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
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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.

109

Chapter 7
References

1 Breslow A. Thickness, cross-sectional areas and depth of invasion in the prognosis of cutaneous melanoma. Ann
Surg 1970:172:902.
2 Streetly A, Markowe H. Changing Trends in the Epidemiology of Malignant Melanoma: Gender Differences and
Their Implications for Public Health. Int J Epidemiol 1995:24:897-907.
3 Austin PF, Cruse CW,Lyman G, et al. Age as a prognostic factor in the malignant melanoma population. Ann Surg
Oncol 1994:1:487-94.
4 Scoggins CR, Ross MI, Reintgen DS, et al. Sunbelt Melanoma Trial. Gender-related differences in outcome for
melanoma patients. Ann Surg 2006:243:693-8.
5 Chang P, Knapper WH. Metastatic melanoma of unknown primary. Cancer 1982:49:1106-11.
6 Dasgupta T, Bowden L, Berg JW. Malignant melanoma of unknown primary origin. Surg Gynceol Obstet
1963:117:341-45
7 Schlagenhauff B, Stroebel W, Ellwanger U, et al. Metastatic melanoma of unknown primary origin shows
prognostic similarities to regional metastatic melanoma: recommendation for initial staging examinations. Cancer
1997:80:60-65.
8 Baars A, Claessen AM, van den Eertwegh AJ, Gall HE, Stam AG, Meijer S, Giaccone G, Meijer CJ, Scheper RJ,
Wagstaff J, Vermorken JB, Pinedo HM.Skin tests predict survival after autologous tumor cell vaccination in
metastatic melanoma: experience in 81 patients. Ann Oncol 2000:11:965-70.
9 Ferrone S, Marincola FM. Loss of HLA class I antigens by melanoma cells: molecular mechanisms, functional
significance and clinical relevance. Immunol Today 1995:16:487-94.
10 Chang CC, Ogino T, Mullins DW, Oliver JL, Yamshchikov GV, Bandoh N, Slingluff CL Jr, Ferrone S. Defective
human leukocyte antigen class I-associated antigen presentation caused by a novel beta2-microglobulin loss-offunction in melanoma cells. J Biol Chem 2006:281:18763-73.
11 Restifo NP, Marincola FM, Taubenberger J, et al. Loss of functional beta 2-microglobulin in metastatic
melanomas from five patients receiving immunotherapy. J Natl Cancer Inst 1996 17:88:100-8.
12 Kageshita T, Hirai S, Ono T, et al. Down-regulation of HLA class I antigen-processing molecules in malignant
melanoma: association with disease progression. Am J Pathol 1999: 154:745-54.
13 Viguier M, Lemaitre F, Verola O, Cho MS, Gorochov G, Dubertret L, Bachelez H, Kourilsky P, Ferradini L. Foxp3
expressing CD4+CD25(high) regulatory T cells are overrepresented in human metastatic melanoma lymph nodes
and inhibit the function of infiltrating T cells. J Immunol 2004;173:1444-53.
14 Ziegler SF.FOXP3: not just for regulatory T cells anymore. Eur J Immunol 2007;37:21-3.
15 Bird, C. H., V. R. Sutton, J. Sun, C. E. Hirst, A. Novak, S. Kumar, J. A. Trapani, P. I. Bird. Selective regulation
of apoptosis: the cytotoxic lymphocyte serpin proteinase inhibitor 9 protects against granzyme B-mediated
apoptosis without perturbing the Fas cell death pathway. Mol Cell Biol 1998;18:6387.
16 Kummer JA, Micheau O, Schneider P, Bovenschen N, Broekhuizen R, Quadir R, Strik MC, Hack CE, Tschopp J.
Ectopic expression of the serine protease inhibitor PI9 modulates death receptor-mediated apoptosis. Cell Death
Differ 2007;14:1486-96.
17 Bots M, Offringa R, Medema JP. Does the serpin PI-9 protect tumor cells? Blood 2006;107:4974-5
18 Godal R, Keilholz U, Uharek L, Letsch A, Asemissen AM, Busse A, Na IK, Thiel E, Scheibenbogen C. Lymphomas
are sensitive to perforin-dependent cytotoxic pathways despite expression of PI-9 and overexpression of bcl-2.
Blood 2006;107:3205-11.
19 Locksley RM, Killeen N, Lenardo MJ. The TNF and TNF receptor superfamilies: intergrating mammalian biology.
Cell 2001;104:487–501.
20 Micheau O. Cellular FLICE-inhibitory protein: an attractive therapeutic target? Expert Opin Ther Targets
2003;7:559-73.
21 Aptsiauri N, Cabrera T, Garcia-Lora A, Lopez-Nevot MA, Ruiz-Cabello F, Garrido F. MHC class I antigens and
immune surveillance in transformed cells. Int Rev Cytol. 2007;256:139-89.
22 Stout-Delgado HW, Getachew Y, Rogers TE, Miller BC, Thiele DL. The role of serpinb9/serine protease inhibitor
6 in preventing granzyme B-dependent hepatotoxicity. Hepatology 2007;46:1530-40.
23 Schimmer AD, Dalili S, Batey RA, Riedl SJ. Targeting XIAP for the treatment of malignancy. Cell Death Differ
2006;131:79-88.
24 Cillessen SA, Reed JC, Welsh K, Pinilla C, Houghten R, Hooijberg E, Deurhof J, Castricum KC, Kortman P, Hess
CJ, Ossenkoppele GJ, Meijer CJ, Oudejans JJ. Small-molecule XIAP antagonist restores caspase-9-mediated
apoptosis in XIAP-positive diffuse large B-cell lymphoma cells. Blood 2007; [Epub ahead of print].

110

