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Chapter 1

1

Melanoma: General Introduction

1.1

Normal melanocytes

The skin is the largest organ of the body and serves as an essential barrier from
environmental stress and is involved in numerous other important functions, for
example temperature regulation, immunological resistance against micro-organisms
and protection against ultra violet radiation (UV). The skin is a complex structure
composed of two main layers; the dermis and the epidermis (see Figure 1), separated
by a basement membrane.
In the epidermis, keratinocytes provide a multi-layered primary barrier to the outside
environment. Among every 5-10 basal keratinocytes a melanin-producing melanocyte is
located. Melanocytes are dendritic melanin-producing cells which migrate in premature
state from the dermis to the epidermis and settle in the basal layer of the epidermis,
where

they

differentiate

into

mature

melanocytes.

Melanocytes

comprise

approximately 1–2% of epidermal cells and are, after keratinocytes, the second most
numerous epidermal cell type. Each melanocyte transports melanin-containing
melanosomes trough its dendrites to approximately 36 associated keratinocytes.1 The
colour of the skin is determined by the number and size of melanosomes present in
keratinocytes. With increasing age the number of melanocytes and therefore the
production of melanin decreases causing the skin to become lighter. The number of
melanocytes decreases by 8–20% per decade after the age of 30.2
In the context of normal skin, keratinocytes are the major component in the epidermis
and the ratio between keratinocytes and melanocytes is 1:5-10.1 This life-long balance
is regulated through induction of melanocyte division. In order to proliferate,
melanocytes need to detach from the basal layer of the epidermis and keratinocytes by
retraction of the dendritic arms. After cell division, melanocytes separate and migrate
along the basement membrane, extend their dendrites and establish multiple contacts
with keratinocytes.3 Keratinocytes control growth of melanocytes and also control
expression of cell surface receptors through several different mechanisms.4

Figure 1: Skin is composed of three primary layers: the
epidermis, which provides waterproofing and serves as a barrier
to infection; the dermis, which serves as a location for the
appendages of skin; and the hypodermis (subcutaneous adipose
layer). Skin has pigmentation, or melanin, provided by
melanocytes, which absorbs some of the potentially dangerous
ultraviolet radiation (UV) in sunlight. Picture from mayo
foundation for medical education and research, all rights
reserved.
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Under normal conditions, homeostasis determines whether a melanocyte remains
quiescent, differentiates or undergoes apoptosis.5 Deregulation of the homeostatic
state disturbs the balance and triggers a continuous proliferation of melanocytes which
may lead to the development of melanocytic tumours.

1.2

Malignant tumour of melanocytes: Melanoma

Moles are pigmented macules, papules, or nodules composed of clusters of melanocytes
(also called nevus cells). There are benign and malignant lesions originating from
melanocytes. Major clinical characteristics to recognize a potential malignant mole
are: asymmetry of a mole, border irregularity, colour variety and diameter > 6mm.
Melanoma is an aggressive neoplasms arising from melanocytes and although
melanomas account for only 4% of all dermatological cancers, it is responsible for 80%
of deaths from skin cancer and only 14% of patients with metastatic melanoma survive
for five years.6,7

1.3

Melanoma: Prevalence and prognostic factors

Over the last few decades an increase in incidence and mortality has been observed in
populations across the world.8,9,10 Clinical outcome in melanoma patients depends on
several variables of which tumour thickness is an important factor (according to
Breslow).11 Tumour thickness is still the most important prognostic indicator for
melanoma. The five year survival rate for melanoma patients with a Breslow thickness
<1.5 mm is more than 90% whereas survival in patients with a Breslow thickness of >3.5
mm is only 50%.12,13 Other important prognostic factors include ulceration, site of
primary tumour, lymphatic invasion, gender and age.14,15,16
Fatal outcome in melanoma patients results from occurrence of distant metastases
which coincide and in some cases are preceded by lymph node metastases.17,18
The sentinel lymph node (SLN) is the first expected site of metastasis and the SLN
status is emerging as a prognostic indicator and tool for determining patients for
adjuvant therapy.19 It has been shown that patients with a melanoma positive SLN have
a worse prognosis than patients with a negative SLN.17,18,20,21,22,23,24,25 Complete
dissection of the lymph node region is reserved for patients who are most likely to
achieve a survival benefit from the procedure, patients with a SLN metastasis. The SLN
status has been shown to be a strong independent prognostic factor. Furthermore, the
SLN is the first point of contact between tumour-associated antigens (TAA) and
members of the adaptive immune system. In melanoma, antigen presenting cells
(APCs), (i.e Langerhans cells)26 take up TAAs in the skin and travel to the tumour
draining lymph nodes where they present TAAs to cytotoxic CD8+ T lymphocytes in the
context of MHC class I.27,28
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However, despite SLN status, gender or Breslow thickness, malignant melanoma
frequently exhibits unpredictable clinical behaviour and outcome. Further research to
identify additional relevant prognostic markers, is warranted.

1.4

Risk Factors and Tanning

Melanoma develops upon malignant transformation of melanocytes. Exposure to UV
radiation is thought to be the most important etiologic factor in the development of
melanoma.29 More important risk factors are family history of melanoma, presence of
numerous benign or atypical nevi and a previous melanoma.30 Immune suppression,
sensitivity and exposure to sunlight and UV radiation are other additional risk factors.31
Exposure to sunlight or UV causes genetic changes in the skin, impairs cutaneous
immune function, increases local production of growth factors and induces DNA
damage that affect keratinocytes and melanocytes.29,32 The tanning response is a
defence mechanism where melanocytes synthesize melanin and transfer it to
keratinocytes. In keratinocytes the melanin absorbs and dissipates ultraviolet energy.1
Difference in tanning response and differences in pigmentation is associated with
susceptibility to melanoma.33 Exposure to UV increases skin pigmentation, partly
through the action of the α-melanocyte-stimulating hormone (α-MSH) on its receptor,
the melanocortin receptor 1 (MCR1). In red-headed or light-skinned people the basis
for increased susceptibility to melanoma is mostly the presence of mutations in the
MCR1 gene that reduce the activity of the receptor causing a decrease in the
production of melanin, the main defence of melanocytes to UV radiation.34

1.5

Melanoma classification and staging

Melanoma is classified into four distinct clinical and histological subtypes: Superficial
spreading and nodular melanoma, being the two most common types and acral
lentiginous, and lentigo maligna melanoma. The American Joint Committee on Cancer
(AJCC) developed a staging system based on three important prognostic variables, the
Tumour-Nodes-Metastasis (TNM) classification.35 The primary criteria for the T
classification are tumour thickness (in millimetres) and presence or absence of
ulceration of the primary tumour. Melanoma thickness was first used as a staging
criterion by Breslow36 and increasing melanoma thickness is correlated with increasing
risk for local recurrences, regional and distant metastases and decrease in progression
free survival (PFS). Tumour ulceration is defined as the absence of an intact epidermis
overlying the primary tumour upon microscopic examination.37,38 A third criterion used
for defining subcategories of T1 melanomas is the level of invasion as defined by
Clark.39 The major determinants for the N classification are 1) the number of
metastatic lymph nodes involved, 2) whether the tumour burden is micro- or macrometastatic40 and 3) the presence or absence of satellite or in-transit metastases.41,42,43
In patients with distant metastases, the sites of metastases and elevated serum levels
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of lactic dehydrogenase (LDH) are used to delineate the M category. The TNM
categories are shown in Table 1. Ten-year overall survival decreases from 94% for stage
I patients (Breslow < 1.0 mm), 63% for Stage II patients (Breslow >2.0 mm), to 14% for
stage IV patients (systemic metastasis)(see Figure 2).20,35,44

Table 1: Melanoma TNM classification*
T Classification
Thickness

Ulceration Status
a without ulceration or level II/III

T1

<1.0 mm

b with ulceration or level IV/V
a w/o ulceration

T2

1.01-2.0 mm

b with ulceration
a w/o ulceration

T3

2.01-4.0 mm

b with ulceration
a w/o ulceration

T4

> 4.01 mm

b with ulceration

Number of metastatic nodes

Nodal metastatic mass

N Classification
a micrometastasisa
N1

1 node

b macrometastasisb
a micrometastasisa
b macrometastasisb
c in transit met(s)/satellite(s)

N2

2-3 nodes

without metastatic nodes

> 4 metastatic nodes, or
matted nodes or in transit
met(s)/satellite(s) without
N3

metastatic nodes

M Classification
Site

Serum LDHc

Metastases to distant skin,
subcutaneous tissues or distant
M1a

lymph nodes

normal

M1b

Lung metastases

normal

All other visceral metastases

normal

Any other metastases

elevated

M1c

* Adapted from Balch et al.35, Table 1
a Micrometastases are diagnosed after sentinel or elective lymphadenectomy
b Macrometastases are defined as clinically detectable nodal meastases confirmed by therapeutic
lymphadenectomy or when metastasis exhibits gross exracapsular extension
c LDH = Lactate dehydrogenase
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Figure 2: Depth of invasion was
first reported as a prognostic
factor in melanoma by Dr. A.
Breslow in 1970. 10-year
survival rate is related to
Breslow depth. The thickness
of the tumor is measured from
the surface till the deepest
located cell. Currently,
Breslow's depth is included in
the AJCC staging guidelines for
melanoma as a major
prognostic factor. Clark's level
is a related staging system,
often used in conjunction with
Breslow's depth.

1.6

Treatment and Sentinel Lymph Node Procedure

Surgical removal is the standard treatment for primary melanoma. Excision of the
primary tumour with prognosis-adapted side margins is recommended worldwide as a
basic therapeutic approach. In addition, patients now also undergo a sentinel lymph
node (SLN) procedure. To perform a SLN biopsy, the physician performs a
lymphoscintigraphy, wherein a radioactive blue dye is injected near the tumour. One
or several nodes may take up the dye and radioactive tracer, and these nodes, the
sentinel lymph nodes, are surgically removed.
Metastatic melanoma (MM) has a very poor overall prognosis and is known to be one of
the most resistant cancers to several different treatment modalities, like single-agent
and combination chemotherapy, chemo-immunotherapy and immunotherapy. There are
only two agents that are approved by the FDA for use in patients with MM: the
alkylating agent dacarzabine (DTIC) and IL-2.45,46,47

Both agents have an overall

response rate below 20%, with only rare long-term responders noted. Other
chemotherapeutic drugs have been used, including nitrosoureas (carmustine,
lomustine), vinca alkoids (vincristine, vinblastine), platinum compounds (cisplatin,
carboplatin) and taxanes (taxol, docetaxel), but none of these agents proved to be a
better drug then DTIC.48 Various combinations of chemotherapy did increase response
rates in melanoma patients but none prolonged survival.49 The mechanisms causing the
intrinsic drug resistance of melanoma cells are poorly understood. Multiple mechanisms
known to be involved in chemo- resistance, for example drug transport,50,51,52,53
detoxification

by
58,59

topoisomerases,

glutathione

conjugation,54,55,56,57

or

down-regulation

of

are investigated in melanoma but this mechanisms do not appear

to be a major factor in mediating drug resistance. Most chemotherapeutic drugs act
trough induction of apoptosis and the main cause for drug resistance is deregulation of
apoptotic pathways.60,61,62
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Melanomas are substantially more immunogenic than other tumours and immunological
factors appear to be important in development of melanomas. Current immunotherapeutic approaches for melanoma patients have only limited success even though
melanoma-specific CD8+ T cell responses can often be detected or generated in
patients.

2

The role of the immune system

Triggering an immune response against tumour cells without a response against the
normal counterparts would be an effective way to cure cancer. The ability of the
immune system to detect tumour cells and destroy them is called immune
surveillance.63 Since Burnet expounded the theory of immune surveillance, various cells
have been indicated as the "effectors" of the body immunological defence against
tumours. The immune system can be divided into the innate and the adaptive immune
system, each with different mediators. Among the major players in the adaptive
immune system are the T-lymphocytes. Mainly, two types of T-lymphocytes can be
identified: CD4+ T helper (Th) cells and CD8+ cytotoxic T (Tc) cells which selectively
recognise antigens presented on MHC class II or MHC class I respectively. In tumour
immunology, activated cytotoxic CD8+ T cells are probably the most important effector
cells together with Natural Killer (NK) cells and macrophages of the innate immune
system.

2.1

The adaptive immune response against melanoma cells

It has been shown that melanomas can elicit an immune response,64,65,66,67,68 and that
immune suppressed patients, for instance transplant recipients, have a higher
incidence of melanomas.69,70,71 There are reports describing a two- to fivefold increased
incidence in melanomas post transplantation.72,73
A large number of studies have shown that the adaptive immune response plays an
important role in the control of melanoma growth and spread.74,75,76 The adaptive
immune response largely depends upon lymphocytes, which provide lifelong immunity
following exposure to pathogens. It is known that melanoma cells can be effectively
eradicated in vivo by cytotoxic activity of MHC class I restricted CD8+ Granzyme B
positive (GrB+) T-cells.75,77,78 A T-cell mediated immune response requires migration of
these lymphocytes and the establishment of specific cell-cell contacts with other cell
types. Proper activation of a CD8+ T-cell mediated immune response requires antigen
to be presented in the context of the appropriate MHC class I molecules. MHC class I
molecules are hetero dimers consisting of a transmembrane α-chain, encoded by three
polymorphic loci HLA-A, -B and -C, which is non-covently associated with ß2microglobulin (ß2m). When a cell has lost expression of MHC class I molecules, it can no
longer be recognized by CD8+ lymphocytes but it might become susceptible to natural
killer (NK) cell recognition.79 Loss of MHC class I expression has been shown to be
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involved in immune escape and tumour progression80 and it has been correlated with
clinical outcome in melanoma patients.81,82 In addition, target cell killing by cytotoxic
T-cells requires the help of CD4+ T-helper (Th) cells.83 CD4+ Th cells require
presentation of antigens in the context of MHC class II antigens by professional antigenpresenting cells (APCs).84 MHC class II molecules are also hetero-dimers, but consist of
two homologous peptides, an α and β chain, each subunit contains 2 extra-cellular
domains, a membrane spanning domain and a cytoplasmic tail. The HLA class II region
map into three sub-regions: DR, DQ and DP and are encoded on the HLA region of
chromosome 6.85,86

2.2

Immunotherapy in melanoma

The idea of generating cytotoxic T-lymphocytes that have anti-tumour activity has
been the focus of many clinical trials aimed at delivering effective immunotherapy to
cancer patients. In addition, there are ongoing efforts to assess the presence and
function of effector cells within the tumour microenvironment. Tumour infiltrating
lymphocytes (TILs) have been observed in patients with melanoma, and TILs in these
patients have been associated with favourable clinical outcomes.87,88

2.3

Apoptosis

Apoptosis, or programmed cell death, is an active process that leads to cell death and
can be mediated by different signalling pathways. Characteristics of apoptosis are
morphological changes that include a shrinkage of the cytoplasm, membrane blebbing,
compaction of the nuclear chromatin, chromosomal DNA fragmentation, and the
formation of apoptotic bodies,89,90 which are eventually phagocytosed by macrophages
and other neighbouring epithelial cells.91 Apoptosis plays a fundamental role in a
variety of normal physiological processes, including functional self-organization
processes in the immune system and the central nervous system, morphogenetic
changes during the embryonic development, tissue homeostasis, and removal of
damaged cells. All the typical signs of apoptosis are the final result of a biochemical
cascade of events. Apoptotic signalling mainly converges in the activation of
intracellular caspases, a family of cystein-dependent aspartate-directed proteases
which propagate death signalling by cleaving key cellular proteins.92 To this day there
are three major caspase activating apoptotic pathways have been elucidated; the
death receptor-induced extrinsic pathway, the stress induced intrinsic pathway and the
GrB induced pathway.
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2.3.1 The Granzyme B induced pathway
GrB, a serine protease, is secreted by cytotoxic lymphocytes (CLs) after recognizing
virus-infected and/or tumour cells. CLs, which include cytotoxic T cells (CTL) and
natural killer (NK) cells, are effector lymphocytes that share common cytotoxic
pathways which are necessary for defence against intracellular pathogens, and are
involved in organ transplant rejection and anti-tumour responses.93,94 As shown in
figure 3, upon recognition, cytotoxic effector cells, kill target cells through induction
of pathways initiated by death receptors or through granule exocytosis.95,96,97,98 The
most abundant components present in cytotoxic granules are perforin 99,100 and a family
of serine proteases, termed granzymes95,101,102,103 Humans express five granzymes:
granzyme A, B, H, K and M.104,105 Granzyme K (GrK) which is trypsin-like and cleave
after basic residues and induces caspase independent cell death106 GrB which cleaves
after Asp residues107; GrM which cleaves after long unbranched hydrophobic residues,108
and GrH which has chymotrypsin-like (chymase) activity.109 To date, the most studied
cytotoxic granule proteases have been GrA and GrB. Although both granzymes are
involved in processes leading to DNA damage and/or fragmentation,110,111

Granzyme B

CTL
FasL

FADD

t-Bid

Cytochrome C

Active
caspases
8, 10

Apaf -1
1
Apoptosome

CARD
CARD

Active
caspase 9

cFLIP

XIAP

Apoptosis

Figure 3: Schematic representation of the Granzyme B induced signalling pathway

their actions are phenotypically and kinetically distinct, implying that they function by
distinct pathways.112 GrB is a rapidly acting apoptotic enzyme, while GrA appears to
act more slowly.113,114 GrB mediates direct cleavage of caspase 3115,116 and activates
mitochondrial disruption,106,117 resulting in the release of pro-apoptotic proteins that
suppress caspase inhibition. Both mitochondrial depolarisation and cytochrome c
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leakage occur in GrB-mediated lysis and GrB can cleave and activate the pro-apoptotic
member of the Bcl-2 family, Bid.118 Granzyme-truncated bid (gtBid) has a different
amino terminus than the caspase 8 cleaved form (tBid), but both translocate to the
mitochondria in association with Bax to bring about cytochrome c release119,120
Engagement of both pathways is critical for granzyme-induced killing.121

2.3.2 The intrinsic pathway
The intrinsic apoptosis pathway (see Figure 4) is engaged by cellular stress, such as
DNA damage induced by radiation, chemotherapy or oncogenes, or growth factor
withdrawal. The intrinsic apoptosis pathway directly impacts on the BcL-2 family with
pro- and anti- apoptotic proteins. B-cell lymphoma-2 (Bcl-2) family members play a
crucial role in the regulation of apoptosis as mediators in between apical stimuli and
the executory mechanisms of apoptosis.122 Members of this protein family directly
impact on mitochondrial outer-membrane permeabilisation (MOMP).123 MOMP is
responsible for the release of cytochrome c and other proteins of the mitochondrial
inter-membrane space.

p53
Cytochrome C

Bcl - 2

Apaf - 1
Apoptosome

Active
caspase 9

CARD
CARD
XIAP

Apoptosis

Effector
caspases
3, 6, 7

Figure 4: Schematic representation of the intrinsic apoptosis signalling pathway

The pro-apoptotic proteins Bax and Bak are required for MOMP, while the antiapoptotic Bcl-2 proteins, including Bcl-2, Bcl-xL, Mcl-1, and others, prevent MOMP.124
After membrane permeabilisation, cytochrome c is released from the mitochondrial
inter-membrane space, which causes oligomerisation of apoptotic protease activating
factor-1 (APAF-1) resulting in the formation of the apoptosome.

125

This complex, in

turn, recruits and activates pro-caspase 9, which subsequently activates effector
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126

caspases 3 and 7.

These effector caspases are responsible for the apoptotic

hallmarks, such as chromatin condensation, plasma membrane asymmetry and cellular
blebbing.

2.3.3 The extrinsic pathway
Another way to activate the caspase cascade is initiated from the cell surface by
apoptotic stimuli, the extrinsic or the death receptor pathway (see Figure 5).127 For
instance, TNF and Fas-Ligand have been shown to induce the caspase cascade by
binding and activating their membrane receptors, TNF receptor-1 (TNFR1) and Fas,
respectively. These receptors belong to the TNF receptor (TNFR) family in which other
related receptors, for example TRAIL receptors DR3 and DR4, are also included.96
Binding of the specific ligand to its receptor is shown to induce the trimerisation of
ligand-bound receptors. This structural change appears to enhance the interaction
between the death domains (DD) of the membrane bound receptors and the
cytoplasmic death domain-containing proteins.127

Death receptor inducing
ligands (a/o FasL, TNF,
TRAIL/Apo2L)
Death receptors
(Fas, TNF R1,
TRAIL)
FADD

Cytochrome C

t-Bid

Active
caspases
8, 10

DISC

Apaf-1
Apoptosome

CARD
CARD

Active
caspase 9

cFLIP

XIAP

Apoptosis

Effector
caspases
3, 6, 7

Figure 5: Schematic representation of the extrinsic apoptosis signalling pathway

For example, Fas associates with the Fas-associated death domain protein (FADD)
through the death domain-death domain interaction. FADD has another important
domain, the death effector domain (DED). Fas-bound FADD can physically associate
with the DED domain of the initiator caspase 8, through the DED-DED interaction. The
interaction of caspase 8 with FADD results in homo-dimerisation and activation of
caspase 8128,129 subsequently leading to the activation of downstream effector
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caspases, including caspase 3. The extrinsic pathway can also activate an alternate
“intrinsic” pathway and the functional cross-talk between both pathways involves the
caspase 8 dependent cleavage of Bid, a pro-apoptotic Bcl-2 family member which
promotes mitochondrial release of cytochrome c leading to the formation of the
apoptosome as described above.125,130

2.3.4 Endoplasmic reticulum and apoptosis
In the endoplasmic reticulum (ER), proteins obtain their mature conformation after
post-translational modification, folding and oligomerisation. Accumulation of misfolded proteins in the ER activates the unfolded protein response (UPR), a conserved
signalling pathway leading to repair of ER folding or, in case of severe damage, to
initiation of apoptosis. In the lumen of the ER, Ca2+ is stored, and disturbance of the
Ca2+ homeostasis initiates apoptosis.

131, 132

Mitochondrial involvement in ER stress-

induced cell death has been shown by the release of cytochrome c from mitochondria
after induction of ER stress. In addition, Bcl-2 has been shown to inhibit ER stressinduced apoptosis.133,134 Members of the Bcl-2 family are localized on the intracellular
membrane of the ER and regulate ER Ca2+ homeostasis, probably by influencing
membrane permeability. Ca2+ release may induce apoptosis by influencing the
mitochondrial PTP or by direct activation of caspase-12.133 This caspase is localized on
the ER membrane and is specifically activated during ER stress-induced apoptosis.135,136
The mechanism of caspase-12 activation is not completely clear. Besides caspase-12,
other ER-associated pro-apoptotic molecules, like BcL-2 and caspase-8, have been
reported.137

3

3.1

Evasion of the Immune response by melanoma cells

Immune suppression

The role of antigen presentation and the molecules involved in T-cell activation have
provided insight on how tumour cell evade immune responses and therefore provided
possible immuno-therapeutic strategies. Dysplastic naevi and an increased number of
naevi have been associated with melanoma138 and interestingly, excess naevi have also
been associated with immunodeficiency.69 Over the past decade several mechanisms
used by melanomas to suppress tumour-specific immune responses have been
discovered, including regulatory immune cells within the tumour microenvironment and
draining lymph nodes that serve to shut down effector T-cell function. In addition,
melanoma tumours themselves express a number of soluble and membrane-bound
molecules that are responsible for inhibiting activated immune cells. These suppressive
mechanisms provided significant opportunities for designing novel therapeutic
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interventions that could augment current vaccination and adoptive transfer approaches
for treatment of melanoma.139

3.2

Regulatory T cells

Tumour cells express a range of antigens including self-antigens and non-self antigens.
Immune responses to both types of antigen have been identified in cancer and these
responses are typically weak and generally fail to result in tumour rejection.
Accumulating evidence indicates that a population of T cells, namely CD25+ regulatory
cells (Treg cells), is at least partly responsible for the poor immunogenicity of tumour
cells. Regulatory T cells are an immunosuppressive population of T cells expressing high
levels of CD25, constituting 2% to 3% of the total CD4+ T cell population. Treg cells
provide peripheral immune tolerance in normal individuals and elimination of Treg cells
results in severe autoimmunity. Although the precise mechanism of Treg cell-induced
immune

suppression

is

not

understood,

they

act

in

part

by

secreting

immunosuppressive cytokines and suppressing the activation and proliferation of T cells
in both cell contact-dependent and contact-independent mechanisms. Increased
frequencies of peripheral Treg cells have been reported in a variety of malignancies
and they may partially suppress the anti-tumour immune response in cancer. Human
melanoma metastases also have been shown to contain FoxP3-expressing CD4+CD25+
regulatory T cells and these cells can suppress the activation of tumour antigen-specific
effector T cells in vitro.
Foxp3, an X chromosome–encoded Forkhead transcription factor family member, is
indispensable for the differentiation of regulatory T cells. FoxP3 is predominantly
found in CD4+CD25+ Treg cells. FoxP3 expression is both necessary and sufficient for the
development and function of Treg cells, making it one of the most Treg cell-specific
markers.140

3.3

Tumour Associated Antigens

Tumour associated antigens (TAAs) can be divided into 3 major groups: 1) tissuespecific antigens, expressed on tumour cells and on normal tissue cells, 2) TAAs express
in low levels on normal cells and are over-expressed on tumour cells, and 3) tumour
cell specific TAA. In the case of melanoma over the last years significant progress has
been achieved in the identification of melanoma-associated antigens (MAA) recognized
by cytotoxic T lymphocytes (CTL).141,142,143 These antigens belong to three main groups:
tumour-associated

testis-specific

antigens

(MAGE,

BAGE,

GAGE

and

PRAME),

melanocyte differentiation antigens (tyrosinase, Melan-A/MART-1, gp100, TRP-1 and
TRP-2) and mutated or aberrantly expressed antigens (MUM-1, CDK4, beta-catenin,
gp100-in4, p15 and N-acetylglucosaminyl-transferase V).144 The development of a
strong immune response against differentiation antigens is limited by the existence of
tolerance against these 'self' antigens, permitting the involvement of only T cells with
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low affinity T cell receptors.145,146,147

Down-regulation of melanoma-associated

antigens (MAAs), making the tumour cell invisible for the immune system, is one of the
mechanisms that tumour cells use to escape immune surveillance.

3.4

Major Histocompatibility Complex I down regulation

Another way tumour cells use to be invisible for the immune system is down- regulation
of MHC class I molecules. To initiate an effective immune response the T lymphocytes
have to recognise an antigen-derived peptide fragment that is presented via the major
histocompatibility complex (MHC) molecules on the cell surface of an APC.
To initiate an effective immune response the T lymphocytes have to recognise an
antigen-derived peptide fragment that is presented via the MHC molecules on the cell
surface of an APC. Malignant transformation of melanocytes may be associated with
changes in the expression of MHC class I antigens. Melanomas have been frequently
described to down-regulate expression of MHC class I molecules.148,149

3.5

Major Histocompatibility Complex class II expression

MHC class II proteins (HLA-DR, HLA-DP and HLA-DQ) play a fundamental role in the
regulation of the immune response. The level of expression of MHC class II antigens is
partly regulated by interferon-gamma (IFNγ) and depends on the class II trans-activator
protein (CIITA), a co-activator of the MHC class II gene promoter. Melanoma cells have
been described to show IFNγ induced MHC class II up-regulation.150 Melanoma cells
have been described to express constitutive expression of MHC class II molecules.151,152
Although MHC class II presentation of TAA by melanoma cells has been described,153
MHC class II expression was shown to be associated with a better progression of primary
melanoma and a higher metastatic dissemination.154 Constitutive expression of MHC
class II in melanomas is considered nowadays as a progression marker.155,156 Therefore,
it was proposed that MHC class II expressing tumours might mimic an APC and induce
lymphocyte anergy by the lack of accessory signals.157,158
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3.6

Apoptosis resistance

Apoptosis is controlled by multiple regulatory proteins, both inhibitory and stimulatory,
to maintain the balance between cell survival and cell death. These proteins act on all
levels of each apoptotic pathway.

3.6.1 Inhibition of the Granzyme B induced apoptosis pathway
Cytotoxic effector cells contain a potent inhibitor of GrB, known as proteinase
inhibitor-9 (PI-9).159,160 This human serine protease inhibitor (serpin) is expressed by
cytotoxic lymphocytes (CLs), endothelial cells, epithelial cells,161 and mature dendritic
cells (DCs).162 PI-9 has a cytoplasmic and nuclear distribution,163 and it can form a tight
complex with GrB. Cells expressing intracellular PI-9 resist apoptosis induced by GrB
and perforin. PI-9 has an important role in protecting cells against misdirected GrB.
Other substrates for GrB have been described with anti-apoptotic effects. Recent
studies have suggested that in the absence of Bid, GrB can utilize an alternative
pathway to mediate mitochondrial apoptotic events. Mcl-1 is a high affinity binding
partner of Bim. This BH3-only protein is capable of mediating the release of
mitochondrial cytochrome c, and this activity is inhibited by the presence of exogenous
Mcl-1L.164 It has been shown that the disruption of the Mcl-1/Bim complex by GrB
initiates a major Bim-mediated cellular cytotoxic mechanism that requires the
elimination of Mcl-1 following its initial cleavage.165 Since GrB can induce apoptosis via
the intrinsic pathway via truncation of Bid (gtbid) inhibitors of the intrinsic apoptotic
pathway can inhibit GrB induced apoptosis as well.121

3.6.2 Inhibition of the intrinsic pathway: Bcl-2 family
The Bcl-2 family can be divided into three functional groups: 1) anti-apoptotic Bcl-2like members (Bcl-2, Bcl-XL, Bcl-w, Mcl-1, and A1), 2) pro-Apoptotic Bax-like members
(Bax, Bak and Bok), and 3) Pro-apoptotic BH3-only members (Puma, Noxa, Bid, Bim,
Bmf, Bad, Bik, and Hrk). The cell controls apoptosis by finely balancing the expression
and activities of pro-survival proteins with those of pro-apoptotic proteins. In terms of
protein structure, all Bcl-2 family proteins possess one or more Bcl-2 Homology (BH)
domains, BH1, BH2, BH3,and BH4. Pro-survival members share al four BH domains166
(except Mcl-1, which does not contain BH4). Pro-apoptotic members, like Bax, Bid and
Bak, contain either BH1-3 domains or only have a BH3 domain. BH3-only proteins
function as 'damage sensors' and are activated in response to cellular stress or DNA
damage initiating apoptosis.167,168 BH3-only proteins function as the “damage sensors”
of the cell. They are activated in response to cellular stress or DNA damage, where
upon they initiate apoptosis.169 BH3-only proteins are activated to induce apoptosis by
a diverse range of stimuli including cytokine withdrawal, loss of adhesion to the extra-
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cellular matrix, DNA damage (by chemotherapeutic drugs or radiation), and oncogene
activation. Distinct BH3-only proteins are induced depending on the nature of the
cytotoxic stimulus and the tissue type involved. BH3only proteins are a subgroup of the
Bcl-2protein family, al of whose members either promote or inhibit apoptosis. These
proteins usually form hetero-dimers between the anti-apoptotic multi-domain members
and the pro-apoptotic BH3-only proteins. As a consequence, mitochondrial apoptogenic
proteins are released into the cytoplasm and the apoptotic signal proceeds towards
execution phase of the apoptotic process. Deregulation of BH3-only proteins may
promote tumorigenesis.170,171

3.6.3 Inhibition of the intrinsic pathway: IAP family
The inhibitor of apoptosis (IAP) proteins (NAIP, cIAP-1 and -2, XIAP, surviving and MLIAP/livin), comprise a family of apoptosis regulators characterized by presence of one
or more zinc-binding domains.172 These proteins protect against a variety of apoptotic
stimuli including CD95, UV radiation, and various chemotherapeutic drugs.173 They
function as caspase inhibitors at different points in the caspase cascade.174,175,176,177 The
IAPs are held in an inactive state by the mitochondrial protein SMAC/DIABLO,178,179
which is released from the mitochondria after an apoptotic stimuli, relieving the IAPcaspase interaction, freeing the caspase for downstream completion of apoptosis.
Several members of the IAP family are described to play a role in melanoma apoptosis
resistance. Expression of the IAP family member survivin, is described to be expressed
in melanoma180 but hardly in normal tissue apart from during foetal development.181
Survivin induces apoptosis in de G2/M phase of the cell cycle in malignant cells.182,183
Also ML-IAP is described to contribute to melanoma transformation,184 however, the
precise role of ML-IAP in apoptosis is likely to be complex; two isoforms that differ in
the linker sequence between the BIR and RING domains manifest varying anti-apoptotic
capacities,185 and the caspase-mediated cleavage of ML-IAP generates pro-apoptotic
forms.184 XIAP up-regulation is associated with chemotherapy resistance and is
described to be up- regulated in melanoma.186 Apoptosis-inducing factor (AIF) is
expelled from mitochondria after some apoptotic stimuli and translocates to the
nucleus, which may contribute to DNA and nuclear fragmentation. AIF is located in the
mitochondrion to perform a vital normal function in energy production. Once it
translocates to the nucleus, however, the cell might die either of energy failure or
nuclear fragmentation.187
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3.7

Inhibition of the extrinsic pathway

The extrinsic pathway is in part regulated by coordinated expression of death inducing
and decoy receptors on the cell surface.96 Furthermore, a structural homologue of
caspase 8, c-FLIP (cellular Fas-associated death domain-like IL-1-converting enzymelike inhibitory protein),188,189,190,191 has been described to be an important regulator of
the extrinsic, caspase-8 mediated, pathway. This protein resembles caspase 8 but lacks
proteolytic activity192 and can prevent auto-proteolytic cleavage and subsequent
activation of downstream caspases by its ability to inhibit recruitment of caspase to
the DISC.193,194,195

Both known forms of c-FLIP, c-FLIPlong and c-FLIPshort can be

incorporated into the DISC and associate with caspase 8. c-FLIPshort is known to inhibit
the apoptotic signal but whether c-FLIPlong exerts an anti- or pro-apoptotic signal is still
under debate.129,186,195,196,197,198
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4

Outline of the thesis

In this thesis we attempted to get more insight in the role of the cellular immune
response in melanoma dissemination. Detecting the dysfunctional apoptotic program in
melanoma cells and the cause of failure of the immune system to clear the tumour
cells from the body, may be key requisites to overcome drug resistance, and improve
clinical outcome. Determining of the role of the cells of the immune system and the
apoptotic regulators expressed in the melanoma cells may provide us with new insights
on how to induce apoptosis in melanoma cells or make the tumour cell more
susceptible for therapy.
Chapter 2: Favourable outcome in clinically stage II melanoma patients is associated
with presence of activated tumour infiltrating T-lymphocytes and preserved MHC class I
antigen expression
We shown that a favourable clinical outcome was strongly associated with the presence
of GrB+ and CD4+ TILs, with expression of MHC class I antigens on tumour cells and with
expression of MHC class II antigens on intra-tumoral antigen presenting cells’.
Chapter 3: Absence of Granzyme B positive TILs in primary melanoma biopsies predicts
presence of sentinel lymph node metastasis
Sentinel Lymph Node (SLN) status is strongly related to clinical outcome in melanoma
patients and we investigated whether presence of activated and/or regulatory Tumour
Infiltrating Lymphocytes (TILs) predicts SLN status in clinically stage I/II melanoma
patients.
Chapter 4: Expression of the Apoptosis Inhibitor Protease Inhibitor 9 Predicts Clinical
Outcome in Vaccinated Patients with Stage III and IV Melanoma
We have shown, in stage III/IV melanoma patients, that presence of activated (GrB+)
CTLs in primary biopsy specimens is correlated with a favourable prognosis following
treatment with irradiated autologous tumour cell vaccination.
Chapter 5: Expression of c-FLIP is primarily detected in Diffuse Large B-Cell Lymphoma
and Hodgkin Lymphoma and correlates with lack of caspase 8 activation. Inhibition of
apoptosis is important in the pathogenesis of lymphomas and c-FLIP, plays an
important role in protecting normal B- and T-cells from apoptosis and possibly also in
lymphomas. Because of contradictory reports about immuno histochemical detection
of c-FLIP expression in paraffin embedded tissue, we tested the specificity of four
antibodies and subsequently investigated expression of c-FLIP in different lymphoma
types.
As described in the addendum of chapter 5 we failed to detect expression of c-FLIP on
paraffin embedded tissue of melanoma cells, although c-FLIP expression was detected
at mRNA level by RT-MLPA analysis in isolated melanoma cell. Thus, expression of c-
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FLIP at protein level in melanoma is most likely below the detection limit of the tested
antibodies, indicating that expression levels in melanoma is below expression levels
detected in lymphomas.
Chapter 6: Downstream disruption of the intrinsic apoptosis pathway is a key event in
a subset of melanomas, but is not related to poor outcome following tumour cell
vaccination therapy.
To investigate whether disruption of the apoptosis cascade results in a poor response
after autologous tumour cell vaccination in melanoma patients, we determined
expression profiles of apoptosis regulating genes in melanoma cells isolated from
patients and correlated these profiles with clinical outcome. Apoptosis expression
profiles were determined by RT-Multiplex Ligation-dependent Probe Amplification.
Functional integrity of the intrinsic apoptosis pathways was determined measuring
caspase activity after induction of apoptosis.
Finally, in the general discussion (chapter 7) we discuss the possible consequences of
the results presented in this thesis. We discuss the role of a “proper” cellular immune
response and the significance of the presence of different cellular subsets. Inhere we
provide possible explanations for variable responses of melanoma patients.
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Cellular immune response plays an important role in stage II melanoma
Summary
In this study we investigated if presence of specific populations of Tumour Infiltrating
Lymphocytes (TILs) in diagnostic primary melanoma biopsies are related to outcome in
clinically stage II melanoma patients. Moreover, we investigated whether presence of
TILs correlates with expression of MHC class I antigen and MHC class II antigen on tumour
cells and/or tumour infiltrating Antigen Presenting Cells.
Diagnostic primary melanoma samples of 15 patients with an unfavourable outcome were
compared to 20 patients with favourable outcome. Patients 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 antigen and MHC class II
antigen on tumour and/or tumour infiltrating cells.
A favourable clinical outcome was strongly associated with the presence of GrB+ and CD4+
TILs, with expression of MHC class I antigen on tumour cells and with expression of MHC
class II antigen on intratumoral antigen presenting cells. These data strongly support the
notion that in melanoma patients the cellular immune response is a major factor in
preventing melanoma cell dissemination.

Introduction
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 populations across the
world.1,2 Clinical outcome in melanoma patients depends on several variables of which
tumour thickness is an important factor (according to Breslow).3 The five year survival
rate for patients with a Breslow thickness <1.5 mm is more than 90% whereas survival in
patients with a Breslow thickness of >3.5 mm is only 50%.4 Other important prognostic
factors are, amongst others, gender and age.5,6,7 Fatal outcome in melanoma patients
often 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 patients with a melanoma sentinel lymph node (SLN) metastasis have
a worse prognosis than patients without a SLN metastasis.8,9 However, despite known
prognostic parameters, outcome often remains unpredictable and further research to
identify additional relevant prognostic markers is warranted.
It has previously been shown that melanomas can elicit an immune response10,11 and that
melanoma cells can effectively be eradicated in vivo by cytotoxic activity of MHC class I
antigen restricted CD8+ Granzyme B (GrB+) T-cells.12 Thus, a possible explanation for
differences in clinical outcome might be that a proper immune response, although
incapable of preventing the primary tumour 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
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Proper activation of a CD8+ T-cell mediated immune response requires antigen to be
presented in the context of the appropriate MHC class I molecules. MHC class I molecules
are hetero dimers consisting of a transmembrane α-chain, encoded by three polymorphic
loci HLA-A, -B and -C, which is non-covalently associated with ß2-microglobulin (ß2m).
When a cell looses expression of MHC class I molecules, it can no longer be recognised by
CD8+ lymphocytes but it might become susceptible to natural killer (NK) cell
recognition.15 Loss of MHC class I antigen expression has been shown to be involved in
immune escape and tumour progression12,16, 17 and has been associated with poor clinical
outcome.18,19 In addition, target cell killing by cytotoxic T-cells (CTLs) requires the help
of CD4+ T-helper (Th) cells.20,21 CD4+ Th cells require presentation of antigens in the
context of MHC class II by professional antigen-presenting cells (APCs).22,23 MHC class II
molecules are also heterodimers, but consist of two homologous peptides, 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 three 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 patients, that presence of activated
(GrB+) CTLs in primary biopsy specimens is correlated with a favourable prognosis
following treatment with irradiated autologous tumour cell vaccination.26 In the current
study, we investigated if presence of GrB+ Tumour Infiltrating Lymphocytes (TILs) in
diagnostic primary melanoma biopsies is related to clinical outcome in clinically stage II
melanoma patients. Moreover, we investigated whether presence of TILs correlates with
expression of MHC class I and MHC class II antigens on tumour cells and/or tumour
infiltrating APCs.

Patients, material and methods
Patients and clinical characteristics
Patients primarily diagnosed with stage II melanoma were treated with surgical resection
of the primary melanoma and a sentinel lymph node procedure (SNP) in the VU University
Medical Center.27 Two groups of patients were selected on the basis of contrasting
clinical outcome. Unfavourable outcome was determined by the development of
metastasis overtime and favourable outcome was determined by no sign of recurrence at
time of last follow-up. Fifteen patients with an unfavourable outcome (median follow up
35 months) were compared to 20 patients with favourable outcome (median follow up 46
months). Patients were further selected to have comparable age, gender distribution and
Breslow thickness to avoid a confounding effect of these known prognostic 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, Netherlands.
Antibodies and Immunohistochemistry
Paraffin embedded three μm tissue sections of primary melanoma biopsies were treated
as described previously.26,
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Lymphocytes were characterised for expression of CD4,

Cellular immune response plays an important role in stage II melanoma
CD8, CD56 and GrB using the following antibodies: monoclonal antibody (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 antigen on
melanoma cells was investigated using a polyclonal antibody against ß2m (rabbit Ig,
Dako), the mAb HCA2 and mAb HC10 preferentially recognizing HLA-B/C locus
products30,31(kindly provided by Prof. Dr. J. Neefjes, Netherlands Cancer Institute,
Amsterdam, Netherlands). The mAb HCA2 reacts preferentially with HLA-A locus heavy
chains. Its reactivity contrasts with that of HC10, a mAb with preferential 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 antigens respectively, to obtain mAbs that would still react with
denatured class I antigens, as they occur in conventional light microscopically analysis of
formalin-fixed, paraffin-embedded sections.
Expression of MHC class II antigen was determined using a mAb recognizing HLA-DR
(mouse IgG2b, clone LN3, VUmc, Amsterdam Netherlands). For staining with antibodies
against GrB, MHC class II, CD8, CD56 and HLA-B/C, antigen retrieval was performed with
10mM Na-citrate, pH6 and for staining with antibodies against HLA-A and CD4 antigen
retrieval was performed with 10mM TRIS, 1mM EDTA, pH 9. No antigen retrieval was
required for staining with anti-β2m antibody. Following antigen retrieval, primary
antibody was applied and visualisation was performed with either the EnvisionTM
horseradish peroxidase system (DakoCytomation, Glostrup, Denmark) for MHC class I,
MHC class II, CD8 and CD56, or Power Vision plusTM system (Immunologic, Duiven,
Netherlands) for GrB and CD4 according to manufacturer’s instructions.
Characterization of GrB+ TILs
Double staining was performed to determine whether GrB+ TILs are activated cytotoxic
CD8+ TILs. To detect double positive (GrB+CD8+) cells, slides were first incubated with
GrB7 (mouse IgG2a) as described above followed by a goat-anti-mouse IgG2a -HRP
(SouthernBiotech, Birmingham, AL) and subsequently incubated with H2O2. Subsequently,
slides were incubated with either anti-CD8 or anti-CD4 antibody as described in the
section above followed by goat-anti-mouse IgG1-Biotin (SouthernBiotech). Visualization of
CD4 or CD8 was performed with streptavidin-Alexxa488 (Molecular Probes, Invitrogen,
Breda, Netherlands). Images of CD8=GrB= TILs were recorded using a confocal laser
scanning microscope a 40x oil objective was used. In order to visualize tissue
compartments as well as the difference between TILs and lymphocytes surrounding the
tumour, the gain and offset settings of each individual channel were optimised such that
some noise is introduced to show the tissue compartments.
Interpretation of the staining
For interpretation of staining with antibodies against CD4, CD8, CD56, GrB, MHC class II
(HLA-DR), and MHC class I antigens (HCA2, HC10 and ß2m), lymphocytes surrounding the
tumour served as internal positive control for the staining. The presence of CD4+, CD8+,
and GrB+ lymphocytes was scored in two groups: cases with positive TILs (>1 per high
power field (HPF) and cases without TILs (<1 per HPF). The difference between
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melanoma cells and lymphocytes was based on morphological examination (see also
Figure 1). Percentages of HLA-A, HLA-B/C and ß2m expressing tumour cells were scored
semi-quantitatively in steps of 10% from 0% -100%.32 APCs present in tissue surrounding
the tumour area functioned as positive control for HLA-DR staining. Expression of MHC
class II antigen was based on HLA-DR staining and tumour cells were recognised based on
morphological examination (see Figure 1). Expression of MHC class II antigen on tumour
infiltrating APCs was scored as described above for MHC class I.

Figure 1: Photo’s of immunohistochemical staining of TILs
Melanoma biopsy with: A)GrB+ TILs, B) without GrB+ TILs, but with GrB+ cells surrounding the tumour,
C) CD8+ TILs, D) without CD8+ TILs, but with CD8+ cells surrounding the tumour, E) Images of CD8
(green) and GrB (red) double positive TILs (yellow, arrow). Some noise was introduced to visualize
tissue compartments as well as the difference between TILs and lymphocytes surrounding the tumour.
Single positive cells were observed in tumour periphery, F) Melanoma biopsy with HCA2+ tumour cells,
G) Melanoma biopsy with HC10+ tumour cells, H) Melanoma biopsy with ß2M+ tumour cells, I) Melanoma
biopsy with HLA-DR+ tumour cells.
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Statistical analysis
Progression free survival (PFS) time was determined from date of first diagnosis of
primary tumour until date of diagnosis of disease metastasis. Overall survival (OS) time
was determined from date of first diagnosis of primary tumour until date of disease
related death. Patients without a recurrence were censored at the last time of followup. One patient died of a cause unrelated to the disease and was censored. Differences
between the Kaplan Meier curves were analysed using the Log-rank test. Qualitative
variables were analysed 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 statistical analysis. If p values ≤ 0.05 they were considered significant. All
analyses were performed using the SPSS statistical software (version 12 SPSS, Inc,
Chicago, IL.).

Results
Patient characteristics
Patients were selected based on comparable important prognostic parameters and the
two 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, patients with an unfavourable outcome were
more frequently male than female, which is consistent with previous studies.6
Presence of activated cytotoxic TILs and CD4+ TILs cells is associated with a
favourable clinical outcome
The two predefined groups with different clinical outcome were compared and in
patients with favourable outcome CD4+ TILs and GrB+ TILs were significantly (p = 0.02 and
p = 0.01, respectively) more frequently detected than in patients with unfavourable
outcome (see Table 1). Furthermore, patients with a favourable outcome tended to
harbour more CD8+ TILs (See table 1, p = 0.08). Staining for different TIL populations are
shown in Figure 1.
Double staining procedures (see Figure 1e) showed that GrB+ TILs were also CD8+ TILs and
therefore were considered to be activated cytotoxic TILs (acTILs). In 2/34 cases GrB+ TILs
but no CD8+ TILs were detected. These GrB+ cells were CD56- indicating that these cells
were not NK cells. In none of the primary melanoma biopsies CD56+ positive tumour
infiltrating NK cells were detected.
The presence of acTILs correlated strongly with the presence of both CD4+ and CD8+ TILs
(Table 2). Thus, based on the analysis of TILs, two groups of melanomas could be
identified: one group of melanomas showing infiltration of acTILs as well as infiltration of
CD4+ T-cells and one group of melanomas without infiltration of acTILs or CD4+ TILs. As
expected from these results a strong significant correlation was observed between
individual scoring results for the TIL subpopulations (see Table 2).
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Subsequently, patients were stratified according to the presence or absence of the
respective TIL populations and Kaplan-Meier curves were constructed to estimate
differences in PFS and OS. The presence of GrB+ (Figure 2a), CD8+ (Figure 2b) and CD4+
(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 correlation between TILs and progression free survival.

The Kaplan-Meier curves show
significant

differences

in

progression free survival (PFS) if
TILs were present or absent.
Patients

have

a

significantly

longer PFS (months) if: a) GrB+
TILs (p = 0.02), and b) CD8+ TILs
(p = 0.04) are present c) CD4+
TILs are present (p = 0.005).
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Table 1: Tumour characteristics in relation to clinical outcome

Clinical outcome
Favourable

Unfavourable

outcome

outcome

p-value

Median age

53 (26-75)

57 (31-84)

ns2

Median Breslow

2.5 (2.1-4.0) mm

2.7 (2.2-4.0) mm

ns2

Sentinel lymph node
negative

14

8

positive

6

6

male

9

11

female

11

3

absent

3

8

present

17

6

absent

5

8

present

15

6

absent

4

9

present

16

5

absent

2

6

present

18

7

loss

5

10

preserved

15

3

negative

14

11

positive

6

3

ns

Gender
ns

Tumour Infiltrating Lymphocytes
CD4+ TILS
p = 0.02

+

CD8 TILS
ns

+

GrB TILs
p = 0.01

APCs
MHC class II (nd =1)
p = 0.04

Melanoma cells
MHC class I 1 (nd = 1)
p = 0.005

MHC class II
ns

Abbreviations: ns= not significant, nd = not determined, due to lack of available tissue, absent means
that lymphocytes were only detected around tumour and no infiltrating lymphocytes detected and
present means infiltrating lymphocytes detected.
1
preserved expression of MHC-I (described in m&m) = >50% β2M + > 80% HLA-A/B/C.
2
As determined by Mann-Whitney U-test.
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Table 2: Presence of acTILs (GrB+) is correlated with presence of several mediators of adaptive
immune system.
activated cytotoxic TILs
absent

present

absent

11

2

present

2

20

absent

8

3

present

5

19

absent

6

2

present

6

20

≤50%

9

3

>50%

4

17

8

5

5

17

lost

10

5

preserved

3

15

12

14

1

8

p-value1

Tumour Infiltrating Lymphocytes
CD8+ TILs

P = < 0.001

+

CD4 TILs
P = 0.007

APCs
MHC class II2
P = 0.01

Melanoma cells
ß2M3
P = 0.003

HLA-A/B/C
<80%
>80%
MHC class I

P = 0.02

4

P = 0.005

MHC class II
negative
positive
1

2

ns

As determined by Pearson’s Χ test of Fisher exact test, when appropriate
In one case expression could not be determined due to lack of tissue
3
In two cases expression could not be determined due to lack of tissue
4
Preserved expression of MHC class I (described in m&m) = >50% β2M + > 80% HLA-A/B/C
NS = not significant.
2
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Expression of MHC class I antigen is associated with the presence of acTILs
The mean percentage of tumour cells expressing HLA-A and HLA-B/C was determined at
80% and the mean percentage of tumour cells expressing ß2m was 50%. Based on the
mean percentages of expression of the three individual markers (see Figure 1 F,G and H),
MHC class I antigen expression was considered preserved if both HLA-A and HLA-B/C
expression was detected on at least 80% of the tumour cells and ß2m was expressed on ≥
50% of the tumour cells. Complete loss of MHC class I antigen expression on tumour cells
was observed in one case for HLA-B/C and in two cases for ß2m. All other patients
showed expression of the three different markers ranging from 10% to 100% positive
tumour cells. A significant correlation was found between expression levels of HLA-A and
HLA-B/C (p = 0.004, Pearson’s Χ2 test) and between expression of HLA-A/HLA-BC and
ß2m (p = 0.002, Pearson’s Χ2 test). More importantly, a strong correlation was detected
between expression of MHC class I antigen on tumour cells and presence of acTILs, both
for individual markers and for preserved (>50% β2M + > 80% HLA-A/B/C) MHC class I
antigen expression (see Table 2). When comparing the two groups with different clinical
outcome, it appeared that clinically favourable cases are usually characterised by
preserved MHC class I antigen expression on melanoma cells (see Table 1). If patients
were stratified according to MHC class I antigen expression on tumour cells, preserved
MHC class I antigen expression was indeed significantly associated with a favourable
progression free survival (see Figure 3a, Log rank test; p = 0.005).

,

Na controle van onze boekhouding is gebleken dat u

Figure 3: Preserved MHC class I antigen expression and presence of MHC class II antigen expressing
APCs is associated with longer progression free survival
The time scale is in months. Kaplan-Meier curves demonstrate that a) Patients with preserved MHC
class I antigen expression, have a significant better PFS (p = 0.005). b) Presence of intra tumoral MHC
class II antigen expression on APCs is significantly correlated to longer PFS (p = 0.01).
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Expression of MHC class II antigen on APCs correlates with the presence of CD4+ TILs
Tumour infiltrating MHC class II antigen 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 infiltrating MHC class II
antigen expressing APCs correlated significantly with favourable prognosis (see Figure
3b). No expression of MHC class II antigen was detected on normal melanocytes (not
shown); however, in 9/35 (26%) melanomas MHC class II antigen expression was detected
in 10 to 80% of tumour cells. Expression of MHC class II antigen on melanoma cells
correlated significantly with presence of tumour infiltrating CD4+ cells (p = 0.03, see
Table 3). No correlation with progression free survival was observed.

Table 3: MHC class II expression on both tumour cell and infiltrating cells is correlated with
presence of CD4+ TILs.
CD4+ TILs
absent

present

negative

11

15

positive

0

9

5

3

5

21

MHC class II
tumour cells:

expression

p-value1

on

P = 0.03

MHC class II expression on APCs
negative
positive
1

P = 0.03

2

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

Discussion
In this report we have shown that diagnostic biopsies of clinically stage II melanoma
patients with a favourable outcome are characterised by presence of activated (GrB+ and
CD8+) TILs and T helper (CD4+) TILs, whereas these TILs are absent in melanoma biopsies
of most patients with unfavourable clinical outcome. Moreover, we have shown that
presence of acTILs and CD4+ TILs correlates with preserved MHC class I antigen
expression on tumour cells and with the expression of MHC class II antigen on tumour
infiltrating APCs and with MHC class II antigen expression on tumour cells.
Our results are in accordance with

previous studies demonstrating that presence of

lymphocytes is associated with a favourable clinical outcome in melanoma biopsies.33,34,
35

Furthermore, our data demonstrate that melanoma infiltrating T-lymphocytes consist

of CD4+, CD8+ and GrB+ T-lymphocytes populations. In 2/34 cases GrB+ TILs but no CD8+
TILs were detected. Most likely these cells are activated TILs which lost their detectable
expression of CD836 because no NK cells and no CD4+GrB+ TILs were detected. Activation
of cytotoxic T-lymphocytes depends on specific MHC class I restricted antigen recognition
and on the presence of co-stimulatory expressing and cytokine producing CD4+ T helper
cells.21,37
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We observed a strong correlation between presence of TILs and intact MHC class I
antigen expression on melanoma cells. This association, which has previously also been
observed in solid tumours38,39 and in lymphomas,32,40 supports the idea that loss of MHC
class I antigen expression results in failure to mount a cellular, melanoma antigenspecific immune response and as such may be a possible powerful immune escape
mechanism.18,41 Alternatively, interferon-γ (IFNγ) up-regulates transcription of MHC class
I and II molecules
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and therefore, the association between decreased MHC class I

antigen expression and absence of TILs may be caused by lack of TIL derived IFNγ in the
tumour environment. Of note, even in cases with apparent intact MHC class I antigen
expression specific HLA haplotype losses may interfere with proper antigen recognition,43
because the used antibodies do not allow to identify these MHC class I antigen
alterations.
Even though we did not demonstrate that the infiltrating TILs are specifically directed
against the melanoma cells, it can reasonably be assumed that the TILs are part of an
intact anti-tumour response, assuming the activated status (GrB+) strongly suggests that
these TILs are functionally active. This opinion is further strengthened by our previous
report demonstrating tumour antigen-specific TILs are present in melanoma patients.14 In
addition, in the large majority of cases with acTILs also CD4+ TILs and MHC class II
antigen expressing APCs were present. In an earlier report, presence of CD8+ and CD4+
TILs was also closely correlated.

12

However, no correlation was detected between

expression of MHC class II antigen and the presence of TILs. This discrepancy with our
results might be explained by the fact only the presence of CD8+ TILs was investigated
whereas in our study GrB+ TILs were analysed.
Thus, in patients with favourable outcome, all ingredients for an effective cellular
immune response appear to be present. Still, even though this immune response is
apparently unable to effectively eradicate the primary tumour, because the tumour
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 patients
with an unfavourable outcome with eventually the occurrence of metastases, these
ingredients for an effective cellular immune response were not observed, further
suggesting that the cellular immune response plays a functional role in preventing
melanoma dissemination.
Expression of MHC class II antigen in melanoma cells was detected in 25% of cases.
Although controversial, most reports described that expression of MHC class II antigen is
associated with an unfavourable outcome.44 No such association was observed in our
series, but this might be caused by the relatively low number of cases studied. However,
its possible effect appears to be limited when compared to the prognostic value of
activated TILs.
Because patients were selected based on comparable established prognostic parameters
(SLN status, Breslow thickness, gender and age), the differences in clinical outcome
between patients with favourable and unfavourable outcome in this study are most likely
to be directly related to differences in the cellular immune response.
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We conclude that presence of acTILs and CD4+ TILs and putative intact antigen
presentation in the context of MHC class I and MHC class II antigen presentation in
primary melanomas predicts a highly favourable outcome in clinically stage II melanoma
patients. These data strongly support the notion that the cellular immune response is a
major factor in preventing melanoma cell dissemination.
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TILs and sentinel lymph node melanoma metastasis
Summary
Background: Sentinel Lymph Node (SLN) status is strongly related to clinical outcome in
melanoma patients. In this study we investigated whether presence of activated and/or
suppressive Tumour Infiltrating Lymphocytes (TILs) is associated with SLN status in clinically
stage I/II melanoma patients.
Methods: Diagnostic primary melanoma samples from 20 patients with a sentinel lymph node
metastasis were compared to melanoma biopsies -matched for gender, age and Breslow
thickness- from 20 patients with a negative sentinel lymph node. Presence of activated
Granzyme B positive (GrB+) TILs, presence of suppressive (FoxP3+) TILs and MHC class I antigen
expression on tumour cells was analysed by immunohistochemistry.
Findings: Absence of GrB+ TILs in primary melanoma biopsies was strongly associated with the
presence of a SLN metastasis. However, in 9 of 28 patients with GrB+ TILs a SLN metastasis was
present. Most of these cases also harboured FoxP3+ TILs. Furthermore, both GrB+ TILs and
FoxP3+ TILs could be detected in most SLN metastases.
Conclusion: These data underline that an activated cellular immune response is important in
preventing

melanoma

cells

to

disseminate

to

lymph

nodes.

Further,

negative

+

immunohistochemical staining of GrB TILs in primary melanoma biopsies might be used to
predict the presence of SLN metastasis.

Introduction
Fatal outcome in melanoma patients mostly results from occurrence of distant metastases,
which are usually preceded by lymph node metastases (Statius Muller et al , 2001) (Vuylsteke et
al, 2005). Lymph node metastases are first detected within the first-line tumour-draining
lymph node, the sentinel lymph node (SLN). The prognostic value of the SLN status has been
shown in several large studies (Balch et al, 2001) and the SLN status is used as a tool for
selecting patients for trials on adjuvant (immune) therapy (Schaffer et al, 2004). The SLN
status and clinical outcome in melanoma patients is known to be associated with variables
including Breslow thickness, ulceration, location of primary tumour, lymphatic invasion, gender
and age (Breslow, 1970)(Austin et al, 1994)(Streetly and Markowe, 1995) (Scoggins et al, 2006).
It has previously been shown that melanomas can elicit an immune response (Nathanson, 1976)
(Morton et al, 1991) and that tumour cells can effectively be eradicated in vivo by cytotoxic
activity of MHC class I restricted CD8+ Granzyme B+ (GrB+) T-cells(Al-Batran et al, 2005). Proper
activation of a CD8+ T-cell mediated immune response requires antigen to be presented in the
context of the appropriate MHC class I molecules. When a cell looses expression of MHC class I
molecules, it can no longer be recognized by CD8+ lymphocytes, but it might become
susceptible to natural killer (NK) cell recognition (Meyer et al, 1997). Loss of MHC class I
antigen expression has been shown to be involved in immune escape and tumour progression
(Al-Batran et al, 2005) (Ruiter et al, 1992) ((Restifo et al, 1996) and has been associated with
poor clinical outcome (Ferrone and Marincola, 1995) (Kageshita et al, 1995). In addition, target
cell killing by cytotoxic T-cells (CTLs) requires the help of CD4+ T-helper (Th) cells (Kalams and
Walker, 1998) (Bevan, 2004) and is negatively regulated by suppressive regulatory T-
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lymphocytes. These suppressive T-lymphocytes express the FoxP3 transcription factor, which
we used in this study as a marker for detection of suppressive T-lymphocytes (Fontenot et al,
2003) (Yagi et al, 2004).
Foxp3 is an X-chromosome-linked factor that controls development and function of regulatory
T-lymphocytes. Foxp3 expression is sufficient to specify immune-suppressive activities in
conventional T cells (Fontenot et al, 2003) (Hori et al, 2003).
In a previous study in patients with stage I/II melanoma we showed that the presence of
activated (i.e. GrB+ and CD8+) Tumour Infiltrating Lymphocytes (TILs) predicts favourable
outcome. Presence of these TILs was significantly correlated with expression of MHC class I
antigen on tumour cells (van Houdt et al, 2005) (van Houdt et al, 2008, unpublished data).
These data suggest that the cellular immune response, although apparently not sufficient to
prevent the primary tumour cells from proliferating, is able to prevent the occurrence of lymph
node and/or distant metastases. Determination of the presence of GrB+ TILs appeared to be an
accurate method to establish the status of this cellular immune response.
We hypothesized that the composition of the immune infiltrate in primary melanomas might be
associated with the absence or occurrence of SLN metastases. To test this theory, we
compared primary melanoma biopsies of 20 patients with a SLN metastasis to 20 patients with a
melanoma metastasis-negative SLN. We investigated the presence of GrB+-activated TILs and
FoxP3+-suppressive TILs. Patients were selected to have otherwise similar characteristics
related to outcome. In addition, we investigated whether different TIL subpopulations were
present in the tumour region in the lymph node of patients with a SLN metastasis.

Materials and Methods
Patient characteristics
Two groups of patients were selected from the melanoma database of the department of
surgical oncology at the VU University Medical Centre based on the outcome of the SLN
procedure to obtain 20 cases with a positive SLN and 20 cases with a negative SLN. All patients
were initially diagnosed as stage I/II, and were treated with a re-excision of the primary
tumour and SLN procedure between October 1994 and September 2001. If the SLN showed
tumour cell infiltration, patients were re-diagnosed as stage II melanoma. The 40 patients had
comparable age, gender distribution and Breslow thickness to avoid a confounding effect of
these known prognostic parameters. From 11 of 20 patients with a positive SLN, paraffinembedded tissue of the SLN metastasis was available to detect TIL populations in the tumour
area in the affected sentinel node. In the remaining 9 patients no material was left for further
analysis.
Antibodies and immunohistochemistry
Paraffin-embedded 3-μm tissue sections of primary melanoma biopsies were stained as
previously described (Bladergroen et al, 2001). Lymphocytes were characterised for expression
of GrB using monoclonal antibody (mAb) GrB7 (mouse IgG2a; VU University Medical Centre,
Amsterdam, the Netherlands) specific for human GrB (Kummer et al, 1995) and for expression
of FoxP3 (rat IgG2a, PCH101; e-Biosciences, San Diego, CA, USA). Expression of MHC class I

52

TILs and sentinel lymph node melanoma metastasis
antigen on melanoma cells was investigated using polyclonal antibody ß2-microglobulin (ß2m)
(rabbit Ig, A0072 Dako; Heverlee, Belgium), the mAb HCA2 reactive with HLA-A locus products,
and mAb HC10 recognizing HLA-B/C locus products (Stam et al, 1995). For staining with
antibodies against FoxP3 and HLA-B/C, antigen retrieval was performed with 10 mM Na-citrate
(pH 6) and for staining with antibodies against GrB and HLA-A, retrieval was performed with
10mM TRIS, 1 mM EDTA (pH 9). No antigen retrieval was required for staining with anti- β2m.
Following antigen retrieval, primary antibodies were applied and visualization was performed
with either the EnvisionTM horseradish peroxidase system (DakoCytomation, 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 instructions
Interpretation of the immunohistochemical staining
Scoring of immunohistochemically stained slides was performed by two independent observers
blinded to the SLN status. Lymphocytes surrounding the tumour served as an internal control
for interpretation of GrB, FoxP3, MHC class I antigen and ß2m expression. The difference
between melanoma cells and lymphocytes was based on morphological examination. GrB was
used as a marker for activated TILs with cytolytic ability and FoxP3 was used as a marker for
suppressive TILs (Mourmouras et al, 2007). GrB+ and FoxP3+ TILs were scored as either positive
(>1 positive TIL per high power field) or negative (<1 TIL per high power field). A high power
field references the area visible using a 400x magnification level. Expression of HLA-A, HLA-B/C
and ß2m on melanoma cells was scored semi-quantitatively in steps of 10% from 0% -100%. For
each marker used for detection of MHC class I antigens, the median percentage of tumour cells
expressing HLA-A, HLA-B/C and ß2m was determined. Based on the median percentages, MHC
class I expression was considered preserved if expression of HLA-A, HLA-B/C and ß2m was
detected on a higher number of the tumour cells than the median percentage. In cases in which
one of the MHC class I antigen markers was expressed below the median percentage, MHC class
I antigen expression was considered as lost.
Statistical analysis
All analyses were performed using the SPSS statistical software (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 statistical analysis. P values ≤ 0.05 were considered significant.

Results
Patients and clinical characteristics
Clinical characteristics are described in Table 1. The 20 patients with a SLN metastasis had a
median follow-up period of 83 (range: 24-147) months and the 20 patients without a SLN
metastasis had a median follow-up period of 102 (range: 65-137) months. Both groups included
9 male and 11 female patients. Patient groups were comparable for median age and median
Breslow thickness to avoid a confounding effect of these known prognostic parameters. All
patients showed no evidence of disease at the time of last follow-up, except for 5 patients in
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the SLN-positive group of which 1 died of a disease-unrelated cause and 4 had developed a
distant metastasis resulting in death of disease in 2 of these patients.

Table 1: Clinical and melanoma characteristics for SLN- and SLN+ patients
Sentinel Lymph Node
P-value

negative (n=20)

positive (n=20)

Gender (male/female)

9/11

9/11

ns

Median Age (years)

49

41

ns

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

1

11

Only GrB TILs, no FoxP3 TILs

8

3

GrB+ and FoxP3+ TILs

11

6

Loss

13

13

Preserved

7

7

Patients

Primary melanoma biopsies
GrB+ TILs
P = 0.001

FoxP3+ TILs
ns

GrB+ TILs and FoxP3+ TILs
No GrB+ TILs (with/without FoxP3+TILs)
+

+

P = 0.002

MHC class I antigen expression
ns

Presence of Sentinel Lymph Node metastasis correlates with absence of GrB+ TILs and
absence of FoxP3+ TILs in primary melanoma biopsies
When the two groups with different SLN status were compared, it became apparent that in 19
out of 20 patients with a negative SLN, GrB+ TILs (Figure 1a) were present in the primary
tumour (p = 0.001, see Table 1). Of interest, GrB+ TILs were absent in 12 primary melanoma
biopsies and 11 of these 12 patients showed a SLN metastasis. Thus, absence of GrB+ TILs in the
primary tumour was strongly associated with SLN metastasis. However, not all patients with
infiltrating GrB+ TILs (n = 28) in the primary tumour, showed a negative SLN (19 out of 28).
Thus, presence of GrB+ TILs was not directly associated with a negative SLN status.
Primary melanomas with GrB+ TILs often harboured FoxP3+ TILs as well (Figure 1B and Table 2).
Considering the fact that FoxP3 is involved in immune suppression it might be expected that
presence of FoxP3+ TILs correlates with presence of SLN metastasis. No such direct effect was
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observed (Table 1). When melanomas were divided into three groups, one group without an
active immune response as determined by absence of GrB+ TILs, one group with an apparent
active immune response as determined by GrB+ TILs but without FoxP3+ TILs and one group with
both GrB+ TILs and FoxP3+ TILs, we observed that SLN metastases occurred most often in either
melanomas without GrB+ TILs or in melanomas with GrB+ TILs and FoxP3+ TILs (p = 0.002, Table
1).

Table 2: Expression of MHC class I and presence of GrB+ and FoxP3+ TILs in primary melanoma 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

Primary melanoma biopsy

P value

+

FoxP3 TILs
ns

MHC class I antigen expression
12

GrB TILs absent

GrB+ TILs present

Absent

1

1

Present

2

7

Loss

3

3

Preserved

0

1

SLN metastasis

ns (p=0.1)

+

P value

+

FoxP3 TILs
ns

MHC class I antigen expression
ns

Presence of MHC class I antigen expression on tumour cells does not correlate with SLN
status
Complete loss of MHC class I antigen expression on melanoma cells was observed in one case.
All other patients showed expression of the three different markers ranging from 10% to 100%.
Based on the median percentages of positive cells, MHC class I antigen expression was
considered preserved if expression of HLA-A/B/C and ß2m was detected on ≥70% of the
melanoma cells. Although not significant, we found that melanomas without MHC class I
antigen expression usually lacked GrB+ TILs (Table 2), which is in agreement with our previous
study (van Houdt et al, 2005) (van Houdt et al, 2008, unpublished data). No correlation was
observed between preserved MHC class I antigen expression and SLN status (Table 1).
Both FoxP3+ and GrB+ TILs are frequently detected In SLN metastases
Residual paraffin-embedded tissue of the melanoma positive SLN was available from 11 out of
20 patients with a SLN metastasis. In most cases both GrB+ TILs (Figure 1c) and FoxP3+ TILs
(Figure 1d) were detected in the melanoma area (Table 2). The presence of GrB+ TILs did not
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correlate with presence of FoxP3+ TILs in SLN and did not correlate with the presence of GrB+
and FoxP3+ TILs in the concomitant primary melanoma biopsy (data not shown).

Figure 1: Photographs of images of immunohistochemical staining of TILs. Primary melanoma biopsy of a
patient with a negative SLN with: A) GrB+ TILs and B) FoxP3+ TILs. Biopsy of a SLN metastasis with: C) GrB+ TILs
and D) FoxP3+ TILs.

Discussion
In this study we demonstrate that absence of GrB+ TILs in primary melanoma biopsies is strongly
associated with a SLN metastasis, as GrB+ TILs were nearly always (19/20 cases) present in
primary melanoma biopsies of patients with a negative SLN.
The two groups of studied patients, either with or without a SLN metastasis, were selected for
comparable prognostic factors (Breslow thickness, gender and age) and, therefore, the
differences in the cellular immune response as we describe is this report, are indeed likely to
be associated with differences in SLN status. These results further strengthen our previous
studies in which we demonstrated that presence of activated TILs in the primary tumour is
strongly associated with a favourable outcome in clinically stage I (van Houdt et al, 2008,
unpublished data) and also in stage III/IV melanoma patients(van Houdt et al, 2005).
Furthermore, our results are in accordance with a recent study demonstrating that absence of
CD3 positive TILs predicts SLN metastasis in cutaneous melanoma patients (Taylor et al, 2007).
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We hypothesize that if GrB+ TILs are present, they are capable of inhibiting or delaying the
occurrence of melanoma lymph node metastasis, however, the cellular immune response is
apparently not able to clear the primary tumour. In a substantial number of cases (9 out of 20)
GrB+ TILs were also observed in primary biopsies of patients with a SLN metastasis, and
although absence of GrB+ TILs in the primary tumour is associated with the presence of SLN
metastasis, the reverse is therefore not always true. Apparently, an active cellular immune
response is not always sufficient for prohibiting the spread of melanoma cells to lymph nodes.
In 6 of these 9 patients with GrB+ TILs the positive SLN status might be explained by presence of
FoxP3+ suppressive TILs. Although it is now generally accepted that in humans FoxP3 is not an
exclusive marker for naturally occurring regulatory T cells (nTregs), and is also expressed by
other effector T cells upon activation, it has nevertheless been suggested that FoxP3+ T–
lymphocytes are suppressive and may be involved in the induction of immunotolerance in lymph
node metastases (Viguier et al, 2007) (Ziegler, 2007).

While a recently published paper

+

proposed a novel model for the role of GrB in FoxP3 Treg-mediated suppression of anti-tumour
CD8+ T cells (Cao et al, 2007), we were unable to demonstrate GrB and FoxP3 co-localization in
TILs (unpublished data). Based on our results, we rather hypothesize that the presence of
FoxP3+ suppressive TILs, next to GrB+ effector TILs (both markers a possible sign of activation),
might result in active suppression of the latter and thus facilitate tumour escape, despite the
presence of immune effector cells with a GrB-mediated cytolytic potential. Such local immune
suppression might also explain the presence of apparently ineffective GrB+ TILs in SLN
metastases, since most of these also harboured FoxP3+ TILs.
Loss (either partial or total) of MHC class I antigen expression was observed in a significant
number of melanomas as described before (Ferrone and Marincola, 1995), and is in accordance
with our previous results. We observed that loss of MHC class I antigen expression on melanoma
cells was nearly always associated with a lack of GrB+ TILs (Table 2). Although no correlation
was observed between MHC class I antigen expression and SLN status, a trend was observed
with clinical outcome, because all patients with recurrence of disease (n = 4) showed loss of
MHC class I antigen expression (data not shown). In conclusion, absence of GrB+ TILs in primary
melanoma biopsies is strongly associated with the presence of SLN metastasis. These data
underscore the notion that an activated cellular immune response is important in preventing
melanoma cells to disseminate to lymph nodes. In addition, immunohistochemical staining of
(absence of) GrB+ TILs in primary melanoma biopsies might be used to predict the presence of
SLN metastasis.
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Abstract

Purpose: There have been reports of successful treatment of metastatic melanoma patients with
active specific immunotherapy (ASI) using irradiated autologous tumor cell vaccination. It is still
unknown why some patients respond and others do not. Tumor cells can evade the immune
system, for example through interference with antigen presentation by down-regulation of MHC
molecules or expressing proteins interfering with cytotoxic lymphocyte ^ induced apoptosis like
the granzyme B antagonist protease inhibitor 9 (PI-9).
Experimental Design: PI-9 expression was detected in melanoma cell lines. To investigated if
PI-9 is important in the response to ASI, paraffin-embedded tissues from stage III or IV melanoma
patients were stained.
Results: PI-9 is expressed in melanoma cells and expression in metastasized melanoma cells is,
in this group of patients, an adverse prognostic marker with regard to overall and disease-free
survival. Moreover, loss of MHC-1 expression frequently occurs during tumor progression but is
not associated with poor clinical outcome. Interestingly, melanoma patients with a favorable
clinical outcome after ASI therapy usually have high percentages of activated (granzyme
B ^ positive) tumor-infiltrating lymphocytes at time of first diagnosis and low percentages of
activated lymphocytes at time of recurrent tumor.
Conclusions: Expression of PI-9 in metastatic melanoma cells is associated with unfavorable
clinical outcome whereas MHC-1down-regulation is not. Although it cannot be proven that PI-9
expression is directly responsible for failure of immunotherapy, these data suggest that expression
of PI-9 could be an important immune escape mechanism and that modulation of this inhibitor
may enhance the efficacy of immunotherapy.

Melanoma is a highly malignant, increasingly common tumor
for which treatment failure is a well-known problem. Although
melanoma accounts for only 4% of all skin cancers, it causes
the greatest number of skin cancer – related deaths worldwide.
There has been a worldwide increase in incidence of melanoma
over the last four decades with the highest incidence in
Australia and New Zealand (1).
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Early detection and complete surgical excision of melanoma
is the best manner to reduce mortality. In case of a regional
lymph node metastasis (stage III), 5-year survival is dependent
on the number of involved lymph nodes (2). Despite a large
number of clinical trials to test anticancer strategies, the median
survival time of advanced melanoma patients (stage IV) is still
no longer than 6 to 10 months (3).
Novel immune therapeutic strategies aiming at the induction,
enhancement, and prolongation of the immune response
against malignant melanoma cells are currently being developed and applied in clinical practice (4). The aim of these
therapies is to induce a tumor-specific immune response, which
will eliminate the tumor cell often by means of apoptosis
induction. Although some therapies seem promising, the
results obtained are variable and it is still unknown why some
patients respond and others do not.
We have previously shown that active specific immunotherapy (ASI) is probably beneficial in a fraction of stage III and
stage IV melanoma patients when given in the adjuvant setting
(5). In these patients, the delayed-type hypersensitivity (DTH)
response against the tumor cell vaccine strongly correlated with
survival, suggesting that the immune response is involved in
outcome following ASI therapy.
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Cytotoxic lymphocytes are able to induce tumor cell
apoptosis. Cytotoxic lymphocytes comprise two effector cell
populations with the ability to eliminate tumor cells by
induction of apoptosis: CTLs and natural killer (NK) cells.
CTLs become activated following recognition of tumor-specific
antigens when presented in the context of the proper MHC-1
complex, whereas NK cells kill the target cell in absence of
MHC-1 (6). Down-regulation of MHC-1 molecules on the
surface of the tumor cell prevents recognition by CTLs and is
frequently associated with invasive and metastatic tumor
phenotypes (7, 8).
Despite recognizing target cells in different ways, the
cytotoxic mechanisms of the two cell populations are identical.
CTLs and NK cells mediate cell death by two distinct pathways:
the secretory pathway or through a membrane receptor-ligand
interaction involving members of the tumor necrosis factor
family (9 – 11). The secretory pathway is triggered after
exocytosis of ‘‘cytotoxic’’ granules containing perforin and
several serine proteases, of which granzyme B is essential for
rapid DNA fragmentation in the target cell followed by
apoptosis (12). Both activated CTLs and NK cells express
granzyme B, which can be detected using standard immunohistochemistry using granzyme B – specific antibodies (13)
Target cell death can also be induced by members of the tumor
necrosis factor family, such as membrane-bound Fas ligand on
the cytotoxic lymphocyte that interacts with the receptor Fas on
the target cell (14).
Recent studies have shown that tumor cells can become
resistant to cytotoxic lymphocyte – induced apoptosis, even if
they are properly recognized, by expressing proteins that
interfere with the two cytotoxic lymphocyte – induced apoptosis
pathways. Among these proteins is the intracellular serine
protease inhibitor 9 (PI-9), which inhibits granzyme B
efficiently and plays a role in protection of cytotoxic lymphocyte against their own granzyme B (15, 16). Interestingly,
expression of PI-9 has been detected in various types of
lymphomas (17), certain carcinomas (18), and in melanoma
cell lines (19). In lymphomas, PI-9 expression was strongly
related with both grade and poor clinical outcome (17 – 20).
In this study, we investigated stage III and IV melanoma
patients treated with ASI therapy on whether expression of PI-9
and/or loss of MHC-1 expression in melanoma cells is a
prognostic marker predicting overall and disease-free survival.
Moreover, we investigated whether the numbers of activated
tumor infiltrating CTLs and NK cells are related to clinical
outcome in these melanoma patients.

Patients, Materials, and Methods
Patient selection and clinical characteristics. In a previous study
done at the VU Medical Center, 81 patients with American Joint
Committee on Cancer melanoma stage III and IV were treated with
metastasectomy. Starting 4 weeks after surgery, ASI was initiated by the
administration of three weekly intracutaneous vaccinations with irradiated autologous tumor cells (5). Depending on the size of DTH
response to the first three injections, subsequent vaccinations were
planned. The first two vaccines also contained Bacillus Calmette-Guerin
organisms as an immune stimulatory adjuvant. The maximum DTH
response was defined as the size of the largest skin reaction after any of
the consecutive vaccinations in a patient. The Institutional Review Board
of the VU University Medical Center approved the study and informed
consent was provided according to the Declaration of Helsinki.
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From 28 of 81 patients, paraffin-embedded tissue was available of
the primary tumor and the metastasis. These tissues were used for this
study. Paraffin-embedded samples of the metastasis used for ASI
therapy were present in our own archives. Biopsy samples from primary
tumors were kindly provided by the departments of pathology from the
following hospitals: Medical Center Alkmaar, Alkmaar; Hospital Gooi
Noord, Huizen; University Maastricht, Maastricht; Hospital de Heel,
Zaandam; University Medical Center, Utrecht; Kennemerland, Haarlem;
Antonie van Leeuwenhoek hospital, Amsterdam; Laboratory Pathology
Oost-Nederland, Enschede; Gelre Hospital, Apeldoorn; Pathology
Hospital, Isala clinics, Zwolle; and Spaarne Hospital, Hoofddorp. From
the remaining patients, no sufficient tissue material was left of the
primary tumor or the metastasis.
From each patient, the following characteristics were used from the
medical records: age at diagnosis, date of diagnosis, sex, stage, site of
first diagnosis, therapy, response, occurrence and date of relapses after
therapy, and cause and date of death. The overall survival and diseasefree survival were determined from the time of ASI until death related to
melanoma or until end of follow-up or until date of disease relapse,
respectively. Patient characteristics are summarized in Table 1.
Cell lines. The following human melanoma cell lines were derived
at the Ludwig Institute for Cancer Research, Lausanne Branch, Switzerland: Me 305, Me 304, Me 290, Me 285A, Me 280RA.LN, Me 275, Me
260.LN, Me 252, Me 237, Me 235, Me 215, and Me 204A. NA8-MEL
and MZ2-Mel.3.0 were a gift from F. Jotereau (Nantes, France) and T.
Boon (Brussels, Belgium). All cell lines were cultured in RPMI 1640
supplemented with 10% heat-inactivated FCS, 1% glutamine, and 1%
penicillin and streptomycin. COS-7 cells, transfected with a pcDNA3.1/
Hygro plasmid containing cDNA encoding full-length human PI-9
(21), were used as a positive control for PI-9 protein expression.
Briefly, 2  105 COS-7 cells were grown in 25 cm2 culture flasks for
24 hours in DMEM with 10% heat-inactivated fetal bovine serum,
antibiotics, and glutamine. Transfection was done with FuGENE 6
transfection reagent. For preparation of cell lysates, cells were trypsinized and washed twice in PBS. Cell lysates were prepared in lysis
buffer [20 mmol/L Tris-HCl (pH 7.4), 150 mmol/L NaCl, 10% glycerol,
0.1% Nonidet P-40] supplemented with a protease inhibitor cocktail (Roche Biochemicals, Basel, Switzerland). Cell debris and nuclei
were removed by centrifugation at 10,000  g for 10 minutes and
protein concentration was determined by the Bradford assay (Pierce,
Rockford, IL) and stored at 20jC.
Antibodies. The antibodies used were monoclonal antibody
granzyme B7 (mouse immunoglobulin G2a) specific for human
granzyme B (Sanbio, Uden, the Netherlands; ref. 22); monoclonal
antibody PI-9-17 (mouse immunoglobulin G1, VUmc Amsterdam, the
Netherlands) specific for human PI-9 (21); polyclonal anti-CD3
(DakoCytomation, Glostrup, Denmark); monoclonal antibody HCA2
reactive with HLA-A locus products and monoclonal antibody HC10
preferentially recognizing HLA-B/C locus products (23), both kindly
provided by Prof. Dr. J. Neefjes (Netherlands Cancer Institute,
Amsterdam, the Netherlands).
Western blot analysis. Proteins (20 Ag/lane) were resolved by 10%
SDS-PAGE under reducing conditions and transferred onto a nitrocellulose membrane (Hybond ECL nitrocellulose membrane, Amersham
Pharmacia Biotech, Freiburg, Germany) by electroblotting. Nonspecific
binding was blocked by incubation in TBS, 0.5% Tween 20, and 5%
(w/v) dry milk. The membrane was incubated with primary antibody
(PI-9-17, 1 Ag/AL, 1:100) in blocking solution for 2 hours at room
temperature. The bound primary antibody was visualized with
horseradish peroxidase – conjugated goat anti-mouse immunoglobulin
G (Jackson ImmunoResearch Laboratories, West Grove, PA) and chemiluminescence development reagent (ECL system, Amersham) according
to the instructions of the manufacturers.
Immunohistochemistry. Immunohistochemical staining was done
as previously described (17, 24). Briefly, paraffin-embedded 4 Am
tissue sections were deparaffinized with xylene and alcohol, and
endogenous peroxidase was blocked by incubation for 30 minutes
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Table 1. Patient and tumor characteristics per patient
Age

Sex

Survivors
1
62
F
2
52
M
3
43
F
4
41
F
5
57
M
Nonresponders
6
64
M
7
28
M
8
55
M
9
57
M
10
56
M
11
56
M
12
65
M
13
23
F
14
49
M
15
25
M
16
60
M
17
22
M
18
21
M
19
57
F
20
44
M
21
47
M
22
77
M
23
52
M
24
32
F
25
70
F
26
54
M
27
22
F
28
61
F

Stage

Relapse

DoD

DTH

Primary
c

PI-9*

MHC-1

Metastases
b

% activated CTLs

c

PI-9*

MHC-1

% activated CTLs

3
3
3
3
3

0
0
0
0
0

0
0
0
0
0

9
nk
28
105
13

0
1
0
0
1

1
2
2
2
ni

5
80
40
20
30

0
0
0
0
0

0
2
1
1
0

70
10
5
5
10

3
4
4
4
4
4
4
4
4
4
3
4
3
3
4
3
4
4
4
3
4
3
4

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

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

14
16
13
12
20
10
10
0
nk
16
nk
nk
28
31
27
14
48
15
nk
10
6
13
17

1
1
0
0
0
1
1
ni
0
ni
1
1
0
1
1
1
0
0
1
0
1
1
1

ni
0
ni
2
2
ni
2
ni
1
ni
2
1
1
2
ni
2
2
ni
2
2
2
2
2

ni
5
ni
10
10
ni
50
ni
45
ni
ni
ni
ni
10
<1
65
80
ni
100
90
5
50
15

1
0
0
1
0
1
0
0
1
1
0
1
0
1
0
1
0
1
1
0
1
1
0

ni
0
ni
0
2
0
0
0
0
0
1
1
1
1
2
2
2
2
1
2
2
1
2

80
28
<1
10
ni
5
20
<1
10
0
10
10
<1
ni
85
90
20
ni
20
85
15
1
1

Abbreviations: DoD, death of disease; ni, not interpretable; nk, not known.
*Interpretation of PI-9 expression: 0, <50% tumor cells; 1, >50% tumor cells.
cInterpretation of MHC-1expression: 0, negative; 1, less intense staining as compared with normal lymphocytes (weak expression); 2, staining intensity equal or stronger
than normal lymphocytes.
b% activated CTLs is determined as (number of granzyme B ^ positive cells per measurement area / number of CD3-positive cells per measurement area)  100%.

with 0.3% (v/v) H2O2 in methanol. For granzyme B, PI-9-17, and
HC10, antigen retrieval was done with 10 mmol/L Na-citrate (pH 6)
and, for CD3 and HCA2, with 10 mmol/L Tris, 1 mmol/L EDTA
(pH 9). For granzyme B, CD3, HCA2, and HC10, the microwave was
used (700 W for 5 minutes and 360 W for 10 minutes) and, for PI-9,
the pressure cooker (21 minutes at 120jC) was used for boiling. Following antigen retrieval, primary antibodies and secondary
antibodies were applied, and immunostaining was done with aminoethyl carbazol substrate solution (Zymed laboratories, Inc., San
Francisco, CA) using horseradish peroxidase – conjugated streptavidin-biotin-complex and further signal enhancement by the catalyzed
reporter deposition method (DakoCytomation) for PI-9-17 and granzyme B7, or using the Envision TM horseradish peroxidase system
(DakoCytomation), following the protocol supplied by the manufacturer for CD3, HC10, and HCA2.
Interpretation of the staining. Quantification of absolute numbers
of CD3 and granzyme B – positive lymphocytes in the reactive
infiltrate present in tumor sections was done using a commercially
available interactive video overlay – based measuring system (QPRODIT, Leica, Cambridge, United Kingdom) as previously described

(25). Per tumor slide, 100 fields of vision were randomly selected
using an automatic scanning stage. With granzyme B being the
ultimate cytotoxic lymphocyte activation marker, the percentage of
activated CTLs was determined by dividing the number of granzyme
B – positive lymphocytes by the number of CD3-positive lymphocytes.
Staining was blindly scored by two pathologists (J.A.K and J.J.O).
For PI-9, a case was scored positive when cytoplasmic and/or
nuclear staining of tumor cells was observed. PI-9 – positive reactive
T-lymphocytes and dendritic cells present within the tumor cell area
acted as positive internal control (17). Cases without such staining were
regarded as not interpretable (n = 2). Tumor cells were identified based
on morphology. The cases were divided into five categories: <5%, 5% to
25%, 25% to 50%, 50% to 75%, and 75% to 100% of the tumor cell
population positive for PI-9. Staining with HCA2 and HC10 predominantly showed a membranous staining pattern. Positive tumor cells
were quantified by dividing the cases into three categories: 0, negative; 1,
lower expression than lymphocytes (weak expression); and 2, expression
equal to lymphocytes. Staining of lymphocytes acted as internal control.
Cases without positive staining of lymphocytes were regarded as not
interpretable and were therefore not included (eight cases).
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Analysis of clinical data and statistical methods. Survival curves were
constructed with the Kaplan-Meier method. Differences between curves
were analyzed using the log-rank test. Qualitative variables were
analyzed by Pearson’s m2 test. The Spearman’s test was used to analyze
correlations between different variables. All P values were based on
two-tailed statistical analysis. P < 0.05 was considered significant. All
analyses were done using the SPSS statistical software (version 11.5,
SPSS, Inc., Chicago, IL).

Results
Clinical characteristics. Patient characteristics were previously published (5) and the characteristics of 28 patients from
the group selected for this study were summarized in Table 1
together with tumor characteristics. Twelve patients presented
with stage III and 16 patients with stage IV melanoma at time of
admittance to the ASI trial. Twenty-three patients had a relapse
after ASI treatment and finally died. Five patients, all stage III at
time of diagnosis, were alive and disease-free at time of last
control. The median follow-up period of these five melanoma
patients was 53.2 months. Stage III patients had a better
survival than stage IV patients (P = 0.01, data not shown) as
previously reported (5).
In this group of patients, the mean number of vaccinations
given was four, ranging from two to nine. In two patients, the
start of ASI therapy was postponed because of radiotherapy.
Preceding ASI, four patients received systemic therapy (interleukin 2, IFN-g, and dacarbazine).
The DTH of 23 patients in this group varied between 0 and
105 mm. Twenty-two patients had a DTH response after ASI. In
this selected group, the patients with a favorable clinical
outcome have a significantly better DTH response (mean, 40.8
mm) than patients with an unfavorable outcome (mean, 12.8
mm; one-way ANOVA test, P = 0.02).
Strong expression of protease inhibitor 9 in metastatic
melanoma biopsies correlates with poor disease-free survival after
immunotherapy. In 6 of 14 melanoma cell lines tested, PI-9
protein (42 kDa) was detected (Fig. 1). A nonspecific band was
observed at 75 kDa in all lanes. COS-7 cells transfected with
pcDNA3.1-PI-9 acted as positive control.
Subsequently, PI-9 expression was investigated using immunohistochemistry in melanoma biopsies (Fig. 2A-D). Expression of PI-9 was detected in tumor cells of 21 of 26 (80%; two
were not interpretable) cases of primary melanoma and in 22
of 28 (79%) metastases. Biopsies of primary melanomas and

metastases were scored semiquantitatively in five categories:
<5%, 5% to 25%, 25% to 50%, 50% to 75%, and >75% PI-9 –
positive tumor cells. The percentage of PI-9 expressing tumor
cells varied from none to >75%. In >50% of the tumor cells, 15
of 26 primary tumors and 12 of 28 metastases showed PI-9
expression. In 25 of 28 patients, expression of PI-9 could be
compared between primary melanoma and metastasis. PI-9
expression varied between primary biopsies and metastases
(Table 2).
To investigate whether PI-9 expression was related to
outcome following ASI therapy, different cutoff values (5%,
25%, 50%, and 75%) were tested using the log-rank test. In
primary biopsies, percentages of PI-9 – positive tumor cells were
not related to clinical outcome, regardless of the cutoff value
used. For the metastases, 5%, 25%, 50%, and 75% cutoff levels
all provided significant information with regard to disease-free
survival time (5%, P = 0.04; 25%, P = 0.01; and 50% and 75%,
P = 0.006). Patients with zero or <50% PI-9 – positive tumor
cells were found to have a significantly longer disease-free
survival (P = 0.006; Fig. 3A) and overall survival time after ASI
therapy (P = 0.03, data not shown) than patients with >50%
PI-9 – positive tumor cells. When stage III and IV melanoma
patients were separately analyzed, the prognostic effect of PI-9
was observed in both groups, although the effect in stage IV
patients was less evident than in stage III patients and was not
statistically significant (P = 0.009 for stage III patients, P = 0.1
for stage IV patients; Fig. 3B and C).
Loss of MHC-1 expression does not preclude a favorable
response to active specific immunotherapy. Expression of
MHC-1 on tumor cells was investigated in 28 patients. Staining
on infiltrating lymphocytes was used as internal control. A
significant correlation (P < 0.0001, Pearson’s m2 test) was
found between expression levels of HLA-A and HLA-B/C as
determined by HCA2 and HC10 staining, respectively. Interpretable staining results were obtained for both the primary
and the metastatic tumor material from 20 patients. Complete
loss of MHC-1 expression was observed in 4 of 19 patients in
whom the primary tumor showed clear expression of MHC-I
(see Table 2). In cases with intact MHC-1 expression, relatively
high percentages of activated CD3/granzyme B – positive CTLs
were detected (Mann-Whitney U test, P = 0.02; Fig. 4A).
To investigate whether loss of MHC-I expression correlates
with clinical outcome, patients were divided into two groups:
one group with intact MHC-I expression in primary tumor and

Fig. 1. PI-9 protein is expressed in
melanoma cell lines. Cell lysates of
14 melanoma cell lines were analyzed by
10% SDS-PAGE (10 Ag protein per lane) and
immunoblotting. Blots were incubated for
2.5 hours with monoclonal antibody PI-9-17
(left). As a positive control, COS-7 cells
were transfected with pcDNA3.1-PI-9.
The molecular weight of marker bands is
indicated on the left. Arrow, 42 kDa
PI-9 protein band.
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Fig. 2. Detection of the cytotoxic
lymphocyte ^ specific marker granzyme B
and its inhibitor PI-9. A and B, expression of
the granzyme B inhibitor PI-9 by tumor cells
in a primary melanoma (A) and its
metastasis (B). Note the clear cytoplasmic
staining of the atypical melanocytes
(original magnification, 630). C and D, in
this case, no PI-9 is detected in the
primary tumor (C) and its metastasis (D).
The PI-9 ^ positive dendritic cells present in
the tumor area act as positive control
(original magnification, 630). E and F,
detection of activated granzyme
B ^ positive lymphocytes in a biopsy
specimen of a primary melanoma (E) and a
metastasis (F). A characteristic granular
staining is observed (original magnification,
630).

metastasis, and one group with intact MHC-1 expression in the
primary tumor but with loss or decreased expression of MHC-1
in the metastasis. The latter group of patients tended to have a
better survival after ASI therapy than patients without loss of
MHC-1 expression (log-rank test, P = 0.1; Fig. 4B).
A high percentage of activated lymphocytes in the primary
tumor is associated with a favorable prognosis. CD3/granzyme
B – positive activated lymphocytes were detected in all cases,
demonstrating the characteristic granular cytoplasmic staining
in activated CTLs (Fig. 2E and F). Absolute numbers of CD3and granzyme B – positive cells in the tumor area varied
considerably between patients and between the primary
tumor and its metastasis (Table 1). The correlation between
absolute numbers of CD3-positive lymphocytes and absolute
numbers of granzyme B – positive lymphocytes in the primary
tumor was R = 0.5 (Spearman’s test, P = 0.01) and the
correlation between absolute numbers of CD3-positive
lymphocytes and absolute numbers of granzyme B – positive
lymphocytes in the metastasis was 0.8 (Spearman’s test, P =
0.01). In addition, the percentage of activated CTLs varied

considerably between melanoma samples, with a median of
15% (Table 1).
To investigate whether the percentage of activated CTLs was
related to clinical outcome following ASI therapy, biopsies were
divided in cases with the percentage of activated CTLs under or
above the median value of 15%. It seemed that patients with
>15% activated CTLs in the primary tumor (n = 12) had a
significantly better prognosis than patients with <15% activated
CTLs (n = 8, P = 0.007; Fig. 4C). The percentage of activated
CTLs in the metastasis of the patients was unrelated to clinical
outcome (data not shown). No significant differences were
observed between percentages of activated CTLs when comparing primary melanoma biopsies with metastasis or when comparing PI-9 – positive versus PI-9 – negative cases (P > 0.05;
Fig. 4D).

Discussion
In this study, we have shown that a high percentage of PI-9 –
positive tumor cells in melanoma metastases is associated with
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outcome after ASI therapy did not relapse, we could not test
whether ASI therapy results in an increase of NK cells. However,
previous reports have also shown that lymphokine-activated
killer cells are strong effector cells, especially in melanoma
patients (29 – 31). In addition, despite MHC-1 down-regulation

Table 2. PI-9 and MHC-1 expression during tumor
progression
Metastasis
MHC-1 negative* MHC-1 positive*
Primary MHC-1negative
tumor
MHC-1positive

PI-9 negative
PI-9 positive

1

0

4

15

PI-9 negativec
8
7

PI-9 positivec
3
8

*Interpretation of MHC-1 expression: negative, no expression of MHC-1
observed in melanoma cells as compared with lymphocytes; positive, tumor
cells showed the same or weaker expression of MHC-1as lymphocytes.
cInterpretation of PI-9 expression: negative, <50% tumor cells; positive,
>50% tumor cells.

poor clinical outcome following ASI therapy in this group of
stage III and IV melanoma patients.
The serine protease inhibitor PI-9, an inhibitor of granzyme
B –mediated apoptosis, has been shown to be an important
apoptosis-regulating protein (16). It was previously detected in
other tumor cells, including Hodgkin and non-Hodgkin lymphomas (17) and in tumor cell lines of melanoma, cervical
carcinoma, breast carcinoma, and colon carcinoma (19). We also
detected PI-9 expression in melanoma cell lines. We could
confirm expression of PI-9 in biopsy samples of primary and
metastatic melanoma. Our observation that expression of PI-9 in
tumor cells of metastatic melanoma of stage III and IV
melanomas is associated with an unfavorable clinical outcome
following vaccination therapy suggests that expression of PI-9 is
an effective immune escape mechanism of tumor cells. Moreover,
determining expression of PI-9 in melanoma may be of use in
predicting the clinical response to vaccination therapy.
Another mechanism by which tumor cells may evade the
immune system is down-regulation of MHC-1 molecules.
Decreased or complete loss of MHC-1 expression has previously been associated with an invasive and metastatic
melanoma phenotype (7, 8, 26, 27). We found a decrease in
the expression of MHC-1 in the metastasis as compared with
the primary tumor, supporting the notion that loss of MHC-1 is
a probable strong immune escape mechanism in melanoma.
Strikingly, we found that complete loss or decreased levels of
MHC-1 on the metastatic melanoma cells was not associated
with an unfavorable outcome following ASI therapy. It should
be reminded that autologous metastatic melanoma cells were
used as vaccine for these patients. Thus, a proper antigen
presentation in the context of MHC-1 complex by the tumor
cells is apparently not a prerequisite for a favorable outcome or
a strong local immune response as indicated by the strong DTH
response at the site of vaccination. The involvement of
dendritic cells, which, due to their capacity to take up antigens
from apoptotic, necrotic, and intact tumor cells (28), can
mediate cross-presentation, could potentially explain these
results. Alternatively, lack of MHC-1 expression on melanoma
cells might indicate that tumor cell killing is not mediated by
CTLs but rather by NK cells. Because patients with a favorable

Fig. 3. Comparison of disease-free survival time according to the percentage of
PI-9 ^ positive tumor cells in melanoma metastases. A , survival curves for all patients
included in the study. Patients with >50% PI-9 ^ positive tumor cells have a
significantly worse disease-free survival (P = 0.006). B, survival curves of PI-9 in
stage III patients (P = 0.009). C, survival curves of PI-9 in stage IV patients
(P > 0.05).
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and the resulting resistance to CTLs, mice could be successfully
immunized against MHC-1 – negative melanoma and this
response was critically dependent on CD4+ T cells and NK
cells (32).
We found that high percentages of activated CTLs in the
primary melanoma were associated with a favorable outcome.
A high percentage of activated CTLs at time of diagnosis might
reflect an immunogenic tumor, which is supported by the
significant correlation between intact MHC-1 expression and a
high percentage of activated CTLs. Interestingly, four of the five
surviving patients showed a high percentage of activated CTLs
in primary tumor but a low percentage of activated CTLs in the
metastasis. A possible explanation can be that in these patients
the antitumor cell response has become ineffective and maybe
reawakened after ASI therapy. This is also suggested in a
recently published report (33). In patients with low or absent
MHC-1 expression, low numbers of activated CTLs may result
from inappropriate CTL activation due to absence of proper
antigen presentation.
Only one patient with high numbers of activated CTLs in
the metastasis (n = 9) showed a favorable response after ASI
therapy. Assuming that activated CTLs represent a specific
antitumor cells response, and despite the intact MHC-1
expression in five of seven (one was not interpretable) cases,
melanoma cells have apparently found an effective way to
escape from this CTL response. Expression of PI-9 can maybe
explain this in three of eight cases. Failure of CTLs to induce
apoptosis in the other five patients may result from the
presence of other apoptosis inhibiting factors like c-Flip
(34) or the loss of apoptotic protease activating factor 1
expression (35).
We conclude that in this group of stage III and IV
melanoma patients, (a) expression of PI-9 in metastatic
melanoma cells is associated with unfavorable clinical
outcome following ASI therapy; (b) loss or decrease of
MHC-1 expression on melanoma cells frequently occurs
during tumor progression; and (c) loss of MHC-1 expression
on the tumor cells is not associated with unfavorable clinical
outcome following ASI therapy. Although further investigation
is needed to determine whether PI-9 expression is indeed
responsible for the failure of tumor vaccination treatment,
these data suggest that melanoma cells use various immune
escape mechanisms and that specific immune escape mechanisms may determine the clinical response to ASI vaccination
therapy.

Fig. 4. Correlation of MHC-1expression with presence of activated CTLs in tumors
and patient survival. A , correlation between MHC-1expression in the metastasis and
percentage of activated CTLs. Patients without MHC-1expression on the tumor cells
have a significantly lower percentage of activated CTLs (P = 0.02). Box plots are
based on the median, quartiles, and extreme values. The box represents the
interquartile range that contains 50% of the values. The whiskers are lines that
extend from the box to the highest and lowest values. A line across the box indicates
the median. B, overall survival time following ASI therapy in patients with complete
loss or down-regulation of MHC-1expression in the metastasis as compared with
the primary tumor versus patients with equal expression in primary tumor and
metastasis. Although the observed difference is not significant, these data suggest
that loss or down-regulation of MHC-I does not necessarily indicate poor outcome
following ASI therapy. C, comparison of overall survival time in relation to the
percentage of activated CTLs infiltrating the primary tumor (P = 0.007). A high
percentage activated CTLs in the primary tumor is associated with a favorable
outcome. D, correlation between percentage of activated CTLs and expression of
PI-9. In the metastasis, no difference in percentage of activated CTLs is seen
between patients with <50% or >50% PI-9 ^ positive tumor cells (P > 0.05).
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Expression of c-FLIP is primarily detected in diffuse large B-cell lymphoma and Hodgkin’s
lymphoma and correlates with lack of caspase 8 activation
Aims: Inhibition of apoptosis is important in the
pathogenesis of lymphomas. c-FLIP, a regulator of
caspase 8-mediated apoptosis, plays an important role
in protecting normal B and T cells from apoptosis and
possibly also in lymphomas. Because of contradictory
reports about immunohistochemical detection of c-FLIP
expression, the aim was to test the specificity of four
antibodies in c-FLIP-transfected cells and subsequently
to investigate expression of c-FLIP in different types of
lymphoma.
Methods and results: Two of four antibodies were
specific. In primary lymphomas c-FLIP expression was
restricted to Hodgkin’s lymphomas (> 90%) and diffuse
large B-cell lymphomas (44%). Burkitt lymphomas and

indolent B-cell lymphomas were negative in all cases.
No expression was detected in primary T-cell lymphomas, although expression was observed in one
relapsed ALK+ anaplastic large cell lymphoma. Expression of c-FLIP was inversely correlated with caspase 8
activation.
Conclusions: c-FLIP is important in escape of B cells
from apoptosis during normal follicle centre cell reaction and may thus be an important early event in the
development of B-cell-derived lymphomas. Moreover,
non-specific staining of frequently used antibodies
might explain discrepancies in different reports of
c-FLIP expression.

Keywords: antibodies, apoptosis, B-cell lymphomas, Hodgkin’s lymphoma
Abbreviations: ABC, activated B cell; AEC, 3-amino, 9-ethyl-carbazole; ALCL, anaplastic large cell lymphoma; ALK,
anaplastic large cell lymphoma kinase protein; c-FLIP, cellular Fas-associated death domain-like IL-1-converting
enzyme-like inhibitory protein; DAB, diaminobenzidine; DISC, death-inducing signalling complex; DLBCL, diffuse
large B-cell lymphoma; FCS, fetal calf serum; GC, germinal centre; GCB, germinal centre B cell; HL, Hodgkin’s
lymphoma; HRP, horseradish peroxidase; mAb, monoclonal antibody; NF, nuclear factor; pAb, polyclonal
antibody; TE, Tris–ethylenediamine tetraaceticacid; V, variable

Introduction
The majority of B-cell lymphomas originate from
normal antigen-exposed B cells of either germinal
Address for correspondence: J J Oudejans, Department of Clinical
Pathology, VU Medical Centre, De Boelelaan 1117, 1007 MB
Amsterdam, the Netherlands. e-mail: jj.oudejans@vumc.nl
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centre-(GC) or post-GC origin.1,2 Normally, during the
GC reaction, activated B cells proliferate vigorously and
undergo changes in the variable (V) region of their
immunoglobulin genes by the process of somatic
hypermutation, resulting in immunoglobulin diversification and high-affinity B cells. These B cells exit the
GC as memory B cells or antibody-synthesizing plasma
cells. However, GC B cells, B cells with self-reactive
or low-affinity antibodies and cells lacking functional
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B-cell receptor expression die by apoptosis.3,4 Apoptosis
can be mediated by caspase 8 activation via the
extrinsic or death receptor-mediated pathway resulting
in formation of the death-inducing signalling complex
(DISC) containing the adapter molecule FADD and procaspase 8. Upon recruitment to the DISC, caspase 8 is
activated by dimerization and cleavage, resulting in
activation of caspase 3 and execution of apoptosis.5 An
important regulator of the caspase 8-mediated pathway
is cellular Fas-associated death domain-like IL-1-converting enzyme-like inhibitory protein (c-FLIP),6–9
which resembles caspase 8, but lacks proteolytic
activity and can prevent auto-proteolytic cleavage
and subsequent activation of downstream caspases by
its ability to inhibit caspase 8 recruitment to the
DISC.10–12 Both known isoforms of c-FLIP, c-FLIPlong
and c-FLIPshort, can be incorporated into the DISC and
associate with caspase 8. c-FLIPshort is a dedicated
apoptosis inhibitor preventing the first cleavage of
caspase 8 activation in the DISC, but whether c-FLIPlong
exerts an anti- or pro-apoptotic signal is still under
debate.12–16
Expression of c-FLIP plays an important role in
protecting normal B and T cells from death-receptormediated apoptosis. Thus, expression of c-FLIP may
prevent follicle centre B cells from apoptosis and would
provide lymphomas originating from these cells with a
strong growth advantage, making antigenic stimulation unnecessary to sustain tumour growth.17,18
Several reports have described different techniques and antibodies to detect c-FLIP expression in
lymphoma cells by immunohistochemistry.19–22 We
therefore compared four different antibodies for
immunohistochemical detection of c-FLIP and optimized staining procedures. Subsequently, we investigated whether expression of c-FLIP is restricted to
specific lymphoma subtypes and whether expression of
c-FLIP correlates with levels of cleaved caspase 8.

Material and methods
patient m at erial
Primary lymphoma samples were selected from the
files of the Comprehensive Cancer Centre Amsterdam
(diagnosed between 1986 and 2003), the Netherlands.
Lymphomas were reclassified according to World
Health Organization classification criteria, including,
when needed, immunohistochemical detection of additional markers.23 Diffuse large B-cell lymphoma
(DLBCL) was further subcategorized into germinal
centre B-cell (GCB)-like and activated B-cell (ABC)-like
DLBCL. as described previously.24

antibodies
To detect expression of c-FLIP, four different antibodies
were tested extensively: (i) mouse monoclonal antibody
(mAb) NF6,5,25 (kindly provided by P. Krammer of
the German Cancer Research Centre, Heidelberg);
(ii) mouse mAb IgG1 G11 (Santa Cruz Biotechnology,
Inc., Santa Cruz, CA, USA); (iii) rabbit polyclonal
antibody (pAb) IgG H202 (Santa Cruz Biotechnology);
and (iv) rabbit pAb F6550 (Sigma, Saint Louis, MO,
USA). For detection of cleaved caspase 8 pAb rabbit
anti-cleaved caspase 8 (Cell Signalling Technology,
Beverly, MA, USA) was used.
ce ll li ne s
The following cell lines were used as positive and
negative controls, respectively: The c-FLIP– human
fibrosarcoma cell line HT1080 was stably transfected
with a mammalian expression vector containing a
cDNA coding for human c-FLIP (a kind gift from
Dr J. Tschopp, Department of Biochemistry, University
of Lausanne, Epalinges, Switzerland) or with an empty
vector as control. Hodgkin’s lymphoma (HL) cell lines
L428 en L1236 and the anaplastic large cell lymphoma
kinase protein-positive (ALK+) anaplastic large cell
lymphoma (ALCL) cell line Karpas 299 were used as
additional positive controls. HT1080 cells were cultured in Dulbecco’s modified Eagle’s medium supplemented with 10% (v ⁄ v) fetal calf serum (FCS), 1%
glutamine and 1% penicillin ⁄ streptomycin. L428 en
L1236 were cultured in RPMI, supplemented with 10%
(v ⁄ v) FCS, 1% glutamine and 1% penicillin ⁄ streptavidin. Karpas was cultured in RPMI containing 4-2hydroxyethyl-1-piperazineethanesulphonic acid, 10%
FCS and 1% penicillin ⁄ streptavidin.
i mm u no h i sto c h e mi s t r y
To test the specificity of the different anti-c-FLIP
antibodies on paraffin-embedded tissue sections, L428
cells, c-FLIP-transfected and empty vector (mock)
transfected HT1080 cells were injected into chicken
liver. These tissues with injected cells were fixed,
embedded in paraffin and processed for immunohistochemistry similarly to routinely processed lymphoma
samples.
Formalin-fixed paraffin-embedded tissue sections
were deparaffinized with xylene and alcohol and
endogenous peroxidase was blocked for 30 min with
methanol containing 0.3% peroxide. To optimize the
staining, all antibodies were tested and compared after
they had been used in several different staining
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For detection of cleaved caspase 8, slides required
antigen retrieval in citrate buffer (10 mm, pH 6.0), and
after overnight incubation the EnVision HRP system
(DakoCytomation) was used. Visualization was performed using DAB as chromogen. Non-neoplastic
lymphoid tissues served as positive control for all tested
antibodies.
Percentages of c-FLIP+ and cleaved caspase 8+
tumour cells were evaluated semiquantitatively as
percentages of all tumour cells. For cleaved caspase 8,
samples were divided into a group with high (> 5%)
positive tumour cells and a group with low (< 5%)
positive tumour cells. For c-FLIP expression, cases were
regarded as positive regardless of the percentage of
positive tumour cells. All immunoreactivity was analysed independently by two observers. In case of

protocols under several different conditions. First,
antibodies were tested in different concentrations and
with different antigen-retrieval methods. Several antigen-retrieval buffers were tested: citrate buffer (10 mm,
pH 6.0) and Tris–ethylenediamine tetraaceticacid (TE)
buffer (10 mm ⁄ 1 mm, pH 9.0). Both retrieval solutions
were used in a microwave (10 min 700 W, 5 min
360 W) and a pressure steamer. Second, immunopositivity was compared after 1 h or overnight incubation. Third, detection of c-FLIP using Power Vision
plus (Immunologic, Duiven, the Netherlands) and
envision TM horseradish peroxidase (HRP) system
(DakoCytomation, Glostrup, Denmark) was compared.
Last, visualization with the chromogen diaminobenzidine (DAB) and 3-amino,9-ethyl-carbazole (AEC) was
compared.
Chicken liver injected with HT1080 c-FLIP transfected cells
A

B

C

D

NF6

G11

H202

F6550

I

J

H202

F6550

Chicken liver injected with L1236
E

F

NF6

G11

Chicken liver injected with HT1080 mock transfected cells
G
H

NF6

G11

Figure 1. Optimizing c-FLIP immunohistochemistry on positive and negative control samples. Four antibodies were tested for immunohistochemical purposes. The figures show the results obtained with the optimal staining method as determined for each individual antibody. Upper
panel: positive controls. Chicken liver injected with c-FLIP-transfected HT1080 cells, which are stained with (A) NF6 (1:10), (B) G11 (1:25),
(C) H202 (1:250) and (D) F6550 (1:100). The c-FLIP-transfected and injected cells are immunopositive with all four antibodies. Middle panel:
positive controls. Chicken liver injected with HD cell line L1236 and stained with (E) NF6 (1:10) and (F) G11 (1:25). Lower panel: negative
controls. Chicken liver injected with mock-transfected HT1080 cells stained with (G) NF6 (1:10), (H) G11 (1:25), (I) H202 (1:250) and (J) F6550
(1:100). Two antibodies (H202 and F6550) showed relatively strong cytoplasmic immunoreactivity in both the mock-transfected cells as well as
in the chicken liver cells, demonstrating non-specific staining (I,J), whereas no non-specific staining was observed with the NF6 and G11
antibodies (G,H).
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disagreement, results were re-analysed until consensus
was reached.
sta ti st ic al a na ly s i s
Statistical analysis was performed using the SPSS
statistical software (version 12; SPSS Inc., Chicago,
IL, USA). Qualitative variables were analysed by the
Fisher’s exact test.

Results
on ly mon o cl on al an tib o di e s nf 6 an d g 1 1
c a n be us e d f o r s p ec if i c d e t e c t i o n o f c - f l ip
in paraffin-embedded tissue s ections
Diffuse cytoplasmic immunoractivity of c-FLIP was
found in the c-FLIP-transfected cell line HT1080
(Figure 1A–D), L428, L1236 and Karpas (not shown)
with all four antibodies in all tested conditions. With
mAb NF6 and mAb G11 no c-FLIP was detected in
HT1080 mock-transfected cells (Figure 1E and 1F,
respectively); however, with both pAbs (H202 and
F6550) clear positive cytoplasmic reactivity was
also found in mock-transfected (c-FLIP–) HT1080
cells (Figure 1G and 1H, respectively) in all tested
protocols. Furthermore, with both pAbs high background reactivity was observed, despite diluting
Table 1. Immunohistochemical expression of
c-FLIP in relation to
lymphoma subtypes

the antibody concentration (H202, 1:250; F6550,
1:100).
Optimal staining with mAbs NF6 (1:10) and G11
(1:25) was obtained with antigen retrieval in TE buffer
in a microwave followed by overnight antibody incubation and subsequent detection using Power Vision
plus and visualization with DAB ⁄ AEC as chromogen.
This protocol was subsequently used for the experiments described below. Using these antibodies relatively weak expression of c-FLIP was detected in
non-neoplastic hyperplastic lymphoid tissues in scattered interfollicular lymphocytes and in a minority of
centroblasts.
e xp re s si o n o f c -flip i s primarily detected
i n d lb c l an d h l
Different lymphoma samples were stained following the
optimized staining protocol for mAbs NF6 and G11.
The correlation of immunoreactivity between these
antibodies was highly significant (P < 0.0001), indicating that both antibodies are suitable for detection of
c-FLIP expression in paraffin-embedded tissue sections.
The results of the immunohistochemical analysis of
c-FLIP expression in different lymphoma subtypes
detected with mAb NF6 are summarized in Table 1.
Detection of c-FLIP expression was predominantly
restricted to B-cell lymphomas, including HL (see

c-FLIP
Lymphoma type
Lymphomas originating from follicle centre B-cell origin
Hodgkin’s lymphoma nodular sclerosing

Negative

Positive

2

17

0

2

Follicular lymphoma grade I ⁄ II

12

0

Follicular lymphoma grade IIIa

5

0

Diffuse large B-cell lymphoma

42

32

7

0

9

0

5

0

6

0

Anaplastic large cell lymphoma ALK)

2

0

Anaplastic large cell lymphoma ALK+

4

1

Hodgkin’s lymphoma nodular lymphocyte predominant

Burkitt lymphoma
B-cell lymphomas originating from non-follicle centre B-cell origin
Chronic lymphocytic leukaemia
Mantle cell lymphoma
T-cell lymphomas
T-cell lymphoma (not otherwise specified)
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A

B

DLBCL

Classical Hodgkin lymphoma

C

D

ALCL

ALCL

Figure 2. Results of immunohistochemical detection of c-FLIP with NF6 mAbs in different lymphoma subtypes. (A) expression of c-FLIP is
observed in diffuse large B-cell lymphoma cells and in (B) Hodgkin and Reed–Sternberg cells of a classical nodular sclerosing Hodgkin’s
lymphoma. (C) no expression of c-FLIP is observed in this lymphoma of a primary ALK+ anaplastic large cell lymphoma (ALCL). (D) expression of
c-FLIP is observed in one relapsed ALK+ ALCL case.

Figure 2A,B). In positive cases, expression of c-FLIP
was detected as diffuse cytoplasmic reactivity in at least
10–30% of the tumour cells. No expression of c-FLIP
was found in primary tumour cells of four tested ALK+
and two ALK) ALCL cases (see Figure 2C), and in
other T-cell lymphomas c-FLIP expression was also not
detected. However, expression of c-FLIP was observed
in one relapsed ALK+ ALCL case (Figure 2D).

Table 2. Immunohistochemical detection of cleaved caspase
8 in different lymphoma subtypes
Caspase 8

c-FLIP (NF6)
Negative
Positive (> 5%)

e xp re s si o n o f c - f l i p co r r e l a t e s wi t h lo w
levels of caspase 8 ac tivation
In Table 2, the results of the expression of c-FLIP
immunoreactivity are compared with levels of caspase 8 activation. In almost all cases tested (32 ⁄ 38),

Negative

Positive

47

30

32

6

P = 0.02 as determined by Fisher’s exact test.

expression of c-FLIP corresponded to low levels of
cleaved caspase 8 (P = 0.0018). Only in six cases
was cleaved caspase 8 expression still detected in
tumour cells when c-FLIP was also detected. In some of
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Table 3. Immunohistochemical expression c-FLIP in relation
to immunohistochemical GCB ⁄ ABC classification markers
c-FLIP
Characteristics

Negative

Positive

P value§

CD10*
Negative

31

22

NS

Positive

9

10

Bcl-6†
Negative

15

14

Positive

24

18

MUM1‡
Negative

21

8

Positive

20

24

NS

0.02

GCB ⁄ ABC phenotype based on CD10 and MUM1*
GCB
21
15
NS
ABC

19

17

GCB ⁄ ABC phenotype based on CD10, Bcl-6 and MUM1†
GCB
14
13
NS
ABC

25

19

GCB, Germinal centre B cell; ABC, activated B cell.
*CD10 expression and a GCB ⁄ ABC based on CD10 and
MUM1 could not be determined in two cases.
†Bcl-6 expression and a GCB ⁄ ABC based on CD10, Bcl-6
and MUM1 could not be determined in three cases.
‡MUM1 expression could not be determined in one case.
§As determined by Fisher’s exact test.

the c-FLIP– cases cleaved caspase 8 expression (47 ⁄ 77)
was detected and in others (30 ⁄ 77) it was not.
ex p r e ss i on o f c - f l i p si g n i f i c an t l y c o r r e l a t e s
wi t h e x p r e ss i on o f m u m 1
In a previous study, we performed immunohistochemical analysis of CD10, Bcl-2 and MUM1 in 68 patients
to differentiate between a GCB- and an ABC-like
phenotype.24 We correlated c-FLIP expression with
these immunohistochemical markers. Expression of
c-FLIP was significantly correlated with MUM1 expression (Table 3, P = 0.02), but not with an ABC-like
profile.

Discussion
In this study we have demonstrated that only mAb
NF6 and mAb G11 can be used for reliable and

reproducible detection of c-FLIP expression in paraffinembedded tissue sections. Neither NF6 nor G11 antibody show non-specific or background reactivity and
they specifically and reliably stained cells transfected
with c-FLIP.
Expression of c-FLIP is predominantly restricted to
DLBCL (> 44%) and HL (> 90%). No expression of
c-FLIP was detected in Burkitt lymphomas or in
indolent B-cell lymphomas. Our data are in line with
those of Mathas et al., demonstrating that c-FLIP is
constitutively expressed in Reed–Sternberg cells of HL
and that c-FLIP is a key regulator of inhibition of the
death receptor-mediated apoptosis pathway in these
cells.26 In our study a significant correlation was found
between expression of c-FLIP and MUM1 in DLBCL
(P = 0.02). Because both genes are well-known target
genes of Rel ⁄ nuclear factor (NF)jB transcription
factors,27–29 expression of c-FLIP is likely to be caused
by constitutive NFjB activation, similar to what has
been shown for HL.26
Expression of c-FLIP was observed in patients with
low levels of cleaved caspase 8,30 which supports
the hypothesis that expression of c-FLIP in lymphoma
cells blocks the extrinsic apoptosis pathway and thus
might contribute to the pathogenesis of lymphomas. In
6 ⁄ 115 patients cleaved caspase 8 was still detected
even when c-FLIP expression was detected. A possible
explanation for this observation might be that the level
of c-FLIP expression was too low to block caspase 8
totally.11
In contrast to a previous report, expression of c-FLIP
was not detected in primary ALK+ or ALK– ALCL
cases.19 This discrepancy can be explained by lack of
specificity of the antibody H202 used in this study.
Using this antibody, cytoplasmic immunoreactivity was
also observed in most ALCL cases, almost all of which
remained negative when both mAbs were used. However, in one case c-FLIP expression was detected in
tumour cells of a patient with relapsed ALCL. The
corresponding primary tumour show no such c-FLIP
expression.
We conclude that the non-specific immunoreactivity
of frequently used antibodies explains the discrepancy
in different reports of c-FLIP expression in different
tissues. Using two specific mAbs, expression of c-FLIP
is predominantly restricted to DLBCL and HL and
is correlated with low levels of caspase 8 activity. These
findings suggest that c-FLIP expression is important in
the escape of B cells from apoptosis during the normal
follicle centre-cell reaction and may thus be an
important early event in the development of certain
B-cell-derived lymphomas. Further investigations will
be required to determine whether expression of c-FLIP
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is associated with transformation of indolent follicular
lymphomas to DLBCL.
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Addendum Chapter 5: Expression of c-FLIP in melanoma
In this study we investigated whether expression of c-FLIP is present at detectable levels in
melanoma cells. We attempted to detect expression of c-FLIP with a number of different
immunohistochemical methods, as also described in chapter 5, on paraffin embedded tissue of
melanoma biopsies and cytospins of melanoma cell lines. Furthermore we investigated c-FLIP
expression in melanoma cells with Western blot analysis and with quantitative RT-PCR.
Material and methods
Antibodies
Immunohistochemistry was performed, as described in chapter 5, using mAb NF6 (Alexis
biochemicals, Zandhoven, Belgium) and G11 (Santa Cruz biotechnology, Inc. Santa Cruz,
California, USA). Detection of c-FLIP protein on Western blot mAb Dave-2 (Alexis Biochemicals,
Zandhoven, Belgium) or Dave-3 (Kamiya Biomedical Company, Seattle USA) was used.
Western Blot Analysis
The supernatants of cells were treated with lysisbuffer: proteinase inhibitor cocktail 25:1 (1%
NP40, 5 % TRIS-HCL 1 M pH8, 3% 5M NaCl, 1% EDTA 0.5 M pH 8 and 90 % H2O). Electrophoreses
of samples (30 µg protein) was done under reducing conditions at 100V trough a 10% SDS
polyacrylamide gel and transferred onto a nitrocellulose membrane (Hybond-ECL, Amersham
Biosciences, Freiburg, Germany). Blots were blocked for 1 hr at room temperature in blocking
solution (PBS 0.1% Tween-20, 5% milk, 0.5% BSA) and incubated with primary antibody (c-FLIP,
1 µg/µl 1:1000) in blocking solution overnight at 4°C and 1 hr at room temperature. After
washing in PBS/ Tween the blots were incubated in horseradish peroxidase-conjugated
secondary antibody (Rabbit-α-Mouse 1:1000, Dako p0260 or Rabbit-α-Rat 1: 1000, Dako P0450)
diluted in blocking solution at room temperature. After washing in PBS/Tween and PBS, bands
were visualized with enhanced chemiluminescences, ECL Plus Western blotting detection
system (Amersham Biosciences).
Cell lines
The human melanoma lines 513D, 513E, MU89, MU96, 518A2, 518B, WM9, WM115, (kindly
provided by Prof. P van den Elsen, VUMC, Amsterdam, the Netherlands) IF6 and BRO (Kindly
provided by Dr W. Leenders from the UMC st Radboud, Nijmegen) were cultured in IMDM
supplemented with 10% (vol/vol) FCS, 1% glutamine and 1% penicillin and streptomycin. The
human fibro sarcoma line HT1080 is transfected with an empty vector and a vector containing
c-FLIP (kindly provide by Prof. Dr. J.A. Kummer, UMC, Utrecht, The Netherlands) and were
cultured with DMEM supplemented with 10% (vol/vol) FCS, 1% glutamine and 1% penicillin and
streptomycin. The L428 Hodgkin's disease tissue cell line, described to express c-FLIP1, is
cultured in RPMI supplemented with 10% (vol/vol) FCS, 1% glutamine and 1% penicillin and
streptomycin. The cell line L428 and the transfected HT1080 cells were injected into chicken
liver, fixed, paraffinized and cut into 3 µm thick sections. These slides function as a positive
control for staining on c-FLIP in melanoma. The HT1080 cells transfected with an empty vector
were treated the same and functioned as a negative control.
RNA-isolation and first-strand DNA synthesis
Total RNA was isolated from cells using RNAbee reagent (Tel-Test, Inc. Friendswood, Texas,
USA) according to the manufacturers’ protocol. Briefly, cells were lysed by adding RNA bee
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reagent, RNA was precipitated from the aqueous phase and resuspended in water. First, the
RNA is pre-treated with DNAse (promega) for 5 minutes at 37 ºC to breakdown residual DNA.
The reaction was stopped at 65 ºC to. First-strand cDNA was synthesized from 50 ng of total
mRNA using 0,05 ng/µl Oligo dT 12-18-mer oligonucleotide (invitrogen, catno.18418-012) or the
specific RV primer of the gene of interest and AMV-RT (promega, catno 9PIM510) for 45 min at
42 º C.
PCR analyses
PCR reactions (50 µl) were performed according to a standard protocol with 5 µl first-strand
template, 25 pmol primers, dNTPs, DTT and Taq polymerase. The amplification program was as
follows: 6 minutes 95 °C (1 cycle), 30 seconds 95 °C, 60 seconds 52/58/60 °C (for c-FLIPs, cFLIPl and Caspase 8 respectively),

90 seconds 72 °C, (40 cycles). The final extension was

allowed to precede for 7 minutes 72 °C. The following primers were used for c-FLIPs FW 5’
ttgtcctgatctgaaaattc

3’;

c-FLIPs

RV:

ataatgggagaagtaaagaac 3’ ; FLIPl

5’aagcatctaacatacagca

3’;

FLIPl

FW

:

5’

RV: 5’ cttcatcttgtatctctcttc 3’ ; Caspase-8 FW:

5’gccactgtgaataactgtgt3’; Caspase-8 RV: 5’caggatggagagagaatatcat 3’. Amplification products
were subsequently separated on a 2 % agarose gel containing 0.5 µg per ml ethidium bromide in
1x TRIS-borate electrophoresis buffer.

Results
Expression of c-FLIP is detected in melanoma cell lines with MLPA
Unsupervised cluster analysis (see chapter 6) of expression levels of apoptosis-regulating genes
in melanoma cell lines revealed two major clusters (see Figure 1a). One cluster was
characterized by relatively high expression levels of pro-apoptotic genes in combination with
high expression levels of anti-apoptotic genes. The second cluster was characterized by
relatively low expression levels of both pro- and anti-apoptotic genes. The high profile cluster
included 513D, 518A2, BRO and MU89. The cell lines showing a high profile also showed
relatively high expression of c-FLIP.
c-FLIPlong and c-FLIPshort detected in melanoma cell lines on protein level
In most melanoma cell lines c-FLIPlong expression is detected with western blot analysis (see
Figure 1b). Only in two melanoma cell lines (MU89 and 518A2) c-FLIP expression was not
detected. Furthermore in 3 of 9 cell lines c-FLIPshort is detected.
Very low levels of both c-FLIPlong and c-FLIPshort mRNA detected in melanoma cell lines
A quantitative RT-PCR was performed on mRNA of melanoma cell lines. Very low levels of
mRNA of both isoforms were detected (see Figure 1c). In one cell line (BRO) the highest
expression was detected. The results are in accordance with the expression detected in the
MLPA.
Immunohistochemistry
No expression of c-FLIP was detected on cytospins of melanoma cell lines (see figure 1d). Also
no expression of c-FLIP could be detected on paraffin embedded tissue of melanoma biopsies of
patients with different stages of the disease (not shown).
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Conclusion and Discussion
Using different methods we failed to detect c-FLIP expression in at protein level on cytospin
preparations of melanoma cell lines, or on paraffin embedded tissue of patient material,
although mRNAs of c-FLIPlong and c-FLIPshort were detected even though it was expressed at
very low levels. Expression of c-FLIP long could be detected at protein level by western blot
analysis, but only when high amounts of total protein were used for analysis. This strongly
suggests that c-FLIP expression in melanoma cells is low, especially relative to expression levels
observed in certain lymphoma subtypes (see chapter 3).
Inhibition of apoptosis can lead to tumorigenesis and resistance to therapy.2 The anti-apoptotic
protein Flice-inhibitory protein or FLIP3
cancers including human melanomas.

is described to be elevated in a range of human

4

It has been postulated that c-FLIP represents an attractive therapeutic target for melanoma
treatment, however despite promising results obtained with melanoma cell lines,
6,7

still a lot of controversy about in vivo expression of c-FLIP in melanoma cells.

5

there is a

. Our data

indicate that c-FLIP is probably not an attractive therapeutic target for melanoma cells
We conclude that that in vivo expression of c-FLIP in melanoma cell, if present, is relatively
low and unlikely to play an important role in causing apoptosis resistance.

Legends to the figures on p85:
Figure 1a: Expression of c-FLIP in melanoma cell lines detected with MLPA
Unsupervised cluster analysis of expression levels of apoptosis-regulating genes in melanoma
cell lines
Figure 1b: c-FLIPlong and c-FLIPshort detected in melanoma cell lines on protein level
In most melanoma cell lines c-FLIPlong expression is detected with western blot analysis. Only
in two melanoma cell lines (MU89 and 518A2) c-FLIP expression was not detected. In 3 of 9 cell
lines c-FLIPshort is detected.
Figure 1c: Low levels of both c-FLIPlong and c-FLIPshort mRNA detected in melanoma cell
lines
With a quantitative RT-PCR on mRNA of melanoma cell lines, low levels of mRNA of both
isoforms were detected. The highest expression was detected in a cell line called BRO
Figure 1d: No expression of c-FLIP detected using immunehistochemistry.
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Role of intrinsic pathway not important in immunotherapy
Abstract
To investigate whether disruption of the apoptosis cascade results in a poor response after
autologous tumour cell vaccination in melanoma patients, we determined expression profiles of
apoptosis regulating genes in melanoma cells isolated from patients and correlated these
profiles with clinical outcome. Apoptosis expression profiles were determined by RT-Multiplex
Ligation-dependent Probe Amplification. Functional integrity of the intrinsic apoptosis
pathways was determined measuring caspase

activity after induction of apoptosis.

Unsupervised cluster analysis of expression levels of apoptosis-regulating genes revealed two
major clusters, one cluster of melanomas with low expression of both pro- and anti-apoptotic
genes and one cluster of melanomas with high expression levels of these genes. High expression
levels of pro-apoptotic genes correlated with high levels of constitutitve caspase 9 activity,
however without high levels of apoptosis. No differences in clinical outcome following ASI
therapy were observed between the two clusters. Activation of the intrinsic apoptosis pathway
is a key event in a subset of melanomas, with concomitant disruption of this pathway
downstream from caspase 9 activation. However, disruption of this pathway does not implicate
poor outcome following ASI therapy, suggesting that an intact intrinsic apoptosis pathway is not
a prerequisite for CTLs and/or NK cells to kill the melanoma cells.

Introduction
Even though melanoma cells are usually chemotherapy refractory, melanoma cells can be
immunogenic1 and a subset of melanoma patients has shown prolonged survival after antitumour therapies aimed to induce a tumour-specific immune response.2,3,4,5 This may be
unexpected considering the fact that chemo- and immune therapy are thought to induce
apoptosis partly via the same apoptosis pathway. Chemotherapy induced apoptosis involves
activation of the intrinsic, caspase 9 dependent pathway.6 This pathway is activated by p53
after DNA damage and can be inhibited at many levels, for example by mutations in the p53
encoding gene or through expression of anti-apoptotic proteins like Bcl-2 and XIAP.7,8 9,10 Thus,
chemotherapy resistance may result from disruption of the intrinsic apoptosis pathway.
However, in contrast to other malignant tumours, mutations in p53 are rarely observed in
melanoma.11 Disruptions may occur elsewhere in this intrinsic pathway for example by loss of
Apaf-1 expression, which has been demonstrated previously but remains controversial,12,13,14,
15,16

or by expression of other anti-apoptotic genes.17,18

Immune effector cells, like cytotoxic T lymphocytes (CTLs) and natural Killer (NK) cells, induce
apoptosis in their target cells via two distinct pathways. The secretory pathway is triggered
after exocytosis of cytotoxic granules containing perforin and several serine proteases, of
which Granzyme B (GrB) appears to be the most important.19 GrB can induce apoptosis via
activation of the intrinsic pathway by truncation of Bid or via direct activation of caspase 3.20
Target cell death can also be induced via the extrinsic pathway 21,22,23 by death receptors like
membrane bound Fas-ligand (CD95L) on the T cells that interacts with the Fas (CD95) receptor
on the target cell.24 Ligation of membrane-bound death receptors to their specific ligands will
result in caspase 8 activation. This extrinsic pathway can be regulated by expression of cFLIP.25 The intrinsic and extrinsic apoptosis pathways converge on the downstream effector
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caspases: caspase 3, -6 and -7. Activation of effector caspases results in the execution of
apoptosis.26
In this study we investigated whether expression levels of apoptosis regulating genes in
melanoma cells isolated form melanoma biopsies are related to the clinical response to Active
Specific Immunotherapy (ASI).2 To this end we compared expression profiles of 38 apoptosis
regulating genes in melanoma cells of patients with a favourable outcome following ASI therapy
to expression profiles of patients with an unfavourable outcome, using the highly sensitive RTMultiplex Ligation-dependent Probe Amplification (RT-MLPA). In addition, we investigated
whether expression profiles are related to in vitro sensitivity to α-Fas using melanoma derived
cell lines with apoptosis expression profiles similar to the profiles observed in melanoma
biopsies.

Patients, material and methods
Melanoma samples and tumour cell isolation
In a previous study, performed at the VU University Medical Centre, 81 patients with American
Joint Committee on Cancer (AJCC) melanoma stage III and IV were treated with surgical
resection of a metastasis for obtaining melanoma cells for autologous Active Specific Immuno
(ASI) vaccination.2 The Institutional Review Board of the VU University Medical Center approved
the study and informed consent was provided according to the Declaration of Helsinki. For 24
of these 81 patients isolated melanoma cells were still available for further study. These
melanoma cells were previously isolated by treatment with DNAse and collagenase.
Subsequently cell suspensions were filtered over a 100 μM filter and washed extensively in
MACS buffer (PBS, 0.5% BSA, 2mM EDTA). Tumour cells from dissected tumour samples were
enriched by depletion of CD45+ leukocytes with α-CD45 MicroBeads (Miltenyi Biotec B.V.,
Utrecht, the Netherlands) according to the manufacturer’s protocol.
Of the 24 patients included in this study, 2 patients (129, 136) were alive and disease free at
time of last follow up (FU), 7 patients (19, 53, 61, 78, 81, 112, 116) were alive with disease at
time of last FU and 15 patients (39, 41, 42, 44, 47, 65, 67, 76, 79, 80, 107, 120, 130, 131, 133)
had died of disease. Patients with favourable outcome included the patients who where alive
and disease free or alive with disease at time of last FU and patients with unfavourable
outcome included the patients who died of disease.
Cell lines
Human melanoma lines 513D, MU89, MU96, 518A2, 518B, WM9, IF6 and BRO were cultured in
IMDM supplemented with 10% (vol/vol) FCS, 1% glutamine, 1% penicillin/streptomycin. Human
melanocytic cell lines M0512 (skin type I/II), M0506 (skin type II/III) and M0507 (skin type V/VI)
were derived from skin of three different donors from three different skin types.

RT-MLPA analysis
Total RNA isolated from melanoma cells from patients and melanoma cell lines was prepared
using RNABee solution (Tel-test Inc., Friendswood, TX, USA) according to the manufacturer’s
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recommendations. RT-Multiplex Ligation-dependent Probe Amplification (RT-MLPA) was
performed on total RNA as described previously27 (For detailed description of probe design:
www.mrc-holland.com). The RT-MLPA data were analyzed on the ABI 3100 Avant capillary
electrophoresis system (Applied Biosystems, Warrington, UK) after addition of the GeneScan500 ROX size standard. Data were analyzed using Genotype and GeneScan software (Applied
Biosystems, Warrington, UK). The ß-glucuronidase (GUS-B) housekeeping gene was used as
internal reference to minimize possible effects of unequal amounts of mRNA. Subsequently,
ratios were divided by the mean expression ratios per particular gene for optimal comparison
of samples. Apoptosis-regulating genes included in the analysis are indicated in Table 1. To
identify clusters of correlated genes, hierarchical cluster analysis TIGR software was used28
(also see http://www.tm4.org/mev.html). All analysis were performed using complete linkage
clustering using Pearson uncentered analysis. Data cut-off levels for cluster analysis was set at
>80%.

Table 1: Apoptotic genes included in RT-MLPA
Pro-apoptotic genes
BH3 only (i)*

Bax like (i)

Other (i)

Noxa

Bad

Bak

Bim

MCL-1 Short

AIF

Bid (e)†

Harakiri

Bax-long

APAF-1

PUMA

Bik

Bax-short

APAF-1L

BNIP3

BNIP3L

BCL-Rambo

APAF-1XL

MAP1

BMF

BCL-G

Smac

Bcl-2 family (i)

IAP family (i+e)

other

Bcl-W

Bcl-XL

NIAP

cIAP1

Bcl-2

BCL-2 A1

cIAP2

XIAP

Anti-apoptotic genes

MCL1-long

Survivin

Apollon

c-FLIP(e)
PI-9 (e)

ML-IAP
Other genes:
β2M

: β2-Microglobulin

BLK

: Tyrosine-protein kinase

PARN

: Poly(A)-specific Ribonuclease

Gus-B : β-glururonidase
FTL

: Ferritin light chain

* i = involved in Intrinsic apoptosis pathway
†

e = involved in extrinsic pathway
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Induction and assessment of apoptosis
To induce apoptosis via the extrinsic pathway monoclonal antibody (mAb) α-Fas (Immunotech,
clone 2387) was used. Melanoma cell lines or isolated melanoma cells were plated 10.000 cells
per well in a 96 wells plate and incubated o/n at 37°C at 5% CO2 atmosphere. The mAb α-Fas (5
ng/μl) was added and incubated for 24 hrs in triplicate. The methylen blue (MTB) assay was
used to determine cell survival in adherent cells with pre-incubation for 1 hr with 25 µM Z-VADfmk (ALX 260-020, Alexis Biochemicals, Breda, Netherlands) in addition to the apoptosis
inducing agent. The 0.05% MTB dye in borate buffer stained alive adherent cells, after fixation
of the cells with methanol. Dead detached cells were removed after extensive washing with
tap water. After staining, plates were dried for 2 hours at 37ºC and colouration is eluted from
adherent cells with HCL 0.1 M. The optical density was measured at 630 nm and was used as a
marker to determine the number of alive adherent cells per well.
Immunocytochemistry
Cytospins of cell lines were stained with a 1:1000 dilution of mAb anti-Fas (Clone Fas6, IgG1,
Sanquin, Amsterdam, The Netherlands) to detect Fas expression on the cell membrane. Positive
cells were detected with the ABC/BT method.29 To detect apoptotic cells cytopsins were
stained with May Grunwals-Giemsa staining.30,31

Determination of caspase activity
Caspase 3/-7 GLO and caspase 9 GLO luminescence assays (Promega Corporation, Madison, USA)
were used to determine caspase activity, and were performed according to manufacturer’s
protocol. Briefly, after adding reagent, cells were lysed, followed by detection of caspase
cleavage of the substrate, which generated a luminescent signal, produced by luciferase,
proportional to the amount of caspase activity present.
Statistical analysis
Qualitative variables were analyzed by Pearson’s x2 test. The Spearman’s test was used to test
correlations between different variables. The Mann-Whitney-U test was used to compare group
medians. All P values were based on two-tailed statistical analysis. P values <0.05 were
considered significant. All analyses were performed using the SPSS statistical software (version
12 SPSS Inc, Chicago, IL.).

Results
In melanoma cells high expression of anti-apoptotic genes correlates with high expression
of pro-apoptotic genes
Unsupervised cluster analysis of expression levels of apoptosis-regulating genes in isolated
tumour cells of 24 melanoma biopsies revealed two major clusters (see Figure 1). One cluster
was characterized by relatively high expression levels of pro-apoptotic genes (including Bad,
Bim, Bak, Bid, BNIP3, BNIP3L, PUMA, NOXA, BMF, Bik, HRK) in combination with high expression
levels of anti-apoptotic genes of both the Bcl-2 family (Bcl-2, Bcl-A1 Bcl-XL, Bcl-W, MCL-1) and
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IAP family (cIAP1, cIAP2, XIAP, NIAP, Survivin, ML-IAP and Appolon). This cluster will be
referred to as the cluster with a high apoptosis profile (high profile). The second cluster was
characterised by relatively low expression levels of both pro- and anti-apoptotic genes. This
second cluster included the three non-neoplastic melanocyte samples in a separate sub-cluster
and will be referred to as the cluster with a low apoptosis profile (low profile).

Figure 1: RT-MLPA apoptosis expression profiles of melanoma samples and normal melanocytes
Hierarchical cluster analysis (Pearson uncentered, complete linkage) of melanoma samples and non-neoplastic
melanocytes. Two major clusters were identified. A cluster with relatively low expression of most genes
(green, low profile) and a second cluster with relatively high expression of most genes (red, high profile).
Genes with detectable expression values in <80% of the samples were omitted from the analysis.
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Expression of anti-apoptotic genes does not correlate with poor outcome following ASI
therapy
If patients were stratified according to profile, no significant correlation was observed between
high or low apoptosis profile and clinical outcome after ASI therapy. However, cases with a
favourable clinical outcome following ASI therapy tended to be more frequently characterised
by a high apoptosis expression profile (6/9) (see Table 2). Thus, high expression levels of antiapoptotic genes, and especially the genes involved in the intrinsic pathway, are probably not a
major cause of poor clinical outcome following ASI therapy.

Table 2: Apoptosis profile is not significantly correlated to outcome after ASI therapy
Apoptosis profile
High

Low

Favourable outcome

6

3

Unfavourable outcome

5

10

p-value*

ns

* P-value determined with Pearson’s x2 test.

Identification of melanoma cell lines with expression profiles similar to the profiles
detected in isolated melanoma cells of tumour biopsies
The favourable clinical outcome following ASI therapy is believed to result from an effective Tcell response against the tumour cells and extrinsic pathway mediated tumour cell killing. To
investigate the role of the extrinsic pathway, melanoma derived cell lines were used. After
cluster analysis of RT-MLPA-detected gene expression values, two major clusters were revealed
(see Figure 2a). The expression profiles of these clusters were comparable to the expression
profiles observed in the melanoma cells isolated form patient biopsies. One cluster including
BRO, MU89, 513D and 518A2 demonstrated high expression levels of most pro- and antiapoptotic genes, whereas 518B, MU96 IF6 and WM9 clustered together with the three nonneoplastic melanocyte samples (MO506, MO507 and MO512) showing low expression levels of
pro- and most anti-apoptotic genes.
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Sensitivity to α-FAS is only observed in cell lines with low expression of anti-apoptotic
genes
Subsequently the integrity of the extrinsic apoptosis pathway was tested in both groups of
melanoma cell lines by treatment with α-Fas. Apoptosis sensitivity was determined with the
methylen blue assay (see Table 2). Sensitivity to α-Fas induced apoptosis was only observed in
cell lines with a low apoptosis profile (see Figure 2b). Adding Z-VAD-fmk in simultaneously
performed experiments demonstrated that the cell death inducing effect of α-Fas was, as
expected, completely dependent on caspase activity.

ntrole van onze boekhouding is gebleken dat u

Figure 2: Apoptosis expression profiles and caspase 9
and 3 activity and α-Fas sensitivity in melanoma cell
lines
a) Melanoma cell lines are divided into two major
clusters, similar to the melanoma samples. Remarkably,
melanoma cells have a clearly different expression profile
compared to normal melanocytes. b) Percentages cell
survival after induction with α-Fas, without and with
addition of Z-VAD-fmk.
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Cell lines sensitive for α-Fas express Fas
Cytospins of melanocytes and melanoma cell lines were stained for Fas (CD95) expression. The
melanocytic cell lines and two melanoma cell lines (513D, 518B) all showed clear membranous
expression of Fas, two cell lines did not show Fas expression (518A2 and BRO) and four cell
lines showed weak expression of Fas (MU89, MU96, IF6 and WM9),(see Figure 3 and Table 3).
The α-Fas sensitive cell lines all express Fas. Furthermore, on 2 (513D and MU89) of 4 α-Fas
resistant cell lines surface expression of Fas was detected as well.

Figure 3: Detection of
Fas

expression

on

melanoma cell lines
A) Melanoma cell line
518B with membranous
Fas (CD95) expression.
B) Melanoma cell line
BRO, no expression of

A

Fas (CD95) is detected.

B

Table 3: Melanoma cell line characteristics
Cell line
Apoptosis profile1

Fas expression2

Cell death

513D

High

positive

20%

518A2

High

negative

0%

BRO

High

negative

0%

MU89

High

positive

0%

518B

Low

positive

± 80%

MU96

Low

positive

± 60%

WM9

Low

positive

± 25%

IF6

Low

positive

± 20%

1

High or low indicates designation to either the cluster with high or low expression levels of apoptosis genes
after cluster analysis of RT-MLPA expression data
2

Membranous expression of Fas (CD95) detected on melanoma cells.

Constitutive activation of the intrinsic apoptosis pathway in melanoma derived cell lines
does not result in induction of apoptosis
Unsupervised cluster analysis showed that melanomas with relative high expression levels (high
profile) of anti-apoptotic genes also demonstrate relative high expression levels of proapoptotic genes, suggesting constitutive activation of the intrinsic apoptosis pathway. To test
this hypothesis, levels of spontaneous caspase 9 activity in melanoma cell lines characterised
by a high profile were compared to cell lines with a low apoptosis profile. High levels of
caspase 9 activity were indeed observed in 4 of 4 cell lines with a high profile. However, in 2 of
4 cell lines (IF6 and WM9, see Figure 4, dark grey bars) with relatively low levels of pro-
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apoptotic genes (low profile) also high levels of caspase 9 activity were observed. High levels of
spontaneous caspase 9 activity were not accompanied by high levels of spontaneous caspase 3
activity (see Figure 4, light grey bars) or detectable levels of apoptosis (see Figure 5a and 5b).
This indicates that in these cell lines the intrinsic apoptosis pathway is inhibited downstream of
caspase 9 inhibition. Apoptotic cells were observed after 24hr incubation with α-Fas in low
profile melanoma cells and not in high profile cells (see Figure 5c and 5d).

Figure

4:

Levels

spontaneous
and

-3

of

caspase
activity

9
in

melanoma cell lines
Melanoma

cell

grouped

lines

according

apoptosis
profile.

to

expression
High

levels

of

caspase 9 activity were
observed in 6 of 8 cell
lines,

however

without

subsequent activation of
caspase 3

Figure

5:

Detection

of

apoptosis

in

cytospin

preparation

of

melanoma cells.
A)

MGG

stained

melanoma

cell

line

MU96

demonstrating

absence of spontaneous apoptosis in melanoma
A

B

cell lines.B) MGG stained cytospin preparation
of melanoma cell line MU89 demonstrating
absence of spontaneous apoptosis in melanoma
cell lines.C) MGG stained cytospin preparation
of α-Fas sensitive melanoma cell line MU89
demonstrating absence of apoptosis after
induction with α-Fas.D) MGG stained cytospin
preparation of α-Fas resistant melanoma cell
line

C

D

MU96

demonstrating

presence

of

apoptotic cells after induction with α-Fas.
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Discussion
In this study we have demonstrated that melanoma cells isolated from lymph node or distant
metastases show strong differences in expression profiles of apoptosis related genes. High
expression levels of anti-apoptotic genes do not imply a poor response to ASI therapy. However,
we have demonstrated that melanoma cell lines with high levels of anti-apoptotic genes are
resistant to α-Fas induced apoptosis.
It has been shown previously that immune therapy is successful in a subset of melanoma
patients and that the cellular immune response is probably an important factor in inducing cell
death in melanoma cells.2,15,32 Apoptosis induced by CTLs or NK cells, involves activation of the
caspase 8 dependent extrinsic apoptosis pathway by ligands like α-Fas, by activation of the
intrinsic apoptosis pathway by granzymes via truncation of Bid,
granzymes of caspase 3.

20

33,34

or by direct activation by

Thus, it might be expected that high expression levels of anti-

apoptotic genes would interfere with sensitivity to CTL/NK cell induced cell death resulting in a
poor response to vaccination therapy. However, when patients were stratified according to
apoptosis expression profiles we found no differences in clinical outcome following autologous
tumour cell vaccination (ASI).2 These data suggest that relatively high expression of antiapoptotic genes does not interfere with sensitivity to CTL or NK-cell induced cell death and
that the cell death inducing effect of CTLs and/or NK cells does not depend on activation of
the intrinsic apoptosis pathway.
Furthermore, we demonstrated in melanoma cell lines that low expression levels of antiapoptotic genes, including c-FLIP are related to sensitivity to α-Fas induced apoptosis. Possibly,
the favourable outcome following ASI therapy in some of the patients with a low apoptosis
profile might be explained by this sensitivity to α-Fas induced apoptosis.
However, these data further suggest that high apoptosis profile melanoma cells of patients with
a favourable outcome following ASI therapy, are killed via a different mechanism, possibly
through ligation of other death receptors or by direct activation of caspase 3 by Granzyme B.
The relatively poor clinical outcome of patients with melanoma cells with low expression levels
of anti-apoptotic genes might be explained by the fact that these melanoma cells also
demonstrate relatively low expression levels of β2M, which might result in defective MHC-I
expression. Loss of β2M expression has previously been shown to be associated with an
unfavourable outcome.32,35,36
Unexpectedly, we observed that cases with high expression levels of anti-apoptotic genes also
showed high expression levels of pro-apoptotic genes, suggesting constitutive activation of the
intrinsic apoptosis pathway. Indeed, using functional studies in melanoma cell lines we could
demonstrate that high expression levels of pro-apoptotic genes correlate with high levels of
constitutive caspase 9 activity. However, absence of caspase 3 activity and absence of
spontaneous apoptosis in these cell lines indicates that the intrinsic apoptosis pathway is
disrupted downstream from caspase 9 activation. Recently, we also observed this phenomenon
in aggressive B-cell lymphomas.37 In that study, we demonstrated downstream disruption of the
intrinsic pathway causes resistance to chemotherapy induced apoptosis. This same phenomenon
might also explain the chemotherapy resistance of most melanomas.13
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In two melanoma cell lines we observed high levels of spontaneous caspase 9 activity without
high expression levels of pro-apoptotic genes of the intrinsic apoptosis pathway. We cannot
explain this observation, but in these cell lines constitutive caspase 9 activity might occur via
an alternative pathway, possibly via the ER pathway.38,39
In conclusion, activation of the intrinsic apoptosis pathway is a key event in a subset of
melanomas, with concomitant disruption of this pathway downstream from caspase 9
activation, which might explain chemotherapy resistance of melanoma cells. However,
disruption of this pathway does not implicate a poor outcome following ASI therapy, suggesting
that an intact intrinsic apoptosis pathway is not a prerequisite for CTLs and/or NK cells to kill
the melanoma cells.
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Summary and Discussion
Summary
Although, melanoma accounts for only 4% of all skin cancers it is the major cause of skin
cancer related deaths. Clinical outcome in melanoma patients depends on several variables
of which tumour thickness is one of the most important.1 Other important prognostic
factors include ulceration, location of primary tumour, lymphatic invasion, gender and
age.2,3,4 Melanomas are thought to be immunogenic tumours partly because approximately
2 to 4% of all patients with a primary melanoma5,6,7 and about 9% of patients with
melanoma with lymph node metastasis do not have an identifiable primary lesion. This is
explained by the hypothesis that the primary tumour regressed spontaneously through the
presence of an active immune response.
Many studies have shown the importance of a functional cellular immune response in
preventing melanoma dissemination. The cell death inducing effect of immune therapy
largely depend on the induction of apoptosis in the tumour cells and also requires
recognition of antigen presented in the context of the appropriate MHC molecules.
Therefore, disruption of the apoptosis pathway, loss of antigen presentation and presence
of local or systemic immune suppressive factors may be important causes for resistance to
immune therapy.
Detecting disruption of the apoptosis pathway in melanoma cells and detecting possible
causes of failure of the immune system to clear tumour cells from the body may be key
requisites to overcome immune therapy resistance and improve clinical outcome.
Determining the role of cells of the cellular immune system present in the tumour and the
presence of apoptotic regulators expressed in the melanoma cells may provide us with new
insights on how to induce apoptosis in melanoma cells or make the tumour cell more
susceptible to immune therapy.
In this thesis, we investigated the presence of a cellular immune response in relation to
clinical outcome, inhibition of the apoptosis pathway and to MHC class I and II expression
on tumour cells. The results strongly suggest that the cellular immune response is indeed
very important in preventing tumour cells from disseminating to lymph nodes and distant
sites.
In chapter 2 we describe that favourable outcome in clinically stage II melanoma patients
is associated with presence of activated Tumour Infiltrating T-lymphocytes (TILs) and
preserved MHC class I expression. Using immune histochemical analysis we show that
presence of GrB+ TILs, CD4+ TILs and a putative intact antigen presentation in the context
of expression of MHC class I on tumour cells and MHC class II expression on tumour
infiltrating antigen presenting cells predicts a highly favourable outcome in clinically stage
II melanoma patients.
Sentinel lymph node (SLN) status is strongly related to clinical outcome in melanoma
patients and we investigated whether presence of activated and/or regulatory TILs
predicts SLN status in clinically stage I/II melanoma patients. In chapter 3 we show, using
immune histochemical analysis that absence of GrB+ TILs in primary melanoma biopsies
predicts presence of a (SLN) metastasis. In here, we conclude that absence of GrB+ TILs in
primary melanoma biopsies is strongly associated with presence of SLN metastasis.
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In chapter 4 we describe that a high percentage of activated CTLs in primary melanoma is
associated with a favourable clinical outcome, possibly reflecting immunogenic properties
of the primary tumour. This is supported by the significant correlation detected between
intact MHC class I expression and a high percentage of activated CTLs. Furthermore, we
found that expression of the Granzyme B inhibitor PI-9 in metastatic melanoma predicts
poor clinical outcome in vaccinated patients with stage III/IV melanoma and we
hypothesised that the presence of PI-9 might explain why outcome after metastatic
melanoma is not related to presence of high percentages activated CTLs.
In chapter 5 we investigated which antibody and which staining protocol can be used for
optimal detection of c-FLIP expression in paraffin-embedded tissue sections. Only two of
four tested antibodies proved to be specific enough for reliable analysis of c-FLIP
expression. Using these two antibodies and with the optimized protocol we could
demonstrate expression of c-FLIP in Diffuse Large B-Cell Lymphoma and Hodgkin
Lymphoma and not in other lymphoma types.
However, as described in the addendum of chapter 5 we failed to detect expression of cFLIP on paraffin embedded tissue of melanoma cells, although c-FLIP expression was
detected at mRNA level by RT-MLPA analysis in isolated melanoma cells (see chapter 5).
Thus, expression of c-FLIP at protein level in melanoma is most likely below the detection
limit of the tested antibodies, indicating that expression levels in melanoma is below
expression levels detected in lymphomas.
In chapter 6 we establish that downstream disruption of the intrinsic apoptosis pathway is
a key event in a subset of melanomas. Expression profiles of apoptosis regulating genes in
melanoma cells isolated from patients from the ASI trial8 were determined by RT-MLPA and
correlated with clinical outcome. Functional integrity of the intrinsic apoptosis pathway
was determined by measuring caspase activity after induction of apoptosis. We observed
that activation of the intrinsic apoptosis pathway is a key event in a subset of melanomas,
with concomitant disruption of this pathway downstream from caspase 9 activation.
However, disruption of this pathway does not implicate poor outcome of melanoma
patients following ASI therapy, suggesting that an intact intrinsic apoptosis pathway is not
a prerequisite for CTLs and/or NK cells to kill the melanoma cells.
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General discussion
1. An adequate cellular immune response may prevent dissemination of melanoma
cells
In this thesis we repeatedly showed that presence of GrB+ TILs in the primary tumour is
correlated with a favourable clinical outcome of melanoma patients, which is also
reflected by the observed association between absence of GrB+ TILs and SLN metastasis
(chapter 3). The data suggest that an intact cellular immune response is one of the major
factors determining clinical outcome in melanoma patients.
Favourable outcome in melanoma patients is not only associated with presence of
activated TILs and preserved MHC class I antigen expression. We also observed that
presence of CD4+ TILs and putative intact antigen presentation in the context of MHC class
II in primary melanomas is significantly correlated with a highly favourable outcome in
clinically stage II melanoma patients (chapter 2). CD4+ TILs contain the CD4+ T-helper
population; however, they also contain a population of suppressive CD4+ TILs.
2. Different immune escape mechanisms may explain poor outcome in melanoma
patients
Tumour cells can use different mechanisms to evade the cellular immune system and the
cellular immune system itself can be interrupted at different stages. One of these
mechanisms frequently described is down regulation of MHC class I molecules.9,10,11,12 Loss
of MHC class I expression was frequently observed in the melanoma biopsies of both
primary and metastasized tumour cells in our studies (chapter 2, 4 and 3). We observed
that loss of MHC class I expression correlated with absence of GrB+ TILs, suggesting that
absence of GrB+ TILs is caused by defective antigen presentation resulting in inadequate
activation (as reflected by lack of GrB expression) of cytotoxic T lymphocytes (CTLs).
Another escape mechanism might be expression of FoxP3: It was recently suggested that
suppressive FoxP3+ T-lymphocytes are involved in induction of immune tolerance in SLN
metastases.13,14

Our data support this point of view (chapter 3). When melanomas

+

containing GrB TILs in the primary tumour, were subdivided in melanomas with and
without FoxP3+ TILs, we observed that SLN metastases occurred most often in either
melanomas without GrB+ TILs or in melanomas with GrB+ TILs and FoxP3+ TILs. Thus, even
though the immune response is powerful enough to activate the infiltrating lymphocytes,
the FoxP3+ suppressive TILs might cause local immune suppression facilitating tumour cell
persistence. This observation might also explain that, despite presence of GrB+ TILs in the
SLN metastases the activated immune system is apparently incapable of killing the
metastasized tumour cells, probably because most of these SLN metastases also harboured
FoxP3+ TILs. The significant correlation between favourable outcome and presence of high
percentages of GrB+ TILs was not observed in metastasized melanoma. We observed that
the lack of correlation might at least partly be explained by presence of suppressive FoxP3+
cells in the metastasis or by expression of PI-9. We observed that metastatic melanoma
cells can express PI-9, which was found to be associated with poor clinical outcome in
tumour cell vaccinated patients with stage III/IV melanoma (chapter 4). Expression of PI-9,
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the only known human intracellular GrB inhibitor,15 in target cells may inhibit immune
surveillance by blocking NK and CTL-induced cytotoxicity through the perforin/granzyme
pathway and through the Fas/FasL pathway.16 Whether expression of PI-9 in the tumour
cells is sufficient to block cytolysis induced by CTLs and NK cells remains controversial.17,18
We also observed relatively high levels of PI-9 mRNA expression in some patients with a
favourable clinical outcome after ASI therapy (Chapter 6). In these cases CTL and/or NK
cell induced cell death might be induced by members of the TNF family, such as
membrane-bound Fas ligand (FasL) that interacts with the Fas receptor or soluble- and
membrane-bound TNF-related apoptosis-inducing ligand (TRAIL) that induces cell death via
the TNF receptor (TNF-R1) and TRAIL receptors (TRAIL-R1 and -R2).19
The cell death inducing effect of cells of the immune system largely depends on the
induction of apoptosis in the tumour cells. Therefore, disruption of the apoptosis pathway
is, besides loss of antigen presentation or local or systemic immune suppressive factors, a
possible important cause for resistance to immune therapy.
3. Disruption of the intrinsic apoptosis pathway may explain resistance to apoptosis
but is not related to a poor clinical outcome
CTLs are thought to kill their target cells via induction of apoptosis. As indicated in the
introduction CTLs and NK cells can induce apoptosis via different, partly overlapping
pathways (see figure 3 in the introduction). Because our data presented in this thesis
suggest that a properly functioning cellular immune response determines favourable
clinical outcome, it was expected that melanoma cells in these clinically favourable cases
are sensitive to the cell death inducing effect of CTLs and NK cells and thus should have a
more or less intact apoptosis pathway. We were able to isolate melanoma cells from
dissected tumour material for mRNA profiling and therefore the apoptosis pathway was
investigated in considerable detail.
We observed that disruption of the downstream convergence apoptosis pathway is a
frequent event in melanomas. This same phenomenon was also detected in aggressive
lymphomas in which disruption of this pathway resulted in resistance to chemotherapy and
poor clinical outcome. However, in melanoma patients we found no correlation between
disruption of this intrinsic apoptosis pathway and poor clinical outcome. The patients were
treated with the ASI vaccination protocol and favourable outcome was expected to result
from cellular immune response and our data show that sensitivity is apparently not
dependent of activation of this intrinsic pathway.
A known inhibitor of the extrinsic pathway is c-FLIP.20 On cytospins from different
melanoma cell lines c-FLIP expression was immuno histochemically detected, using the
validated methods described in chapter 5, and c-FLIP expression was confirmed on
western Blot. However, no expression of c-FLIP could be detected in paraffin embedded
tissue of melanoma biopsies, even when different antibodies and different staining
protocols were used (addendum). When tested on the mRNA level, relatively low levels of
c-FLIPlong and c-FLIPshort were detected. Probably, c-FLIP expression levels in paraffin
embedded tissue of melanoma biopsies is below the detection limit. Thus, the role of c-
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FLIP expression in melanoma cells in resistance to immune system induced tumour cell
death needs to be further evaluated.

Future directions
The association of the cellular immune response with tumour progression or clinical
outcome, described in this thesis, gives us insight in possibilities to conquer resistance to
immune therapy in melanoma patients. Based on our results, we expect that enhancing the
effectiveness of the cellular immune response against melanoma cells improves clinical
outcome in melanoma patients. Furthermore, restoring sensitivity of melanoma cells to
this cellular immune response might improve outcome in patients with disseminated
melanoma.
Lack of an effective immune response appears to be, at least partly caused by loss of
antigen presentation in the context of the appropriate MHC class I molecules. However reestablishment of appropriate antigen presentation cannot be achieved easily21 but
therefore it might be more worthwhile to enhance the cellular immune response by
increasing MHC class I expression on tumour cells.
Another way to enhance the effectiveness of the cellular immune response might be by
restoring sensitivity to GrB induced apoptosis, by interfering with the function of PI-9

22

using small molecule antagonists. However, such antagonists are as yet not available.
In this thesis we also observed that the intrinsic apoptosis pathway is constitutively
activated in approximately 50% of metastasised melanomas with concomitant downstream
disruption of this pathway. One of the proteins that may cause this downstream inhibition
is XIAP. Neutralising the apoptosis inhibiting function of XIAP should result in spontaneous
induction of apoptosis. Such XIAP neutralizing antagonists are currently available23,24 and
we have shown previously that this XIAP antagonist indeed results in spontaneous apoptosis
in lymphoma cells with constitutive activation of the intrinsic apoptosis pathway.

Concluding remarks
The cellular immune response as reflected by the presence of activated (i.e. GrB+) TILs in
the primary tumour is an important prognostic factor in melanoma patients. Therefore,
immune therapy aiming at boosting the effectiveness of the cellular immune response
and/or restoring the sensitivity of melanoma cells to this cellular immune response might
protect patients for further metastasis and improve outcome in patients with disseminated
melanoma. Finally, neutralizing downstream inhibition of the intrinsic apoptosis pathway
might be an alternative treatment for those patients in which the melanoma cells
demonstrate constitutive caspase 9 activation.
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In dit proefschrift met de titel; ‘de cellulaire immune response in melanoom patiënteninzichten in patiënt gerichte behandeling’ zijn de resultaten beschreven uit het onderzoek naar
de rol van apoptoseresistentie van melanoomcellen en de rol van de aan- of afwezigheid van
verschillende onderdelen van de cellulaire immuun response mede in relatie tot prognose in
melanoompatiënten.
Een melanoom is een kwaadaardige moedervlek die soms uit het niets kan ontstaan, maar vaak
voortkomt uit een al langer bestaande moedervlek. Vaak betreft het dan moedervlekken die al
enigszins afwijkend waren (“onrustige” moedervlekken) of grote moedervlekken die al bij de
geboorte

aanwezig

waren.

Een

melanoom

is

de

belangrijkste

veroorzaker

van

huidkankergerelateerde sterfgevallen ondanks dat van alle patiënten met huidkanker maar 4%
gediagnosticeerd wordt met een melanoom.
De prognose van patiënten met een melanoom is afhankelijk van verschillende variabelen,
waarvan de dikte van de tumor één van de belangrijkste is; hoe dikker het melanoom des te
slechter is de prognose. Andere belangrijke variabelen zijn o.a. geslacht en leeftijd van de
patiënt, de locatie van de primaire tumor, uitzaaiing van tumorcellen in de lymfeklieren
(metastasen). Ondanks dat er op basis van deze variabelen een prognose kan worden gegeven
aan patiënten, kan de ziekte zich toch nog onverwacht openbaren.
Wanneer bij een patiënt een melanoom wordt geconstateerd zal de tumor chirurgisch worden
verwijderd. Om op te sporen naar welke lymfeklieren het melanoom eventueel als eerste zal
uitzaaien kan bij wat dikkere melanomen een schildwachtklierprocedure (Sentinel Node
Procedure) worden uitgevoerd. Met deze techniek kunnen ook heel kleine uitzaaiingen in de
lymfeklieren worden opgespoord, waarna alle andere klieren in dat gebied die ook risico lopen,
kunnen worden verwijderd.
Het komt voor (in 2-4 % van alle patiënten met een melanoom en in 9% van de patiënten met
lymfeklierinvasie) dat patiënten een uitgezaaid melanoom hebben, maar nooit zijn
gediagnosticeerd met een primaire tumor. Hieruit volgt de veronderstelling dat in deze
gevallen de primaire tumor “spontaan” is opgeruimd door de aanwezigheid van een actieve
afweerreactie (immuun respons) tegen de tumorcellen. Het immunogene karakter van
melanomen, dat betekent dat het een afweerreactie kan initiëren waardoor de tumor wordt
opgeruimd, en het belang van de afweerreactie in het voorkomen van progressie van deze
ziekte, is al in vele studies beschreven.
Tumorcellen lijken erg veel op gewone cellen, maar bevatten toch enkele specifieke
tumorantigenen die herkend kunnen worden door het immuunsysteem. Aan de buitenkant van
een tumorcel worden specifieke stukjes tumor gepresenteerd (als op een dienblaadje). Het
stukje tumor wordt dan een antigeen genoemd. Antigeenpresenterende cellen (APC) zijn
gespecialiseerd om deze tumorantigenen op te nemen en gaan dan op zoek naar de juiste witte
bloedcel die de tumor kan vernietigen. Het antigeen wordt op de celmembraan van een
tumorcel of een antigeen APC aangeboden in een antigen/MHC complex. MHC staat voor Major
Histocompatibility Complex. Door de aanwezigheid van MHC-moleculen is het lichaam in staat
onderscheid te maken tussen lichaamseigen en lichaamsvreemd. Er bestaan twee soorten
(klassen) MHC-moleculen: klasse I en klasse II. Klasse I MHC-moleculen bevinden zich op alle
lichaamscellen behalve op rode bloedcellen. Klasse II MHC-moleculen zijn alleen aanwezig op
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het oppervlak van APCs.
T-cellen zijn witte bloedcellen en spelen een rol in de cellulaire afweer, elke T-cel kan
reageren op één specifiek vreemd oppervlak antigeen dat wordt aangeboden door een APC en
kan worden onderverdeeld in één van de 3 hoofdgroepen: helper T-cellen (CD4+), cytotoxische
T-cellen (CD8+), en suppressor T-cellen (FoxP3+). helper T-cellen kunnen antigeen herkennen
gepresenteerd door een MHC klasse II molecuul en cytotoxische T-cellen kunnen antigeen
herkennen gepresenteerd in MHC klasse I.
De afwezigheid van bepaalde onderdelen van de cellulaire afweer kan een belangrijke oorzaak
zijn van het ontstaan van melanoommetastasen en/of resistentie tegen immuuntherapie.
Immuuntherapie is een behandeling waarbij het natuurlijke afweerweersysteem van het
lichaam versterkt en gemanipuleerd wordt om kanker te bestrijden. Het opruimen van de
tumorcellen na behandeling met immuuntherapie is grotendeels afhankelijk van de inductie van
apoptose, oftewel geprogrammeerde celdood, in de tumorcel.Tumorcellen kunnen vaak toch
overleven doordat ze een bepaalde manier hebben gevonden om de inductie van apoptose te
voorkomen of te blokkeren. Dus het kan zijn dat er een actieve afweerreactie tegen de
tumorcellen is maar dat de tumorcellen toch niet worden opgeruimd.
Het herkennen van een niet-functionerend apoptotisch programma in melanoomcellen en het
detecteren van andere mogelijke oorzaken voor het “falen” van de immuun respons om de
tumorcellen op te ruimen, kunnen mogelijk helpen bij het verhelpen van resistentie tegen
immuuntherapie. Hierdoor kunnen patiënten doelgerichter en effectiever worden behandeld en
zal de prognose van patiënten verbeteren.
In hoofdstuk 2 beschrijven we dat de aanwezigheid van een hoog percentage geactiveerde
granzyme B+ (GrB+) cytotoxische T-cellen in primaire melanomen geassocieerd is met een
gunstige klinische prognose. De aanwezigheid van deze geactiveerde cytotoxische T-cellen in
de primaire tumor impliceert het mogelijk immunogene karakter van de primaire tumor. Deze
hypothese wordt versterkt doordat er een significante correlatie gevonden is tussen de
expressie van “intact” MHC klasse I moleculen en de aanwezigheid van geactiveerde die
cytotoxische T-cellen. PI9 remt granzyme B en daarmee het celdood inducerende effect van
geactiveerde cytotoxische T-cellen. We hebben aangetoond dat expressie van PI9 in
gemetastaseerde tumorcellen ongunstig is in patiënten met een uitgezaaid melanoom en
expressie van PI9 zou daarom een goede verklaring kunnen zijn voor een slechte klinische
respons op immuun vaccinatie therapie.
In hoofdstuk 3 gaat over een test met verschillende antilichamen getest om expressie van cFLIP te kunnen detecteren in lymfoom- en melanoom cellen. Expressie van c-FLIP kan het
apoptotische programma blokkeren waardoor tumorcellen niet kunnen worden opgeruimd.
Aantonen van dit eiwit in tumorcellen zou dus een verklaring kunnen zijn voor een slechte
prognose. Slechts twee van de vier geteste antilichamen bleken hiervoor geschikt. Met behulp
van deze antilichamen is duidelijke expressie van c-FLIP aangetoond in grootcellig B-cel
lymfomen en in Hodgkin lymfomen. Echter, met deze antilichamen is het niet gelukt expressie
van c-FLIP expressie op eiwitniveau aan te tonen in melanoomcellen terwijl expressie van cFLIP op mRNA niveau wel gedetecteerd is in melanoomcellen (zie hoofdstuk 5). De expressie
van c-FLIP in melanomen is blijkbaar te laag om te kunnen detecteren met behulp van de nu
beschikbare antilichamen. Waarschijnlijk is expressie van c-FLIP in melanoom cellen dan ook
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geen verklaring voor een slechte uitkomst na behandeling.
In hoofdstuk 4 doen we verslag van de gunstige prognose voor patiënten met een laag stadium
melanoom die geassocieerd is met de aanwezigheid van geactiveerde (GrB+) tumorinfiltrerende
T-cellen (TILs). De aanwezigheid van GrB+ TILs is gecorreleerd met de expressie van een
“intact” MHC klasse I molecuul. In dit hoofdstuk laten we zien dat zowel de aanwezigheid van
GrB+ TILs en CD4+ TILs als ook ‘intacte’ antigeenpresentatie met MHC klasse I en MHC klasse II
in primaire melanomen een gunstige variable is. Op basis van deze variabelen zou een betere
prognose aan de patient kunnen worden mee gegeven.
In hoofdstuk 5 staan expressie profielen centraal van apoptosegerelateerde genen in
geïsoleerde melanoomcellen van patiënten die behandeld zijn met immuun vaccinatie
therapie. Deze profielen hebben we vergeleken met de reactie van de patienten op de
behandeling met immuun vaccinatie therapie. Uit deze experimenten bleek dat de intrinsieke
apoptose route continue is geactiveerd in groot deel van de melanomen, maar dat deze route
uiteindelijk is onderbroken. Hierdoor kan de tumorcel dus niet in apoptose gaan en blijft de
tumor cel leven. Dit zou kunnen verklaren waarom patienten niet goed reageren op
immuuntherapie. Onderbreking van de intrinsieke apoptoseroute bleek echter niet gerelateerd
aan een slechte uitkomst na immuun vaccinatie therapie. Een intacte intrinsieke apoptose
route is waarschijnlijk dus geen vereiste voor cytotoxische T-cellen om de tumorcellen te
kunnen doden.
In Hoofdstuk 6 hebben we onderzocht of de aanwezigheid helper T-cellen (CD4+), cytotoxische
T-cellen (CD8+), en suppressor T-cellen (FoxP3+) de aanwezigheid van SLN metastases kunnen
voorspellen in stadium I/II melanoom patiënten. Hierin vonden we dat de afwezigheid van
geactiveerde GrB+ cytotoxische T-cellen sterk is geassocieerd met de aanwezigheid van SLN
metastasen.
De cellulaire afweer, weergegeven door aanwezigheid van geactiveerde (GrB+) TILs in de
primaire tumor

is een belangrijke prognostische variabele

in melanoom patiënten. Het

herstellen van de cellulaire afweer en de gevoeligheid van tumorcellen voor deze immuun
respons dmv immuuntherapie

kan de

effectiviteit van de behandeling verbeteren en de

prognose van patiënten met een melanoom begunstigen.
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En dan ben je opeens begonnen aan het schrijven van het allerlaatste onderdeel van je
proefschrift…… Het is dus echt bijna zover, het afsluiten van het hoofdstuk: promoveren.
En zoals elk proefschrift, is ook mijn proefschrift tot stand gekomen met de hulp van velen die
ik hier graag wil bedanken.
Graag begin ik met mijn promotor Prof. Dr. C.J.L.M. Meijer. Beste Chris, bedankt voor de
prettige

samenwerking.

Tijdens

onze

werkbesprekingen

wist

je

altijd

weer

een

brainstormsessie te starten waardoor nieuwe onderzoeksplannen werden geboren. Jouw
kritische maar vooral positieve blik heeft er mede voor gezorgd dat dit proefschrift tot stand is
gekomen. Bedankt voor je input.
Dan Dr. J.J. Oudejans, mijn co-promotor en dagelijkse begeleider. Beste Joost, jouw
onuitputtelijke inzet heeft een grote bijdrage geleverd aan dit proefschrift. Bedankt voor je
eindeloze behulpzaamheid en begrip. Onze verschillende kijk op resultaten heeft vaak tot
heftige discussies geleid, maar zorgde ervoor dat we onderzoeksgericht en pragmatisch op zoek
gingen naar de antwoorden. En bij het volgende feestje krijg je toch echt die joint hoor! (Voor
uitleg verwijs ik naar Dr. J.J. Oudejans).
Natuurlijk mag Dr. E. Hooijberg, mijn tweede co-promotor, niet ontbreken in dit dankwoord.
Beste Erik, ondanks dat je pas later betrokken bent geraakt bij mijn onderzoek, is jouw
bijdrage aan dit proefschrift onmisbaar gebleken! Dankzij jouw rationele en nuchtere kijk op
de zaken waren overleggen altijd erg verhelderend, mijn dank aan jou is dan ook groot.
In dit rijtje hoort ook Prof. Dr. J.A. Kummer, mijn officieuze, tweede promotor, echt thuis.
Beste Alain, jij bent met jouw enthousiasme en wetenschappelijk inzicht de grondlegger
geweest voor het verdere verloop van het onderzoek. Eenmaal gesetteld in Utrecht ben je
altijd langs de zijlijn betrokken gebleven en was je altijd bereid een kritische blik op de stand
van zaken te werpen, vooral onder het genot van een borrel in een gezellige Utrechtse kroeg.
Heel erg bedankt, en ik hoop dat er nog vaker gezellige “werkbesprekingen” zullen komen.
Ook de leden van de lees- en promotiecommissie wil ik bedanken voor de tijd en aandacht die
ze aan het lezen van het proefschrift en het voeren van de oppositie hebben besteed: Prof. Dr.
J.P. Medema, Prof. Dr. J.A. Kummer, Prof. Dr. E. Hack, Prof. P.A.M. van Leeuwen en Dr. A.J.
M. van den Eertwegh. Paul en Fons bedankt, ook voor de herhaaldelijke besprekingen over de
klinische aspecten van het onderzoek. Dr. T.D. de Gruijl, vooral jouw professionele en politieke
bemiddelende inbreng is onmisbaar geweest voor de totstandkoming van dit proefschrift. And
last but certainly not least: Prof. Dr. S.P. Schoenberger, I don’t know where to start: you gave
me a wonderful opportunity to share aspects of the scientific world, introduced me to a more
basic side of immunology, and taught me how to perform well controlled experiments and
present data in a convincing way. Steve, mijn dank is groot. Mocht je ooit rond 30 april in
Nederland zijn dan gaan we zeker Koninginnedag vieren!
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Mijn collega’s uit de apoptosegroep, Jettie, Joost, Pim, Kitty, Cindy, José, en Nathalie. Deze
groep lijkt nu toch echt zelf in apoptose te zijn gegaan, maar gelukkig worden de apoptotic
bodies gefagocyteerd en gepresenteerd door Saskia. Sas, dank voor de gezelligheid de
afgelopen jaren! Wim, jouw kennis, kunde en oplossend vermogen heeft er vaak voor gezorgd
dat praktische problemen verdwenen als sneeuw voor de zon. Bedankt voor je onuitputtelijke
bereidheid tot meedenken! En dan Laura: mijn steun en toeverlaat van de laatste twee jaren
van mijn project, eerst als studente en later als analiste! Zelfs na mijn vertrek van het VUmc
bewijs je nog menigmaal een absolute topper te zijn. Laura, dank voor je onvermoeibare inzet
in het onderzoek. Jouw enthousiasme en doorzettingsvermogen zijn vaak een verlichting voor
me geweest. Ik wens je het allerbeste, maar daar hoef ik me absoluut geen zorgen om te
maken!
Van de afdeling Pathologie, met name Thea en Mohammed, maar uiteraard alle collega’s,
bedankt voor de prettige en gezellige samenwerking, zowel op de werkvloer als tijdens alle
uitjes, borrels of feestjes. Ook Tonia en Carla verdienen een persoonlijke noot! Bedankt voor
de gezellige ontstressende gesprekjes, en alle hulp vooral aan het einde van het traject! Jullie
eindeloze opgewektheid hebben vaak voor een zonnetje achter de wolkjes gezorgd!
Van de afdeling Klinische Chemie, waar ik in de begin jaren van mijn AIO-traject, veel mee heb
samengewerkt: Erik, Merel, Dorine, Bellinda, Sanne, Astrid, heel erg bedankt voor de vele
gezellige momenten. Bellinda, Merel en Dorine, jullie hebben me wegwijs gemaakt in het lab
en de vele “kneepjes”van het vak op alle fronten bij gebracht! We kunnen nu hard lachen om
alle “ellende”, ;-)!
Ook het HOI-lab wil ik bedanken, in het bijzonder: Patricia, Loekie, Richard, Isabelle en Zinia.
Bij jullie ben ik als student begonnen aan mijn VUmc-carrière. Bedankt voor alle hulp en
leermomenten, en ook voor jullie geldt: bedankt voor de gezelligheid!
Van het LIAI in San Diego wil ik vooral Xiouting en Ramon bedanken. Ramon, jij was mijn
vraagbaak binnen het instituut, dank voor je geduld en input! Ik hoop snel weer een keer het
zonnig SD op te zoeken!
Aniek, ook jij hoort in dit rijtje thuis! Wat een geweldige ervaring hebben we gehad hè?! Ik ben
erg blij dat we dit samen hebben meegemaakt! Ik mis de verhalen over wat je ´s nachts
droomde nog elke ochtend!
Xiouting, I am really grateful for your guidance during my stay in Steve’s lab, I learned a lot
from you. Besides the fact you were a magnificent tutor, you were also really funny! I had a
great time, thanks to you.
Mette and Chris, Mike, Carl, Sharam, Chris L, David, Magda, all of you made my stay in SD
really special! Especially the times we spent at the softball field and Rockbottom afterwards!
Jenny and Steve, thanks so much for your hospitality! I still think a lot about our wonderful
times at your dinner table! Either in SD or in your beautiful house in Mexico! I hope to visit the
funnyfarm soon! Flo, you have been a great friend! I really liked hanging out with you and
discuss the different aspects of life and science!
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De AIO’s! Allereerst iedereen van de AIO-kamer: Saskia, Johan, Bart, Rieneke, Yuri, Jettie,
Joost, Cilli en Kirsten. Wat een ongelofelijke tijd heb ik met jullie gehad op onze AIO- kamer.
Die momenten in 0E46 hebben de afgelopen jaren echt wel heel bijzonder gemaakt. De borrels,
de gesprekken, de lachzakken, de vliegende ballen, de ´tork-rol- aandelen-zijn-gekelderddaar-doen-we wat-aan´-sessies! Terugdenken aan deze momenten zal me altijd weer aan het
lachen maken. Lieve Sas, Rien, Cilli, Yuri, Joost, Bartman en Johannus wat vinden jullie van
het weekend van 11 oktober?
Ook buiten de AIO-kamer is een hoop gebeurd: Maria, Paul, Jessica, Hedy, Hester, Berbel,
Jelle, Annelies, Tineke, Floor, Linda, Saskia W, en Jilian bedankt voor alle gezellige momenten!
Er gaan er vast nog een heleboel komen; niet in de laatste plaats op alle toekomstige
promoties!
Mascha en Annelous, mijn twee lieve vriendinnetjes en mijn paranimfen.
Lieve Annelous, beeb, als ze ons vijf jaar geleden hadden verteld wat er allemaal te gebeuren
stond hadden we ze hardlachend voor gek verklaard! Lousje, mijn steun en toeverlaat, jouw
kracht, enthousiasme en to-the-point reactievermogen zijn voor mij altijd weer verhelderend
en

motiverend.

En

je

weet

het,

alles

wat

vermeld

staat

op

watstaatertegebeurenvoorLousenInge.nl; ik ben er bij! En niet te vergeten uiteraard, Ron. Ook
jij mag niet ontbreken in deze lijst. Ik dank je voor alle heerlijke gesprekken, dagen, uitjes,
testen, etentjes, chamagnemomenten.... nou ja ga zo maar door. Op die website waar ik het
net over had.... Jij bent er ook bij hoor!
Lieve Mas, onze wegen zijn ondertussen zo onlosmakelijk met elkaar verbonden, ik zou de weg
niet meer kunnen vinden zonder jou. Na al onze saunabezoekjes, behangpogingen,
verhuizingen, verfmomenten (niet alleen de muren), softbalactiviteiten, terrasdates op ledig
erg en gesprekken over alles wat zinnig maar vooral ook onzinnig is, is het nu dan toch echt
zover: we gaan het doen dit jaar! Ik ben trots op je! En we gaan daarnaast onze lijst met leuke
activiteiten flink uitbreiden dit jaar, ik heb al een cursus TKG gevonden! En ook Sjoerd, coach,
ook dank voor alles, maar vooral ook afgelopen jaar voor het verzorgen van de beste
uitlaatklep die je kan wensen!
Ja en wat die uitlaatklep betreft, daar heb je een team voor nodig! En wat voor een team.
Voor al mijn gezellige teamgenootjes en in het bijzonder Anna, Julia, Maaike en Jose: Dank
voor de geweldige dames 3 avonden waarop we grote hoeveelheden rose verorberden, alle
leuke wedstrijden en toernooien! En dit jaar worden wij kampioen!
Sander en Fre, en lieve Lara. In een korte tijd hebben we erg veel met elkaar meegemaakt.
Maar al die gezellige avondjes bij jullie zijn onvervangbaar!
Sander, mijn ‘kleine’ neefje. Wat een topwerk heb jij geleverd. Ik ben zo blij met de omslag!
Heel erg bedankt! En nu heb ik tijd om snel bij jullie nieuwe huisje in Rotterdam te komen
kijken!

129

Dankwoord
En dan natuurlijk alle vrienden, Gijs en Annelein, Hommo en Marijn, Moniek, Greetje en
Carlijn. Naast de interesse voor het werk, jullie ook vooral bedankt voor de vele momenten van
ontspanning en gezelligheid
Lieve pap en lieve mam, zonder jullie was dit natuurlijk allemaal niet gelukt. Jullie liefde voor
elkaar en voor ons, jullie kracht om door te vechten, jullie steun en jullie motiverende
woorden zullen mij altijd verder helpen. Ik hou van jullie!
Lieve Eef, lief mutsje, ook jouw steun, vertrouwen en waardering zijn onmisbaar geweest!
Dank je wel!
Lieve Arjan, kanjer, jij mijn thuis en mijn rustpunt, ik had het laatste deel niet zonder jou
willen doorlopen. Ik ben blij dat jij er bent! En weet je, ik denk dat ik het weet!
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Colour Figures

Legends
Chapter 2:
Figure 1 (p136): Photo’s of immunohistochemical staining of TILs
Melanoma biopsy with: A)GrB+ TILs, B) without GrB+ TILs, but with GrB+ cells surrounding the tumour, C) CD8+
TILs, D) without CD8+ TILs, but with CD8+ cells surrounding the tumour, E) Images of CD8 (green) and GrB (red)
double positive TILs (yellow, arrow). Some noise was introduced to visualize tissue compartments as well as
the difference between TILs and lymphocytes surrounding the tumour. Single positive cells were observed in
tumour periphery, F) Melanoma biopsy with HCA2+ tumour cells, G) Melanoma biopsy with HC10+ tumour cells,
H) Melanoma biopsy with ß2M+ tumour cells, I) Melanoma biopsy with HLA-DR+ tumour cells.

Chapter 3:
Figure 1 (p 136): Photographs of images of immunohistochemical staining of TILs. Primary melanoma
biopsy of a patient with a negative SLN with: A) GrB+ TILs and B) FoxP3+ TILs. Biopsy of a SLN metastasis with:
C) GrB+ TILs and D) FoxP3+ TILs.

Colour pictures of chapter 4 and 5 are online available

Addendum Chapter 5:
Figure 1a; p137: Expression of c-FLIP in melanoma cell lines detected with MLPA
Unsupervised cluster analysis of expression levels of apoptosis-regulating genes in melanoma cell lines
Figure 1b; p137: c-FLIPlong and c-FLIPshort detected in melanoma cell lines on protein level
In most melanoma cell lines c-FLIPlong expression is detected with western blot analysis. Only in two melanoma
cell lines (MU89 and 518A2) c-FLIP expression was not detected. In 3 of 9 cell lines c-FLIPshort is detected.
Figure 1c; p137: Low levels of both c-FLIPlong and c-FLIPshort mRNA detected in melanoma cell lines
With a quantitative RT-PCR on mRNA of melanoma cell lines, low levels of mRNA of both isoforms were
detected. The highest expression was detected in a cell line called BRO
Figure 1d; p137: No expression of c-FLIP detected using immunehistochemistry.
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Figure 1: RT-MLPA apoptosis expression profiles of melanoma samples and normal melanocytes.
Hierarchical cluster analysis (Pearson uncentered, complete linkage) of melanoma samples and non-neoplastic
melanocytes. Two major clusters were identified. A cluster with relatively low expression of most genes
(green, low profile) and a second cluster with relatively high expression of most genes (red, high profile).
Genes with detectable expression values in <80% of the samples were omitted from the analysis.
Figure 2: Apoptosis expression profiles and caspase 9 and 3 activity and α-Fas sensitivity in melanoma
cell lines. a) Melanoma cell lines are divided into two major clusters, similar to the melanoma samples.
Remarkably, melanoma cells have a clearly different expression profile compared to normal melanocytes. b)
Percentages cell survival after induction with α-Fas, without and with addition of Z-VAD-fmk.
Figure 3: Detection of Fas expression on melanoma cell lines. A) Melanoma cell line 518B with membranous
Fas (CD95) expression. B) Melanoma cell line BRO, no expression of Fas (CD95) is detected.
Figure 4: Levels of spontaneous caspase 9 and -3 activity in melanoma cell lines.
Melanoma cell lines grouped according to apoptosis expression profile. High levels of caspase 9 activity were
observed in 6 of 8 cell lines, however without subsequent activation of caspase 3

Figure 5: Detection of apoptosis in melanoma cells. A) MGG stained cytospin preparation of melanoma cell
line MU96 demonstrating absence of spontaneous apoptosis in melanoma cell lines. B) MGG stained cytospin
preparation of melanoma cell line MU89 demonstrating absence of spontaneous apoptosis in melanoma cell
lines. C) MGG stained cytospin preparation of α-Fas sensitive melanoma cell line MU89 demonstrating absence
of apoptosis after induction with α-Fas .D) MGG stained cytospin preparation of α-Fas resistant melanoma cell
line MU96 demonstrating presence of apoptotic cells after induction with α- Fas.
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