC (cDC) subsets in melanoma Sen nel Lymph
Nodes (SLN). A) Frequencies and B) expression levels of CD83 and co-s mulatory molecules of the
CD1a+, CD1a-CD11chiCD14- and CD1a-CD11chiCD14+ cDC subsets (by Mean Fluorescence Index) are
shown. C) Expression of CD123 and BDAC3/CD141. Means are indicated and pa ent groups, receiving either saline placebo, 1 mg CpG-B and 100 μg GM-CSF (CpG+GM), or 1 mg CpG-B alone (CpG).
One asterisk indicates sta s cal significance at P <0.05 and two asterisks at P <0.01.
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Eﬀects on DC (precursor) rates in peripheral blood
To ascertain possible systemic eﬀects of the low doses of locally administered CpG with or without
GM-CSF, and to iden fy puta ve circula ng precursors to the cDC subsets recruited to the SLN,
PBMC were isolated on the day of the first injec on (day -7) and on the day of the SNP (day 0),
cryopreserved, and simultaneously thawed and analyzed by flow cytometry for frequencies and
ac va on state of lymphocyte, DC, and monocy c subsets. No striking diﬀerences were observed
in any of the pa ent test groups between day -7 and day 0 in frequencies of T cells, B cells, NK cells,
or in CD4:CD8 ra os (data not shown).
Three cDC subsets were discerned in blood (all gated based on their CD11chiCD14-/dim phenotype
as previously described (24)): cDC1 (BDCA1/CD1c+), cDC2 (BDCA3/CD141+), and cDC3 (M-DC8+,
also known as CD16+CD14dim or 6-Sulfo LacNac+ inflammatory DC). pDC were defined as CD11cCD123+BDCA2/CD303+ and monocytes as CD11chiCD14+. Of all these myeloid APC subsets, only
cDC2 and cDC3 frequencies were decreased upon either combined GM-CSF/CpG or single CpG
administra on, reaching significance for cDC3 only (Figure 5a). Based on CD40, CD86, and HLA-DR
expression levels, combined i.d. GM-CSF/CpG delivery most profoundly aﬀected myeloid maturaon, with all APC subsets showing a measure of ac va on (significance levels indicated in Figure 5b).
Of note, none of these subsets were ac vated by i.d. saline administra on prior to SNP. Interestingly, CpG administra on resulted in significantly reduced frequencies of a subset of circula ng
CD14+HLA-DRlo cells, previously iden fied as Myeloid-Derived Suppressor Cells (MDSC) (28), but
this was not the case when GM-CSF was admixed (Figure 5c).
A likely mechanism of CpG-induced cDC recruitment to the SLN would be through IFNα-mediated
ac va on of circula ng cDC, or their precursors, followed by their extravasa on at inflammatory
sites (e.g. CpG-condi oned 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 IFN-responsive gene product MxA by qPCR in PBMC samples of the
CpG-administered pa ent groups (Figure 5d), clearly demonstra ng a systemic impact of IFNα release induced by locally administered CpG-B. Correla ons were determined between the frequencies of the separate CD1a- cDC subsets in the SLN and post-treatment changes in frequencies of
the diﬀerent cDC subsets and monocytes in peripheral blood, in an eﬀort to iden fy puta ve blood
precursors to the CD1a- cDC subsets recruited to the SLN. The only significant correla on found was
between decreased BDCA3+ cDC2 subset frequencies and CD1a-CD11chiCD14- cDC rates in the SLN
of the combined GM-CSF/CpG-administered pa ents (Figure 5e). This possible rela onship was
confirmed by 2-day in vitro PBMC cultures, showing a significant increase and enhanced ac va on
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 to CpG-B or CpG-A
alone (Figure 5f).
f Of note, concentra ons of IFNα in CpG-B-s mulated cultures averaged 27.6 pg/
ml, while they exceeded 500 pg/ml in CpG-A-s mulated cultures.
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Figure 5 Frequency and ac va on of myeloid and plasmacytoid An gen Presen ng Cell (APC) subsets in peripheral blood. A) Frequency of various DC subsets and monocytes: characteris c phenotypic markers are listed. B) Expression levels of CD40, CD86 and HLA-DR (in Mean Fluorescence
Intensity); background (IgG1 isotype control) levels are indicated. C) Frequency of CD14+HLA-DRlo
Myeloid Derived Suppressor Cells (MDSC). D) Rela ve expression of MxA transcripts, determined
by Reverse Transcriptase quan ta ve PCR. Pa ent groups are indicated in the bar graphs: saline
placebo, 1 mg CpG-B and 100 μg GM-CSF (CpG+GM), or 1 mg CpG-B alone (CpG). Open bars: day -7
(basal levels), closed bars: day 0, me of SLN excision. One asterisk indicates sta s cal significance
at P <0.05 and two asterisks at P <0.01. E) Correla on between changes in BDCA3/CD141+ peripheral blood cDC (cDC2) frequencies (between day -7 and 0) and CD1a-CD11chiCD14- cDC rates in the
SLN of pa ents who were administered 1 mg CpG-B and 100 μg GM-CSF (CpG+GM) or 1 mg CpG-B
alone (CpG) at the primary melanoma excision site. Pearson r coeﬃcients and P values are listed.
F) Frequencies of BDCA3/CD141+ cDC2 (as % of gated CD11c+ cells) and of BDCA3/CD141+ monocytes (as % of CD14+ monocytes) in PBMC, before (pre-culture) and a er 2 days culture without addi ons (neg) or with added CpG-B and GM-CSF (CpG+GM) , CpG-B, or CpG-A. Also shown are CD80
expression levels (in Median Fluorescence Index [MFI]) on the CD11c+CC14-BDCA3/CD141+ cDC2 or
CD11c+CC14+ monocytes. Asterisks denote significant diﬀerence vs. nega ve control cultures (neg):
**P <0.01, *P <0.05. NB: MFI CD80 on CD11c+CC14-BDCA3/CD141+ cDC2 was significantly diﬀerent
between pre-culture and CpG+GM condi ons (P <0.01).

((figures 5b - 5f on next page)
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Discussion
The results presented in this paper are the first to show the eﬀects of combined GM-CSF and CpG-B
administra on on SLN DC subsets. Moreover, they provide unique and much-needed insight in the
DC subset composi on of human LN. We previously showed that four daily i.d. injec ons of GMCSF (at 3 μg/kg) increased the number and ac va on state of CD1a+ cDC in the SLN (19) and found
evidence to suggest that these cells were con guous with dermal CD1a+CD83+ DC and had migrated
from the dermis, where GM-CSF was delivered at the primary melanoma excision site. (27) 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+CD123+CD83+ cDC subset. (3) In the current trial, pa ents received two i.d. injec ons of lower doses of CpG-B alone (1 mg) or combined
with GM-CSF (100 μg). These doses were based on studies in which these compounds were added
as adjuvants to i.d. applied vaccines (29,30) and were decided upon to minimize the chances of any
side eﬀects from their combined administra on in the early-stage melanoma pa ents par cipating in this trial. As an cipated, combined CpG/GM-CSF administra on led to a more wide-ranging
DC subset ac va on than CpG alone. These eﬀects are discussed per iden fied DC subset below,
together with possible consequences for the genera on of an -melanoma immunity.
1) pDC: As observed previously for high-dose (8 mg) CpG-B administra on, pDC were clearly ac vated, and, based on levels of matura on markers, to an equivalent extent, without an increase in
their actual rates. (3) Surprisingly, the co-administra on of GM-CSF resulted in further upregula on
of these levels. This observa on is in accordance with a recent report, revealing that pDC express
the GM-CSF receptor and that GM-CSF can directly induce matura on of blood-derived pDC, endowing them with the ability to prime Th1 responses. (31)
2) CD1a+ cDC: This cDC subset expressed high levels of co-s mulatory molecules and CD83 and
showed a typical dendri c morphology. I.d. administra on of combined low-dose GM-CSF/CpG led
to further upregula on of their co-s mulatory machinery, but only to marginally increased frequencies. Although we could thus generally confirm previously observed eﬀects on this cDC subset, in
previous trials these eﬀects were more pronounced, both in terms of increased rates and ac va on
state, indica ng that higher doses of GM-CSF and CpG are more eﬀec ve for modula on of these
skin-derived cDC. (3,19) From our observa ons, only i.d. delivered GM-CSF was able to ac vate
skin-derived CD1a+ DC to such an extent that they migrated to the SLN. (19) In keeping with this,
a recent publica on demonstrated the requirement for GM-CSF to accumulate Langerin+CD103+
dermal DC in skin and in draining LN, both in the steady state and under inflammatory condi ons.
(32) This subset was previously iden fied as LN-migratory with the unique ability to cross-present
an gens from the skin environment (33) and was shown to induce Th1 immunity. (32) Although
the human equivalent has yet to be convincingly iden fied, CD1a+ dermal DC, migra ng to LN,
have been put forward as a likely candidate (34), in which case locally administered GM-CSF might
prove vital to facilitate their accumula on in the SLN in order to cross-prime and arm CTL against
melanoma.
3) CD1a-CD14- cDC: In the steady state (i.e. in saline-administered pa ents), this cDC subset expresses CD83 and co-s mulatory molecules at lower levels than the CD1a+ cDC subset. However, CpG
and/or GM-CSF administra on enhanced expression of these markers to levels exceeding those of
CD1a+ cDC, demonstra ng the high poten al of this subset for T cell ac va on under inflammatory
condi ons. We found the frequencies of CD1a-CD14- cDC to be elevated in pa ents receiving CpG-B
and to even higher levels in pa ents receiving combined CpG-B/GM-CSF. GM-CSF co-administra on
also further enhanced the CpG-induced matura on of this subset. Although CpG-B ODN are gener-

Chapter 7

133

ally poor IFNα inducers (13), increased MxA transcript levels in peripheral blood nevertheless demonstrated a systemic impact of the CpG-B-induced IFNα release. Indeed, this subset may be the in
vivo equivalent of IFN-DC generated in vitro in the presence of GM-CSF and IFNα. Like IFN-DC, they
have a dendri c morphology, are mature (CD83+), display high levels of co-s mulatory molecules,
express CCR7 (3), lack CD1a, but do express CD123. (35) IFN-DC express higher levels of MHC class
I and associated an gen processing elements than classical IL-4-DC (36,37) and were shown to be
superior Th1 and CTL inducers with low-level co-ac va on of Tregs (36-38), all of which are characteris cs favouring an -melanoma immunity.
4) CD1a-CD14+ cDC: Although these cells morphologically resemble monocytoid or macrophagelike cells, their CD83 expression (ranging from 12 to 95%) suggests a semi-mature DC phenotype.
These cells might stem from migratory CD14+ dermal DC (11), but this is not consistent with our
observa on from skin explant studies that migratory CD14+ DC are immature and do not express
CD83. (39) Rather, their direct correla on with CD1a-CD14- cDC rates suggests co-regulated recruitment of these subsets, most likely dependent on CpG-induced IFNα. Indeed, monocytes express
extremely low levels of TLR9 transcripts and their in vitro ac va on by CpG requires the presence
of pDC, a rich source of IFNα. (40) IFNα-ac vated monocytes acquire a CD14+CD123+CD83+ phenotype but maintain a monocy c appearance, reminiscent of the CD14+ cDC subset in SLN, and have
been shown to s mulate memory T cells. (41) This may be relevant to their ac vity in SLN, where
previously primed an -melanoma T cells are present, “poised” for re-ac va on. (4,5)
Locally administered CpG and GM-CSF also impacted the ac va on state of DC subsets in peripheral blood. The exact rela onship between these and SLN subsets remains unclear and may not be
simply deduced by phenotypic similari es and correla on between frequencies in blood and SLN,
because of their phenotypic plas city and possible simultaneous recruitment to the periphery and
mobilisa on from the bone marrow. It nevertheless seems plausible that the ac vated M-DC8+ cDC
subset (significantly reduced in post-treatment blood) was recruited to the site of CpG administraon, since this subset has been associated with rapid migra on to sites of inflamma on. (42) While
suppressive CD14+HLA-DRlo MDSC were previously reported to be upregulated in blood by GM-CSF
(28), we observed a down-regula on by CpG, which might have counteracted this eﬀect of GM-CSF,
as we observed no change in pre- and post-treatment MDSC rates in pa ents receiving combined
GM-CSF/CpG. Finally, a significant correla on between decreased BDCA3/CD141+ cDC2 rates in
peripheral blood and high CD1a-CD14- cDC frequencies in the SLN of pa ents receiving combined
CpG/GM-CSF, suggests cDC2 to be the precursors of this SLN-cDC subset.
Both CD1a- cDC subsets express BDCA3/CD141 (a.k.a. Thrombomodulin). Intriguingly, genomewide transcrip onal profiling pointed to BDCA3+ DC in LN as the human equivalent of the CD8α+
DC subset in murine spleen, which is known to be the subset with powerful CTL cross-priming
ability (43), an important feature for the genera on of an -tumor immunity. Recent in vitro studies demonstrated the ability of human BDCA3+ DC to cross-prime CTL and thus confirmed this
hypothesis. (21,44,45) Whether the CD1a-BDCA3/CD141+ SLN cDC subsets, iden fied in this study,
also have cross-priming abili es remains to be demonstrated, but is supported by the previous observa on that their puta ve in vitro equivalents, i.e. IFN-DC, are powerful CTL cross-primers. (46)
In this context, it is remarkable that combined GM-CSF and CpG induced in vitro matura on of both
cDC2 and monocytes, while simultaneously increasing BDCA3/CD141+ cDC2 rates and inducing de
novo BDCA3/CD141 expression on monocytes. This further supports the idea that local delivery of
combined GM-CSF/CpG-B results in matura on and recruitment of circula ng BDCA3/CD141+ DC
precursors to the SLN. Moreover, the finding that the CpG-B and GM-CSF cocktail can ac vate and
recruit BDCA3+ cDC subsets a ests to its puta ve u lity as adjuvant for protein or long pep de
based vaccines that require cross-priming.
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In conclusion, the combined ac vity of locally administered GM-CSF and CpG at the excision site of
the primary melanoma leads to full-range DC ac va on and recruitment of BDCA3+ cDC subsets to
the SLN. Cross-talk between pDC and cDC has been shown to enhance their mutual ac va on and
to benefit the genera on of cell-mediated immunity. (9,47,48) As such, the concerted ac va on
and recruitment of pDC and cDC subsets, achieved by local delivery of combined CpG-B and GMCSF, may greatly enhance an -tumor immunity.
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Abstract
We have been studying the re-ac va on of tumor-associated an gen (TAA)-specific CD8+ T cells in
sen nel lymph nodes (SLN) of melanoma pa ents upon intradermal administra on of the CpG-B
oligodeoxynucleo de PF-3512676. To facilitate func onal tes ng 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 an -CD3/CD28 an bodies and with the K562/
CD32/4-1BBL ar ficial APC system (K32/4-1BBL aAPC) and analyzed for responsiveness to common recall or TAA-derived pep des. K32/4-1BBL-expanded T cell popula ons contained significantly more eﬀector/memory CD8+ T cells. Moreover, recall and melanoma an gen-specific CD8+ T
cells were more frequently detected in K32/4-1BBL-expanded samples as compared with an -CD3/
CD28-expanded samples. We conclude that K32/4-1BBL aAPC are superior to an -CD3/CD28 anbodies for the expansion of in vivo-primed specific CD8+ T cells and that their use facilitates the
sensi ve monitoring of func onal an -tumor T cell immunity in SLN.
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Introduc on
Over the past decade, much progress has been made in the development of diﬀerent an -tumor
vaccina on approaches. The primary objec ves of most early clinical studies have been safety and
immunogenicity. A requisite for further ra onal development of such cancer vaccines and assessment of their poten al 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 media ng tumor regression (1-5), and they are therefore the focus of most
immune monitoring schemes (6-8), warran ng the development of novel detec on methods with
ever increasing sensi vity. (9-13) Despite recent advances, accurate monitoring of vaccine- and/
or tumor-specific T cell responses remains diﬃcult, due to extremely low frequencies of tumorspecific 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 correla ons with clinical responses. (6) Therefore, T cells obtained from eﬀector sites such
as tumor ssue, delayed type hypersensi vity (DTH) sites, vaccina on site biopsies or tumor- or
vaccine-draining lymph nodes (LN) have proven valuable for the monitoring of CD8+ T cells responding to tumor-associated an gens (TAA). (14-17) Clinical biopsies obtained from such eﬀector
sites are generally small and o en contain limited numbers of T cells, necessita ng their polyclonal
expansion prior to func onal tes ng. Indeed, the number of events analyzed has been demonstrated to be the cri cal determinant for the sensi ve detec on of an gen-specific CD8+ T cells by the
Cancer Immunotherapy Consor um (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 diﬀeren a on state predominance of the expanded T cells. CD3/CD28 T cell s mula on is
widely used as CD28 is recognized as one of the most important co-s mulatory pathways for TCR
ac va on. However, CD3/CD28-based s mula on preferen ally induces naïve T cell s mula on,
favors CD4+ T cell expansion regardless of the addi on of IL-2, and may result in collateral Treg
expansion. (19; 20) An alterna ve route of T cell co-s mula on 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 liga on to favor expansion of CD8+
T cells with a memory phenotype. Incorpora on of 4-1BBL into ar ficial APCs (aAPC) resulted in
augmented polyclonal and an gen-specific T cell expansions. (19; 23) These characteris cs point to
4-1BB co-s mula on as a more favorable expansion methodology to facilitate detec on 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 func onal TAA-specific CD8+ eﬀector T cells
from clinical LN samples.
First-line tumor-draining LN, so-called Sen nel LN (SLN), were obtained from early-stage melanoma
pa ents par cipa ng in a clinical phase II trial and receiving intradermal CpG-B ODN PF-3512676 or
saline. So as not to interfere with the diagnos c process, small scrape samples were taken as previously described. (17) T cells from SLN samples were expanded using plate-bound an -CD3/CD28
an bodies, an -CD3/CD28-coated beads (both combined with IL-2) or K32/4-1BB aAPC, i.e. irradiated K562 cells transfected with the human low-aﬃnity Fcγ receptor CD32 (loaded with the an -CD3
OKT3 monoclonal an body) and the co-s mulatory molecule 4-1BBL (combined with IL-15). Expanded T cells were analyzed for the presence of memory/eﬀector CD8+ T cells and the recogni on of,
and responsiveness to, common recall an gen- or TAA-derived epitopes by various assays. Our data
show that K32/4-1BBL aAPC are superior to plate- or bead-bound an -CD3/CD28 an bodies for the
expansion of TAA-specific eﬀector-memory CD8+ T cells and that they provide a powerful tool for
the monitoring of func onal an -tumor immunity in SLN upon in vivo immunomodula on.
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Materials and Methods
Pa ents and sampling of SLN
SLN were obtained from early-stage (clinically stage I-II) melanoma pa ents upon intradermal administra on 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 pa ents par cipated in a
phase II clinical trial, approved by the VU University medical center’s Medical Ethical Commi ee,
and gave wri en informed consent. In brief, a lymphoscin graphy was performed at least 4 hours
before surgery to determine the lympha c drainage pa ern 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 ssues, the SLN was iden fied, removed, and a er isola on of viable SLN cells, examined me culously by the pathologist.
Isola on of SLN cells
Immediately a er removal, SLN were collected in sterile ice-cold IMDM medium. Before rou ne
histopathologic examina on, SLN cells were isolated using a previously described scraping method.
(17) In short, the SLN was bisected crosswise with a surgical scalpel and the cu ng surface of the
SLN was scraped 10 mes 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 37oC 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
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
electropora on, a er which cells were cloned by fluorescence-ac vated cell sor ng (FACS). CD32
and 4-1BBL transgene expression was confirmed by flow cytometry and T cell s mulatory capacity
of the aAPC was demonstrated by polyclonal CD4+ and CD8+ T cell prolifera on assay. (19) K32/41BBL 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-mercapoethanol (Merck, Darmstadt, Germany; herea er 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 pa ents were all HLA-A2+. T cells were expanded using either the an -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 an -CD3/CD28 plate-bound expansion, the
SLN cells were incubated for 1 hour on ice with 2 μg an -CD3 and 0.4 μg an -CD28 per 1 x 106 cells
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(clones 16A9 and 15E8, kindly provided by Dr. René van Lier, CLB, Amsterdam, the Netherlands) in
IMDM complete medium. A er incuba on and washing, the cells were placed on 24-well plates,
coated with aﬃnity-purified goat an -mouse immunoglobulin (1:100; Dako, Glostrup, Denmark) in
IMDM complete medium at a concentra on of 1 x 106 cells/well for 1 hour at 4°C. Subsequently,
the cells were cultured for 48 hours in a humidified 5% CO2 incubator at 37°C, a er which they were
split to four new uncoated wells with fresh culture medium supplemented with 10 U/ml rhIL-2
(Strathmann Biotec, Hamburg, Germany). A er five 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, 1x106 SLN cells were s mulated with CD3/CD28 T cell expander beads (Invitrogen Dynal, Oslo, Sweden) at a ra o 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 0.5x106/
well in fresh IL-2-containing medium. A er two or three weeks of s mula on, 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 ra o in the presence of 10 ng/ml IL-15 (eBioscience, San Diego, CA). Prior to s mula on,
K32/4-1BBL cells were lethally irradiated (100 Gy), washed, resuspended at 0.5x106/ml in IMDM
complete medium and loaded with 2 μg/ml an -CD3 an body (OKT3; Orthoclone, Janssen-Cilag,
Tilburg, The Netherlands) for 15 minutes at room temperature, a er 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 magne c cell sor ng via nega ve
selec on using the CD8+ T cell isola on kit (Miltenyi Biotec, Bergisch Gladbach, Germany) and subsequently used for further func onal analysis.
An bodies, 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 an bodies (all from BD Biosciences, Mountain view, CA)
and PE- and/or APC-labeled HLA-A2 tetramer presen ng melanoma-associated epitopes MAGEA3271-279, 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
Ins tute, Amsterdam, the Netherlands) were used for flow cytometric analysis. An body and/or
tetramer staining was performed in PBS supplemented with 0.1% BSA and 0.02% Sodium-Azide for
30 minutes at 4oC and 15 minutes at 37oC respec vely. Stained cells were analyzed on a FACScalibur (BD Biosciences) using Cell Quest so ware. 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 posi ve when tetramer+ cells were equal to or exceeded 10 cells per 1x10e5 CD8+ T
cells (>0.01%).

Pep des and pep de loading of T2 s mulator cells
The HLA-A2-restricted pep des 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(ILKEPVHGV) and Bcr-abl926-934 (SSKALQRPV) were synthesized by solid-phase strategies on an
488
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automated mul ple pep de synthesizer (Syro II, Mul Syntech, Wi en, Germany) using Fmocchemistry. Pep des were analyzed by reversed-phase high performance liquid chromatography
(HPLC), dissolved in DMSO (Merck) and stored at -20oC.
HLA-A2+ T2 cells were loaded overnight in serum-free medium with 25μg/ml melanoma-associated
or control pep des in the presence of 3 μg/ml β2-microglobulin (SIGMA, St Louis, MO) at 37º in a
humidified 5% CO2 incubator. A er overnight pulsing, T2 s mulator cells were washed, counted,
irradiated and used as s mulator cells in CD8+ T cell reac vity assays.
In vitro an gen-specific re-s mula on of CD8+ T cells
Isolated CD8+ T cells from a select number of pa ents (n=3) were also subjected to an an genspecific in vitro s mula on (IVS) protocol. In brief, CD8+ T cells isolated from K32/4-1BBL-aAPCexpanded SLN T cells (by magne c microbeads as previously described (26)), were s mulated with
recall or melanoma pep de-loaded JY cells in the presence of 10 U/ml IL-7 (R&D systems). A er
3 days, 10 U/ml of IL-2 was added. At day 9, in vitro re-s mulated CD8+ T cells were used for HLAA2 tetramer analysis and tested in an intracellular IFN-γ/CD107a degranula on assay as described
below.
Func onal CD8+ T cell reac vity assays
Intracellular IFN-γ and CD107a degranula on assay
An gen-specific CD8+ T cell reac vity was determined by intracellular IFN-γ produc on and cytolyc degranula on. (12) The la er was determined by the cumula ve exposure of granular membrane protein CD107a (also known as lysosomal-associated membrane protein-1 (LAMP-1)) on the cell
surface of responding an gen-specific T cells. CD8+ T cells were s mulated with pools of pep deloaded T2 s mulator cells (10:1 ra o per pep de-loaded T2 cell) for 5 hours at 37°C in the presence
of an -CD107a-PE (BD Biosciences) and 4 μM monensin (Sigma-Aldrich, St. Louise, MO). Following
s mula on, cells were washed and stained with peridinin chlorophyll protein (PerCP)-labeled an CD8 mAb (BD Biosciences). A er fixa on with cytofix/cytoperm solu on and permeabiliza on with
Perm/wash solu on (both from BD Biosciences), cells were labeled with FITC-conjugated an -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 posi ve when (a) the percentage of IFNγ+CD107a+CD8+ T cells in response to EBV/FluM1 or melanoma pep des exceeded the percentage
of IFN-γ+CD107a+CD8+ T cells in response to the nega ve control pep des by at least 2-fold and (b)
the percentage of IFN-γ+ or CD107a+ CD8+ T cells was equal to or higher than 0.01%.
CD137 assay
As described by Wolfl et al. CD137/4-1BB is up-regulated on CD8+ T cells upon an gen-specific
ac va on, and thus permits detec on of an gen-specific CD8+ T cells. (13) To determine whether
CD137 up-regula on could be used to detect an gen-specific CD8+ T cells in the expanded T cell
cultures, CD8+ T cells were s mulated with pools of pep de-loaded T2 s mulator cells (10:1 ra o
per pep de-loaded T2 cell) for 24 hours at 37°C. Following s mula on, 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 an gen-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-hour co-cultures of
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pep de-loaded T2 s mulator 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 posi ve when the amount of cytokine produced in response to the melanoma or EBV/
FluM1 pep des exceeded the amount of cytokine in response to the nega ve control pep des by
at least 2-fold.
Sta s cal 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.

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 Figure 1a, the K32/4-1BBL aAPC
induced significantly more expansion of SLN T cells a er two s mula on rounds compared to
plate- and bead-bound an -CD3/CD28 an bodies. Importantly, the K32/4-1BBL-expanded T cell
popula ons contained more CD8+ T cells as compared with plate- and bead-bound an -CD3/CD28
an body-expanded T cell popula ons (n=4; p=0.200 and p=0.0286, respec vely; Figure 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 pa erns of CD45RA and CD62L, both pre- and
post-expansion. Prior to s mula on, the majority of the CD8+ T cell frac on consisted of Tn and
Tcm cells, whereas only low frequencies of Tem and Teﬀ cells were detectable (Figure 1c). S mulaon through an -CD3/CD28 (both plate- and bead-bound) resulted in the selec ve enrichment of
CD45RA-/CD62L+ Tcm cells, whereas signaling through an -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 (Figure 1c). Consistent with this observa on, significantly lower mean fluorescence intensity (MFI) levels of CD62L on the K32/4-1BBL-expanded CD8+ T cells were found than on
the an -CD3/CD28 expanded T cells (Figure 1d).
Func onal Analysis of Melanoma-Specific CD8+ T cell reac vity
To determine whether the 4-1BB- versus CD28-expanded T cells were equally eﬀec ve in recognizing and responding to melanoma-associated and recall an gens, they were analyzed by HLA-A2
tetramer analysis, and upon s mula on by control and test pep de-loaded T2 cells, by combined
intracellular IFN-γ assay and CD107a degranula on 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 an -CD3/CD28 from SLN of melanoma pa ents that were HLA-A2+ and received intradermal injec ons 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 representa ve pa ents are shown in Figure 2a as the number of tetramer+ cells per 1x10e5 CD8+ T cells.
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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 s mula on with K32/4-1BBL aAPC in the presence
of IL-15 or plate- or bead-bound an -CD3/CD28 an bodies 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 an -CD3/CD28expanded cultures is depicted a er two s mula ons. B) Percentage of CD8+ T cells was determined
in SLN cells prior to expansion (pre) and a er 2 s mula ons with K32/41BBL aAPC and plate- or
bead-bound an -CD3/CD28 an bodies by flow cytometry. Percentage of CD8+ T cells within the
total cell popula on is depicted. C) Unexpanded and K32/4-1BBL aAPC- and plate- or bead-bound
an -CD3/CD28-expanded T cell popula ons 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 popula on is depicted a er two s mula on rounds.
D) Mean fluorescence intensity (MFI) of CD62L on the CD8+ T cells popula on was determined a er
2 s mula ons with K32/4-1BBL aAPC and plate- or bead-bound an -CD3/CD28 an bodies 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 (*).
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Tetramer binding results for three HLA-A2 melanoma epitopes and one Influenza M1 recall epitope from two representa ve pa ents are shown in Figure 2a as the number of tetramer+ cells
per 1x10e5 CD8+ T cells. Frequencies were generally low, but between the five pa ents analyzed,
tetramer posi ve T cells were more frequently detected in 4-1BBL-expanded T cell popula ons as
compared to CD28-expanded T cells, with measurable Flu-M1 recall tetramer+ popula ons in 5/5
versus 0/5 cases, respec vely (p=0.0079) and measurable melanoma epitope tetramer+ populaons in 12/30 versus 5/30 cases (p=0.084); p=0.0041 for the diﬀerence in combined recall and
melanoma tetramer posi vity (17/35 versus 5/35).
Next, func onal assays were performed to assess an gen specificity of the expanded CD8+ T cells,
employing pools of T2 cells that were loaded with individual pep des derived either from Influenza
and EBV recall an gens or from melanoma an gens.
CD137 expression read-out yielded high background expression levels on the expanded CD8+ T cells
(ranging between 0.5 and 3%), irrespec ve of the expansion method used, which precluded the
detec on of any an gen-specific T cells (data not shown).
Combined intracellular IFN-γ produc on and cytoly c degranula on (CD107a) measurements
iden fied 3/5 of the 4-1BB-expanded samples to clearly contain a CD8+ eﬀector T cell popula on
responsive to the tested EBV/Flu recall an gen-derived pep des (Figure 2b and c). In stark contrast,
no such specific reac vity was found among CD8+ T cells from the CD28-expanded samples, due to
high background reac vity (Figure 2c). Similarly, low frequencies of melanoma-reac ve CD8+ T cells
were detectable in 3/5 pa ents among 4-1BB-expanded CD8+ T cells, although these frequencies
only just reached the pre-set cut-oﬀ and detec on limit of 0.01% (see Figure 2b and c).
For the detec on of func onal melanoma and recall an gen-specific CD8+ T cells by cytokine release, supernatants of 18-hour co-cultures of CD8+ T cells and pep de-loaded T2 cells were analyzed by CBA. Results from the five SLN samples are shown in Figure 2d. Upon pep de-loaded
T2 s mula on, recall and melanoma an gen-specific CD8+ T cells were detectable in respec vely
3/5 and 2/5 K32/4-1BBL-expanded CD8+ T cell samples, through the specific release of IFN-γ, IL-2,
TNF-α or IL-10. In only 1/5 of the an -CD3/CD28-expanded T cell samples recall epitope-reac ve
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 pep des (Figure 2b, Pa ent #5).
To validate that the observed low-frequency (0.01%) melanoma-reac ve CD8+ T cells by combined
IFN-γ/CD107a read-out are indeed true melanoma an gen-specific CD8+ T cells, we performed in
vitro recall and melanoma an gen-specific re-s mula ons with individually pep de-loaded JY target cells in three pa ents and subsequently analyzed the re-s mulated CD8+ T cells for their reac vity against these epitopes. HLA-A2 tetramer analysis (an example of which is shown in Figure 3a)
and IFN-γ/CD107a assay (Figure 3b) revealed that melanoma epitope-specific re-s mula on of the
SLN-derived CD8+ T cells resulted in increased and measurable frequencies of these melanoma epitope-specific CD8+ T cells in all three pa ents, thereby confirming that the previously observed low
frequencies of IFN-γ+/CD107a+ T cells were indeed bona fide melanoma an gen-specific T cells.
Taken together, func onal CD8+ T cell tes ng revealed the K32/4-1BBL aAPC-mediated expansion
to aﬀord more sensi ve monitoring of melanoma reac ve T cells from immunopoten ated SLN.
This was demonstrated by the observed posi ve responsiveness rates in any of three of the employed assays 1) tetramer binding, 2) IFN-γ/CD107a or 3) cytokine release assays for the respec ve
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 an gen-specific CD8+ T cell reac vity was detectable in mul ple assays (as summarized
in Table 1).

Chapter 8

147

Figure 2. Flowcytometric analysis of HLA-A2 tetramer binding, combined intracellular IFN-γ/surff
ace CD107a expression, and cytokine release by K32/4-1BBLaAPC- and plate-bound aCD3/CD28expanded CD8+ T cells.
CD8+ T cells expanded either by K32/4-1BBL aAPC or by plate-bound an -CD3/CD28, from SLN of
pa ents a er i.d. CpG-B administra on (n=5) were analyzed for their reac vity against melanomaand recall an gen-derived pep des by tetramer analysis, combined intracellular IFN-γ/CD107a
degranula on assay and cytokine release assay. A) HLA-A2 tetramer results shown are from two
representa ve pa ents. Epitopes presented by the employed tetramers were derived from the
indicated melanoma or recall an gens. Top panel: K32/4-1BBL aAPC-expanded CD8+ T cells, and
bo om panel: plate-bound an -CD3/CD28-expanded CD8+ T cells. Results for live, propidium iodide nega ve 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 posi ve when the number of
tetramer+ cells ≥10 cells per 1x10e5 CD8+ T cells (>0.01%; indicated in bold). B) For the combined intracellular IFN-γ/CD107a degranula on assay, CD8+ T cells were s mulated for 4-5 hours by pools of
T2 target cells individually loaded with HLA-A2 binding melanoma an gen-derived pep des, recall
an gen-derived pep des or with control an gen (HIV/bcr-abl)-derived pep des. Representa ve results are shown for one pa ent (pt #4). C) Mean percentages of IFN-γ+/CD107a+ T cells in response
to pooled T2 target cells, individually loaded with either HIV/bcr-abl pep des (white bars), FluM1/
EBV pep des (black bars), or melanoma pep des (grey bars), from five CpG-administered pa ents.
Reac vity was considered posi ve when the percentage of IFN-γ+/CD107a+ cells in response to the
EBV/FluM1 or melanoma pep des exceeded the percentage of IFN-γ+/CD107a+ cells in response to
the HIV/bcr-abl pep des by at least 2-fold and the percentage of IFN-γ+/CD107a+ cells was higher
than the detec on threshold of 0.01%.
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Table 1. Analysis of posi ve CD8+ T Cell reac vity in any of the three employed assays (i.e. tetramer
binding, IFN-y/CD107a, or cytokine release assay) for K32/4-IBBL aAPC and platebound an CD3/
CD28 expanded SLN T cells
# posi ve assays/
Total # employed
assays2

2

Recall pepƟdes
(number of pa ents)

melanoma pepƟdes
(number of pa ents)

K32/4-1BBL
aACP

plate-bound
aCD3/CD28
mALys

K32/3-1BBL
aACP

plate-bound
aCD3/CD28
mALys

0/3

0

4

0

3

1/3

2

1

1

2

2/3

0

0

3

0

3/3

3

0

1

0

An assay was scored posi ve according to pre-defined cu -oﬀs. As described in Materials and Methods
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Figure 3. Flowcytometric HLA-A2 tetramer binding and combined IFN-γ/CD107a analysis of
K32/4-1BBL aAPC-expanded CD8+ T cells a er in vitro an gen-specific re-s mula on.
K32/4-1BBL-expanded CD8+ T cells from SLN of three CpG-administered pa ents were subjected to
in vitro (recall or melanoma epitope-specific) re-s mula ons with individually loaded JY target cells
and subsequently analyzed for their reac vity against these individual epitopes. A) Representa ve
HLA-A2 tetramer binding analysis in one pa ent is shown for 2 epitopes, performed before (le )
and a er (right) in vitro epitope-specific re-s mula on. Top panel: MAGE-A3271-specific CD8+ T cells
and bo om panel: MART-126-specific CD8+ T cells. Results for live, propidium iodide nega ve cells
are shown. The percentage of tetramer+ cells is denoted in the upper right quadrants. B) Specific
IFN-γ/CD107a reac vity against recall and melanoma-specific epitopes of all 3 pa ents is shown
a er in vitro an gen-specific re-s mula on (in percentage posi ves of CD8+ T cells). Posi ve IFN-γ/
CD107a reac vity is indicated by an asterisk (*).
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Detec on of Melanoma-Specific CD8+ T cell reac vity in saline versus CpG-condi oned SLN samples
As described previously by us, employing plate-bound an -CD3/-CD28 expansion, increased SLN
frequencies of melanoma-specific CD8+ T cells were detected in clinically stage I/II melanoma paents receiving local administra on of GM-CSF or CpG-B ODN over SLN frequencies from pa ents
receiving saline. (25; 26) Indeed, detec on of recall and melanoma an gen-specific CD8+ T cells
proved near impossible in the saline-administered pa ents, with measurable responses only in
three of in total 17 pa ents 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 aAPCexpanded CD8+ T cells from five saline-administered pa ents. Recall- or melanoma-specific CD8+ T
cells could be detected in four of the five saline-administered pa ents by HLA-A2 tetramer analysis
(in total; 2/5 of the tested recall pep des and 5/30 of the tested melanoma pep des, respec vely;
see Table 2). Recall and melanoma an gen-specific CD8+ T cells were detectable in respec vely 2/4
and 1/4 pa ents by CBA read-out (not shown). These posi ve reac vi es among saline-administered pa ents clearly indicate an increased sensi vity of CD8+ T cell reac vity detec on aﬀorded
by 4-1BBL-aAPC-mediated expansion. Nevertheless, comparing tetramer reac vity between CpGand saline-administered pa ents revealed that recall and melanoma tetramer-posi ve T cells were
more frequently detected in the CpG-administered pa ents (12/30 versus 5/30; p=0.0224; Table
2). Furthermore, FluM1- and melanoma-specific T cells were detectable in higher frequencies and
melanoma-reac vity encompassed mul ple melanoma epitopes (MAGE-A3, GP100, tyrosinase
and/or MART-1), while the melanoma-specific T cell response in saline pa ents was restricted to
MART-1 (data not shown). In line with these findings, the amount of cytokines produced in response to pooled melanoma or recall pep des also tended to be higher in the CpG-B group as
compared to the saline group (Figure 4a). Of note, the observed increased cytokine levels in CpG
pa ents compared to saline pa ents was associated with increased specific T cell frequencies, as
demonstrated for IFN-γ and cumula ve Tm frequencies in Figure 4b. These findings thus confirm
our previous observa on of increased melanoma an gen-specific reac vity of CD8+ T cells expanded from SLN a er local administra on of CpG. (25; 26)

Table 2. Analysis of tetramer reac vity among 4-1BBL-aAPC-expanded CD8+ T cells from CpG (n=5)
and saline-modulated (n=5) SLN
K32/4-1BBL-aACP expanded T cell cultures
CpG modulated SLN
Recall
epitopes

Melanoma
epitopes

Recall
epitopes

Melanoma
epitopes

5

12

2

5

Tetramer CD8 T cell
measurements

0

18

3

25

Total posi ve

5/5

12/30

2/5

5/30

Tetramer+ CD8+ T cell
measurements
+

+

Total posi ve
2

Saline modulated SLN

17/352

Versus tatal posi ves in Saline modulated SLN p=0.0224, two sided Fisher’s exact test.
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IFN-γ produc on

IL-10 (pg/ml)

TNF-α (pg/ml)

IL-2 (pg/ml)

IFN-γ (pg/ml)

Figure 4. Compara ve analysis of CD8+ T cell reac vity 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 pa ents were analyzed for their reac vity against recall (le hand panel)
or melanoma an gen-derived (right hand panel) pep des by A) cytokine release in a cytometric
bead array read-out. Specific release of IFN-γ, IL-2, TNF-α and IL-10 (in pg/ml) against pooled recall
(EBV/FluM1) or melanoma an gen-derived pep des is shown for CpG- (closed symbols) and salineadministered pa ents (open symbols; n=5 and n=4, respec vely). B) IFN-γ levels against pooled
recall or melanoma pep des and corresponding tetramer frequencies are depicted for CpG- and
saline-administered pa ents. Specific release of IFN-γ is depicted in pg/ml (black bars) and tetramer frequencies is given as the cumula ve frequency (in % of tested epitopes (white bars; FluM1 or
MAGE-A3, GP100, MART, Tyr and NY-ESO-1 epitopes) for CpG- and saline-administered pa ents
(n=5 and n=4, respec vely). (see next page for addi onal graphs)
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Discussion
In this study, we inves gated op mal polyclonal T cell expansion and an gen-specific CD8+ T cell
detec on methods for the monitoring of immunopoten ated SLN suspensions. Our data demonstrate that the use of K32/4-1BBL aAPC aﬀords more eﬀec ve expansion of eﬀector and eﬀectormemory CD8+ T cells as compared to plate- and bead-bound an -CD3/CD28 an bodies. As a result,
both recall and melanoma specific CD8+ T cells were more readily detected in func onal assays.
This is in line with findings by others. (19; 20) As described by Zhang et al. T cell expansion via K32
aAPC-based an -CD3/CD28 resulted in enhanced expansion of CD8+ T cells as compared to beadbased an -CD3/CD28 T cell expansion. Furthermore, several groups showed that co-s mula on
through 4-1BB led to preferen al ac va on and expansion of CD8+ T cells, and to augmented polyclonal and an gen-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 s mula on through
an -CD3/4-1BBL resulted in the preferen al expansion of eﬀector-memory T cells. (19; 20) The
la er illustrates the par cular poten al of this system for the expansion of T cells obtained from
eﬀector sites such as tumor, DTH or vaccina on site biopsies, since in vivo primed (i.e. an genexperienced) CD8+ T cells quickly down-regulate CD28 upon acquisi on of eﬀector func on (33),
making signaling through alterna ve co-s mulatory molecules necessary. As in any LN, the majority of T cells in the unexpanded SLN suspensions had a naïve or central-memory phenotype (Figure 1C). To nevertheless preferen ally expand the in vivo primed and diﬀeren ated eﬀector and
eﬀector-memory T cells (that may protect against the spread of micrometastases), the K32/4-1BBL
aAPC expansion pla orm 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 func ons and specificity of elicited vaccine- or tumor-specific
T cells ex vivo requires robust, sensi ve and reproducible assays. We previously employed the IFN-γ
Elispot assay to enumerate specific CD8+ T cell responses among an -CD3/CD28-expanded T cells
from SLN samples. (25; 26) While this assay allowed for rela vely sensi ve detec on, a major drawback was high background reac vity in the expanded CD8+ T cells and the lack of polyfunc onal assessment (e.g. cytoly c poten al and release of addi onal cytokines). In order to determine what
combina on of assays would be most suitable for the detec on and func onal assessment of lowfrequency an gen-specific CD8+ T cells, we compared diﬀerent flow cytometry-based assays for the
detec on of recall- and/or melanoma an gen-specific CD8+ T cells in the expanded SLN samples.
Neither recall nor melanoma an gen-specific CD8+ T cell reac vity could be detected by the CD137
assay. A possible explana on for this might be the rela vely high background reac vity, most likely
induced by the in vitro polyclonal expansion. The combined IFN-γ/CD107a assay was previously
used for ex vivo T cell detec on (12; 36) and indeed iden fied recall an gen-specific CD8+ T cells
in the majority of our pa ents. It proved less useful for the detec on of low-frequency melanoma
an gen-specific CD8+ T cells, as these in some cases only just reached the pre-set posi vity cutoﬀ of 0.01% (see Figure 2B and C). Yet, in vitro melanoma pep de-specific re-s mula on experiments confirmed that these low frequency CD8+ T cells detected at 0.01% were indeed melanoma
epitope-reac ve CD8+ T cells, thereby corrobora ng the validity of the assay. Our data confirm the
importance of using mul ple assays in the monitoring of low-frequency tumor-specific T cells (18),
each valida ng the other in the observed T cell reac vi es. More frequent detec on of melanoma
and recall an gen-specific CD8+ T cells in K32/4-1BBL aAPC-expanded T cell popula ons could be
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confirmed by combined IFN-γ/CD107a and cytokine release assay, thereby valida ng our HLA-A2
tetramer data –and vice versa. Recall and melanoma an gen-specific CD8+ T cells were detectable
in three of five K32/4-1BBL-expanded samples in mul ple parallel tests, but in only one test in
one of five an -CD3/CD28-expanded samples, clearly indica ng 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 sensi ve detec on of an genspecific CD8+ T cells is the number of cells analyzed. Since the an -CD3/CD28 an body-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 sensi ve monitoring of their TAA specificity and eﬀector func ons.
We previously reported that local intradermal administra on of CpG-B ODN or GM-CSF around
the primary tumor excision site in clinically stage I/II melanoma pa ents resulted in increased pDC
and mDC ac va on and increased frequencies of melanoma-specific CD8+ T cells, as compared to
saline administra on. (25; 26) In these studies, measurable CD8+ T cell responses to recall- or melanoma pep des were found in only three of the in total 17 pa ents who received saline injec ons.
(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 pa ents who received i.d. saline
(by tetramer binding and cytokine release analysis). This is a clear indica on of an increased sensi vity in the detec on of low-frequency reac ve CD8+ T cells, aﬀorded by the aAPC-based expansion methodology. Importantly, our previous findings of increased recall and melanoma-specific
CD8+ T cell reac vity a er local treatment with CpG or GM-CSF (25; 26) was s ll observed when
SLN-derived T cells were expanded with the K32/4-1BBL-aAPC pla orm, both valida ng our previous findings and demonstra ng the usefulness of the K32/4-1BBL aAPC expansion method for
immunomonitoring purposes. This study was designed to test the u lity of the K32/4-1BBL aAPC
expansion method for the detec on of CD8+ eﬀector/memory T cells per se, and not to demonstrate correla ons to clinical outcome. Since we only evaluated a small number of pa ents at an
early stage of disease (stage I-II, at which most pa ents do not relapse), clinical correla on 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 an gen-specific SLN T
cells is also of poten al interest to the field of adop ve cell therapy (ACT). Although it has been
described that tumor-reac ve T cells for ACT can be expanded from tumor draining lymph nodes
in mice and man by making use of an -CD3 and an -CD28 an bodies (27; 37), our data suggest
that the use of K32/4-1BBL aAPC might be advantageous over the use of an -CD3 and an -CD28
an bodies for the expansion of LN T cells with potent an -tumor eﬀector func ons.
In summary, K32/4-1BBL aAPC are superior to plate- and bead-bound an -CD3/CD28 an bodies
for the expansion of func onal eﬀector-memory CD8+ T cells from immunomodulated SLN, as demonstrated by combined analysis of tetramer binding, IFN-γ/CD107 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 sensi ve monitoring of func onal an -tumor immunity in small samples
from tumor-draining LN.
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Summarizing Discussion
As reviewed in Chapter 1, complete surgical excision at an early stage remains the only cura ve
treatment for cutaneous melanoma with few available adjuvant therapy op ons. Nevertheless,
melanoma is a rela vely immunogenic tumor type and par cularly amenable to immunotherapeuc approaches. (1) A dense network of cutaneous Dendri c Cells (DC) may account for the reported
eﬃcacy of vaccina on through the skin and provides an a rac ve target for the immunotherapy
of melanoma. Several phenotypically dis nct DC subsets are discernable in the skin: a.o. epidermal Langerhans Cells (LC) and dermal DC (dDC). Upon appropriate ac va on both subsets can
eﬃciently migrate to melanoma-draining lymph nodes (LN) to prime T cell mediated responses.
(2) Unfortunately, from an early stage, melanoma development is characterized by strong immune
suppression, facilita ng unchecked tumor growth and spread. Par cularly the primary tumor site
and the first-line tumor-draining LN, the so-called Sen nel LN (SLN), bear the brunt of this melanoma-induced immune suppression -and these are exactly the sites where an -melanoma eﬀector
T cell responses should be primed by DC in order to prevent early metastasis. (3-5) Through local
immunopoten a on the dermis may be u lized as a portal to ac vate DC and kick-start or boost
eﬀec ve T cell-mediated an -melanoma immunity, even in the face of this immune suppression.
Clinical observa ons in melanoma pa ents
In Chapter 2 we inves gated both the influence of the diagnos c biopsy type and the presence of
residual tumor cells in the re-excision specimen on disease free and overall survival. A er (par al)
removal of a pigmented skin lesion 471 pa ents were diagnosed with stage I/II melanoma and
underwent re-excision and a sen nel node biopsy. All pa ents were followed prospec vely for up
to 5 years. Pa ents were divided according to their diagnos c biopsy type (wide excision biopsy
(n=279), narrow excision biopsy (109), excision biopsy with posi ve margins (n=52) and incisional
biopsy (n=31)) and the presence of residual tumor cells in their re-excision specimen (n=41). Survival analysis was done using Cox’s propor onal hazard model adjusted for eight important confounders of melanoma pa ent survival. Neither the diagnos c biopsy type nor the presence of
tumor cells in the re-excision specimen influenced disease-free and overall survival of melanoma
pa ents. Nevertheless, rou ne use of incision biopsies is not recommended. Incisional biopsies
o en consist of only a small percentage of the surface area of the pigmented skin lesion, making
it diﬃcult to sample a representa ve area within the tumor. (6) Furthermore, when melanoma
is diagnosed, a emp ng to evaluate the depth of invasion in an incisional biopsy is treacherous
and may lead to over- or underes ma on of the invasion. (7, 8) Of course these problems are less
prominent in excision biopsies with posi ve margins, where the majority of the lesion has been
removed and only the outer borders are compromised making a sampling error highly unlikely.
With melanoma incidence rates rising (9) and early detec on of melanoma s ll being the only way
to improve melanoma pa ent survival, (10) it is important for all physicians to feel confident about
removing a pigmented skin lesion suspect for melanoma. Incisional biopsies are not recommended
but there is no cause for concern when an excision biopsy turns out to have posi ve margins.
In Chapter 3 we evaluated the clinical outcome of stage I/II melanoma pa ents who underwent
selec ve SLN dissec on a er a follow-up (FU) of at least 10 years. We analyzed several covariates
of long-term pa ent survival, including the influence of the number of addi onal posi ve lymph
nodes at complete lymph node dissec on (CLND) and the sen nel lymph node tumor burden on
melanoma pa ent survival. To this end, 224 clinically stage I/II cutaneous malignant melanoma
pa ents with a FU of 10 years were analysed. Forty-three pa ents were SLN posi ve and informaon concerning the size of the LN metastasis was available for all pa ents. Disease free and overall
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survival analyses were performed using the Kaplan-Meier approach. Cox’s propor onal hazards
regression model was used to analyze DFS and OS associated covariates. The overall and diseasefree survival rates con nued to decrease a er 5 years. This was most marked for pa ents with
addi onal posi ve lymph nodes (ALN) at CLND, and pa ents with a SLN tumor load of >1.0 mm2.
We recommend that SLN procedures be performed for melanomas of ≥0.9 mm Breslow and that
all pa ents with a tumor of less than 1 mm Breslow should not need to be included in follow-up,
regardless of their SLN status. The first 5 years remain the most cri cal period for follow-up, especially for pa ents with a posi ve SLN, ulcera on, lympha c invasion and certainly pa ents with
posi ve ALN at CLND. Nonetheless, we feel that high risk pa ents should receive special a en on
and careful monitoring for at least a decade.
Immunohistochemistry of primary tumors and SLN from stage I/II melanoma pa ents
The cellular immune system plays an important role in the immune response in melanoma paents. (11, 12) In Chapters 4 and 5 we looked at the influence of tumor infiltra ng lymphocytes
(TILs) on SLN status and clinical outcome. In Chapter 4 we inves gated whether presence of TILs
and Natural Killer (NK) cells correlated with expression of MHC-I or MHC-II on primary tumor cells
and/or an gen presen ng cells and if this is was related to clinical outcome in clinically stage II
melanoma pa ents. Diagnos c primary melanoma samples from 35 melanoma pa ents were examined and evaluated for the presence of granzyme B+ (GrB), CD8+, CD4+ and/or CD56+ TIL popula ons a er immunohistochemical staining. Furthermore, expression of MHC-I and -II on tumor and/
or tumor infiltra ng cells was examined. Expression of PI-9, a GrB inhibitor, in melanoma cells was
also determined and correlated to survival. Progression-free survival me was taken as endpoint
for survival analysis. Presence of ac vated cytotoxic TILs was found to predict favourable prognosis
independent from gender, Breslow thickness, ulcera on and sen nel node status. Moreover, presence of ac vated cytotoxic TILs was significantly correlated with expression of MHC-I on tumour
cells and with expression of MHC-II on intra-tumoral an gen presen ng cells. The presence of ac vated cytotoxic TILs and puta vely intact an gen presenta on in the context of MHC-I and MHC-II
in primary melanomas predicted a highly favourable outcome in clinically stage II melanoma paents. These data strongly support the no on that an intact cellular immune response is a major
factor in preven ng (early) melanoma cell invasion and dissemina on.
In Chapter 5 the possible associa on between the presence of ac vated and/or suppressive TILs
and SLN status in clinically stage I/II melanoma pa ents was explored. Diagnos c primary melanoma samples from 20 pa ents with an SLN metastasis were compared to melanoma samples from
20 pa ents with a nega ve SLN. The pa ents were matched for gender, age and Breslow thickness.
Presence of ac vated GrB+ TILs, of suppressive (FoxP3+) TILs and of MHC class I an gen expression
on tumor cells were analysed by immunohistochemistry. FoxP3 and MHC-I expression had no direct bearing on the presence of melanoma metastases in the SLN. Whereas the presence of ac vated GrB+ TILs in the primary melanoma had no predic ve value for SLN status either, their absence
was strongly associated with the presence of metastasis in the SLN. While both GrB+ and FoxP3+
TILs could be detected in SLN metastases, a majority of these metastases did not display MHC-I
expression. These data support a role for cytotoxic T cells in the preven on of early metastasis of
melanoma to the draining lymph nodes and suggest the presence of suppressive FoxP3+ TILs to be
responsible for melanoma escape and spread in the presence of ac vated eﬀector T cells. These
results are in accordance with previous studies demonstra ng that the presence of lymphocytes
in melanoma biopsies is associated with a favourable clinical outcome. (13-15) Moreover, our data
demonstrate that melanoma infiltra ng T-lymphocytes consist of CD4+, and ac vated CD8+ and
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GrB+ cytotoxic T-lymphocytes popula ons. Ac va on of these cytotoxic T-lymphocytes depends on
specific MHC-I restricted an gen recogni on and on the presence of co-s mulatory expressing and
cytokine producing CD4+ T helper cells. (16, 17) Because we observed a strong correla on between
the presence of TILs and intact MHC-I expression on melanoma cells, our data support the idea that
loss of MHC-I expression results in failure to mount a cellular an -melanoma response. Therefore,
loss of MHC-I is as such a possible powerful immune escape mechanism. (18, 19) The importance
of a cellular response in the primary tumor can also be seen in the fact that absence of GrB+ TILs
in primary melanoma biopsies is strongly associated with the presence of SLN metastasis. These
data underscore the no on that an ac vated cellular immune response is important in preven ng
melanoma cells to disseminate to lymph nodes.
Priming of the SLN of melanoma pa ents with GM-CSF and/or PF-3512676 CpG-B
Impaired immune eﬀector func ons in the melanoma SLN may allow for early metasta c events.
Local administra on of PF-3512676 (formerly known as CpG 7909) and Granulocyte MacrophageColony S mula ng Factor (GM-CSF) have shown immunos mulatory eﬀects of both DC and T-cell
subsets in preceding studies. (20-27) Previously, we carried out two small single-blinded phase II
studies assessing the eﬀects of GM-CSF or CpG in melanoma pa ents. In the first study 12 stage I
melanoma pa ents were included to receive four daily intradermal (i.d.) injec ons of GM-CSF (at
3 μg/kg) or saline. (28, 29) We monitored the phenotype of DC in the SLN through flowcytometry
and assessed the frequency and func onality of CD8+ T cells responding to specific melanomaderived pep des in an IFNγ-Elispot assay. The GM-CSF-receiving pa ents showed a significant increase in the number and matura on state of CD1a+ conven onal DC (cDC), which was associated
with a more robust melanoma-specific CD8+ T cell response in the SLN, as compared to saline
injected pa ents. Also, melanoma-specific T cell rates correlated directly to mature CD83+CD1a+
DC frequencies in the SLN, confirming the importance of properly ac vated DC in the induc on of
an an -melanoma immune response. In the second phase II study 23 stage I/II melanoma pa ents
received one i.d. injec on of either 8 mg PF-3512676 or saline. (30) PF-3512676 administra on
resulted in bulkier SLN and higher yields of isolated SLN leukocytes. Also, a clear enhancement of
both plasmacytoid DC (pDC) and CD1a+ cDC matura on and ac va on and a significant decrease
in Treg frequencies was seen in the SLN. In addi on, PF-3512676 administra on was associated
with the presence of a newly iden fied CD11chiCD123+CD83+TRAIL+ mature SLN-cDC subset and an
increased release of a variety of inflammatory cytokines.
In Chapter 6 we set out to ascertain whether these PF-3512676-induced immunos mulatory eff
fects translated into higher frequencies of melanoma-specific CD8+ T cells. CD8+ T cells from SLN
and peripheral blood were tested for reac vity by IFN-γ ELISPOT assay against several HLA-A1/
A2/A3-restricted epitopes derived from various Melanoma-Associated An gens (MAA) in 21 of 24
enrolled pa ents. Frequencies of NK cells and frequencies and matura on state of DC subsets in
the SLN were determined by flow cytometry. Melanoma-specific CD8+ T-cell response rates against
more than one MAA-derived epitope in the SLN were 0 out of 11 for the saline group versus 5
out of 10 for the PF-3512676-administered group. Of these 5 responding pa ents, 4 also had a
measurable response to more than one MAA epitope in blood. Furthermore, a clear rela onship
was found between increased frequencies in the SLN of both MAA-specific CD8+ T cells or NK cells
and CpG-induced pDC matura on. These data show an increase in melanoma-specific CD8+ T-cell
frequencies as well as an increased eﬀector NK cell rate a er a single dose of PF-3512676. In addi on, the significant correla on between ac vated SLN-pDC on the one hand and NK cells and
melanoma-specific CD8+ T cell reac vity in both the SLN and the post-treatment blood samples on
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the other hand, strongly suggests local and systemic protec on against tumor spread to specifically result from direct PF-3512676-induced pDC ac va on rather than from indirect (e.g. IFNαmeditated) cDC ac va on. Altogether these data suggest a role for local PF-3512676 administraon as adjuvant treatment in early-stage melanoma in comba ng metasta c spread.
In Chapter 7 we assessed the combined eﬀects of low-dose GM-CSF and PF-3512676 CpG-B on
cDC and pDC subsets in the SLN, in an eﬀort to strengthen the immune defence against metasta c
spread. As we observed predominant eﬀects of GM-CSF on CD1a+ cDC and of the CpG-B compound
on pDC and non-classical CD1a-CD11chi cDC, we aimed for full-range DC subset ac va on by combining both. To ascertain the added value of GM-CSF to the use of CpG monotherapy, we conducted a 3-arm phase II study in which 28 stage I-III melanoma pa ents were randomized to receive i.d.
injec ons around the primary tumor excision site of saline or low-dose CpG-B (1 mg PF-3512676),
alone or combined with low-dose GM-CSF (100 μg), 7 and 2 days prior to excision of the SLN. SLN
cells and PBMC were analyzed by flow cytometry. Significantly increased matura on of all iden fiable cDC and pDC subsets was observed in the SLN upon administra on of combined CpG/GM-CSF,
as well as recruitment of two CD1a-CD11chi cDC subsets (one CD14- and the other CD14+). The latter both expressed BDCA3/CD141, sugges ve of cross-priming ability. (31) Ac va on of cDC, pDC
and monocytes was also observed in peripheral blood. Correla ve and in vitro analyses indicated
CpG-B and GM-CSF to ac vate and recruit BDCA3/CD141+ cDC from the blood to the SLN. We conclude that combined CpG/GM-CSF delivery at the primary melanoma excision site results in a more
powerful and wide-ranging DC subset ac va on in SLN and blood, than achieved by CpG alone. The
concerted ac va on of pDC and cDC subsets as well as recruitment of BDCA3/CD141+ cDC subsets
with puta ve cross-priming ability will further strengthen protec ve an -melanoma immunity.
In most preclinical models, and in some clinical studies, CD8+ cytotoxic T cells have been recognized as the main eﬀectors media ng tumor regression (32-36), and they are therefore the focus
of most immune monitoring schemes. (37-39) 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 at eﬀector sites (40-43), necessita ng their polyclonal expansion prior to
func onal tes ng. (44) Several protocols are available for polyclonal T cell expansion, but they are
not necessarily interchangeable in terms of the subset or diﬀeren a on state predominance of the
expanded T cells. In Chapter 8 we therefore set out to compare a novel 4-1BBL-ar ficial An genPresen ng Cell (aAPC) based method (45-47) to classic CD3/CD28 an body-based methods (48,
49) for the expansion of func onal MAA-specific CD8+ eﬀector T cells from clinical LN samples.
SLN were obtained from early-stage melanoma pa ents par cipa ng in our clinical phase II trial, receiving intradermal low-dose CpG-B ODN PF-3512676 (see Chapter 7) or saline. T cells from
SLN samples were expanded using plate-bound an -CD3/CD28 an bodies, an -CD3/CD28-coated
beads (both combined with IL-2) or K32/4-1BB aAPC, i.e. irradiated K562 cells transfected with the
human low-aﬃnity Fcγ receptor CD32 (loaded with the an -CD3 OKT3 monoclonal an body) and
the co-s mulatory molecule 4-1BBL (combined with IL-15). Expanded T cells were analyzed for the
presence of memory/eﬀector CD8+ T cells and the recogni on of, and responsiveness to, common
recall an gen- or MAA-derived epitopes by various assays. Our data show that K32/4-1BBL aAPC
are superior to plate- and bead-bound an -CD3/CD28 an bodies for the expansion of func onal
eﬀector-memory CD8+ T cells from immunomodulated SLN, as demonstrated by combined analysis of tetramer binding, IFNα/CD107a expression and cytokine release. We conclude that 4-1BBmediated expansion of in vivo primed eﬀector-memory CD8+ T cells by means of aAPC facilitates
sensi ve monitoring of func onal an -tumor immunity in small samples from tumor-draining LN.
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Future Prospects
As seen in Chapter 3, survival of melanoma pa ents con nues to decline in the ten years a er
diagnosis, especially for pa ents with thick tumors, a high SLN tumor load and posi ve ALN. We
strongly advise any physician dealing with poten al melanomas to avoid incisional biopsies in order to correctly determine the Breslow thickness and stage melanoma pa ents as s pulated in
Chapter 2. Therapeu c op ons in advanced melanoma are limited and complete surgical excision
at an early stage remains the only cura ve treatment op on. Progress has been made in recent
years in unravelling the interac on between the tumor and the immune system which has led to
interes ng new developments in melanoma treatment. The immunogenic characteris cs of melanomas provide an opportunity for the immune system to a ack and eradicate the tumor cells. TILs
play an important role in this line of defence as indicated by our data presented in Chapters 4 and
5. Unfortunately, melanoma development is characterized by strong immune suppression. This
early suppression is most marked at the primary tumor site and in the SLN. We believe that, even
before distant metastasis occurs, local immunopoten a on of the primary tumor site and its draining LN is a valid strategy to (re-)establish local immune control. The dermis provides an ideal site
for delivery of these compounds, as reviewed in Chapter 1. A network of DC and eﬀector-memory
T cells in the dermis are poised for re-ac va on and subsequent genera on of an eﬀector immune
response. Moreover, the dermis provides ready access to draining LN, where respec ve memory
and naïve T cell responses can be further boosted or primed. Importantly, the dermis-targeted and
localized immunomodulatory strategies discussed in Chapters 6 and 7 may not only provide protec on against local tumor spread: the ac vated eﬀector T cells can also recirculate and home to
distant metasta c sites (as demonstrated by our findings in Chapter 6). Thus, also pa ents in later
stages of melanoma may experience clinical benefit from these approaches.
Novel therapeu cs for local immunopoten a on: TLR-L and cytokines
Novel and powerful immunomodulatory agents with proven clinical ac vity and/or eﬃcacy are
becoming available to combat melanoma-imposed immune suppression on both DC and T cells.
In the preface of this thesis we discussed several cytokines and TRL ligands as poten al adjuvant
therapeu c agents. Many more TLR-L with poten al an -tumor eﬃcacy have yet to be tested in a
clinical se ng. Some of the novel TLR-L currently being developed include ligands for TLR3, -4, -7,
and -8. Polyinosinic-polycy dylic acid (poly I:C) is a dsRNA analog recognized by TLR3 that ac vates
NK cells and DC in vivo via TRIF-dependent pathways. Poly I:C was shown to exert an -melanoma
eﬀects in vivo, which in part were a ributable to the induc on of IFN-producing killer DC. (50)
Indeed, Poly I:C combined with CpG, either with an intratumoral plasmid DNA encoding CD40L or
DC-tumor fusion hybrids, showed promising results in prolonging survival and lowering tumor burden in vivo and enhanced the an -tumor eﬃcacy of a virus-based vaccine in a murine melanoma
model. (51)
Combina on therapies of TLR-L and other immune modulators hold great promise. As s mulatory
TLR-L and cytokines ac vate immune eﬀector cells through diﬀeren al down-stream signalling cascades (see Chapter 1, Figure 2), their combined administra on (like GM-CSF and
d CpG –see Chapter
7) may have addi ve, or even synergis c eﬀects. Combined administra on of mul ple TLR-L can
similarly lead to synergis cally enhanced release of the pro-inflammatory cytokines IL-6, IL-12 and
TNFα and involves signalling through PI-3K, MAPK, STAT and NF-κB. (52) However, it can also lead to
enhanced release of suppressive IL-10 and subsequent induc on of Tregs. (53-55) This unwanted
inhibitory eﬀect may be prevented by combining the TLR-L with inhibi on of MAPK p38 ac vity.
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(56) Similarly, CpG-mediated TLR9 ac va on was shown to be a enuated by STAT3 ac va on, leading to immune suppression. (57) These suppressive eﬀects were shown to be prevented by conjuga ng CpG ODN to STAT3 siRNA prior to delivery. (58) These findings argue in favour of combining
CpG ODN with newly developed small-molecule JAK2/STAT3 inhibitors. (59)
Recently, GM-CSF has received some bad press. Filipazzi et al reported increased frequencies of a
CD14+HLA-DRlo subset of Myeloid-Derived Suppressor Cells (MDSC) in stage IV melanoma pa ents
upon s.c. vaccina on with a HSP-pep de complex combined with GM-CSF. (60) In addi on, two
groups separately reported that repeated administra on of GM-CSF, added as adjuvant to pep de
or tumor cell-based vaccines, to stage II to IV melanoma pa ents over a prolonged period of me,
resulted in lower an -vaccine T cell responses (61) and decreased over-all survival rates. (62) A
mouse study accompanying these two reports suggested that these findings might be a ributable
to GM-CSF-induced increases in Treg rates and/or ac va on status. (63) Indeed, GM-CSF was previously shown to lead to the produc on by APC of Milk Fat Globule EGF 8 (MFG-E8), which a enuated the vaccina on eﬃcacy of GM-CSF-transduced melanoma cells through induc on of Tregs in
a mouse model. (64) Single low-dose administra on of GM-CSF ac ng in a strictly localized fashion
-as proposed in this thesis for local immunomodula on- may not have the detrimental eﬀects described in the above discussed papers, but this remains to be established. The la er mouse studies
do, however, provide a ra onale for combining GM-CSF administra on with strategies aimed at elimina ng Tregs or other T cell-mediated suppressive mechanisms (e.g. an -CD25-conjugated toxins
or an -CTLA4). (65) Importantly, our own data presented in Chapter 7 suggest that also combined
administra on with CpG-B may counteract some of these reported disadvantages of GM-CSF: combined local administra on in the studied pa ents did not lead to increased Treg or MDSC frequencies. Indeed, local CpG-B monotherapy induced reduced frequencies of peripheral MDSC.
Novel therapeu cs for local immunopoten a on: an bodies
Beside TLR-L and cytokines, novel immunomodulatory monoclonal An bodies (mAbs) are now entering or have entered the clinical tes ng phase and may also be useful for local immunopoten aon of the SLN.
The CTL An gen-4 (CTLA4) and PD-1 receptors represent crucial checkpoints in the control of T cell
reac vity. (66) Pre-clinical and clinical studies have clearly indicated enhanced an -tumor eﬃcacy
upon blocking of CTLA4 and strongly support further implementa on of an -CTLA4 in immunotherapeu c approaches to the treatment of melanoma. (67-69) Clinical responses and prolonged
survival have been observed upon systemic treatment of melanoma pa ents with the an -CTLA4
mAbs ipilimumab or tremelimumab. (70-72) Although some mes these clinical responses coincided with Th17-associated Autoimmune Breakthrough Events (ABE) that in some cases were quite
severe. (73) A single local administra on of an -CTLA4 aimed at condi oning of the primary melanoma site and the SLN in an adjuvant se ng should allow for the use of rela vely low an -CTLA4
dosages without excess risk of autoimmune eﬀects. In support of localized low-dose applica on
of an -CTLA4, Simmons et al. recently reported favourable results obtained in the B16 melanoma
model with vaccina on with GM-CSF- and an -CTLA4-secre ng tumor cells. Equivalent an -tumor
ac vity to systemic administra on of high-dose an -CTLA4 was observed at significantly lower an-CTLA4 serum levels and with serological evidence of reduced systemic autoimmunity. (74)
PD-1, like CTLA4, forms a checkpoint for T cell ac va on. Upon binding of PD-1, T cells become
inac vated and enter a reversible state of anergy. (75, 76) PD-1 knock-out mice developed autoimmune glomerulonephri s and arthri s. (77, 78) Its ligand B7-H1 is o en expressed on tumors
and may thus interfere with ac va on of tumor-infiltra ng T cells. (79-81) A first phase I clinical
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trial has been conducted to study the eﬀects of i.v. an -PD-1 (MDX-1106) administra on in 39
pa ents, including 9 melanoma pa ents. (82) Results were encouraging with signs of clinical an tumor eﬃcacy, CD8+ T cell infiltra on at tumor sites and rela vely mild autoimmune symptoms.
This first clinical trial has now opened the possibility to also test an -PD-1 as a locally applied immunos mulant.
Beside suppression of T cell reac vity, suppression at the DC level is another possible obstacle in
the eﬀec ve triggering of an an -melanoma immune response. In numerous preclinical studies
CD40-mediated ac va on of DC was iden fied as a key event in the genera on of long-term CD8+
T cell-mediated immunity. (83-87) CD40 s mula on also results in the reversal of T cell tolerance
(88), renders DC resistant to the suppressive eﬀects of IL-10 (89), and releases them from the control of Tregs. (90) Findings from a phase I trial of a single systemic administra on of the an -CD40
mAb CP-870,893 (91) showed objec ve par al responses in four pa ents with melanoma (i.e. 27%
of enrolled melanoma pa ents), demonstra ng the possible u lity of CP-870,893 in the immunotherapy of melanoma.
Concluding remarks: future clinical developments
A clear challenge for the immediate future will be to iden fy the most powerful combina ons of
the above listed agents (and many others that were not listed!) to eﬀect op mal DC and T cell acva on and facilitate the (re-)ac va on of an -melanoma immunity. Rather than tes ng clinical
eﬃcacy of monotherapies in large-scale phase III trials, it might be more prudent to first study
combina on therapies in mul ple small-scale and carefully designed phase II trials with biological
read-outs, such as the ones described in this thesis. This would allow for the more ra onal design
of mul -targeted therapies with a be er chance of a aining improved clinical eﬃcacy in future
randomized phase III trials.
On a final note, exci ng new developments in the treatment of melanoma include the use of targeted therapeu cs to modulate aberrantly ac vated signalling cascades in melanoma, e.g. in paents carrying ac va ng b-raf muta ons. (92) As many of these signalling cascades also aﬀect
immune func ons, it will be interes ng to see how these new therapeu cs influence the pa ent’s
immune status and how they may be combined with immunotherapeu c approaches.
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Nederlandse samenva ng
Zoals besproken in Hoofdstuk 1, blij volledige chirurgische excisie in een vroeg stadium de enige
cura eve behandeling voor melanomen aangezien er bijna geen beschikbare adjuvante behandelop es zijn. Het melanoom is echter een rela ef immunogeen tumortype en bijzonder vatbaar
voor immunotherapeu sche benaderingen. (1) Een dicht netwerk van cutane Dendri sche Cellen
(DC) zou een rol kunnen spelen in de gevonden eﬀec viteit van huidvaccins en is een aantrekkelijk doelwit voor immunotherapie van melanomen. Enkele fenotypisch verschillende DC groepen
zijn te onderscheiden in de huid: o.a. epidermale Langerhans cellen (LC) en dermale DC (dDC). Na
ac va e kunnen beide subgroepen eﬃciënt migreren naar de drainerende lymfeklieren (LN) van
het melanoom om daar een T-cel gemedieerde immuunreac e uit te lokken. (2) Helaas wordt de
ontwikkeling van melanomen in een vroeg stadium gekenmerkt door sterke onderdrukking van
het immuunsysteem, welke ongecontroleerde groei en verspreiding van de tumor bevordert. Met
name het gebied rond de primaire tumor en de eerstelijns tumor-drainerende LN, de zogenoemde
Schildwachtklier (SLN), worden de dupe van deze, door het melanoom geïnduceerde, immuunonderdrukking. Dit zijn precies de plaatsen waar an -melanoom eﬀector-T-cellen geprikkeld zouden
moeten worden door DC om vroege uitzaaiing te voorkomen. (3-5) Via lokale immunopoten a e
kan de huid gebruikt worden voor het ac veren van DC en voor het versterken van een eﬀec eve
T-cel gemedieerde an -melanoom immuniteit, zelfs bij deze onderdrukking van het immuunsysteem.
Klinische observa es in melanoompa ënten
In Hoofdstuk 2 onderzochten we de invloed op ziektevrije en algehele overleving van het type
diagnos sche biopsie en van de aanwezigheid van residuale tumorcellen in het re-excisie preparaat. Na (gedeeltelijke) verwijdering van een gepigmenteerde huidlaesie werd bij 471 pa ënten
een stadium I/II melanoom vastgesteld en ondergingen zij een re-excisie en een SLN biopsie. Alle
pa ënten werden prospec ef gevolgd tot 5 jaar na de diagnose. Pa ënten werden ingedeeld aan
de hand van 1) hun diagnos sche biopsietype (wijde excisiebiopsie (n = 279), krappe excisiebiopsie
(109), excisiebiopsie met posi eve marges (n = 52) en de incisiebiopsie (n = 31)) en 2) de aanwezigheid van residuale tumorcellen in het re-excisie preparaat (n = 41). De overlevingsanalyse werd
uitgevoerd met behulp van Cox’s propor onal hazard model aangepast voor de acht belangrijkste
variabelen gerelateerd aan de overleving van melanoompa ënten. We concludeerden dat noch
het diagnos sche biopsietype, noch de aanwezigheid van tumorcellen in het re-excisiepreparaat
invloed hadden op de ziektevrije en totale overleving van melanoompa ënten. Nie emin wordt
rou nema g gebruik van incisiebiopten niet aanbevolen. Incisiebiopten bestaan vaak uit slechts
een klein percentage van de oppervlakte van de gepigmenteerde huidlaesie, waardoor het moeilijk
is een representa ef tumorgebied vast te stellen. (6) Bovendien, is het las g de diepte en mate van
invasie te evalueren in een incisiebiopsie wat kan leiden tot over- of onderscha ng van de tumor.
(7, 8) Uiteraard zijn deze problemen minder relevant voor excisiebiopten met posi eve marges,
waar de meerderheid van de laesie is verwijderd en alleen de buitenste randen zijn gecompromi eerd. Dit maakt een fout in de steekpoel hoogst onwaarschijnlijk. De inciden ecijfers van het
melanoom blijven s jgen. (9) Vroeg jdige opsporing van melanomen is nog steeds de enige manier
om de overleving van melanoompa ënten te verbeteren. (10) Het is van belang dat alle artsen zich
zeker voelen bij het verwijderen van een voor melanoom verdacht, gepigmenteerde huidlaesie.
Incisiebiopten worden niet aanbevolen, maar er is geen reden tot bezorgdheid wanneer een excisiebiopsie posi eve marges blijkt te hebben.
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In Hoofdstuk 3 evalueerden we de klinische resultaten van fase I/II melanoompa ënten die seleceve SLN dissec e ondergingen na een follow-up (FU) van ten minste 10 jaar. We analyseerden
verschillende variabelen van ziektevrije overleving, waaronder de invloed van het aantal bijkomende posi eve lymfeklieren na volledige lym lierdissec e (CLND) en de tumorgroo e in de schildwachtklier. Tweehonderdvierentwin g pa ënten met een klinisch stadium I/II cutaan melanoom
met een FU van 10 jaar werden geanalyseerd. Drieënveer g pa ënten hadden een posi eve SLN.
Informa e over de groo e van de lym liermetastase was beschikbaar voor alle pa ënten. Ziektevrije en totale overleving analyses werden uitgevoerd met behulp van de Kaplan-Meier benadering. Cox’s propor onal hazards regression model werd gebruikt om de aan DFS en OS gerelateerd
covariabelen te analyseren. De algemene en de ziektevrije overleving blijven dalen na 5 jaar. Dit
was het meest uitgesproken bij pa ënten met bijkomende posi eve lymfeklieren na CLND en bij
pa ënten met een SLN tumorbelas ng van >1,0 mm2. Wij raden aan dat SLN procedures worden
uitgevoerd voor melanomen ≥0.9 mm Breslow en dat alle pa ënten met een tumordikte onder de
1 mm Breslow niet vervolgd hoeven worden, ona ankelijk van hun SLN status. De eerste 5 jaar
blij de meest kri sche periode in het bijzonder voor pa ënten met een posi eve SLN, ulcera e,
lymfinvasie en zeker voor pa ënten met posi eve LN bij CLND. Desalnie emin vinden we dat hoog
risico pa ënten extra aandacht verdienen en minstens 10 jaar gevolgd moeten worden.
Immunohistochemie van de primaire tumoren en de SLN van stadium I/II melanoompa ënten
Het cellulaire immuunsysteem speelt een belangrijke rol in de immuunrespons bij melanoompaënten. (11, 12) In de Hoofdstukken 4 en 5 hebben we gekeken naar de invloed van de tumorinfiltrerende lymfocyten (TIL) op de SLN status en de overleving. In Hoofdstuk 4 hebben we onderzocht of de aanwezigheid van TIL en Natural Killer (NK) cellen gecorreleerd is aan de expressie van
MHC-I of MHC-II op primaire tumorcellen en/of an geenpresenterende cellen en of dit gerelateerd
was aan de klinische uitkomst bij klinisch stadium II melanoompa ënten. Diagnos sche primaire
tumormonsters van 35 pa ënten met een melanoom zijn onderzocht en geëvalueerd op de aanwezigheid van Granzym B (GrB), CD8, CD4 en/of CD56 TIL popula es na immunohistochemische
kleuring. Bovendien werd de expressie van MHC-I en -II op de tumor en/of tumorinfiltrerende
cellen onderzocht. De expressie van PI-9, een GrB remmer, werd in melanoomcellen bepaald en
gecorreleerd aan de overleving. Ziektevrije overleving werd gekozen als klinisch eindpunt. Aanwezigheid van geac veerde cytotoxische TIL bleek een guns ge prognos sche factor, ona ankelijk
van geslacht, Breslow dikte, ulcera e en SLN status. Bovendien was er een significante correla e
tussen de aanwezigheid van geac veerde cytotoxische TIL en de expressie van MHC-I op tumorcellen en expressie van MHC-II op intratumorale an geenpresenterende cellen. De aanwezigheid van
geac veerde cytotoxische TIL en vermeende intacte an geenpresenta e in het kader van MHC-I
en MHC-II in primaire melanomen was een voorspellende factor van een guns ge uitkomst bij klinisch stadium II melanoompa ënten. Deze gegevens ondersteunen de idee dat een intact cellulaire
immuunreac e een belangrijke factor is bij het voorkomen van (vroege) invasie en verspreiding
van melanoomcellen. In Hoofdstuk 5 werd de mogelijke associa e tussen de aanwezigheid van
geac veerde en/of onderdrukkende TIL en SLN status bij klinisch stadium I/II melanoompa ënten onderzocht. Diagnos sche primaire tumormonsters van 20 pa ënten met een SLN metastase
werden vergeleken met melanoommonsters van 20 pa ënten met een schone SLN. Er waren geen
verschillen tussen de pa ënten wat betre geslacht, lee ijd en Breslow dikte. Aanwezigheid van
geac veerde GrB TIL, van onderdrukkende (FoxP3) TIL en MHC klasse I-an geenexpressie op tumorcellen werd geanalyseerd met behulp van immunohistochemie. FoxP3+ en MHC-I expressie had
geen directe invloed op de aanwezigheid van melanoomuitzaaiingen in de SLN. Aanwezigheid van
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geac veerde GrB+ TIL in het primaire melanoom had geen voorspellende waarde voor SLN status.
Wel was hun afwezigheid sterk geassocieerd met de aanwezigheid van uitzaaiingen in de SLN. Hoewel GrB+ en FoxP3+ TIL beiden gevonden konden worden in SLN metastasen, brengt een meerderheid van deze uitzaaiingen geen MHC-I tot expressie. Deze gegevens onderschrijven het idee dat
cytotoxische T-cellen een rol spelen in de preven e van vroege uitzaaiing van melanomen naar
de drainerende lymfeklieren en suggereren dat de aanwezigheid van onderdrukkende FoxP3+ TILs
verantwoordelijk is voor de verspreiding van melanoomcellen in de aanwezigheid van geac veerde
eﬀector T-cellen. Deze resultaten komen overeen met eerdere studies waaruit blijkt dat de aanwezigheid van lymfocyten in melanoombiopten geassocieerd is met een guns g klinisch resultaat.
(13-15) Bovendien tonen onze data aan dat melanoominfiltrerende T-lymfocyten bestaan uit CD4+,
CD8+ en geac veerde GrB+ cytotoxische T-lymfocyten popula es. Ac va e van deze cytotoxische
T-lymfocyten is a ankelijk van de specifieke MHC-I an gen herkenning en de aanwezigheid van
CD4+ T-helpercellen die co-s mulerende moleculen tot expressie brengen en cytokines produceren. (16, 17) Omdat we een sterke correla e vonden tussen de aanwezigheid van TIL en intacte
MHC-I expressie op melanoomcellen, onderschrijven onze gegevens het idee dat het verlies van
MHC-I expressie resulteert in het spaak lopen van een cellulaire an -melanoom reac e. Daarom is
het verlies van MHC-I expressie een belangrijke manier van de tumor om aan het immuunsysteem
te ontsnappen. (18, 19) Het belang van een cellulaire respons in de primaire tumor kan ook worden
gezien in het feit dat het ontbreken van GrB+ TIL in het primair melanoombiopt sterk wordt geassocieerd met de aanwezigheid van metastasen in de SLN. Deze gegevens tonen aan dat een ac eve
cellulaire immuunreac e belangrijk is voor het voorkomen van uitzaaiingen naar de lymfeklieren.
Priming van de SLN van melanoompa ënten met GM-CSF en/or PF-3512676 CpG-B
Gestoorde immuunfunc es in de SLN kunnen zorgen voor vroeg jdige metastasering. Lokale toediening van PF-3512676 (voorheen bekend als CpG 7909) en Granulocyte Macrophage-Colony S mula ng Factor (GM-CSF) hee in eerdere studies geleid tot immunos mulatoire eﬀecten op zowel
DC als T-cel subgroepen. (20-27) Eerder hebben we twee kleine fase II studies uitgevoerd om de
eﬀecten van GM-CSF of CpG bij melanoompa ënten te kunnen beoordelen. In de eerste studie kregen 12 stadium I melanoompa ënten dagelijks vier intradermale (i.d.) injec es van GM-CSF (3 μg/
kg) of een zoutoplossing. (28, 29) DC fenotypen in de SLN werden door middel van flowcytometrie
beoordeeld. Daarnaast onderzochten we de frequen e en func onaliteit van CD8+ T-cellen middels
hun reac e op melanoom-afgeleide pep den in een IFNy-Elispot assay. De pa ënten die GM-CSF
ontvingen vertoonden een significante toename van het aantal en de ac va e van CD1a+ Conven onele DC (cDC), wat werd geassocieerd met een meer robuuste melanoom-specifieke CD8+
T-cel respons in de SLN, in vergelijking met pa ënten die een zoutoplossing hadden ontvangen.
Daarnaast correleerde de frequen e van melanoomspecifieke T-cellen rechtstreeks met mature
CD83+CD1a+ DC-frequen es in de SLN, wat het belang onderstreept van goed geac veerde DC in
de induc e van een an -melanoom immuunrespons. In een tweede fase-II onderzoek kregen 23
stadium I/II melanoompa ënten een intradermale injec e van 8 mg PF-3512676 of een zoutoplossing. (30) PF-3512676 toediening resulteerde in grotere SLN en hogere opbrengsten van geïsoleerde SLN leukocyten. Ook werd een duidelijke verbetering van zowel plasmacytoïde DC (pDC) en
CD1a+ cDC matura e en ac vering gezien en een significante daling van Treg frequen es in de SLN.
Daarnaast was toediening van PF-3512676 geasssocieerd met de aanwezigheid van een onlangs
geïden ficeerde mature CD11chiCD123+CD83+TRAIL+ SLN-cDC subgroep en een verhoogde afgi e
van meerdere inflammatoire cytokines.
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In Hoofdstuk 6 zijn we nagegaan of deze immunos mulerende eﬀecten van PF-3512676 zich ook
vertaalden in hogere frequen es van melanoom-specifieke CD8+ T-cellen. Hiervoor werden CD8+ Tcellen uit de SLN en uit perifeer bloed getest op reac viteit op verschillende HLA-A1/A2/A3-gebonden epitopen, afgeleid van verschillende Melanoom-geassocieerde an genen (MAA) met behulp
van een IFN-γ ELISPOT test in 21 van 24 geϊncludeerde pa ënten.
De frequen e van NK-cellen en de frequen e en de matura e van DC subgroepen in de SLN werden bepaald door flowcytometrie. Melanoomspecifieke CD8+ T-cel respons tegen meer dan één
MAA-afgeleide epitoop werd gevonden in de SLN-cellen bij 0 van de 11 pa ënten die een zoutoplossing toegediend kregen tegen 5 van de 10 pa ënten in de PF-3512676 toegediende groep. Van
de 5 pa ënten die een reac e vertoonden hadden 4 ook een meetbare respons op meer dan één
MAA epitoop in het bloed. Verder is er een duidelijke rela e gevonden tussen de toename van de
frequen e in de SLN van zowel MAA-specifieke CD8+ T-cellen of NK-cellen en CpG-geïnduceerde
pDC matura e. Deze gegevens tonen een toename aan van melanoomspecifieke CD8+ T-cellen,
evenals een verhoogde concentra e NK eﬀectorcellen na een enkele dosis PF-3512676. Bovendien
wijst de significante correla e tussen geac veerd SLN-pDC aan de ene kant en NK-cellen en melanoomspecifieke CD8+ T-cel reac viteit in zowel de SLN als de bloedmonsters na behandeling aan de
andere kant, er sterk op dat lokale en systemische bescherming tegen tumoruitzaaiing het gevolg is
van directe PF-3512676-geïnduceerde pDC ac vering in plaats van indirecte (bijvoorbeeld via IFNα)
cDC ac vering. Al met al suggereren deze gegevens een rol voor lokale toediening van PF-3512676
als adjuvante behandeling in een vroeg stadium bij de bestrijding van melanoomuitzaaiingen.
In Hoofdstuk 7 onderzochten we de gecombineerde eﬀecten van een lage dosis GM-CSF en PF3512676 CpG-B op cDC en pDC subgroep in de SLN, in een poging de reac e van het immuunsysteem tegen uitzaaiingen te versterken. GM-CSF werkt met name op CD1a+ cDC en CpG-B op pDC
en niet-klassieke CD1a-CD11chi cDC. Door een combina e van beiden te gebruiken hoopten we een
maximale DC subgroep ac vering te verkrijgen. Om vast te stellen wat de toegevoegde waarde
van GM-CSF bij het gebruik van CpG monotherapie is, hebben we een 3-armige fase II studie uit
gevoerd waarin 28 stadium I-III melanoompa ënten werden gerandomiseerd om intradermale injec es zoutoplossing of een lage dosis CpG-B (1 mg PF-3512676) rond de loca e van de excisie van
de primaire tumor te ontvangen. CpG-B werd alleen of in combina e met een lage dosis GM-CSF
(100 μg), 7 en 2 dagen voor de SLN procedure gegeven. SLN cellen en PBMC werden geanalyseerd
door middel van flowcytometrie. Er werd aanzienlijk verhoogde matura e van alle iden ficeerbare
cDC en pDC subgroepen waargenomen in de SLN na gecombineerde toediening van CpG en GMCSF, evenals de rekrutering van twee CD1a-CD11chi cDC subgroepen (een CD14- en de ander CD14+).
De laatste brachten beide BDCA3/CD141 tot expressie, wat duidt op een cross-primend vermogen.
(31) Ac vering van de cDC, pDC en monocyten werd ook waargenomen in het perifere bloed. Correla e en in vitro analyses toonden aan dat CpG-B en GM-CSF BDCA3/CD141+ cDC ac veren en uit
het bloed rekruteren naar de SLN. We concluderen dat gecombineerd CpG/GM-CSF toediening
resulteert in een sterkere en bredere DC subgroep ac vering in SLN en bloed, dan welke wordt
bereikt door CpG toediening alleen. De onderling afgestemde ac vering van pDC en cDC subgroepen, evenals de rekrutering van BDCA3/CD141+ cDC subgroepen met een vermeend cross-primend
vermogen versterkt de beschermende an -melanoom immuniteit.
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In de meeste preklinische modellen, en in sommige klinische studies zijn CD8+ cytotoxische T-cellen
erkend als de belangrijkste voorwaarden voor tumorregressie (32-36), de meeste immunomonitoringprogramma’s richten zich dan ook op deze cellen. (37-39) Ondanks de recente vooruitgang,
blij nauwkeurig meten van vaccin specifieke en/of tumor specifieke T-cel reac es moeilijk als gevolg van extreem lage frequen es van tumor specifieke T-cellen. (40-43) Dit maakt het noodzakelijk
voorafgaand aan de func onele testen polyclonale expansies te verrichten. (44) Verschillende protocollen zijn beschikbaar voor polyclonale T-celexpansie, maar deze zijn niet vergelijkbaar als het
gaat om de subgroep of diﬀeren a estatus van de geëxpandeerde T-cellen. In Hoofdstuk 8 hebben
we gekeken naar een nieuwe op 4-1BBL an geenpresenterende cellen (aAPC) gebaseerde methode (45-47) en deze vergeleken met de klassieke op CD3/CD28 an lichaam gebaseerde methoden
(48, 49) voor de expansie van de func onele MAA-specifieke CD8+ eﬀector-T-cellen uit SLN.
Het ging om lym liercellen van vroeg stadium melanoompa ënten die deelnamen aan onze klinische fase II studie, waarbij ze intradermale lage dosis CpG-B ODN PF-3512676 (zie hoofdstuk 7) of
zoutoplossing ontvingen. T-cellen van SLN monsters werden geëxpandeerd met behulp van plaatgebonden an -CD3/CD28 an lichamen, an -CD3/CD28 gecoate beads (beide gecombineerd met
IL-2) of K32/4-1BB aAPC. Dit zijn bestraalde K562 cellen die zijn getransfecteerd met het humane
Fcγ-receptor CD32 (geladen met an -CD3 OKT3 monoclonaal an lichaam) en het co-s mulatoire
molecuul 4-1BBL (gecombineerd met IL-15). Geëxpandeerde T-cellen werden geanalyseerd op de
aanwezigheid van memory/eﬀector CD8+ subgroepen en daarnaast op het herkennen van en reageren op, bekende an genen- of MAA-afgeleide epitopen met behulp van verschillende onderzoeken. Onze gegevens tonen aan dat K32/4-1BBL aAPC veel beter zijn dan plaat- en bead-gebonden
an -CD3/CD28 an lichamen in het expanderen van func onele eﬀector-memory CD8+ T-cellen uit
immuun gemoduleerde SLN. Dit werd aangetoond door gecombineerde analyse van tetrameer
binding, IFNα/CD107a-oppervlake expressie en cytokine produc e. Wij concluderen dat 4-1BBgemedieerde expansie van de in vivo geprimede eﬀector-memory CD8+ T cellen door middel van
aAPC de gevoelige monitoring van func onele an -tumor immuniteit vergemakkelijkt, met name
in kleine monsters verkregen van tumor-drainerende LN.
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Figure 1.1 The balance between Dendri c Cell (DC) matura on-inducing factors (TLR-L, cytokines)
and IL-10 in the dermal microenvironment of invading melanomas will determine the phenotypic
ac va on state and func onality of skin-emigra ng DC. IL-10 induces a phenotypic switch in migrang DC from a mature T cell s mulatory to an immature macrophage-like phenotype, resul ng in
possible immunological silence. DC-ac va ng cytokines and TLR-L can induce a stable DC maturaon that is resistant to the suppressive eﬀects of IL-10. Photographic inserts: human skin-explant emigrated DC stained for DC-SIGN, 7 days a er start of explant culture. Explants were i.d. injected on day
0 with 100 ng GM-CSF and 1000 IU IL-4 (le panel) or 10 ng IL-10 (right panel), magnifica on 400x.
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Figure 4.1: Photographs of immunohistochemical staining of TILs.
Melanoma biopsy with (A) GrB+ TILs, (B) without GrB+ TILs, but with GrB+ cells surrounding the
tumor, (C) CD8+ TILs, (D) without CD8+ TILs, but with CD8+ cells surrounding the tumor, (E) Images
of CD8 (green) and GrB (red) double posi ve TILs (yellow, arrow). Some noise was introduced to
visualize ssue compartments as well as the diﬀerence between TILs and lymphocytes surrounding
the tumor. Single posi ve cells were observed in tumor periphery, (F) Melanoma biopsy with HCA2+
tumor cells, (G) Melanoma biopsy with HC10+ tumor cells, (H) Melanoma biopsy with β2M+ tumor
cells, (I) Melanoma biopsy with HLA-DR+ tumor cells.
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Figure 5.1: Photographs of images of immunohistochemical staining of TILs. A representa ve primary melanoma biopsy of a pa ent with a nega ve SLN with: (A) GrB+ TILs and (B) FoxP3+ TILs, and
a representa ve biopsy of a SLN metastasis with: (C) GrB+ TILs and (D) FoxP3+ TILs.
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Figure 7.4 Co-regulated recruitment of CD1a- conven onal DC (cDC) subsets to Sen nel Lymph
Nodes (SLN) by CpG-B: their phenotype and morphology. A) Frequency and phenotype of CD1aCD11chiCD14- and CD1a-CD11chiCD14+ cDC subsets in SLN of pa ents receiving a single dose of
saline placebo or 8 mg CpG-B (CpG) at the primary melanoma excision site. Mean expression levels (in Mean Fluorescence Index) are indicated. One asterisk indicates sta s cal significance at
P <0.05 and two asterisks at P <0.01. B) Significant correla on between CD11chiCD14- and CD1aCD11chiCD14+ cDC subset frequencies indicates co-regula on of their recruitment to SLN; open
circles: saline, closed squares: 1 mg CpG-B and 100 μg GM-CSF, closed circles: 1 mg CpG-B, and
closed triangles: 8 mg CpG-B. Pearson r coeﬃcient and P value are listed. C) Imprint cytochemistry;
representa ve images from a pa ent receiving 8 mg CpG-B. Stained markers are indicated; magnifica on 400x, inserts: 630x.

