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General introduction 

Apoptosis is an important physiological process that plays a pivotal role in controlling 

the number of cells during normal embryogenesis, development, tissue homeostasis and 

immunity. Although apoptosis is a tightly regulated process, imbalanced regulation of 

apoptotic cell death has been implicated in several human diseases, such as tissue 

degenerative disorders, autoimmune diseases, and cancer. Apoptosis can be induced by 

two major apoptosis signaling pathways namely the "extrinsic" death receptor pathway 

and the "intrinsic" mitochondrial pathway1·3. The tumor suppressor protein p53 plays a 

central role in the response to DNA-damage and can activate both the extrinsic and 

intrinsic death signaling pathways4• 

This thesis focuses mainly on the death receptor apoptotic pathway. The best

characterized death ligands include tumor necrosis factor-a (TNF-a), Fas ligand (FasL), 

and TNF-related apoptosis-inducing ligand (TRAIL)l. They can trigger apoptosis of 

susceptible cells via their cognate cell-surface death receptors, TNFRl, Fas, and 

DR4/DR5 respectively. Several studies showed that chemotherapy can activate the Fas

FasL or the DRS-TRAIL death pathway additionally to the intrinsic mitochondrial 

pathway5•6. In the first part of this thesis, the importance of the Fas death pathway in 

cisplatin sensitivity of testicular germ cell cancer cells was investigated, while the 

second part addresses the therapeutic potential of recombinant human (rh) TRAIL by 

studying the expression of death receptors in normal healthy tissues and in non-small 

cell lung cancers. 

In Chapter 2 an overview is presented on the potential pathways responsible for the 

extreme sensitivity of testicular germ cell cancers to cisplatin-containing chemotherapy. 

This review focuses on p53-activated mechanisms such as cell cycle arrest or apoptosis 

via the mitochondrial death pathway and the Fas death pathway in the context of 

normal and transformed testicular germ cells. 

Because of the importance of the Fas death pathway in germ cell apoptosis in 

normal testis7-1° and in chemotherapy-induced apoptosis in certain cell typess,6, the role 

of Fas-mediated cytotoxicity in cisplatin sensitivity and resistance in human testicular 

germ cell cancer cells was investigated and is described in Chapter 3. As a model for 

acquired cisplatin resistance served the cisplatin-sensitive testicular germ cell cancer cell 

line Tera and its cisplatin-resistant subclone Tera-CPll. The cisplatin-sensitive 833KE 

cells and cisplatin-resistant Scha cells were used as a model for intrinsic cisplatin 

sensitivity and resistance12• This study revealed that cisplatin-resistance of testicular 

germ cell cancer cells is related to the absence of cisplatin-induced activation of the Fas

FasL system. In contrast to cisplatin-sensitive testicular germ cell cancer cells, the Fas 

death pathway is nonfunctional in cisplatin-resistant testicular germ cell cancer cells. In 

Chapter 4, potential mechanisms behind the absence of apoptotic Fas signaling in 

cisplatin-resistant testicular germ cell cancer cells were investigated using the 

Tera/Tera-CP model. 

P53 plays an important role in the response of cancer cells to DNA damage. P53 can 

induce apoptosis by the transcriptional activation of the death receptors or the pro

apoptotic Bcl-2 family members4• However, p53 also regulates the expression of proteins 

involved in the induction of cell cycle arrest including p21Waf1/Cipl (p21). Fas-induced 
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Chapterl 

apoptosis can be inhibited by p2113•14• Despite wild-type pS3, testicular germ cell cancers 

often express very low p21 protein levels15·17• In Chapter 5, mechanisms involved in the 

low p21 protein levels and the importance of this low p21 protein expression in the 

sensitivity of testicular germ cell cancer cells to Fas-induced apoptosis were studied. 

In contrast to FasL, the death ligand rhTRAIL harbors potential as anticancer agent since 

it shows no toxicity when systemically administered in rodents and nonhuman primates 

including chimpanzees18-21• Moreover, rhTRAIL can induce apoptosis in a variety of 

tumor cells in culture and in tumor implants in mice19•25• Besides the two death receptors 

DR4 and DRS, rhTRAIL binds also to two decoy receptors, DcRl and DcR2 that cannot 

transmit an apoptotic signal. The extracellular domains of the chimpanzee TRAIL 

receptors show 97-99% sequence identity with the human receptors. Knowledge about 

the balance between TRAIL death- and decoy receptors in human and chimpanzee 

tissues will further support clinical studies. Therefore, in Chapter 6 the expression of the 

death receptors DR4 and DRS, the anti-apoptotic TRAIL receptor DcRl, and TRAIL was 

studied by immunohistochemistry in normal healthy human and chimpanzee tissues. 

In vitro studies have shown that several non-small cell lung cancer cell lines are 

sensitive to apoptosis induction by rhTRAIL, while normal lung epithelial cells are 

resistant19•26·28• These studies indicate that rhTRAIL may become an attractive molecule 

for treatment of non-small cell lung cancers. However, no data are available on the DR4 

and DRS protein expression and their role in treatment response or survival in human 

non-small cell lung cancers. Therefore, in Chapter 7, the expression of TRAIL and its 

apoptosis-inducing receptors, DR4 and DRS, was analyzed immunohistochemically in 

non-small cell lung cancer tumors. In order to reveal associations between the 

expression of these proteins and prognosis, the expression was related to clinical 

variables, such as tumor type, treatment response, time to progression and overall 

survival time. 

Finally, the results of the studies described in this thesis are summarized and 

potential future perspectives are discussed in Chapter 8. 
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An inherent sensitivity to apoptosis-inducing stimuli 

ABSTRACT 

Testicular germ cell tumours (TGCT) are extremely sensitive to cisplatin-containing 

chemotherapy. The rapid time course of apoptosis induction after exposure to cisplatin 

suggests that TGCT cells are primed to undergo programmed cell death as an inherent 

property of the cell of origin. In fact, apoptosis induction of germ cells in the testis is an 

important physiological mechanism to control quality and quantity of gametes 

produced. Although p53 protein is highly expressed in the majority of TGCTs, almost 

no p53 mutations have been detected. Interestingly, p53 overexpression is associated 

with loss of p21 and gain of mdm2 expression, which might indicate a partial loss in 

functionality of the p53 regulatory pathway in TGCTs. Besides p21, TGCTs often show 

low expression of other proteins involved in the regulation of cell cycle progression, 

such as the retinoblastoma protein and members of the INK4 family. It can be 

postulated that the deregulated G1-S phase checkpoint results in premature entry of the 

S phase upon DNA damage. In addition to Bcl-2 family members that are involved in 

the regulation of germ cell apoptosis in the normal testis via the mitochondrial death 

pathway, the Fas death pathway is also known to regulate apoptosis of germ cells in the 

testis. Since chemotherapy has been shown to activate the Fas death pathway and 

TGCTs co-express both Fas and its ligand FasL, TGCT cells might undergo apoptosis 

upon cisplatin treatment via autocrine or paracrine activation of the Fas system by FasL. 

The hypothesis suggested here is that the lack of cell cycle arrest following a cisplatin· 

containing treatment, together with the activation of the Fas death pathway and the 

mitochondrial death pathway, explains the rapid and efficient apoptosis of TGCT cells. 

Defining the mechanisms involved in the cisplatin sensitivity of TGCTs will provide 

tools to increase cisplatin sensitivity in other human tumours with acquired or intrinsic 

resistance. 

Keywords: germ cells; testicular germ cell tumour; apoptosis; p53; Fas; p21 
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Chapter 2 

INTRODUCTION 

Testicular germ cell tumours (TGCTs) can be divided into seminomas and non

seminomas29. They represent one of the few solid tumour types that, when metastasized, 

are curable by cisplatin-containing chemotherapy, with an overall cure rate of more than 

80%30• Moreover, several studies have shown that carboplatin monotherapy as adjuvant 

therapy to surgical resection appears to be equivalent to the traditional radiotherapeutic 

treatment of stage I seminomas31,32. Most cell lines derived from human TGCTs also 

consistently display an unusually high sensitivity to chemotherapeutic agents with 

cisplatin as key drug33.34. Analysis of potentially relevant parameters in cisplatin 

sensitivity, including cellular detoxification mechanisms (e.g. the glutathione and the 

metallothionein systems), platinum accumulation, DNA platination and repair, p53 

status, and expression of Bcl-2 family proteins, has not been able, so far, to elucidate the 

identity of this inherent sensitivity of testicular tumours11•12•35-38• The rapid time course of 

apoptosis induction after exposure to chemotherapeutic drugs suggests that TGCT cells 

may already be primed to undergo programmed cell death. Sensitivity to apoptotic 

stimuli may well be an inherent property of the cell of origin. This is supported by the 

observation that treatment with cytotoxic chemotherapy and radiotherapy can be 

associated with significant testicular germ cell damage and impairment of fertility39A0• In 

addition, during normal spermatogenesis, spontaneous apoptosis occurs in the testis as 

an important physiological mechanism to adjust germ cell numbers to that of the 

supporting Sertoli cells and to ensure quality control of the gametes produced4144. 

Besides the involvement of Bcl-2 family members, the Fas-FasL system between Sertoli 

cells and germ cells has been proposed as another important cellular mechanism 

underlying germ cell apoptosis. In the present review, we discuss the involvement of 

p53 in the drug sensitivity of TGCT cells, focusing on p53-activated mechanisms such as 

cell cycle arrest (p21w•f1/Cir1) or apoptosis (Bcl-2 family members and the Fas death 

system). 

P53 and cisplatin sensitivity of TGCT cells 

A major role for p53 in the response to chemotherapeutic drugs and the execution of 

apoptosis has been described4547. The p53 gene is the most frequently mutated gene in 

human cancers. Mutations or deletions in the p53 gene have been detected in 

approximately 50% of colon, ovarian and lung cancers48. Despite the increasing 

knowledge about the p53 protein as a transactivator and a cellular gatekeeper for cell 

growth and division, the effect of wild-type p53 and mutated p53 on the drug sensitivity 

of human tumours is still not clear. Many studies have examined the role of p53 in drug 

sensitivity in human cancers and in human tumour cell lines, but the results have been 

conflicting49-52. A study comparing cell lines from various tumour types expressing 

endogenous wild-type p53 versus those expressing mutant p53 demonstrated a positive 

correlation between cisplatin resistance and the presence of mutant p5350• In a panel of 

nine human ovarian cell lines, however, neither cisplatin nor paclitaxel sensitivity 

correlated with the p53 status51, while in human neuroblastoma cell lines, a correlation 

between cisplatin resistance and mutant p53 expression was observed52. The 
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An inherent sensitivity to apoptosis-inducing stimuli 

involvement of p53 in drug sensitivity may therefore be tumour-specific. Surprisingly, 

in human TGCTs almost no p53 mutations have been detected, while the p53 protein is 

expressed at high levels in the majority of these tumours17·53·ss. Several reports indicate 

that p53 is functionally inactive in TGCTs, which may explain the absence of p53 

mutations in these tumours17·56. In contrast, results from other reports suggest the 

presence of a transcriptionally active wild-type p53 in TGCTs, since overexpression of 

wild-type p53 correlates with mdm2 gene overexpression16·17·55,57. The occurrence of p53 

mutations in some human TGC carcinomas in situ and the related TGC tumours and in a 

subgroup of cisplatin-resistant TGC tumours further supports the hypothesis that an at 

least partially functional p53 is present in human TGC tumours, also in the absence of 

DNA damage53·58• 

Some reports have studied the chemo-sensitivity of human TGCT cell lines in 

relation to p53 expression. Lutzker et n/59 found a p53 dose-response relationship in 

teratocarcinoma cells for rapid apoptosis induction upon DNA damage. In a study 

comparing human TGCT tumour cell lines to bladder carcinoma cell lines, sensitivity to 

etoposide correlated with wild-type p53 expression and apoptosis induction34,60. A cell 

line expressing mutant p53 was derived from a cisplatin-resistant human TGCT and 

exhibited relative resistance to cisplatin and reduced apoptotic cell death compared with 

a cell line expressing wild-type p53 that was derived from a sensitive TGCTSB. Another 

panel of TGCT cell lines expressing either wild-type or mutant p53 did not confirm 

these results, since no relationship between cisplatin sensitivity, apoptosis induction, 

and p53 status was observed37·38. A complicating factor in that study is the different 

characteristics of the TGCT cell lines used, i.e. seminomatous versus non-seminomatous. 

It has also been reported that p53 down-regulation by human papilloma virus type-16 

E6 had no effect on the cisplatin sensitivity in an isogeneic TGCT cell line61.  Inactivation 

of p53 by human papilloma virus type-16 E6 may have cell type specific effects on drug 

sensitivity62·63• Moreover, the human embryonal carcinoma cell line NTera2/D1 used in 

this study expressed low levels of p53. In murine teratocarcinoma P19 cells, it has been 

demonstrated that the p53 expression levels are important for apoptosis induction in 

response to chemotherapy59. When this observation also applies to their human 

counterparts, the low p53 levels in NTera2/D1 cells might explain why E6 had no effect 

on cisplatin sensitivity. 

Although the presence of wild-type p53 seems to be important in determining the 

sensitivity of TGCT cells to chemotherapy, limited data are available regarding p53 

functionality and regulatory pathways. Since several processes are involved in the 

activation of p53, including phosphorylation, acetylation, sumoylation, and binding to 

other (regulatory) proteins64, inactivation of p53 in human TGCTs might occur at 

different levels. For example, Chk2 is activated in response to ionizing radiation and 

phosphorylation of p53 by activated Chk2 has been shown to be important for the 

biological activity of p53 by regulating its transcriptional activation as well as its 

stabilization after ionizing radiation-induced damage65. Bartkova et n/66 showed that 

while Chk2 was abundantly present in all preinvasive GCT lesions, its expression was 

heterogenous in the majority of invasive GCTs, with large subsets of tumour cells 
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showing weak or undetectable Chk2 staining. Since Chk2 is required for the 

transcriptional activation of p53, impaired Chk2 expression in TGCGs may result in 

reduced transcription of p53 target genes. Recently, two p53 homologues have been 

discovered, p63 and p73, which can bind to p53 and may therefore be important in the 

p53 regulatory pathway. Both p63 and p73 are expressed as proteins containing the 

transactivation domain (T Ap63, T Ap73) or lacking it (�Np63, �Np73)67• The �N 

isoforms of p63 and p73 can act as dominant negative inhibitors against p53 activity. 

Moreover, not all TAp63/p73 proteins demonstrate p53-like properties to the same 

extent: this is associated with the length of the C-terminal domain containing a 

regulatory domain that functions as a positive or negative regulator of the transcription 

function68• Di Como et a/69 identified occasional cells in the seminiferous tubules of the 

human testis that displayed low to moderately p63 levels. Interestingly, p63 expression 

was observed within regions of squamous cell differentiation in teratomas of the testis. 

In contrast, no p63 was detectable in other TGCT types69• A recent report of Hamer et aF0 

indicates a testis specific role for p73, but not p63, in the response to ionizing radiation. 

Future research regarding the importance of activation of p53 by other (regulatory) 

proteins, such as Chk2 and the two p53 homologues, in normal testis and in TGCTs may 

reveal interesting explanations for the (partial) functionality of p53 in human TGCT. 

Cell cycle arrest and apoptosis in TGCT 

In response to genotoxic damage, such as exposure to chemotherapeutic agents, y
irradiation, or UV irradiation, p53 is up-regulated resulting in cell cycle arrest of cells in 

Go-G1 phase, and participates in DNA repair or drives cells towards apoptosis71• P53-

dependent cell cycle arrest is in part a consequence of up-regulation of p21waf1/Cipl 
(Figure 1)72• P21waf1/Cipl (P21) binds to and inhibits cyclin-dependent kinases, which 

causes hypophoshorylation of retinoblastoma protein (Rb) and thereby preventing the 

release of the transcription factor E2F. This leads to repression of E2F-dependent 

transcription and a G0-G1 cell cycle arrest73. Inactivation of one step in the regulatory 

Rb/E2F pathway, results in deregulation of the E2F-1 activity, which induces p53-

dependent apoptosis by altering transcription of genes necessary for cell survival or by 

inducing inappropriate progression through the cell cycle74•75• For example, inactivation 

of Rb results in the loss of G1 arrest and induction of apoptosis after DNA damage76• In 

contrast, overexpression of Rb blocks p53-mediated apoptosis77•78• Disruption of the p21 

gene by homologous recombination can cause cells that would otherwise undergo p53-

dependent cell cycle arrest to undergo apoptosis instead79•80• In addition, overexpression 

of E2F-1 only can induce apoptosis81·s2. Loss of p53-mediated G1 arrest and premature 

entry of the S phase of the cell cycle are therefore associated with apoptotic cell death. 

Several reports revealed that TGCTs have a deregulated G1-S checkpoint. For 

example, Strohmeyer et a/83 found a highly significant suppression or lack of expression 

of the Rb gene at both mRNA and protein levels in both seminomas and non

seminomas. The Rb protein was only detected in differentiated cells of teratocarcinomas 

and mixed tumours, but not in undifferentiated tumours. Southern blot analysis 

revealed no gross alterations in either Rb gene structure or copy number in 51 TGCT 
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An inherent sensitivity to apoptosis-inducing stimuli 

tumours. In contrast, two other studies showed comparable loss of heterozygosity 

(LOH) levels (30- 39%) at the Rb gene, suggesting that a functional loss of the Rb gene 

might occur in some TGCTs84•85. These observations indicate that the absence or decrease 

in Rb protein expression in TGCTs may be caused either by changes at transcriptional 

level or by deletions of the Rb gene. 

I DNA damage I 

1 

Figure 1. Cell cycle pathway. Unphosphorylated or hypophosphorylated Rb associates with E2F and thereby 
represses the transcription of E2F -responsive genes required for cell cycle progression and the cell remains in a 
quiescent state (G0). Upon mitogenic stimulation, Rb is phosphorylated by cyclin -CDK complexes and 
dissociates from E2F, permitting transcription of the 5 -phase genes encoding for proteins that amplify the G r to 
S-phase switch and that are required for DNA replication. Once the restriction point (R) is passed, the cell is 
committed to progress through the 5-phase. The activity of the cyclin-CDK complexes is regulated by p21 and 
the INK4 family of CDK inhibitors (p16 INK4A, p1SINK4B, p181NK4C, and p191NK4D). In response to 
genotoxic damage, p53 accumulates, which results in an up ·regulation of p21, followed by inhibition of c ell 
cycle progression and G0-G1 arrest. In addition, p53 transcriptionally activate Mdrn2 and Bax, which can inhibit 
p53 function and induce apoptosis, respectively. TGCTs often have a deregulated G J-5 checkpoint, reflected by 
low levels of p21, Rb and INK4 family members, resulting in loss of inhibition of cell cycle progression upon 
DNA damage. (Adapted from Lundberg and Weinberg 71). 

Besides Rb, TGCTs also showed altered expression of several regulators of Rb 

function, such as the cyclin-dependent kinases CDK2, CDK4, and CDK6 and their 

catalytic partners, cyclin Dl, D2, and E. A recent report from Schmidt et al86 

demonstrated up-regulation of the cyclin D2-CDK4 complex and down-regulation of 

cyclin E-CDK2 complex in all seminomas and non-seminomas studied. Since 

overexpression of cyclin Dl-CDK4 complexes can accelerateS-phase entry and promote 

cell cycle progression independently of Rb/E2F87, these results suggest that cyclinD2-

CDK4 complexes may act as promoters of the cell cycle in testicular tumours, despite the 

lack of Rb. Overexpression of cyclin D2 in TGCT has also been observed by other 

groupsBB·91. Since the cyclin D2 gene (CCND2) is located on the short arm of chromosome 

12 and almost all TGCTs show increased copy number of 12p, the aberrant expression of 

cyclin D2 may be associated with 12p amplification86,9o. 

Bartkova et al15 found a reduction of the p18 CDK inhibitor of the INK4 family, 

p18INK4c, and an elevation of cyclin E in progression of human TGCTs. Furthermore, no 

p191NK40 protein is detectable in all testicular cancers, although it is abundantly 

16 



Chapter2 

expressed in spermatocytes of normal adult testes92. While the mechanisms causing the 

reduced levels of p181NK4C or p191NK4D are not known, inactivation of p161NK4A in TGCfs 

is due to both promotor silencing by methylation93 and mutations in the p161NK4A gene94. 

No mutations were found in the p151NK48 gene93. 

In addition to reduced levels of Rb and the INK4 family members, human TGCfs 

often lack p21 expression15-17. Since mutations within the p21 gene are not often found9s, 

alterations in p21 expression may be caused either by impaired p21 gene transcription or 

by rapid degradation of p21 protein by the proteasome96• Although p53 protein is 

overexpressed, invasive TGCT is associated with the loss of p21 and gain of mdm2 

expression16·17. This inverse correlation of p21 and mdm2 expression might indicate 

partial loss of the functional p53 regulatory pathway in TGCfs, resulting in decreased 

p21 gene transcription. Interestingly, while in normal rat and mouse testes p53 appears 

to be important in the removal of damaged spermatogonia and in the determination of 

the radio-sensitivity of these cells, a role for p21 can be excluded since no expression of 

p21 protein was found in spermatogonia, either before or after irradiation97•98. 

Malashicheva et al99 showed that lack of Gl/S arrest in mouse F9 teratocarcinoma cells 

after irradiation was due to degradation of p21 protein by a proteasome-dependent 

mechanism. This is in agreement with earlier studies using proteasome inhibitors 

showing that p21 protein expression was increased not only by inhibition of proteolysis, 

but also by the accumulation of transcriptional active p5396• Besides irradiation, cisplatin 

treatment of mice TGCT cell lines also increased p21 mRNA levels100. Unfortunately, no 

p21 protein data were available. In contrast to mice TGCT cell lines, induction of p21 

mRNA and protein levels has been observed in human TGCT cell lines after radiation, 

cisplatin or etoposide treatmentJ4.61.l01. Chresta et al34 demonstrated that p21 protein 

levels were very low after etoposide treatment in the wild-type p53 expressing TGCT 

cells compared with the etoposide-induced p21 protein levels in a bladder cancer cell 

line expressing wild-type p53. Comparable results were obtained in a study from our 

group102, showing a pronounced concentration-dependent induction of p21 in A2780 

ovarian carcinoma cells upon cisplatin treatment, while the levels were almost 

undetectable in TGCT cell lines. However, the exact mechanism causing the low p21 

protein levels in human TGCT cell lines is still unknown. Additional research is 

therefore required to obtain more insight into the involvement of either impaired gene 

transcription or increased proteasomal degradation in the regulation of p21 protein 

levels in human TGCTs. All together, TGCTs often have a deregulated G1-S checkpoint, 

reflected by low levels of p21, Rb and INK4 family members. We therefore hypothesize 

that due to the lack of inhibition of cell cycle progression, DNA damage leads to 

premature entry into the S phase which is associated with apoptotic cell death. 

Role of p21 in apoptosis and differentiation 

Recent observations suggest that p21 is not only involved in cell cycle arrest, but also in 

suppressing apoptosis induced by, for example, irradiation, etoposide, cisplatin or 

camptothecin13-14,79,103-108. The function of p21 as an inhibitor of cell cycle progression or 

of apoptosis is determined by its subcellular localization104. P21 localized in the nucleus 
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induces cell cycle arrest, whereas cytoplasmic p21 can associate with apoptosis signal

regulating kinase 1 (ASKl) and thereby inhibiting ASKl-mediated apoptosisl().l. In 

addition, cleavage of p21 by caspase-3 is an early event during apoptosis induced by 

DNA damage and may be a critical step in converting tumour cells from growth arrest 

to undergoing apoptosis105·106. Recently, it has been demonstrated that cytoplasmic p21 

can bind to caspase-3 and thereby inhibit cleavage of procaspase-3 into its active form, 

preventing an apoptotic signaJ13,lo7. The complex formation requires mitochondria and is 

further enhanced by phosphorylation of p2114•108. The low levels of p21 often observed in 

TGCTs may thus, besides a less efficient inhibition of proliferation, also fail to prevent a 

rapid activation of caspase-3 after cisplatin treatment. 

In addition to its functions in cell cycle control and apoptosis, p21 can also play an 

important regulatory function in differentiation109·111• For example, p21 appears to play a 

positive promoting role in retinoic acid-induced differentiation of acute promyelocyte 

leukemia cells, since antisense p21 prevents differentiation112• Retinoic acid induces 

neuronal differentiation of human neuroblastoma cells, which is accompanied by 

accumulation of p21113• Moreover, overexpression of p21 induces differentiation of these 

neuroblastoma cells. Human TGCTs are characterized by a capacity to differentiate, as is 

observed in vitro in several cultured human TGCT cell lines114 and in vivo in the 

appearance of mature teratoma within TGCTs29,ns.116• Interestingly, a recent report from 

Bartkova et a[15 revealed that although p21 was rarely detectable in the seminoma and 

embryonal carcinoma components of combined TGCT, a rather abundant nuclear 

accumulation was observed in differentiated structures in teratomas and in the teratoma 

components of the combined tumours. In addition, retinoic acid treatment of human 

NTera2/D2 teratocarcinoma cells resulted in induced p21 levels, which correlated 

positively with retinoic acid-induced differentiation into neurons15,117_ Besides higher 

p21 levels15·90, other reports have observed decreased cyclin D111B and 0290,91 and 

increased Rb83 protein expression upon differentiation of TGCTs. 

A few studies have investigated the effect of retinoic acid-induced differentiation 

on cisplatin sensitivity of TGCT cells. In murine TGCT cells, potentiation of cisplatin 

cytotoxicity by retinoic acid was observed119. In contrast, Timmer-Bosscha et a/35 showed 

that pretreatment of human TGCT cells with retinoic acid decreased cisplatin 

cytotoxicity. This contradiction may be explained by the different effects of retinoic acid 

treatment on murine and human TGCT cells120. Another study showed no difference in 

cisplatin sensitivity between retinoic acid-treated and untreated (murine and human) 

TGCT cells121. In the latter study, however, growth inhibition caused by the high 

concentrations retinoic acid complicates interpretation of the data. The finding of 

residual mature teratoma after the treatment of TGCTs with cisplatin-containing 

chemotherapy further implies selective protection of differentiated components112• These 

observations suggest a possible correlation between p21 expression upon differentiation 

and resistance of TGCTs to cisplatin. 
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Bcl-2 family proteins and apoptosis 

The Bcl-2 family proteins are involved in the control of apoptosis and can either function 

as inhibitors (e.g. Bcl-2, Bel-Xu Bcl-w, Mcl-1, and Al) or promoters (e.g. Bax, Bcl-Xs, Bad, 

Bak, and Bim) of cell death123•124• Because the pro- and anti-apoptotic family members 

can heterodimerize and thereby regulate each other's function, their relative abundance 

in a particular cell type may determine the occurrence of apoptosis125. In normal testis, 

proteins of the Bcl-2 family provide a signalling pathway that appears to be essential for 

male germ cell homeostasis43·126·12B. For example, the testes of Bax knockout mice contain 

excessive numbers of spermatogonia and pre-leptotene spermatocytes, consistent with 

failed apoptosis during the first wave of spermatogenesis129. Expression of a Bcl-2 or a 

Bcl-XL transgene in germ cells reduced the incidence of apoptosis and produced a 

pathology similar to that of Bax knockout animals12B,13°. In contrast, a study from 

Yamamoto et a/131 revealed that transgenic mice selectively over-expressing Bc/-2 gene 

product in their gonads showed impairment of spermatogenesis with an increased 

incidence of germ cell apoptosis, emphasising a possible dual functional role of the Bcl-2 

protein, also observed by Shinoura et a/132 and reviewed by Blagosklonny133. 

Interestingly, a recent report showed a preferential Bax staining of nuclei in round 

spermatids and in a few spermatocytes in the human testis, which is consistent with the 

numerous apoptotic cells found among round spermatids in normal human testis, 

indicating that the preferential expression of Bax in these cells may be related to 

induction of spontaneous apoptosis127. Bcl-2 and Bak showed a very similar and 

preferential expression in spermatocytes and spermatids, cells among which most 

spontaneous apoptotic events are found in human. Therefore, the co-localisation of Bcl-2 

and Bak may also indicate an important function in regulation of human testicular 

apoptosis. Weak preferential staining of Bcl-X in spermatogonia may be related to 

regulation of apoptosis in this germ cell compartment126·127• Several reports have shown 

that most types of spermatogonia are sensitive to DNA-damaging agents such as 

cisplatin and ionizing radiation97,l26,134. A study from Beumer et af126 revealed that 

spermatogonial apoptosis in mouse testis after X-radiation may not be induced via the 

apoptosis inducer Bax, since its expression did not change after DNA damage. 

Furthermore, Bcl-XL may have a role in the response of spermatogonia to irradiation, 

since its protein expression was enhanced after irradiation. However, in this study, the 

levels of Bcl-2 family proteins after irradiation were determined by Western blot 

analysis of whole testicular lysates and no discrimination was made between different 

cell types within the testis. 

In accordance with the important role of the Bcl-2 family proteins in the regulation 

of normal and (possibly) irradiation induced germ cell apoptosis, the group of Chresta et 

af34,60 showed that the expression of pro- and anti-apoptotic Bcl-2 family members is 

related to the unique sensitivity of human TGCT cell lines to DNA-damaging agents. 

However, in several studies from Burger et a/37.38 and our own group102, no relation was 

observed between the ratio Bcl-2/Bax and the Bcl-XL expression level and sensitivity to 

DNA damaging. Since the fate of a cell is depending on the balance of pro- and anti

apoptotic Bcl-2 family members, one has to consider that besides Bcl-2, Bax and Bcl-XL;s 
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proteins several other (testis-specific) Bcl-2 related proteins might determine the 

extreme sensitivity of TGCT cells to DNA-damaging agents. For example, Bcl-w, a pro

survival member of the Bcl-2, appears to be essential for spermatogenesis, since Bcl-w 

knockout mice showed a significantly increased number of apoptotic germ cellsBs. In 

addition, Guo et a/136 have recently identified a new pro-apoptotic member of the Bcl-2 

family, Bel-G. The Bcl-G gene encodes two products, Bcl-Gs, which exhibits potent 

cytotoxic activity, and Bcl-GL, which is less efficient at inducing apoptosis. RT-PCR 

experiments showed that Bcl-GL mRNA is found in several normal human tissues, 

whereas Bcl-G is uniquely expressed in the testis, suggesting a tissue-specific regulation 

of Bcl-Gs mRNA splicing. Interestingly, the Bcl-G gene resides on the short arm of 

chromosome 12 (12p12), which is typically altered in TGCT. Since up to 80% of all TGCT 

tumours display an isochromosome of 12p, Bcl-G5 might be an interesting candidate in 

TGCT cells to explain their unique sensitivity to DNA-damaging agents. 

Fas signalling system 

Besides maintaining the immune-privileged nature of the normal testis137, the Fas-FasL 

system has also been proposed as a crucial paracrine-signalling mechanism regulating 

the degree of germ cell apoptosis7•1D·44·138·141. According to this model, the proapoptotic 

Fas ligand (FasL, CD95L, AP0-1L) expressed by Sertoli cells138,142·143 and perhaps also by 

germ cells144, activates the Fas receptor (CD95, AP0-1) expressed by germ cells138·142 as a 

response to environmental conditions and initiate germ cell death44. As illustrated in 

Figure 2, Fas trimerization leads to recruitment of FADD and caspase-8 to form the 

death-inducing signalling complex (DISC)145-146. Upon DISC formation, caspase-8 is 

activated147, leading to activation of caspase-3 directly or via the mitochondria involving 

the pro-apoptotic Bcl-2 family member Bid148. Cleaved Bid leads to loss of mitochondrial 

transmembrane potential and release of cytochrome C into the cytoplasm149·1so. Anti

apoptotic Bcl-2 family members (Bcl-2 and Bcl-XL) can inhibit, but pro-apoptotic Bcl-2 

family members (Bax, Bak, and Bcl-Gs) can stimulate cytochrome C release. Once in the 

cytoplasm, cytochrome C can activate caspase-9 together with Apaf-1151·152• Caspase-9 

then also activates caspase-3, which cleaves several other substrates, leading to cellular 

and nuclear morphological changes and ultimately cell death153. 

Francavilla et a/1°·138 found a tight correlation between the number of apoptotic cells 

and the number of Pas-expressing germ cells in human testis. Their results suggested 

that altered meiotic and post-meiotic germ cell maturation might be associated with up

regulation of Fas gene expression capable of triggering apoptotic elimination of 

defective germ cells and thereby controlling the quality of gametes produced. Moreover, 

several reports have shown a correlation between up-regulation of Fas expression and 

germ cell apoptosis caused by radiation exposure, cryptorchidism, ischaemia

reperfusion, or Sertoli cell toxicants7·9,HD.l41. Blocking FasL expression or FasL activity 

has been shown to increase testicular germ cell survival both in vitro and in vivo. Several 

studies have used gld or lpr mice to investigate the role of Fas in apoptosis of testicular 

germ cells7•9·141. Gld mice have a point mutation in the C-terminus of FasL, which 

abolishes the ability of FasL to bind Fas154. Lpr mice express little or no Fas protein due 
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to insertion of a transposon in the intron 2 region of the Fas gene155• Results from studies 

with these gld and lpr mice have further emphasized the importance of the Fas system in 

the regulation of germ cell apoptosis and the maintenance of testicular homeostasis. 

Interestingly, Lee et aF showed that unlike its expression in other tissues, testicular 

expression of Fas mRNA and protein in the lpr mouse is similar to that in the normal 

mouse. There is no clear explanation for this phenomenon. However, it may well be that 

the testis has unique compensatory mechanisms, which results in the normal Fas 

expression, emphasising the importance of the Fas signalling system in the testis. 
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Figure 2. Induction of apoptosis by death ligands and chemotherapeutic drugs.Trimerization of the Fas 
receptor results in activation of caspase -8 (1), which leads to caspase-3 activation directly (2) or indirectly via the 
mitochondria involving Bid cleavage (3). Triggering of the mitochondria results in cytochrome C release (4) and 
activation of caspase-9, which activates caspase-3 (5). Bcl-2 and Bcl-XL inhibit cytochrome C release. Exposure to 
chemotherapeutic drugs results in accumulation of p53 (6), which may have a direct effect on the mitochondria 
or induces apoptosis by up-regulation of apoptosis-inducing Bcl-2 family member Bax (7). In addition, DNA 
damage leads via p53-dependent and -independent mechanisms to induction of Fas levels and translocation of 
Fas to the cell membrane (8), resulting in spontaneous or FasL -induced trimerization and activation of the Fas 
death pathway (9). Besides the FADD/caspase -8 signalling cascade, aggregation of Fas also activates the Daxx
ASK1-signaling pathway (10). P21 can bind to ASK and procaspase -3 and thereby inhibit induction of apoptosis 
(11). In TGCT cells, DNA damage results in activation of apoptosis via both the mitochondrial and the Fas 
apoptotic pathways. Due to the low levels of p21, inhibition of caspase -3 activation and Daxx-ASK1-mediated 
signalling will be markedly reduced in TGCTs. 
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To date, only limited reports have been published on the role of Fas in TGCTs. A 

study of Burger et a/61 showed that ligation of Fas by an agonistic anti-Fas antibody (Ab) 

effectively induced apoptosis in Pas-expressing TGCT cell lines, even in drug-, 

radiation-, and ceramide-resistant TGCT cells. In contrast, we found that TGCT cells 

were resistant to anti-Fas Ab-induced apoptosis unless they were pre-treated with 

cisplatin, which caused an up-regulation of Fas membrane expression156. Several studies 

have shown that treatment of tumour cells with chemotherapeutic drugs including 

cisplatin can induce the levels of the Fas receptor, which sensitize them to anti-Fas Ab

induced apoptosis157•160• Moreover, chemotherapeutic drugs can induce direct activation 

of the Fas death pathway, involving clustering of the Fas receptor and recruitment of 

FADD upon ligation of FasL to the receptor or even without detectable FasL 

requirement158·161-163. Up-regulation of Fas levels upon exposure to DNA-damaging 

agents have been shown to occur via p53-dependent and p53-independent 

mechanisms159.160•164·166 Bennet et a/167 showed that p53 appears to mediate apoptosis 

through Fas transport from cytoplasmic stores to the cell membrane. In our study, p53 

accumulation preceded cisplatin-induced increase in Fas membrane expression156• 

Isolation of the DISC using an anti-Fas Ab showed that cisplatin induced recruitment of 

FADD and caspase-8 to the Fas receptor in cisplatin-sensitive TGCT cells. In addition, 

cisplatin sensitivity of TGCT cells was shown to be dependent on the activation of the 

Fas death pathway, since inhibition of caspase-8 by a synthetic caspase-8 inhibitor 

(ziETD-fmk) reduced cisplatin-induced cytotoxicity. Moreover, the Fas death pathway 

was not functional in cisplatin-resistant TGCT cells, indicating that loss of cisplatin

induced activation of the Fas signalling pathway can result in resistance to cisplatin. 

Since almost no mutations have been detected in human TGCTs, one can speculate that 

p53 might be involved in the up-regulation of Fas membrane levels in TGCTs, resulting 

in activation of the Fas signalling route to undergo apoptotic death quickly upon 

cisplatin exposure. In addition, the presence of the testis-specific pro-apoptotic Bcl-2 

member Bcl-Gs might disrupt the balance between anti-apoptotic and pro-apoptotic Bcl-

2 members. Therefore, activation of both the p53-mediated (Bax) and the Pas-mediated 

(Bid) apoptotic pathways, together with the constitutive expression of Bcl-G5, might 

result in rapid apoptotic cell death upon cisplatin treatment. Furthermore, (Pas

mediated) activation of caspase-3 upon cisplatin treatment is less efficiently inhibited 

because of the low p21 levels often observed in TGCTs. As mentioned before, p21 can 

also inhibit ASKl-mediated apoptosis. Interestingly, Fas ligation induces recruitment of 

Daxx that interacts with ASKl, resulting in activation of JNK/SAPK en p38, followed by 

apoptosis induction. Transient expression of Daxx enhances Pas-induced apoptosis in 

several cell lines, while a dominant negative form of Daxx (DaxxC) abrogates Pas

induced apoptosis, demonstrating a significant role of Daxx in apoptosis induction after 

Fas ligation. ASKl has been shown to sequester Daxx in the cytoplasm, thereby 

inhibiting its repressive activity in transcription, but accelerating Pas-mediated 

apoptosis168,J69_ Low levels of p21 may therefore result not only in a less efficient 

inhibition of Pas-induced caspase-3 activation, but also in an increased Daxx- and ASKl

mediated signalling. 
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In vivo data on the expression of Fas and FasL in TGCT tumours are sometimes 

contradictory. Initially, no expression of Fas or FasL was detected in seminomas170. Hara 

et a/171 showed that 73% of the TGCT specimens tested, including seminomatous 

elements, expressed Fas and FasL. In contrast, in TGCT specimens without 

seminomatous elements, 56% expressed Fas but only 11% were positive for FasL. The 

serum levels of sFasL from patients with TGCT with seminomatous elements were 

significantly higher than in those with non-seminomatous TGCT171. A recent report by 

Kersemaekers et al172 revealed FasL but no Fas expression in all seminomas and non

seminomas studied except for teratomas, which were negative for FasL but positive for 

Fas. On the other hand, spermatocytic seminoma expressed both Fas and FasL. Sugihara 

et a/142 found expression of both Fas and FasL in all seminomas, embryonal carcinomas 

and yolk sac tumours examined. Co-expression of both Fas and FasL suggests that 

TGCTs can bypass the requirement of FasL from Sertoli cells and may be able to induce 

apoptosis via autocrine or paracrine activation of the Fas death pathway by FasL upon 

cisplatin treatment (Figure 2). This is supported by observations in our study156 

demonstrating that cisplatin treatment induced the up-regulation of Fas expression in 

TGCT cells. Additional experiments using anti-FasL Abs (NOK-1) to block interactions 

between FasL and Fas161 need to be performed to demonstrate the involvement of FasL 

in cisplatin-induced activation of the Fas death pathway in TGCT cells in vitro and in 

vivo. Cisplatin-induced up-regulation of Fas expression in TGCT cells may also increase 

their sensitivity to physiological apoptotic signals derived from tumour-infiltrating 

lymphocytes present in TGCTs172-174. 

Recently, Takayama et al175 found missense mutations in the Fas gene in 7 out of 24 

cases of TGCTs. Six of these TGCTs possessed heterozygous mutations implicating the 

presence of both mutated and non-mutated Fas receptor. Unfortunately, the results from 

their mutation analysis at the RNA level did not reveal the ratio of mutated and non

mutated Fas transcripts. In our study, no Fas mutations were detected in TGCT cells156. 

Furthermore, several TGCT cell lines have been shown to be sensitive to Fas-induced 

apoptosis61·156 demonstrating the presence of a functional Fas receptor in TGCT cell lines. 

Additional research with a higher number of TGCT tumours is therefore required to 

obtain more insight into the importance of these mutations in the Fas gene. 

Conclusion 

Germ cells in the normal testis have been shown to be very sensitive to apoptotic 

stimuli, either during normal spermatogenesis or caused by DNA-damaging agents. The 

extreme sensitivity of TGCT cells to cisplatin-containing chemotherapy may therefore be 

an inherent capacity of the cell of origin. Although several studies showed contradictory 

data about the expression of Fas and FasL in TGCTs, we hypothesize that treatment 

with cisplatin results in elevated Fas and FasL levels leading to autocrine or paracrine 

activation of the Fas death pathway. Loss of inhibition of cell cycle progression and 

premature entry into the S phase upon cisplatin treatment, together with the activation 

of the Fas and mitochondrial death pathways may result in a rapid and efficient 

induction of apoptosis in TGCT cells (as depicted in Figures 1 and 2). To date, however, 
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only limited data are available about cell cycle control or the Fas system in TGCTs with 

respect to cisplatin sensitivity and apoptosis-induction in TGCT cells. Our hypothesis is 

based on observations found in human TGCTs, in vitro studies with murine and human 

TGCT cell lines, and data derived from human normal testes and in vivo studies in 

normal mouse/rat testes. Of course, one has to consider that there are some striking 

differences between murine and human testicular germ cell tumours and that cell lines 

derived from TGCTs cannot always be regarded as representatives of these tumours. 

Moreover, working with TGCT cell lines involves some complicating factors such as the 

origin (seminoma vs non-seminoma vs teratocarcinomas) or pre-treatment of the 

tumours from which the cell lines were made. Therefore, more research has to be carried 

out in order to gain more insight into the importance of the Fas system and cell cycle 

control in cisplatin sensitivity of TGCT cells. Besides cisplatin, TGCTs are also highly 

sensitive to other chemotherapeutic drugs such as etoposide, ifosfamide, bleomycin, and 

vinblastine30. The exact mechanisms of action of most chemotherapeutic drugs, 

especially cisplatin, are not fully unravelled. It therefore remains hypothetical to explain 

why some chemotherapeutic drugs are more active than others in the treatment of 

TGCTs. As the addition of cisplatin to the combination therapy of TGCTs has yielded a 

cure rate unprecedented in cancer treatment, we have focussed our review on apoptotic 

mechanisms affected by cisplatin. Understanding the mechanisms underlying the 

unique sensitivity of TGCTs to cisplatin and other chemotherapeutic drugs will provide 

tools to increase chemo-sensitivity in other human tumours with acquired or intrinsic 

resistance in the future. 
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ABSTRACT 

Testicular germ cell tumors (TGCTs) are unusually sensitive to cisplatin. In the present 

study the role of the CD95 death pathway in cisplatin sensitivity of TGCT cells was 

studied in Tera and its in vitro acquired cisplatin-resistant subclone Tera-CP. Cisplatin 

induced an increase in CD95 membrane expression, which preceded the onset of 

apoptosis. Cisplatin-induced apoptosis was efficiently blocked by caspase-8 inhibitor 

ziETD-frnk in Tera cells but only partially in Tera-CP cells. In addition, cisplatin induced 

FADD and caspase-8 recruitment to the CD95 receptor in Tera cells, which was not 

noticed in Tera-CP cells. Moreover, overexpression of vFLIP reduced apoptosis 

induction by cisplatin in Tera cells. CD95L blocking experiments revealed the 

involvement of CD95/CD95L interactions in cisplatin-induced apoptosis of Tera cells as 

well as cisplatin-sensitive 833KE TGCT cells. Tera and 833KE cells, treated with low 

doses of cisplatin, were sensitive for an apoptosis-inducing anti-CD95 antibody. In 

contrast, CD95L blocking had no effect on cisplatin-induced apoptosis in Tera-CP or 

Scha, an intrinsic resistant TGCT cell line, nor did anti-CD95 antibody induce additional 

apoptosis in cisplatin-treated Tera-CP or Scha cells. Taken together, these results show 

that (1) cisplatin sensitivity of TGCT cells is dependent on the activation of the CD95 

death pathway and (2) loss of cisplatin-induced activation of this CD95 signaling 

pathway may result in resistance to cisplatin. 

Key words: CD95; cisplatin; resistance; apoptosis; caspases 
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INTRODUCTION 

Testicular germ cell tumors (TGCT) represent one of the few solid tumor types that, 

when metastasized, are curable by cisplatin-containing chemotherapy, with an overall 

cure rate of about 80%30• Most human TGCT cell lines display an unusually high 

sensitivity to chemotherapeutic agents with cisplatin as key drug33•176• However, analysis 

of potentially relevant parameters in cisplatin sensitivity, including cellular 

detoxification mechanisms (e.g. the glutathione and the metallothionein systems), 

platinum accumulation, DNA platination and repair, p53 status, and expression of Bcl-2 

family proteins have not been able, so far, to elucidate the identity of this inherent 

sensitivity of testicular tumors12·38,176. Since chemotherapeutic drugs commonly used in 

cancer therapy can induce tumor cell death by apoptosis177•178, and as inhibition of this 

apoptotic pathway can lead to chemotherapeutic drug resistance179,1so, one might 

speculate that TGCTs are hypersensitive to drug-induced apoptosis. 

It has been proposed that CD95 signaling plays an important role in 

chemotherapeutic drug-induced apoptosis in certain cell types5·6. Upregulation of the 

CD95 receptor (Fas, AP0-1) and induction of its ligand CD95L (FasL, APO-lL) was 

observed after treatment of several tumor cell lines with chemotherapeutic drugs such 

as cisplatin157,159-161,1B1. Induction of CD95L expression mediates autocrine- or paracrine

cell death following binding to its receptor. Moreover, drug-induced upregulated CD95 

expression may increase their sensitivity to physiological apoptotic signals. Triggering 

of the CD95 receptor with CD95L results in receptor trimerization and the formation of 

death-inducing signaling complex (DISC), including adaptor protein Pas-associated 

protein with death domains (FADD/MORTl) and initiator caspase-8 (FLICE)145·182. 

Activated caspase-8 in the CD95/CD95L-initiated DISC activates effector caspases (e.g. 

caspase-3, -6, and -7), which in turn cleave intracellular substrates leading to a rapid cell 

death183·184. In some models, the CD95 death pathway can be triggered by CD95 

trimerization in the absence of CD95L in cells exposed to chemotherapeutic drugs158·162. 

Interestingly, during normal spermatogenesis, spontaneous apoptosis occurs in the 

testis as an important physiological mechanism to limit the number of germ cells in the 

seminiferous epithelium1SS,l86. Sertoli cells, which tightly regulate germ cell proliferation 

and differentiation, are implicated in the control of germ cell apoptosis187,lss. The CD95-

CD95L system between Sertoli cells and germ cells has been proposed as a crucial 

paracrine-signaling mechanism regulating the degree of germ cell apoptosis7·8·139. 

According to this model, CD95 expressed by germ cells and CD95L Sertoli cells, respond 

to environmental conditions and initiate germ cell death44• Besides regulation of 

spontaneous apoptosis of germ cells, the CD95-CD95L system has also been implicated 

in maintaining the immune-privileged nature of the testis137• 

Owing to the importance of the CD95 death pathway in spontaneous and 

chemically induced apoptosis of germ cells in normal testis, the present study was 

performed to evaluate the role of CD95-mediated cytotoxicity in cisplatin sensitivity and 

resistance in human TGCT cells. As a model for acquired cisplatin resistance served the 

cisplatin-sensitive TGCT cell line NTera2/Dl (Tera) and its cisplatin-resistant subclone 

Tera-CP11• The cisplatin-sensitive 833KE cells and cisplatin-resistant Scha cells were 
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used a model for intrinsic cisplatin sensitivity and resistance12• To our knowledge, this is 

the first example of a loss of activation of the CD95-signaling pathway in cisplatin

induced apoptosis. This might be an important factor in the development of cisplatin· 

resistance. 

MATERIALS AND METHODS 
Cell lines 
The human embryonal carcinoma cell line Tera and its cisplatin-resistant subline Tera-CP were described 
previously11• Both cell lines express wild-type p53. Tera-CP has increased detoxifying capacity shown by 
a 1.4-fold increased glutathione (GSH) level, 1 .5-fold increased glutathione 5-transferase (GST) activity, 
and 1 .4-fold increased glutathione S-transferase·7t (GST1t) expression compared with Tera. No differences 
have been observed between the two lines in DNA topoisomerase I or II activities and c-myc mRNA or 
protein expression. Platinum accumulation is equal in both cell lines, whereas platinum-DNA binding is 
lower in Tera-CP as compared to Teran . 

In addition to this model, two unrelated human TGCT cell lines, 833KE and Scha12, and the colon 
carcinoma cell line SW948189 were used. Compared to Tera, 833KE and Scha are 1.3- and 4.3-fold resistant 
to cisplatin. Both cell lines express wild-type p53. It was observed that 833KE cells have a 2.9-fold 
increased GSH level, comparable GST activity and a 1.6-fold decreased GST1t expression. Scha has a 5.2-
fold increased GSH level, 2.6-fold decreased GST activity, and comparable GST1t expression. In both 
833KE and Scha, platinum accumulation is increased whereas platinum-DNA binding is lower compared 
to Tera. 

All TGCT cell lines grew as monolayers in RPMI 1640 supplemented with 10% heat inactivated 
fetal calf serum (FCS) (both from Life Technologies, Breda, the Netherlands). The SW948 cell line was 
cultured in Leibovitz L15-RPMI 1640 (1:1) enriched with 10% FCS, 0.05 M pyruvate, 0.1 M glutamine and 
0.025% �-mercaptoethanol. All cell lines were cultured at 37"C in a humidified atmosphere with 5% COz. 

Cytotoxicitt; assay 
The microculture tetrazolium assay was used to measure cytotoxicity. Treatment consisted of continuous 
incubation with cisplatin (Pharmachemie BV, Haarlem, the Netherlands). After a 4-day culture period, 3-
[4,5-dimethyl-thiazol-2yl]2,5-diphenyltetrazoliumbromide (MTI')-solution (Sigma-Aldrich Chemie BV, 
Zwijndrecht, the Netherlands) was added and formazan production was measured as described 
previously11, Controls consisted of media without cells (background extinction) and cells incubated with 
medium instead of cisplatin. Cell survival was defined as the growth of treated cells compared to 
untreated cells. The mean ICSO (drug concentration reducing cell survival by 50%) ± standard deviation 
(S.D.) was determined in three experiments each performed in quadruplicate. Resistance was indicated 
by a resistance factor: the ratio ICSO Tera-CP over ICSO Tera. 

Detection of CD95 membrane expression 
Cisplatin-treated or untreated cells were stained with a phycoerythrin (PE)-conjugated antibody (Ab) 
against CD95 (DX2 from Becton Dickinson, Erembodegem-Aalst, Belgium) for 30 min on ice. 
Subsequently, cells were washed and analyzed by flow cytometry (Epics Elite, Coulter-Electronics, 
Hialeah, FL, USA). The mean fluorescence intensity was determined by comparison of the fluorescence 
intensity of unlabeled cells. 

Reverse transcription-polymerase chain reaction (RT-PCR) 
Total RNA was isolated by lysing cisplatin-treated or untreated cells in 500 111 guanidine thiocyanate 
buffer (4 M guanidine thiocyanate, 0.5% n-lauroyl sarcosine, 25 mM sodium citrate (pH 7.0), 0.1 M 2-13-
mercaptoethanol) according to Wisman et a/1'10 The quality of the samples was checked by agarose gel 
electrophoresis. Prior to eDNA synthesis, RNA was treated with DNase I (Roche Diagnostics, Almere, 
the Netherlands). eDNA was synthesized from 5 11g total RNA as described by the manufacturer's 
protocol (Life Technologies) using oligo dT primers and MMLV transcriptase. A 339 bp CD95 fragment 
was amplified in 36 cycles using Taq DNA polymerase (Life Technologies) with the primers 5'
CATGGCITAGAAGTGGAAAT-3' and 5'-ATTTATTGCCACTGTTTCAGG-3' (sense and antisense, 
respectively) amplifying the transmembrane coding region of the CD95 gene. Human glyceraldehyde-3-
phosphatase dehydrogenase (GAPDH) was used as a control to normalize the amount of template RNA. 
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Primer sequences for GAPDH were 5' -CACCACCATGGAGAAGGCf'GG-3' and 5'
CCAAAGTTGTCATGGATGACC-3' (sense and antisense, respectively) which resulted in a 200 bp 
fragment after 22 cycles. PCR products were electrophorized in a 2% agarose gel in lx Tris-borate EDTA 
buffer. 

Westem blot analysis 
After treatment with cisplatin alone or in combination with several apoptosis inhibitors or an agonistic 
anti-CD95 Ab (7Cll from Immunotech, Marseille, France), cells were harvested at indicated time points 
and washed twice with cold phosphate buffered saline (PBS: 6.4 mM NazHP04; 1.5 mM KHzP04; 0.14 
mM NaCI; 2.7 mM KCI; pH=7.2). Cells were lysed with standard Western blot sample buffer (50 mM 
Tris/HCl, pH 6.8, 2% SDS, 10% glycerol, 5% 2-13-mercaptoethanol) and boiled for 5 min. Protein 
concentration was determined according to Bradford19'. Total cell lysates were sized fractionated on 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto activated 
polyvinylidene difluoride membranes (Millipore, Bedford, United Kingdom). Equal protein loading was 
confirmed by Ponceau red staining of membranes. After blocking for 1 h in Tris-buffered saline 
supplemented with 5% milk powder (Merck, Darmstadt, Germany) and 0.05% Tween-20 (Sigma-Aldrich 
Chemie BV), immunodetection of p53, CD95, CD95L, FADD, caspase-8, caspase-9, caspase-3, poly-(ADP
ribose)-polymerase (PARP), cellular FLICE-inhibitory protein (cFLIPL), Fas-associated phosphatase-} 
(FAP-1), Bcl-2, Bcl-XL or X-linked inhibitor of apoptosis (XIAP) was done using the following Abs: mouse 
anti-p53-DO-l, mouse anti-Bcl-2, rabbit anti-Bcl-XL, goat anti-FAP-1, and goat anti-CD95 Abs were all 
purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Rabbit anti-PARP Ab was obtained 
from Roche Diagnostics. Rabbit anti-caspase-9 and anti-caspase-3 Abs were purchased from Becton 
Dickinson. Mouse anti-FasL and mouse anti-XIAP Abs were obtained from Transduction Laboratories 
(Lexington, KY, USA). Mouse anti-caspase-8 Ab C15192 was kindly provided by Dr. P Krammer (DKFZ, 
Heidelberg, Germany). Mouse anti-cFLIP Ab NF6'93 was a kind gift from Dr. M Peter (University of 
Chicago, IL, USA). Binding of these antibodies was determined using horseradish peroxidase (HRP)
conjugated secondary Abs (all from DAKO, Glostrup, Denmark) and visualized with the ECL
chemiluminescence kit of Roche Diagnostics. 

Detennination of apoptosis 
Measurement of mitochondrial membrane potential. Changes in the inner mitochondrial 

transmembrane potential (�'I'm) were determined by incubating cells with 50 nM 3,3-
dihexyloxacarbocyanine iodide (DiOC;(3); Calbiochem, Breda, the Netherlands) for 30 min at 37°C. 
Apoptotic cells have damaged mitochondria with lost membrane integrity that are no longer able to 
maintain their transmembrane potential, resulting in a decreased binding of DiOC;(3)194. As a positive 
control, cells were treated with 50 11M carbonyl cyanide m-chlorophenylhydrazone (Sigma-Aldrich 
Chemie BV), an agent known to disrupt �lllm. Stained cells were directly analyzed on an Epics Elite flow 
cytometer. 

Acridine orange apoptosis assay. Cells in 96-well tissue-culture plates were incubated with cisplatin 
alone or in combination with several apoptosis inhibitors or an agonistic anti-CD95 antibody, soluble 
CD95L (sCD95L; Alexis Co., San Diego, CA. USA) or recombinant human tumor necrosis factor-related 
apoptosis-inducing ligand (rhTRAJL; made according to Ashkenazi et a/19). After 20 or 72 h of incubation, 
acridine orange (10 llg/ml) was added to each well to distinguish apoptotic cells from vital cells. Staining 
intensity was determined by fluorescence microscopy and apoptosis was defined by the appearance of 
apoptotic bodies and/or chromatin condensation. Apoptosis was expressed as percentage apoptotic cells 
in a culture. 

Caspase enzyme activit!) assay 
Activity of caspase-8, caspase-9 and caspase-3 was assayed according to the manufacturer's instructions 
using the caspase-specific fluorescence peptide substrates Ac-IETD-AFC (Calbiochem), Ac-LEHD-AFC 
and Ac-DEVD-AFC respectively (Biomol Tebu-bio, Heerhugowaard, the Netherlands). Fluorescence 
from free 7-amino-4-trifluoromethyl coumarin (AFC) was monitored in a FL600 Fluorimeter Bio-tek plate 
reader (Beun de Ronde, Abcoude, the Netherlands) using 380 nm excitation and 508 nm emission 
wavelengths. Caspase activity was calculated by converting the fluorescence units to pmol of AFC using 
a standard curve generated with free AFC and normalized to 1 llg of protein. Relative caspase activity 
was obtained by comparing the acquired caspase activity to the maximum caspase activity after 24 h 
defined as 100%. 
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I11llibitio11 of cisplati11-i11duced apoptosis 
At 1 h prior cisplatin-treatrnent, cells were incubated with 50 11M broad-spectrum caspase inhibitor 
zVAD-fmk, caspase-8 inhibitor ziETD-fmk, or caspase-9 inhibitor zLEHD-fmk (all from Calbiochem). 
Stock solutions of inhibitors were prepared in dimethyl sulfoxide (DMSO). The final concentration of 
DMSO solvent in the culture medium never exceeded 0.1% (v/v), which was nontoxic to the cells and 
did not inhibit cisplatin-induced apoptosis. To block CD95/CD95L interactions, cells were incubated 
with 2 11g/ml anti-CD95L Ab NOK-1 (Becton Dickinson). 

DISC illummoprecipitatiDII 
DISC formation upon cisplatin treatment was detected by immunoprecipitation of the CD95 receptor 
according to Micheau et a/162 and Scaffidi et a/195. Briefly, cells were treated with cisplatin (8 11M) with or 
without zVAD-fmk (50 11M). After 24 h, cisplatin-treated cells (both apoptotic and attached cells) were 
washed once in cold PBS and incubated with the cleavable cross-linker 3,3' -dithiobis[sulfosuccinimidyl
propionate] (Pierce Chemical Co. Rockford, IL, USA) for 15 min at 4 oc. The reaction was stopped by 
incubation in PBS containing 10 mM ammonium acetate for 5 min at 4 oc. Cells were harvested using a 
rubber policeman, washed twice in PBS, and lysed in lysis buffer (30 mM Tris-HCI, pH 7.5, 150 mM 
NaCI, 1% Nonidet P-40, 10% glycerol, 1 mM phenylmethylsulfonyl fluoride, and complete protease 
inhibitors (Roche Diagnostics)) for 15 min on ice. After centrifugation at 2500 x g at 4°C for 10 min, 
protein concentration was determined of the supernatant and equal amounts of proteins were used for 
the immunoprecipitation. An excess concentration of 2 11g/ml mouse anti-human CD95 Ab (AP01-3, 
Alexis Co.) was added to the lysates and reacted at 4°C for 1 h. Immune complexes were precipitated 
using 30 111 protein A-sepharose (Amersham, Pharmacia Biotech, Roosendaal, the Netherlands) and 
washed three times in 1.5 mi lysis buffer. The precipitate was resuspended in standard Western blot 
sample buffer and boiled for 5 min. Immunoprecipitated proteins were separated on 12% SDS-PAGE. 
Western blot for FADD, caspase-8, and CD95 was performed as described above. Goat HRP-conjugated 
secondary Ab specific for mouse IgG1 or mouse IgG2b were used for detection of FADD or caspase-8, 
respectively (both from Southern Biotechnologies, Birmingham, AL, USA). HRP-conjugated Protein G 
(Sigma-Aldrich Chemie BV) was used for detection of CD95 A b. 

De11aturati11g gradie11t gel electrophoresis (DGGE) 
Genomic DNA from Tera and Tera-CP cells was isolated by proteinase K (Merck) digestion and phenol
chloroform extraction. Mutations in the CD95 gene were detected by PCR amplification of genomic DNA 
using 10 sets of primers described by Gnmbrek et a/196. A standard 35-cycle amplification was performed 
followed by a heteroduplexing step, involving denaturation at 96°C for 5 min and reannealing for 45 min 
at 55°C. An aliquot of 10 111 of the amplified product was transferred to a 0.75 mm thick 9% 
polyacrylamide gel (acrylamide:bisacrylamide, 37.5:1) containing a 20-60% denaturing gradient of urea
formamide (100% urea-formamide contains 7 M urea and 40% deionized formamide]. DGGE was 
performed in 1x TAE (40 mM Tris-acetate, 20 mM sodium acetate, 1 mM EDTA, pH 8.0), at 58°C for 12 h 
(105 V). The separation pattern was visualized by ethidium bromide staining for 10 min and UV 
transilluminator of the gel. 

Retrovints-mediated trallsfectioll 
The retroviral LZRS-based vector197, containing the equine herpes virus type 2 E8-FLIP gene19B and the 
enhanced green fluorescent protein (GFP) gene separated by an internal ribosomal entry site, was kindly 
provided by Dr. J. Borst (The Netherlands Cancer Institute, the Netherlands). Retroviral transduction 
was performed as follows: Tera cells were mixed with supernatant of amphotropic Phoenix packaging 
cells producing the empty control LZRS-GFP-virus or retroviruses carrying the E8-FLIP gene and plated 
at a density of 6 x 105 cells per 35-mm culture dish. The production of GFP from the bicistronic eDNA 
was used to collect GFP-positive cells from E8-FLIP transduced cells (Tera-vFLIP) or control virus 
transduced cells (Tera-GFP) on a MoFio cytometer (Fort Collines, USA). 
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RESULTS 

Increased CD95 membrane levels after cisplatin treatment 

To investigate the involvement of CD95 in cisplatin-induced apoptosis, the TGCT cell 

line Tera and its in vitro acquired cisplatin-resistant subline Tera-CP were studied. 

Figure 1 shows the survival curve of these cell lines after continuous incubation with 

cisplatin for 96 h. The ICSO for cisplatin was 0.77 ± 0.12 11M (mean ± S.D.) in Tera and 

2.13 ± 0.21 11M in Tera-CP, resulting in a resistance factor of 2.8. Despite their different 

sensitivity to cisplatin, both cell lines showed a comparable upregulation of CD95 

membrane expression upon cisplatin treatment (Figure 2A). The increase in CD95 

membrane expression was accompanied by a cisplatin-induced upregulation of CD95 

mRNA levels (Figure 2B). 
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Figure 1. Survival of Tera and Tera-CP cells after cisplatin treatment. Tera (+ ) and Tera-CP (•) were treated 
with cisplatin for 96 h after which survival was measured by MTT assay (n=3, bars • SO). 
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Figure 2. Effect of cisplatin on the CD95 expression in Tera and TeraCP cells. (A) CD95 membrane 
expression of Tera (o) and Tera-CP (•) cells incubated with cisplatin for 24 h is plotted in arbitrary units (AU). 
(B) Tera and Tera-CP cells were incubated with or without cisplatin for 24 h. CD95 mRNA levels were 
determined by RT -PCR. Expression of GAPDH was used to contro I RNA integrity and quantity. A 
representative example of three independent experiments is shown. 

Cisplatin-induced increase in CD95 membrane expression precedes onset of apoptosis 

To evaluate whether the increase of CD95 membrane protein expression is required for 

apoptosis induction, the CD95 membrane expression after cisplatin addition was 

determined at different time intervals in comparison to the onset of apoptosis quantified 
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by loss of the mitochondrial membrane potential (�'I'm) assessed with the cationic dye 

DiOC6(3). Figure 3A shows that continuous treatment of Tera cells with a high cisplatin 

concentration (8 J.lM) for 9 h already increased the CD95 membrane expression. In 

contrast to the CD95 membrane expression, the onset of apoptosis induction was much 

slower and after 15 h of cisplatin treatment, only 23% of the cells were apoptotic. CD95 

membrane expression was only highly elevated (eight-fold) in cells with intact 

mitochondria (high DiOC6(3) levels) and was moderately raised (two-fold) in apoptotic 

cells with low DiOC6(3) levels (Figure 38). These results suggest that the increase in 

CD95 membrane expression occurs before the onset of apoptosis induction. 

A 

incubation time (h) li 'P m (DIOC6 staining) 

Figure 3. Cisplatin-induced increase in CD95 membrane expression precedesthe onset of apoptosis. (A) Tera 
cells were incubated for several time intervals with 8 11M cisplatin and analyzed by flow analysis. The 
percentage of apoptotic cells (white bars) determined by loss of mitochondrial membrane potential ( Ll'f'm) is 
shown on the left Y -axis and the CD95 membrane expression (black bars) is represented on the right Y -axis. (B) 
Tera cells were incubated with 8 11M cisplatin for 24 h, followed by a double staining with DiOC 6(3) (measuring 
Ll'f'm) and anti-CD95 Ab. The numbers represent th e CD95 membrane expression (in AU). A representative 
example of three independent experiments is shown. 

Delay of onset of apoptosis enhances the cisplatin-induced increase in CD95 membrane 

expression 

To investigate the effect of inhibition of cisplatin-induced apoptosis on the CD95 

membrane expression, Tera cells were incubated with the broad-spectrum caspase 

inhibitor zV AD-fmk prior to cisplatin exposure. As shown in Figure 4C, zVAD-fmk 

efficiently blocked the cisplatin-induced mitochondrial collapse. Although some cells 

showed intermediate DiOC6(3) levels, no complete loss of � '¥ m was found, in contrast to 

cells treated with cisplatin only or in combination with the solvent DMSO (Figure 48 

and D, respectively). In addition, zV AD-fmk efficiently inhibited cisplatin-induced 

apoptosis, since the early apoptosis marker, PARP, was not cleaved in the presence of 

the inhibitor (Figure 4E). The CD95 membrane expression was even more enhanced in 

these cells in comparison to cells treated with cisplatin only (Figure SA). zVAD-fmk had 

no effect on the CD95 membrane expression of cells that were not exposed to cisplatin. 

Tera cells exposed to cisplatin and zV AD-fmk showed comparable CD95 membrane 

expression as Tera-CP cells treated with the same concentration cisplatin alone or in 
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combination with zVAD-fmk. These results suggest that a delay of onset of apoptosis, in 

the presence of zVAD-fmk in Tera cells, enhances the cisplatin- induced increase in CD95 

membrane expression. 
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Figure 4. zV AD-fmk inhibits cisplatin-induced decrease in mitochondrial membrane potential and 
apoptosis. Tera cells were incubated for 24 h with cisplatin alone or plus 50 11M zVAD-frnk. Cells were then 
analyzed for apoptosis by flow cytometry ( A-D) or immunoblotting for the processing of PARP (E). Apoptosis 
was assessed by DiOC6(3) to quantify percentage of cells with decreased mitochondrial membrane potential 
(A 'I'm). Cells in R2 represent normal cells with high mitochondrial membrane potential and cells in R3 have a 
decreased mitochondrial membrane potential. The percentage of cells is indicated per region. A representative 
example of three independent experiments is shown. 
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Figure 5. Delay of onset of apoptosis enhances the cisplatininduced increase in CD95membrane expression. 
Tera (A) and Tera-CP cells (B) were incubated 24 h with 8 11M cisplatin alone or in the presence of 50 11M zVAD
frnk. Cells were then analyzed for CD95 surface expression. A representative example of three independent 
experiments is shown. 
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Cisplatin-induced p53 accumulation and upregulation of CD95 membrane expression 

precedes activation of caspases 

Since the cisplatin-induced augmentation in CD95 membrane expression precedes the 

onset of apoptosis, the time-dependent accumulation of p53 and processing of caspase-

8, -9, and -3 during cisplatin treatment was evaluated (Figure 6). Accumulation of p53 

occurred already after 6 h, prior to the increase of CD95 membrane expression and onset 

of apoptosis (Figure 3A). Processing of caspase-8, the most upstream caspase in the 

CD95 death pathway, was evident after 12 h of cisplatin treatment showing the 

intermediate cleavage products of approximately 40-45 kDa, corresponding to cleavage 

of procaspase-8 between the large and small subunits147. After 15 h of cisplatin 

incubation, a fragment of approximately 18 kDa (p18} appeared. Caspase-9, which is 

activated in the mitochondria-mediated death pathway151•199, was processed in a time

dependent manner into -35 and 37 kDa fragments (p35 and p37, respectively)200,201• 

Processing of caspase-9 was first observed after 12 h of cisplatin exposure. Caspase-3 

was present in control cells as a 32 kDa proform that was following cisplatin treatment 

cleaved into two fragments possibly p20/p19 and p172°2• Cleavage products appeared 

12 h after cisplatin treatment. Apoptosis induction by cisplatin resulted in PARP 

cleavage after 12 h of cisplatin treatment concurrently with the onset of loss of 

mitochondrial membrane potential (Figure 3A). Additional fluorimetric caspase activity 

assays were performed to obtain a more quantitative measurement of the caspase 

activities. As depicted in Figure 6B, enzyme activities of caspase-8, -9 and -3 increased 

simultaneously and is more pronounced after 11 h of incubation with cisplatin. Thus, 

cisplatin-induced apoptosis was preceded by an accumulation of p53 expression and 

was accompanied by simultaneous activation of caspases. 

Inhibition of caspase-8 efficiently blocks cisplatin-induced apoptosis in Tera, but 1tot in 

Tera-CP cells 

To obtain more insight whether CD95-mediated activation of caspase-8 was responsible 

for initiation of the caspase cascade leading to cisplatin-induced apoptosis, we used 

peptide inhibitors specific for the different initiator caspases to inhibit apoptosis (Figure 

7). Tera-CP cells were exposed to a higher concentration cisplatin in comparison to Tera 

cells to induce similar apoptosis levels as demonstrated by P ARP cleavage. The caspase-

8-specific inhibitor ziETD-fmk efficiently inhibited cisplatin-induced apoptosis of Tera 

cells, whereas it only partially inhibited apoptosis of Tera-CP cells. Inhibition of caspase-

9 with zLEHD-fmk did not completely block apoptosis in both cell lines. As control, the 

broad-spectrum caspase inhibitor zVAD-fmk was used, which efficiently inhibited 

apoptosis in both cell lines. Acridine orange apoptosis assays confirmed the lack of 

apoptotic cells (defined as condensed and fragmented nuclei) in Tera cells pretreated 

with ziETD-fmk followed by cisplatin exposure (data not shown). These results suggest 

that caspase-8 activation is necessary for cisplatin-induced apoptosis of Tera cells and 

that the mitochondrial apoptotic pathway induced by cisplatin is not sufficient to 

initiate apoptosis. In contrast, apoptosis of the cisplatin-resistant Tera-CP cells is not 

completely depending on the activation of caspase-8, since ziETD-fmk could only 
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partially block apoptosis. This might indicate that activation of a more complex network 

of caspases is necessary to eventually cause apoptosis in Tera-CP cells. 
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Figure 6. Time-dependent activation of caspases, 
accumulation of p53, and PARP cleavage by cisplatin.Tera 
cells were incubated with 8 f1M cisplatin for the indicated 
periods. (A) Cells were analyzed by immunob lotting for p53, 
the processing of PARP, and activation of caspases. A shorter 
exposure time of the film was used to detect the different 
preforms of caspase-8. A longer exposure showed the 
cleaved products. A representative example of three 
independent experiments is shown. (B) Caspase-8, -9, and -3 
activity was determined using fluorimetric caspase activity 
assays. Relative caspase activity was obtained by comparing 
the acquired enzyme activity with the maximum enzyme 
activity after 24 h of cisplatin incu bation. 
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Figure 7. The caspase-8 inhibitor ziETO.fmk efficiently blocks cisplatin-induced apoptosis in Tera but not 
in Tera-CP cells. Tera and Tera-CP cells were incubated for 24 h with cisplatin (8 J.!M or 24 J.!M respectively) 
alone or in the presence of an inhibitor for caspase -8 (zlETD-frnk), caspase-9 (zLEHD-frnk) or zVAD-frnk (all 50 
J.IM). Cells were then analyzed for apoptosis by immunoblotting for the processing of PARP. A representative 
example of three independent experiments is shown . 
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Cisplatin induces fonnation of DISC in Tera cells, but not itt cisplatitt-resistattt Tera

CP cells 

Since caspase-8 activation seems essential for the further activation of other caspases in 

cisplatin-induced apoptosis of Tera cells, it was evaluated whether cisplatin could cause 

trimerization of the CD95 receptor resulting in DISC formation and caspase-8 activation. 

Therefore, Tera cells were left untreated or were incubated for 24 h with 8 JlM cisplatin 

alone or in combination with zV AD-fmk to inhibit cisplatin-induced apoptosis and 

analyzed for DISC immunoprecipitation using an Ab directed against the CD95 

receptor. 

As shown in Figure 8A, cisplatin induced recruitment of both FADD and caspase-8 

to the CD95 receptor to form the DISC in Tera cells. Western blot analysis of the used 

lysates revealed that there were no cisplatin-induced changes in expression level of 

FADD or caspase-8 except for cells treated with cisplatin only that showed reduced 

caspase-8 expression (Figure 8B). Interestingly, in contrast to the cisplatin-induced DISC 

formation observed in Tera cells, no caspase-8 could be coimmunoprecipitated with the 

CD95 receptor from the cisplatin-resistant Tera-CP cells. Although both cell lines 

revealed comparable CD95 membrane expression (Figure 5), the absence of FADD and 

caspase-8 in the precipitate demonstrates that in Tera-CP cells no formation of the DISC 

occurred upon cisplatin exposure. Loss of DISC formation was not due to mutations in, 

for example, the CD95 death domain, since mutation analysis showed no abnormalities 

in exon 1-9 of the CD95 gene in Tera-CP cells. 
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Figure 8. Cisplatin induces recruitment of 
FADD and caspase-8 to the CD95 receptor in 
Tera cells but not in Tera-CP cells. Tera and 
Tera-CP cells were treated with 8 �M cisplatin 
for 24 h alone or in the presence of 50 �M 
zVAD-fmk (Tera). Imrnunoprecipitation of the 
DISC was then performed as described under 
"Materials and Methods". CD95 
imrnunoprecipitation (A) and used lysates (B) 
were stained for caspase-8, FADD and CD95. 
A representative example of three 
independent experiments is shown. 

Cisplatin-induced activation of the CD95 death pathway in Tera cells is dependent on 

CD95-CD95L interactions 

To investigate whether CD95L mediates autocrine or paracrine cell death by cross

linking its receptor CD95, blocking experiments were performed using an anti-CD95L 

Ab (NOK-1) to inhibit cisplatin-induced CD95/CD95L interactions. Preincubation of 

Tera cells with NOK-1 (Figure 9A, black bars) markedly reduced cisplatin-induced cell 

death (approximately 60% at 4 and 8 JlM cisplatin), while an isotype control Ab had no 
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effect on apoptosis induction as determined by the acridine orange apoptosis assay 

(Figure 9A, grey bars). These results, also confirmed by PARP cleavage (Figure 9C), 

indicate that the CD95/CD95L interaction is involved in the cisplatin-induced 

cytotoxicity in Tera cells. However, although both cell lines revealed comparable CD95L 

protein expression, blocking of CD95/CD95L interactions by NOK-1 did not inhibit 

cisplatin-induced apoptosis in Tera-CP cells (Figure 9B and C). This confirms results 

described above, showing a lack of DISC formation in Tera-CP cells. 

A 

100 

� 
80 

"' 60 ;:; ... ... "' 40 .. '!!. 
8. .. 20 

0 0 

8 
100 

80 
c "' 60 ;:; ... ... "' 40 .. '!!. 8. .. 20 

4.0 8.0 16.0 0 0 8.0 16.0 
cisplndn (I'M) cisplndn (I'M) 

c 
Tern Tern-CP kDn 1.__ _ _ _ 1 � 1 13 

. 
- --. � 89 

cisplntin (I'M) 0 8 8 0 24 24 

NOK-1 + 

Tern Tern-CP 

CD9SL I T I � 40 kDn 
+ 

24.0 

Figure 9. Reduction of cisplatin-induced apoptosis in Tera cells by anti-CD95L blocking antibody. Tera (A) 
and Tera-CP (B) cells were incubated with cisplatin only (white bars) or in the presence of 2 11g/ml control Ab 
(A, gray bars) or 2 11g/ml anti-CD95L NOK-1 Ab (black bars) for 20 h. Apoptosis was determined by acridine 
orange staining (A and B) or by PARP cleavage (C). Expression of CD95L protein was analyzed by 
immunoblotting (C). A representative example of three independent experiments is shown. 

Overexpression of vFLIP in Tera cells inhibits cisplatin-induced apoptosis 

To further investigate the importance of activation of the CD95-signaling pathway in 

cisplatin-induced cell death, a specific caspase-8 inhibitor, viral FLIP (vFLIP), was 

overexpressed in Tera cells. The two death effector domains (DEDs) of vFLIP bind to 

cellular DED-containing proteins such as FADD and caspase-8, and thereby block the 

formation of the DISC and inhibit death receptor-induced apoptosis198,203. Whereas 

cisplatin treated control Tera-GFP cells underwent apoptosis normally (Figure 10), 

overexpression of vFLIP reduced cisplatin-induced apoptosis in Tera-vFLIP cells 
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(approximately 50% at 4 and 8 J.!M cisplatin). This result further underscores the 

involvement of activation of the CD95 death pathway in cisplatin-induced cell death. 
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Figure 10. Overexpression of vFLIP in Tera cells 
inhibits cisplatin-induced apoptosis. Control Tera
GFP cells (white bars) or Tera cells expressing vFLIP 
(Tera-vFLIP, black bars) were incubated with 
different concentrations cisplatin for 20 h. Induction 
of apoptosis was assayed by acridine orange staining. 
Values shown are the mean ± S.D. of three 
independently performed experiments. Inset, 
Western blot analysis of PARP cleavage in Tera -GFP 
and Tera-vFLIP cells treated with 8 J.!M cisplatin for 
20 h. 

The CD95-signali11g patltway i11 Tera-CP cells is nonfunctional 

To obtain more insight in the functionality of the cisplatin-induced elevation of the 

CD95 receptor in Tera-CP cells, both Tera and Tera-CP cells were incubated 

continuously with clinical achievable cisplatin concentrations for 72 h (0.25-4 J.!M). 

Under these conditions, cisplatin-induced apoptosis was relatively low, which enables 

detection of additional apoptosis induced by triggering the CD95 pathway using an 

agonistic anti-CD95 Ab, 7C11 (2 J.lg/ml). Figure llA shows that cisplatin-treated Tera 

cells were sensitive for this agonistic anti-CD95 Ab, increasing apoptosis approximately 

two- to three-fold as compared to cisplatin only (range 0.25-1 J.!M cisplatin). Enhanced 

apoptosis induction by anti-CD95 co-treatment was already observed with low anti

CD95 Ab concentrations of 100 ng/ml (data not shown). Incubation with anti-CD95 Ab 

alone did not induce apoptosis in Tera cells. This is related to the low CD95 membrane 

expression, which is increased upon cisplatin treatment and thereby sensitizes the cells 

to anti-CD95 Ab-induced apoptosis. Despite comparable CD95 membrane expression 

levels, a combination of low doses cisplatin and anti-CD95 Ab did not induce additional 

apoptosis in Tera-CP cells (Figure llB). Moreover, no increase of apoptosis was 

observed when its natural ligand sCD95L was used to trigger the CD95-mediated 

apoptosis pathway in Tera-CP cells (Figure 12B). In contrast, both the agonistic anti

CD95 Ab and sCD95L efficiently increased the cisplatin-induced apoptosis 

approximately three-fold in Tera cells (Figure 12A). 

To determine whether cisplatin increased the susceptibility of Tera cells specifically 

to the CD95 death pathway and not to death receptor-mediated apoptosis in general, 

rhTRAIL was added to cisplatin treated Tera cells (Figure 12c and d). Interestingly, 

although even low concentrations rhTRAIL (0.01 J.lg/ml and 0.1 J.lg/ml) induced 

massive apoptosis in the rhTRAIL-sensitive colon carcinoma cell line SW948, rhTRAIL 

could not further increase the degree of apoptosis in cisplatin-treated Tera cells (black 

and white bars, respectively, in Figure 12C). No increase in apoptosis was observed in 

Tera cells treated with increasing concentrations rhTRAIL (up to 5.0 J.lg/ rnl) or cisplatin 

(range 0.25-2.0 J.!M) (Figure 12C and 12D, respectively). These results further underscore 

the importance of the CD95 death pathway in these cells. 
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Figure 11. The CD95-signaling pathway in Tera-CP cells is not functional. Apoptosis of Tera (A) and Tera-CP 
(B) cells induced by cisplatin only (white bars) or in combination with 2 J.lg/ml agonistic anti-CD95 Ab, 7Cll 
(black bars) determined by acridine orange staining. Values shown are the mean ± S.D. of three independently 
performed experiments. 
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figure 12. Cisplatin sensitizes Tera cells only to the CD95- but not to the TRAIL-death pathway. Tera (A) and 
Tera-CP (B) cells were incubated with 0.5 J.!M or 2.0 J.!M cisplatin respectively (black bars) or in control medium 
(white bars) for 72 h. After 48 h, an agonistic anti -CD95 Ab, 7C11, (2 J.lg/ ml) or sCD95L (1 )lg/ml) was added to 
the medium. (C) Tera cells pretreated with 0.5 (JM cisplatin (white bars) and SW948 (black bars) were incubated 
with different concentrations rhTRAIL (range 0.01 -5.0 J.lg/ml). (D) Tera cells were treated with different 
concentrations cisplatin (0.25-2.0 J.!M) only (white bars) or in combination with 1 J.lg/ml rhTRAIL (black bars). 
Apoptosis was determined by acridine orange staining. Values shown are the mean ± S.D. of three 
independently performed experiments. 

39 



CD95-mediated cisplatin-induced apoptosis 

Defective CD95-induced caspase activation in Tera-CP cells 

Western blot analysis of caspase activation and PARP cleavage (Figure 13A) confirmed 

the results obtained by acridine orange assays (Figure 11 and 12). Tera cells treated with 

cisplatin and the agonistic anti-CD95 Ab revealed more PARP cleavage compared to 

cells treated with cisplatin only. Again, no increase in PARP cleavage was observed in 

Tera-CP cells coincubated with cisplatin and anti-CD95 Ab in comparison to cisplatin 

alone. Combination of cisplatin and anti-CD95 Ab revealed more caspase-8 cleavage 

into the p18 fragment and more caspase-3 activation into the p20/19 and p17 fragments. 

In Tera-CP cells, only a marginal increase in caspase-8 and -3 was observed, suggesting 

that the CD95-signaling pathway in the cisplatin-resistant subline Tera-CP is indeed 

inactive. Western blot analysis was performed to examine the relative expression levels 

of several potential apoptosis-inhibiting proteins (Figure 13B). Interestingly, protein 

levels of the long isoform of cFLIP (cFLIPL) were slightly increased in Tera-CP cells in 

comparison to Tera cells. However, more Bcl-2 protein was present in Tera cells than in 

Tera-CP cells. The protein levels of FAP-1, Bcl-XL and XIAP were comparable in both 

cell lines. 
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Figure 13. Defective CD95-induced P ARP cleavage am caspase 
activation in Tera-CP cells. Tera and Tera-CP cells were 
incubated for 72 h with cisplatin. After 48 h of incubation, 
medium (controls) or 2 �g/ml agonistic anti-CD95 Ab, 7Cl1, was 
added. After treatment, cells were lysed and analyzed by 
immunoblotting for PARP cleavage and activation of caspase -8 
and caspase-3 (A). Expression of several apoptosis inhibitory 
proteins, FAP-1, cFL!Pt., Bcl-2, &I-XL and XIAP, was analyzed by 
immunoblotting (B). A representative example of at least three 
independent experiments is shown. 

CD95 death pathway in two other TGCT cell lines 

To investigate whether the observations found in the TerajTera-CP model also apply to 

other TGCT cell lines, additional experiments were performed with 833KE and Scha, 

two TGCT cell lines with different cisplatin sensitivity12. While 833KE is a cisplatin

sensitive cell line, Scha cells are resistant to cisplatin with an ICSO for continuous 

cisplatin incubation of 1.0 ± 0.2 11M and 3.3 ± 1.0 11M, respectively12• In both cell lines, 

cisplatin induced a concentration-dependent upregulation of Fas membrane 

expression204• As shown in Figure 14A, the blocking anti-CD95L Ab NOK-1 reduced 

cisplatin-induced apoptosis of 833KE cells approximately 50% at 8 )lM cisplatin. In 
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contrast, NOK-1 did not inhibit cisplatin-induced apoptosis in Scha cells (Figure 14B). 

Addition of an isotype control Ab had no effect on apoptosis induction (data not 

shown). These results indicate that upon cisplatin exposure, interactions of CD95L with 

the CD95 receptor activates the CD95 death pathway in the cisplatin sensitive 833KE 

cells, while CD95/CD95L interactions are not involved in cisplatin-induced apoptosis in 

the cisplatin resistant Scha cells. In addition, an apoptosis-inducing anti-Fas Ab could 

not induce additional apoptosis in cisplatin-pretreated Scha cells (Figure 140), 

suggesting that the CD95-signaling pathway is nonfunctional. Cisplatin- pretreated 

833KE cells, however, were sensitive for this anti-Fas Ab (Figure 14C), increasing 

apoptosis approximately three- to four-fold as compared with cisplatin only (range 0.25-

4 11M cisplatin). These results do not only underscore the importance of the CD95 death 

pathway in cisplatin sensitive TGCT cells, but also imply that lack of a functional CD95 

signaling may result in cisplatin resistance in TGCT cells. 
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Figure 14. CD95 signaling in two other TGCT cell Iines. 833KE (A) and Scha (B) cells were incubated with 
cisplatin only (white bars) or in the presence of 2 J.lg/ml anti-CD95L NOK-1 Ab (black bars) for 20 h. Apoptosis 
was determined by acridine orange staining. Inset, Western blot analysis of PARP cleavage in 833KE ( A) and 
Scha (B) cells treated for 20 h with 8 J.!M or 16 J.!M cisplatin respectively in the presence or absence of 2 J.lg/ml 
anti-CD95L NOK-1 Ab. Apoptosis of 833KE ( C) and Scha (D) cells induced by cisplatin only (white bars) or in 
combination with 2 J.lg/ml agonistic anti-CD95 Ab, 7Cl1, (black bars) determined by acridine orange staining. 
Inset, Western blot analysis of PARP cleavage in 833KE ( C) and Scha (D) cells treated for 72 h with 2 j.!M 
cisplatin in the presence or absence of 2 J.lg/ mJ anti-CD95 7C11 A b. 
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DISCUSSION 

In the present study, we have demonstrated that cisplatin sensitivity of the TGCT cell 

line Tera is dependent on the activation of the CD95 death pathway. This conclusion is 

supported by results from several experiments. First, the cisplatin-induced increase in 

CD95 membrane expression preceded the onset of apoptosis. Secondly, cisplatin

induced apoptosis of Tera cells was effectively inhibited by the caspase-8 inhibitor 

ziETD-fmk indicating an important role of this caspase in the initiation of apoptosis. 

Thirdly, cisplatin induced FADD and caspase-8 recruitment to the CD95 receptor in 

Tera cells. Fourthly, cisplatin-induced apoptosis was inhibited by the blocking anti

CD95L antibody NOK-1, indicating CD95L involvement in the activation of the CD95 

death pathway upon cisplatin treatment. Fifthly, overexpression of vFLIP reduced 

cisplatin-induced apoptosis in Tera cells. This underscores a functional involvement of 

CD95 signaling during cisplatin-induced cell death. Finally, in contrast to Tera, the 

CD95-signaling pathway was not functional in the cisplatin-resistant Tera-CP. 

Several other studies have shown that activation of the CD95 death pathway by 

anticancer drugs is involved in drug-induced apoptosis in certain cell types1S7,159-161,1Sl. 

Induction of CD95L and up-regulation of the CD95 receptor is observed after exposure 

of different tumor cell lines with several chemotherapeutic drugs at therapeutic 

concentrations. The presence of functional wild-type p53 has been identified as an 

important mediator of CD95 gene activation in response to DNA damage159,l60. 

Moreover, p53 appears to mediate apoptosis through CD95 transport from cytoplasmic 

stores to the cell membrane167. Interestingly, although the p53 gene is the most 

frequently mutated gene in human cancers48, almost no p53 mutations have been 

detected in human TGCTs54• In Tera cells, the cisplatin-induced increase in CD95 

membrane expression was preceded by the accumulation of wild-type p53 upon 

cisplatin exposure (Figure 3A and 6). In addition, CD95 mRNA levels were elevated 

after treatment with cisplatin (Figure 2B). These results suggest a possible role for p53 in 

the increased CD95 levels and transport of CD95 to the cell membrane. 

DISC formation or aggregation of CD95 is often used as an explanation and a 

method to demonstrate that drugs induce activation of the CD95 death pathway15S,161· 

l63,2os. Doxorubicin-induced apoptosis of human T leukemia cells was shown to involve 

CD95 aggregation, which is associated with the recruitment of FADD and caspase-8 to 

the CD95 receptor161. In our model, cisplatin induced DISC formation in the cisplatin

sensitive Tera cells indicating that the CD95 pathway is triggered upon cisplatin 

exposure. In addition, more CD95 was precipitated from cells treated with cisplatin 

compared to untreated cells. This further supports a role of CD95 in the cisplatin

mediated effects. The increase in CD95 precipitation upon cisplatin exposure was 

directly related to the cisplatin-induced increase in CD95 mRNA levels (Figure 2B) and 

CD95 membrane expression (Figure 2 and 5). 

TGCTs often express both the CD95 receptor and its ligand, CD95Ll42·171• In normal 

testis, Sertoli cells have been proposed to regulate apoptosis of germ cells via the CD95-

CD95L systemlS?Iss. The co-expression of both CD95 and CD95L suggests that TGCTs 

can bypass the requirement of CD95L from Sertoli cells and are able to induce apoptosis 
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upon cisplatin treatment via an autocrine or paracrine activation of the CD95 death 

pathway by CD95L. In our model, antagonistic Abs specific for CD95L (NOK-1) reduced 

cisplatin-induced apoptosis in Tera cells (Figure 9), indicating the involvement of 

CD95/CD95L interactions in activation of the CD95 death pathway upon cisplatin 

treatment. However, the suppression of apoptosis induction was not complete. In 

addition, pre-incubation with NOK-1 had no effect when cisplatin induced more than 

90% apoptosis. In our hands, the efficacy of antagonistic Ab directed against CD95L is 

dependent on the degree and duration of apoptosis induction. Moreover, as postulated 

by Poulaki and colleagues206, the lack of effect of antagonistic Ab directed against 

CD95L or CD95 receptor (e.g. ZB4 or F(ab')2 anti-CD95 fragments) may also be 

explained by inaccessibility of the targets for the inhibitory Ab206,207_ However, the 

partial (50-60%) reduction of cisplatin- induced apoptosis by NOK-1 Ab or 

overexpression of vFLIP suggests that mechanisms independent of the CD95 death 

pathway are also involved in cisplatin-induced apoptosis. As described, DNA

damaging agents can activate parallel pathways such as the intrinsic mitochondria

mediated and the extrinsic death receptor-mediated apoptotic pathways.6.161,163_ For 

example, both the receptor and mitochondrial pathway are activated in the B-cell 

lymphoma cell line BJAB upon drug treatment, since blockade of either pathway only 

partially inhibited apoptosis163. At higher drug concentrations or at later stages of drug 

exposure, DNA-damaging drugs may eventually bypass the requirement for CD95-

mediated amplification of the death signal and trigger apoptosis in a CD95-independent 

way161_ Therefore, the involvement of the death receptor pathway in chemotherapy

induced apoptosis will most likely depend on several factors and not only on the cell 

line used, but also on the type of drug, drug concentrations and the kinetics of the 

experiments. A number of studies could not demonstrate the involvement of the CD95 

system in drug- and irradiation- induced apoptosis208·212• These studies show that only a 

death receptor-independent mitochondrial pathway is activated upon exposure to 

DNA-damaging agents. Besides activation of the CD95 death pathway, cisplatin 

treatment of Tera cells might also activate the mitochondrial death pathway. DNA 

damage can lead to the p53-induced increase in pro-apoptotic proteins such as Bax, 

Noxa and PUMA123• These proteins can permeabilize the mitochondrial outer membrane 

leading to the release of apoptotic factors such as cytochrome C, Smac/DIABLO, and 

apoptosis inducing factor (AIF) from the mitochondria into the cytosol followed by 

apoptosis induction213_ Whether these mechanisms are involved in cisplatin-induced 

apoptosis in Tera cells needs to be resolved in future research. 

Interestingly, cisplatin-treated Tera cells displayed a different response to anti

CD95 Ab and rhTRAIL. Whereas cisplatin sensitizes Tera cells to triggering of the CD95 

death pathway, cisplatin-treated Tera cells were resistant to rhTRAIL-induced apoptosis 

(Figure 12C and 12D). Although both CD95 and DR4/DR5 death receptors are 

considered to use the same signaling pathway, differences in sensitivity to CD95L- or 

TRAIL-induced apoptosis were also found in other studies214,215_ Both caspase-8 and -10 

have been shown to function independently of each other in initiating CD95 and TRAIL

receptor-mediated apoptosis216·217. However, caspase-10 has been shown to be the most 
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apical caspase in TRAIL-induced apoptosis in thyroid carcinoma cells214. In addition, 

another study showed that TRAIL-induced apoptosis of rhabdomyosarcoma cell lines 

may require the presence of caspase-10 to amplify the apoptotic signal215. Besides 

differences in requirement for caspase-10, triggering of death receptors has also been 

shown to result in activation of a nuclear factor KB (NFKB)-dependent survival 

program218·219. Therefore, further exploration of the involvement of initiator caspases 

and NFKB survival signals upon ligation of death receptors by rhTRAIL or anti-CD95 

Ab is needed. 

In contrast to Tera cells, Tera-CP cells have a dysfunctional CD95-signaling 

pathway and do not use the CD95-mediated route to undergo apoptotic death quickly 

upon cisplatin exposure. This defect in the CD95 signaling pathway might be caused by 

different mechanisms. Besides direct down-regulation of the CD95 receptor, several 

mutations in the CD95 gene or splicing defects in the CD95 mRNA have been described, 

which result in nonfunctional CD95 receptors22o.221. However, mutation analysis showed 

no mutations in the CD95 gene of Tera-CP cells. In addition, the CD95 receptor was not 

down regulated in the resistant cells and showed a comparable cisplatin-induced 

increase in membrane expression as observed in the sensitive Tera cells. The presence of 

a functional intact CD95 receptor protein implicates that other mechanisms downstream 

the CD95 signaling route are responsible for the nonfunctional activation of the CD95 

death pathway. Examination of potential apoptosis inhibitors revealed a slightly 

elevated expression of cFLIP in Tera-CP cells. In contrast, Bcl-2 protein levels were 

higher in Tera cells compared to Tera-CP cells. The precise involvement of these 

inhibitors in the defect apoptotic route in Tera-CP cells needs further exploration. 

Current interest is focused on possible cross-resistance for anticancer drugs and 

CD95-induced apoptosis15?,lSl,222•223 • For example, CD95- and doxorubicin-resistant 

leukemia and neuroblastoma cells were shown to display cross-resistance for cell death 

induction181. However, others have demonstrated that multidrug resistant cells are not 

necessarily resistant to CD95-mediated apoptosis223. Moreover, several studies have 

shown that treatment of drug-resistant tumor cell lines with anticancer drugs could 

sensitize them to anti-CD95-induced apoptosis224·226. For instance, the cisplatin-resistant 

bladder cancer cells and ovarian tumor cell lines were sensitive to treatment with a 

combination of anti-CD95 Ab and cisplatin224·225. Therefore, the relative contribution and 

significance of CD95-resistance in the sensitivity to anticancer drugs has still to be 

established and will probably depend on tumor type and drug used. Besides the 

Tera/Tera-CP model, additional experiments were performed with two other TGCT cell 

lines to obtain more insight into the importance of CD95 resistance in cisplatin 

sensitivity of germ cell tumors. Like Tera-CP, the CD95 death pathway was 

nonfunctional in the cisplatin-resistant Scha cells. In contrast, the cisplatin-sensitive 

833KE cells were also sensitive to CD95-induced apoptosis. Furthermore, CD95/CD95L 

interactions were involved in cisplatin-induced apoptosis in 833KE cells but not in Scha 

cells, underscoring the importance of the CD95 death pathway in cisplatin sensitivity of 

TGCT cells. 
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In conclusion, the present study shows in two TGCT models of acquired and 

intrinsic cisplatin resistance that the loss of cisplatin-induced activation of the CD95 

death pathway may result in cisplatin resistance. Therefore, the presence of a functional 

CD95-signaling pathway in human TGCTs may be an important factor determining 

their unique sensitivity for cisplatin. 
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ABSTRACT 

The Fas death pathway has been shown to play an important role in the cisplatin 

sensitivity of testicular germ cell tumor (TGCT) cells. Previously, we have shown that 

cisplatin-resistant TGCT cells have a disrupted Fas death pathway. Despite comparable 

Fas membrane expression, a combination of low doses cisplatin and anti-Fas antibody 

(Ab) induces additional apoptosis in the cisplatin-sensitive TGCT cell line Tera but not 

in the cisplatin-resistant subline Tera-CP. In the present study, the intracellular 

mechanism of Pas-resistance in Tera-CP cells was investigated. Isolation of the death 

inducing signaling complex (DISC) upon anti-Fas Ab incubation revealed that FADD, 

caspase-8 and the caspase-8 inhibitor cPLIPL were recruited to the Pas receptor in both 

Tera and Tera-CP cells. However, while full-length and cleaved cFLIPL were present in 

the DISC of both cell lines, only full-length cFLIPL was detectable in cell lysates of Tera

CP incubated for 24 h with the anti-Fas Ab. In contrast, cFLIPL was almost completely 

cleaved in Tera. Moreover, basic cFLIPL protein levels were higher in Tera-CP than in 

Tera. Preincubation with the protein synthesis inhibitor cycloheximide sensitized Tera

CP cells to Fas-induced apoptosis, which was related to a loss of cFLIPL expression. 
Suppression of cFLIPL expression by cPLIP-specific siRNA reversed Pas-resistance in 

Tera-CP. In addition, cisplatin-treated Tera-CP cells were only sensitized to anti-Pas 

induced apoptosis when preincubated with the NF-KB inhibitor SNSO, but not with 

inhibitors of the MEK (U0126) or PKB/ Akt (LY294002) survival signaling pathways. 

Sensitization by SNSO resulted in reduced cFLIPL levels. In conclusion, resistance to Pas

induced apoptosis of Tera-CP cells is related to NF-KB-dependent expression of cPLIPL 

protein following Fas stimulation. 

Keywords: TGCT, Fas, cFLIPL, NF-KB 
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INTRODUCTION 

Several studies have established the importance of the Fas-FasL system in the normal 

testis, not only in maintaining its immune-privileged nature137, but also as a crucial 

paracrine-signaling mechanism regulating the degree of germ cell apoptosis7·10. The 

proapoptotic Fas ligand (FasL, CD95L, AP0-1L) expressed by Sertoli cells activates 

trimerization of the Fas receptor (CD95, AP0-1) expressed by germ cells as a response to 

environmental conditions and initiate germ cell death138-142. Fas trimerization leads to the 

intracellular recruitment of the adaptor molecule Pas-associated protein with death 

domains (FADD/MORTl) and the initiator protease procaspase-8 (FLICE, MACH, 

Mch5) to form the death-inducing signaling complex (DISC)145,lS2. Procaspase-8 is 

activated in the DISC and can cleave several proapoptotic substrates leading to 

activation of the downstream caspase cascade and subsequently to cell death183,l84. 

In accordance with the normal testis, we have recently established an important 

role for the Fas-FasL system in cisplatin-induced apoptosis of testicular germ cell tumor 

(TGCT) cells156. TGCTs represent one of the few solid tumor types that, when 

metastasized, are curable by cisplatin-containing chemotherapy, with an overall cure 

rate of about 80%30• Also most cell lines derived from human TGCT display an 

unusually high sensitivity to chemotherapeutic drugs33•176• We have demonstrated that 

the cisplatin sensitivity of these TGCT cells is dependent on the activation of the Fas 

death pathway156. In contrast to cisplatin-sensitive TGCT cells, the Fas death pathway is 

nonfunctional in cisplatin-resistant TGCT cells. Fas resistance in these cell lines is not 

caused by a direct down-regulation of the Fas membrane expression or mutations in the 

Fas gene. 

Sensitivity to Fas-induced apoptosis can also be modulated at several other levels 

in the Fas signaling pathway besides the Fas receptor itself. For example, Fas-induced 

apoptosis can be inhibited by mutations in caspase-8 or overexpression of Pas-associated 

protein (FAP-1), PUCE-inhibitory protein (FLIP) or anti-apoptotic Bcl-2 family members 

such as Bcl-2 and Bcl-XL 227•235• Furthermore, inhibitor of apoptosis proteins (lAPs) 

prevent apoptosis by direct binding to effector caspases236•237• Interestingly, the 

expression of these apoptosis inhibitory proteins is regulated by survival signaling 

pathways that can be activated upon trimerization of the Fas receptor. These survival 

pathways involve the activation of e.g. the mitogen-activated protein kinase (MAPK) 

family member extracellular signal-regulated protein kinase (ERK), Akt/protein kinase 

B (PKB), or nuclear factor (NF}-KB238-239• Ligation of the Fas receptor can therefore initiate 

signaling pathways leading to cell death or survival, and the balance between those two 

pathways will determine the fate of the target cell. 

In the present study, the nonfunctional Fas apoptotic signaling pathway in 

cisplatin-resistant TGCT cells was investigated using the cisplatin-sensitive TGCT cell 

line NTera2/D1 (Tera) and its cisplatin-resistant subclone Tera-CP as a modeP1. The role 

of anti-apoptotic proteins and survival pathways in the Pas-resistance were determined. 

Finally, FLIP expression and NF-KB activation dependent FLIP expression were studied 

in detail using cFLIP specific siRNA and the NF-KB inhibitor SN50. 
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MATERIALS AND METHODS 
Cell lines 
The human embryonal carcinoma cell line Tera and its cisplatin-resistant sub line Tera-CP were described 
previously11·156. Both cell lines grow as monolayers in RPM! 1640 supplemented with 10% heat 
inactivated fetal calf serum (both from Life Technologies, Breda, the Netherlands) in a humidified 
atmosphere at 37°C and 5% C02. 

Acridine orange apoptosis assay 
Cells in 96-well tissue-culture plates were incubated for 72 h with different concentrations cisplatin 
(Pharmachemie BV, Haarlem, the Netherlands). After 48 h, cells were pretreated for 1 h with medium 
(control), the protein synthesis inhibitor cycloheximide (CHX; Sigma-Aldrich Chemie BV, Zwijndrecht, 
the Netherlands), the MAPK/ERK kinase (MEK) inhibitor U0126 (New England Biolabs, Beverly, MA), 
the phosphatidylinositol 3 kinase (PI3K) inhibitor Ly-294002 (Calbiochem, Breda, the Netherlands) or the 
NF-KB inhibitor SN50 (Biomol, Tebu-bio, Heerhugowaard, the Netherlands) followed by the addition of 
medium or the agonistic anti-Fas antibody (Ab) 7Cll (from Immunotech, Marseille, France). After 
treatment, acridine orange (10 J.Lg/ ml) was added to each well to distinguish apoptotic cells from vital 
cells. Staining intensity was determined by fluorescence microscopy and apoptosis was defined by the 
appearance of apoptotic bodies and/or chromatin condensation. Apoptosis was expressed as percentage 
apoptotic cells in a culture. 

Westem blot analysis 
After treatment with cisplatin alone or in combination with 2 J.Lg/ ml CHX or 100 J.Lg/ m1 SNSO with or 
without 7Cll, cells were harvested at indicated time points and washed twice with cold phosphate 
buffered saline (PBS: 6.4 mM NazHP04; 1.5 mM KHzP04; 0.14 mM NaCI; 2.7 mM KCI; pH=7.2). Cells 
were lysed with standard Western blot sample buffer (50 mM Tris/HCl, pH 6.8, 2% SDS, 10% glycerol, 
5% 2-13-mercaptoethanol) and boiled for 5 min. Protein concentration was determined according to 
Bradford191. Total cell lysates were size fractionated on sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) and transferred onto activated polyvinylidene difluoride membranes 
(Millipore, Bedford, United Kingdom). Equal protein loading was confirmed by Ponceau red staining of 
membranes. After blocking for 1 h in Tris buffered saline supplemented with 5% milk powder (Merck, 
Darmstadt, Germany) and 0.05% Tween-20 (Sigma-Aldrich Chemie BV), immunodetection of Fas, 
FADD, caspase-8, cFLIP, FAP-1, PARP, Bcl-2, Bcl-XL, Bax, XIAP, ciAP-1, c!AP-2 or actin was done using 
the following Abs: mouse anti-Bcl-2, rabbit anti-Bcl-XL, rabbit anti-Bax, goat anti-FAP-1, and goat anti
Pas Abs were all purchased from Santa Cruz Biotechnology (Santa Cruz, CA). Rabbit anti-PARP Ab was 
obtained from Roche Diagnostics, mouse anti-XIAP Ab from Transduction Laboratories (Lexington, KY), 
and rabbit anti-c!AP-1 and rabbit anti-c!AP-2 from R&D systems (Abingdon, United Kingdom). Mouse 
anti-actin was obtained from ICN Biomedicals (Zoetermeer, the Netherlands). Mouse anti-caspase-8 Ab 
C1St92 was kindly provided by Dr. P. Krammer (DKFZ, Heidelberg, Germany). Mouse anti-cFLIP Ab 
NF6193 was a kind gift from Dr. M. Peter (University of Chlcago, IL). Binding of these antibodies was 
determined using horseradish peroxidase (HRP)-conjugated secondary Abs (all from DAKO, Glostrup, 
Denmark) and visualized with the ECL-chemiluminescence kit of Roche Diagnostics. 

DISC irmmmoprecipitation 
DISC immunoprecipitation after Fas receptor ligation was performed according to Scaffidi et n/195 with 
some minor modifications. Briefly, 1 x 107 cisplatin-treated cells were incubated in 5 ml culture medium 
with 2 flg/ml 7Cll, for 15 min at 37 °C. Cells were washed with cold PBS and lysed in lysis buffer (30 
mM Tris-HCJ, pH 7.5, 150 mM NaCI, 1% Nonidet P-40, 10% glycerol, 1 mM phenylmethylsulfonyl 
fluoride, and complete protease inhibitors (Roche Diagnostics, Almere, the Netherlands)) for 15 min on 
ice. After centrifugation (2,500 x g) at 4°C for 10 min, the DISC was immunoprecipitated with 30 fll 
protein-A sepharose beads (Amersham, Pharmacia Biotech, Roosendaal, the Netherlands) pre-coated 
with rabbit anti-mouse IgG (DAKO). After 3 h incubation, beads were washed three times with 1 .5 ml 
lysis buffer, resuspended in standard Western blot sample buffer and boiled for 5 min. 
Imrnunoprecipitated proteins were separated on 12% SDS-PAGE. Western blot for FADD, caspase-8, 
cFLIP and Fas was performed as described above. Goat HRP-conjugated secondary Ab specific for 
mouse IgG1 or IgG2b were used for detection of FADD/cFLIP or caspase-8 respectively (both from 
Southern Biotechnologies, Birmingham, AL). HRP-conjugated Protein G (Sigma-Aldrich Chemie BY) 
was used for detection of Fas A b. 
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NF-KB DNA-biudiug assay 
The DNA-binding activity of NF-KB was quantified by enzyme-linked immunosorbent assay using the 
TransAMTM NF-KB pSO Transcription Factor Assay kit from Active Motif (Rixensart, Belgium). Cells were 
pretreated with 0.5 J.!M cisplatin for 48 h followed by incubation with 2 J.lg/ml 7Cll for the indicated 
time periods. Control cells were cultured without cisplatin and 7C11. Cells were harvested and lysed in 
lysis buffer included in the TransAM™ kit. NF-KB activity was determined according to the 
manufacturer's instructions in 25 J.lg of total cell lysate. Relative increase in NF-KB binding activity was 
obtained by comparing the NF-KB binding activity of cisplatin-treated cells upon Fas stimulation in time 
with the NF-KB binding activity of untreated control cells. 

RNA iuterfereuce 
Small interfering RNAs (siRNAs) specific for human cFLIP were designed conforming to the sequence 
AA(N19)TT, where AA and TT are present in the cFLIP open reading frame at a spacing of 19 
nucleotides. Two single-stranded cFLIP RNA molecules 5'-GAG GUA AGC UGU CUG UCG GdTdT-3' 
(sense) and 5'-CCG ACA GAC AGC UUA CCU CdTdT-3' (antisense) were synthesized by Eurogentec 
(Seraing, Belgium). Single-stranded RNA molecules specific for the Juciferase (Luc) gene were used as 
controJ2�D. The sequences for Luc RNA molecules were 5'-CUU ACG CUG AGU ACU UCG AdTdT-3' 
(sense) and 5'-UCG AAG UAC UCA GCG UAA GdTdT-3' (antisense). For annealing to form RNA 
duplexes, 20 J.!M of both single-stranded RNAs were incubated in annealing buffer supplied by 
Eurogentec (50 mM Tris, pH 7.5-8.0, 100 mM NaCJ in RNase-free distilled water) for 1-5 min at 90°C and 
cooled down to room temperature in approximately 1 h. Cells (0.4 x 1()6/well) were transfected in 6-wells 
plates with 10 J.!l of 20 J.!M siRNA duplexes using Oligofectamine reagent according to the 
manufacturer's instructions (Invitrogen BV, Breda, the Netherlands). The next day, cells were harvested 
and plated in 96-wells or 6-wells for an apoptosis assay or for protein isolation respectively. SiRNA 
transfected cells were incubated for 72 h with cisplatin. After 48 h, medium or 7Cll was added to the 
cells. After treatment, percentage apoptosis was determined by acridine orange apoptosis assay or the 
cells were lysed for protein analysis. FACS analysis of Tera and Tera-CP cells transfected with 
fluorescein-5-isothiocyanate-Iabeled oligonucleotides revealed a transfection efficiency of 86% and 93% 
respectively. 

RESULTS 

The Fas death pathway is disrupted ill Tera-CP cells 

To investigate the mechanism(s) behind the absence of the apoptotic Fas signaling in 

cisplatin-resistant TGCT cells, Tera and its in vitro acquired cisplatin-resistant subline 

Tera-CP with a disrupted Fas death pathway were studied156. Despite comparable Fas 

membrane expression, a combination of low doses cisplatin and anti-Fas Ab did induce 

additional apoptosis in Tera cells, but not in Tera-CP cells. As observed previously156, 

triggering of the Fas receptor in Tera cells resulted in additional activation of the 

initiator caspase procaspase-8, but a marginal increase of the active p18 subunit was 

observed in Tera-CP cells (Figure 1). Interestingly, however, in both cell lines an 

additional fragment of approximately 30 kDa appeared only upon stimulation of the Fas 

receptor. Since the C15 anti-caspase-8 Ab recognizes an epitope in the p18 subunit192, 

this fragment might be an alternative cleavage product consisting of the p18- and the 

plO subunit. 

Recntitment of caspase-8 and cFLIPL to the Fas receptor in both Tera and Tera-CP 

The presence of the long isoform of cFLIP (cFLIPL) in the DISC has been shown to 

inhibit caspase-8 cleavage after the generation of intermediate cleavage products229. 

Since caspase-8 was only partially cleaved in the Pas-resistant Tera-CP cells, the 

composition of the DISC was evaluated in both cell lines upon Fas triggering. Therefore, 
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Tera and Tera-CP were pretreated with 0.5 �-tM cisplatin for 48 h, harvested and 

incubated with an anti-Fas Ab for 15 min followed by DISC immunoprecipitation. As 

shown in Figure 2A, activation of Fas recruited FADD, caspase-8 and cFLIPL into the 

DISC of Tera and Tera-CP cells. The small isoform of cFLIP (cFLIP5) was not detectable 

in both cell lines and therefore absent in the DISC (data not shown). Recruitment of 

caspase-8 to the Fas receptor was followed by its activation as is shown by the presence 

of the intermediate cleavage product of caspase-8 in the DISC. In addition, both full

length and cleaved cFLIPL were present in the DISC isolated from Tera Tera-CP cells. 

Western blot analysis of the used lysates revealed a comparable protein expression of 

Fas, FADD and caspase-8, while Tera-CP expressed more cFLIPL protein than Tera 

(Figure 28)156. 
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Figure 1. Partial caspase-8 activation in Tera-CP cells upon activation of the Fas receptor. Tera (A) and Tera
CP (B) cells were incubated for 72 h with cisplatm. After 48 h cisplatin incubation, medium (controls) or 2 
).lg/ml agonistic anti-Fas Ab, 7Cll, was added. After treatment, cells were lysed and analyzed by 
immunoblotting for activation of caspase -8. A representative example of three independent experiments is 
shown. 

Figure 2. Recruitment of caspase-8 and cFLIPL into the DISC of Tera and Tera-CP cells upon Fas ligation. 
Tera and Tera-CP cells pretreated with 0.5 ).IM cisplatin for 48 h were incubated with an agonistic anti -Fas Ab 
for 15 min, after which the DISC was isolated as described under "Materials and Methods". Fas 
immunoprecipitation (A) and used lysates (B) were stained for Fas, FADD, caspase -8, and cFLIPL. A 
representative example of three independent experiments is shown. 

CHX sensitizes Tera-CP to Fas-induced apoptosis by down-regulation of cFLIPL 

The protein synthesis inhibitor CHX is known to increase the sensitivity of many tumor 

cell lines to Fas-induced apoptosis by inhibition of the synthesis of short-lived apoptosis 

inhibitory proteins241. To identify potential apoptotic inhibitors involved in the Fas-
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resistance of Tera-CP, these cells were preincubated with CHX followed by the addition 

of an agonistic anti-Fas Ab to activate the Fas death pathway. As shown in Figure 3A, 

CHX sensitized cisplatin-treated Tera-CP to this agonistic anti-Fas Ab (black bars), 

which resulted in a 2- to 3-fold increased apoptosis as compared to CHX in combination 

with cisplatin (dark gray bars). No apoptosis was induced by cisplatin alone (white 

bars) or in combination with the anti-Fas Ab (light gray bars). Western blot analysis of 

caspase-8 and PARP cleavage confirmed the results obtained by the acridine orange 

apoptosis assay (Figure 3B). As indicated above, anti-Fas Ab alone resulted in a 

marginal caspase- 8 activation in cisplatin-treated Tera-CP (lane 6), while in combination 

with CHX (lane 8) a comparable caspase-8 cleavage was observed as in cisplatin-treated 

Tera incubated with anti-Fas Ab (lane 3). In addition, more PARP cleavage was 

observed in cisplatin-treated Tera-CP cells incubated with the combination of CHX and 

anti-Fas Ab. 
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Figure 3. CHX sensitizes Tera-CP cells to Fas-induced 
apoptosis by down-regulation of cFLII\. (A) Tera-CP cells 
were incubated with different concentrations cisplatin alone 
(white bars), or in combination with 2 11g/ml anti-Fas Ab, 
7C11 (light gray bars), 2 11g/ml CHX (dark gray bars) or 
with 2 f!g/ml CHX and 2 f!g/ml 7C11 (black bars). 
Apoptosis was determined by acridine orange staining. 
Values shown are the mean ± SD of three independently 
performed experiments. (B and C) Tera and Tera-CP cells 
were incubated for 72 h with 0.5 f!M cisplatin. After 48 h of 
incubation, medium (controls) or 2 f!g/ml agonistic anti
CD95 Ab, 7C11, was added with or without pretreatment of 
Tera-CP cells with 2 f!g/ml CHX. After treatment, cells 
were lysed and analyzed by immunoblotting for caspase -8 
activation and PARP cleavage ( B) or the expression of FAP-
1, cFLIPt., Bcl-2, Bcl-XL, XIAP, clAP-1, ciAP-2 and Bax (C). A 
representative example of three independent experiments is 
shown. 

Evaluation of the expression of several apoptosis inhibitory proteins upon CHX 

treatment revealed a clear reduction of cFLIPL expression, while no distinct change was 

observed of FAP-1, Bcl-2, Bcl-Xw XIAP, ciAP-1, or ciAP-2 (Figure 3C, lane 7). The non

specific anti-XIAP immuno-reactive molecule as indicated (*), served as an internal 
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loading controF42• Besides cFLIPL, Tera-CP also expressed more ciAP-1 in comparison to 

Tera. However, in contrast to cFLIPL, CHX treatment did not reduce ciAP-1 protein 

levels (lane 7). Only incubation of Tera-CP with CHX and anti-Fas Ab resulted in a 

decrease in expression of FAP-1, ciAP-1 and ciAP-2. Interestingly, although cleaved 

cFLIPL was present in the DISC of both cell lines (Figure 2), only full-length cFLIPL was 

detectable in cell lysates of Tera-CP cells incubated for 24 h with the same anti-Fas Ab 

used for the DISC isolation (Figure 3C, lane 6). In contrast, cFLIPL was almost 

completely cleaved in Tera cells upon activation of the Fas death pathway (lane 3). 

Inhibition of NF-KB but not of ERKl/2 or Akt signaling pathways sensitizes Tera-CP to 

Fas-induced apoptosis 

Several survival-signaling pathways are known to inhibit Fas-induced apoptosis by the 

upregulation of apoptosis inhibitory proteins like cFLIPw Bcl-2, Bcl-XL, and members of 

lAP family238,239. These pathways often involve activation of the ERK, Akt, or NF-KB. To 

determine whether these survival pathways are involved in the Fas-resistance of Tera

CP, we used inhibitors of these pathways that can modulate the sensitivity to Fas

induced apoptosis. Despite using concentrations known to inhibit activation of ERK or 

Akt243-246, no sensitization to Fas-induced apoptosis of Tera-CP was observed by 

pretreatment with the MEK inhibitor U0126 or with the PI3K inhibitor Ly-294002 

(Figure 4). 
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Figure 4.  The ERKl/2 or Akt survival pathways are not involved in the resistance of TeraCP to Fas-induced 
apoptosis. Tera-CP cells were incubated for 72 h with 0.5 J.!M cisplatin. After 48 h of incubation, cells were 
pretreated with different concentrations of the MEK inhibitor U0126 ( A) or the Pl3K inhibitor Ly -294002 (B), 
followed by the addition of medium (white bars) or 2 Jlg/ml anti-Fas Ab, 7C11 (black bars). Apoptosis was 
determined by acridine orange staining. Values shown are the mean ± SO of three independently performed 
experiments. 

In contrast, inhibition of NF-KB by the cell-permeable peptide SNSO reversed the Fas 

resistance of Tera-CP (Figure SA). SNSO binds to the nuclear localization sequence of 

NF-KB and blocks its nuclear translocation and thereby its transcriptional activity247. 

Specificity of SNSO at the concentration of 100 11g/ml has been shown previously248. 

Preincubation with SNSO sensitized cisplatin-treated Tera-CP to Fas-induced apoptosis 

(black bars), increasing apoptosis approximately 2- to 3-fold as compared to SNSO and 

cisplatin only (dark gray bars). In contrast, the NF-KB inhibitor did not further enhance 
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the proapoptotic activity of the anti-Fas Ab i� Tera (Figure SB). Evaluation of the NF-KB 

binding activity revealed that stimulation of the Fas receptor in Tera-CP (black bars) 

induced a substantial increase in NF-KB activity, while only a marginal increase in NF

KB activity was observed in Tera (Figure SC, white bars). 
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Figure 5. Inhibition of NF-KB reverses the Fas-resistance of Tera-CP cells. (A) Tera-CP cells were incubated 
with different concentrations cisplatin alone (white bars), or in combination with 2 Jlg/ml anti-Fas Ab, 7Cll 
(light gray bars), 100 f!g/ml NF-KB inhibitor SNSO (dark gray bars) or with 100 f!g/ml SNSO and 2 f!g/ml 7Cll 
(black bars). (B) Tera and Tera-CP cells were incubated with 0.5 f!M cisplatin alone (white ba rs), or in 
combination with 2 Jlg/ml anti-Fas Ab, 7Cll (light gray bars), 100 Jlg/ ml NF-KB inhibitor SNSO (dark gray bars) 
or with 100 Jlg/ml SNSO and 2 Jlg/ml 7Cll (black bars). Apoptosis was determined by acridine orange staining 
20 h upon addition of 7Cll ( A  and B). Values shown are the mean ± SO of three independently performed 
experiments. (C) NF-KB binding activity in Tera (white bars) and Tera -CP (black bars) cells was determined 
with the TransAMTM NF-tcB p50 Transcription Factor Assay kit. Relative incre ase in NF-tcB binding activity was 
obtained by comparing the NF -KB binding activity of cisplatin -treated cells upon Fas stimulation in time (min) 
with the NF-KB binding activity of untreated control cells. A representative example of two independent 
experiments is shown. 

The NF-KB inhibitor SN50 down-regulates the expression of cFLIPL in Tera-CP cells 

To identify the molecular target of the NF-KB inhibitor SNSO, expression levels of anti

apoptotic proteins modulated by NF-KB (cFLIP, Bcl-2, Bcl-XL, XIAP, clAP-1, ciAP-2) 

were examined by immunoblotting. As shown in Figure 6, only cFLIPL expression was 

reduced upon treatment with SNSO and anti-Fas Ab (lane 5). No substantial changes 

were observed in the expression of the other anti-apoptotic proteins studied. In 
addition, SNSO treatment did not increase the expression of Bax, a pro-apoptotic protein 

known to be down-regulated by NF-KB. These results further underscore the 

involvement of cFLIPL in the resistance of Tera-CP to Fas-induced apoptosis. 
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Figure 6. NF-KB inhibitor SNSO dow�regulates 
cFLIPL protein levels. Tera-CP cells were incubated 
for 72 h with 0.5 J.LM cisplatin. After 48 h of 
incubation, medium (controls) or 2 J.Lg/ml agonistic 
anti-CD95 Ab, 7C11, was added with or without 
pretreatment with 1 00 J.Lg/ ml SNSO. After treatment, 
cells were lysed and analyzed by immunoblotting for 
the expression of several proteins regulated by NF 
KB e.g. cFLIPL, &1-2, &I-XL, XJAP, cJAP-1, c!AP-2 
and Bax. A representative example of three 
independent experiments is shown. 
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Figure 7. Decreasing the expression of cFLIIt by RNA interferences sensitizes Tera-CP to Fas-induced 
apoptosis. Tera-CP cells were exposed to Oligofectamine alone (control, A) or transfected with siRNA duplexes 
directed against the luciferase gene (Luc, B) as control siRNA or the cFLIP gene (FLIP, q. Cells were incubated 
with different concentrations cisplatin only (white bars) or in the presence of 2 J.Lg/ml anti-Fas Ab, 7C11 (black 
bars). Apoptosis was determined by acridine orange staining ( A-C) or by PARP cleavage ( D, upper panel). 
Values shown are the mean ± SO of three independently performed experiments. ( D, lower panel) Expression of 
cFLIPL protein was analyzed by immunoblotting in Tera -CP cells exposed to Oligofectamine alone (control) or 
transfected with Luc or cFLIP siRNA molecules. A representative example of three independent experiments is 
shown. 
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Inhibition of cFLIPL expression by cFLIP-specific RNA interference sensitizes Tera-CP 

cells to Fas-induced apoptosis 

SiRNA molecules were used to suppress endogenous cFLIP mRNA and protein levels to 

investigate the role of cFLIPL in the Pas-resistance of Tera-CP. Tera-CP exposed to the 

transfection agent Oligofectamine (control) or transfected with Luc siRNA molecules 

were resistant to anti-Fas induced apoptosis (Figure 7 A and B respectively). In contrast, 

cFLIP siRNA sensitized cisplatin-treated Tera-CP cells to the agonistic anti-Fas Ab 

(black bars), resulting in a 3-fold increased apoptosis as compared to cisplatin only 

(Figure 7C, white bars). Western blot analysis of PARP cleavage confirmed the results 

obtained by acridine orange apoptosis assay (Figure 7D). Furthermore, evaluation of 

endogenous cFLIPL levels revealed that cFLIP siRNA efficiently suppressed cFLII\ 

protein expression. In contrast to Tera-CP, the decreased cFLIPL protein expression 

obtained by transfection of cFLIP siRNA molecules in Tera did not make these cells 

more susceptible towards anti-Fas induced apoptosis (Figure 8). 
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Figure 8. SiRNA-induced reduction in cFLIF\. levels has no effect on the susceptibility of Tera cells to Fas 
induced apoptosis. Tera cells were exposed to Oligofectamine alone (control, A) or transfected with siRNA 
duplexes directed against the luciferase gene (Luc, B) as control siRNA or the cFLIP gene {FLIP, C). Cells were 
incubated with different concentrations cisplatin only (white bars) or in the presence of 2 l!g/ ml anti-Fas Ab, 
7Cll (black bars). Apoptosis was determined by acridine orange staining (A-C) or by PARP cleavage (0, upper 
panel). Values shown are the mean ± SO of three independently performed experiments. ( 0, lower panel) 
Expression of cFLIPL protein was analyzed by immunoblotting in Tera cells exposed to Oligofectamine alone 
(control) or transfected with Luc or cFLIP siRNA molecules. A representative example of three independent 
experiments is shown. 
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DISCUSSION 

In the present study we investigated the mechanism behind the resistance of the TGCT 

cell line Tera-CP to Pas-induced apoptosis. The results clearly demonstrate that cPLIPL 

and the NP-KB survival pathway play an important role in the absence of apoptotic 

signaling upon Fas stimulation. 

No involvement of the apoptosis inhibitors FAP-1, Bcl-2, Bcl-Xt., XIAP, ciAP-1 and 

ciAP-2 was observed in the Pas-resistance of Tera-CP cells. This is in contrast to other 

studies on Pas-resistance in different tumor models. For example, Pas-induced apoptosis 

of neuroblastomas is inhibited at the level of caspase-8 activation by cFLIPL and at the 

mitochondrial level by Bcl-2233• In addition, Bcl-XL expression inhibited Fas-induced 

apoptosis of gastric cancer cells235. In pancreatic cancer, Fas resistance was caused by 

FAP-1 overexpression232. Furthermore, XIAP, known to bind caspase-3 and inhibit Pas

induced apoptosis13•107, is often overexpressed in ovarian cancers234. 

In the Fas-resistant Tera-CP, a constitutive high level of cFLIPL was observed when 

compared to the Fas-sensitive Tera. Upon Fas stimulation, caspase-8 was only partially 

cleaved suggesting that inhibition of the Pas death pathway occurred at the level of 

caspase-8 activation by cFLIPL. The importance of cFLIPL in Fas resistance of Tera-CP 

cells was demonstrated by several experiments modulating the cFLIPL expression levels. 

The protein synthesis inhibitor CHX, the NF-KB inhibitor SNSO and siRNA molecules 

specific for cFLIP all sensitized Tera-CP cells to Fas-induced apoptosis by the down

regulation of cFLIPL. The expression level of the additionally studied anti-apoptotic 

proteins was not decreased upon incubation with CHX or SNSO, underscoring the 

importance of cFLIPL in Pas-resistance of Tera-CP cells. 

Elevated levels of cFLIPL in Tera-CP cells might be caused by increased activity of 

PI3K/ Akt, MEK/ERK or NF-KB243,249,250. Additionally, cFLIPL is able to enhance the 

activity of Akt, ERK and NF-KB, leading to an autocrine regulatory loop250·252. In tumor 

cell lines from different origin, the cFLIPL expression is critically dependent on PI3K and 

Akt activity243. Disruption of the PI3K/ Akt pathway with the specific inhibitor Ly-

294002 reduced Akt phosphorylation and subsequent cFLIPL expression243. The ERK 

dependent signaling can also inhibit Fas-induced apoptosis by increasing the cFLIPL 

levels246,249,250,253,254. In the present study, however, inhibition of the PI3K/ Akt or 

MEK/ERK survival pathways by their specific inhibitors did not sensitize Tera-CP cells 

to Fas-induced apoptosis. In contrast, NF-KB inhibition could restore Pas-sensitivity by 

the down-regulation of cFLIPt.. Yet, inhibition of NF-KB by SNSO only reduced cFLIPL 

expression upon stimulation of the Pas receptor, suggesting that the NF-KB was not 

responsible for the constitutively elevated cPLIPL levels. The presence of both full-length 

and cleaved cFLIPt. in the DISC, but only full-length cFLIPt. in cell lysates of Tera-CP 

incubated for 24 h with the anti-Fas Ab, suggests that stimulation of the Fas receptor 

results in the NF-KB-induced expression of cFLIPt.. In contrast to Tera-CP, only a 

marginal increase in NF-KB activity was observed in Tera cells upon Fas triggering 

which may facilitate efficient caspase-8-mediated cleavage of all intracellular cFLIPt. 

proteins and concomitantly sensitization to Pas-induced apoptosis. 
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cFLIP is involved in the recruitment of receptor-interacting protein (RIP) and the 

TNF receptor-associated factor TRAF1/2 into the DISC250-252,255 resulting in the activation 

of the NF-KB pathway via NF-KB-inducing kinase (NIK)256• Interestingly, activated 

caspase-8 can cleave and inactivate not only cFLIPL but also RIP, TRAF1 and NIK 

thereby attenuating the activation of NF-KB252,257,258. Therefore, the elevated cFLIPL levels 

in Tera-CP could initially inhibit complete caspase-8 activation upon stimulation of the 

Fas receptor, which results in increased recruitment of RIP or TRAF1/2 into the DISC 

leading to activation of NF-KB. In contrast, Tera cells have a low cFLIPL level resulting in 

the activation of the apoptotic caspase cascade rather than the NF-KB survival pathway. 

Another protein involved in the activation of NF-KB, is FAP-1259·260, which interacts with 

the negative regulatory domain of the Fas receptor and is related to Fas-resistance230-

232·26l,262. In the present study, however, no difference in FAP-1 protein levels was 

observed between Tera and Tera-CP cells, which suggests that FAP-1 was not involved 

in the NF-KB activation observed in Tera-CP cells. 

NF-KB plays a role in the protection to Pas-induced apoptosis219·263-265. However, 

although several studies have shown that NF-KB-induced cFLIPL levels are involved in 

resistance to TRAIL- or TNFa-induced apoptosis266-269, none has demonstrated the 

importance of NF-KB-induced cFLIPL levels in Pas-resistance. In leukemic eosinophils, 

Pas-resistance was related to NF-KB-induced expression of ciAP-1, XIAP and Bcl-XL but 

not of cFLIPL263. Therefore, to our knowledge, this is the first study connecting increased 

NF-KB activity following Fas stimulation with the induction of cFLIPL and resistance to 

Pas-induced apoptosis. 

In the normal testis, the Fas signaling pathway has been proposed to play an 

important role in the regulation of germ cell death during normal spermatogenesis and 

testicular stress7-10. In mouse testis, cFLIPL levels are low in spermatogonia and high in 

spermatocytes and spermatids, while cFLIPL is not detectable in spermatozoa and 

Sertoli cells27D. Interestingly, nuclear NF-KB activity was only observed in spermatocytes 

and spermatids, but not in spermatogonia or Sertoli cells, which is in accordance with 

the cFLIPL expression271. Experiments investigating Pas-induced apoptosis in the 

seminiferous tubules organ culture model showed more cell death in spermatogonia 

expressing low levels of cFLIPL, as compared to other germ cells with high cFLIPL 

expression270. Furthermore, serum deprivation of cultured seminiferous tubules, 

induced apoptosis in maturing germ cells lacking nuclear NF-KB expression272. These 

studies indicate an important role for cFLIPL and NF-KB in resistance of testicular germ 

cells to apoptotic stimuli. 

Previously we have shown that the sensitivity of TGCT cells to cisplatin-induced 

apoptosis depends on the activation of the Fas death pathway156. Cisplatin-resistant 

TGCT cells, such as Tera-CP cells, have a dysfunctional Fas apoptotic pathway and do 

not use this pathway to undergo apoptotic death quickly upon cisplatin exposure. 

Overexpression of vFLIP, the viral homologue of cFLIP, decreased apoptosis induction 

by cisplatin in cisplatin-sensitive Tera cells156. However, further research is needed to 

establish the importance of NF-KB dependent cFLIPL expression for cisplatin-resistance 

of Tera-CP cells. 
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In summary, the present study shows for the first time that in cisplatin-resistant 

TGCT cells, the NF-KB-dependent expression of cFLIPL protein following Fas 

stimulation results in Fas-resistance. 
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Low p21 levels sensitize TGCTs to Fas-induced apoptosis 

ABSTRACT 

In the present study, we investigated the relation between p21 expression and the 

sensitivity of testicular germ cell tumor (TGCT) cells to apoptotic stimuli. Despite 

similar cisplatin-induced wild-type p53 accumulation, the TGCT cell lines Tera and Scha 

showed low p21 protein and mRNA expression levels in comparison to A2780 ovarian 

cancer cells. Neither inhibition of the proteasome complex with MG- 132 nor inhibition 

of caspase-3 activity with the broad-spectrum caspase inhibitor zV AD-fmk increased 

p21 protein levels in TGCT cells or p21 levels upon cisplatin treatment. Cisplatin-treated 

Tera cells expressing low p21 protein levels were Fas-sensitive. In contrast to cisplatin, 

irradiation of Tera cells substantially increased both p21 mRNA and protein expression. 

Moreover, irradiation-induced p21 was mainly localized in the cytosol and rendered 

irradiated Tera cells resistant to Fas-induced apoptosis. Sensitivity of irradiated Tera 

cells to Fas-induced apoptosis was restored by siRNA specific suppression of p21 

expression. These results strongly indicate that the low p21 protein levels are caused by 

reduced p21 gene transcription and sensitize cisplatin-treated TGCT cells to the Fas 

death pathway. 

Keywords: TGCT, p21, Fas, cisplatin, irradiation 
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INTRODUCTION 

Testicular germ cell tumors (TGCT) represent one of the few solid tumor types that, 

when metastasized, are curable by cisplatin-containing chemotherapy. The overall cure 

rate of metastasized TGCT is more than 80%30• Most cell lines derived from TGCTs also 

display an unusually high sensitivity to DNA- damaging chemotherapeutic drugs33·176• 

The tumor suppressor protein p53 plays an important role in the response of cancer cells 

to DNA damage4547. Exposure to chemotherapeutic agents or y-irradiation leads to 

stabilization and activation of p53, resulting in either cell cycle arrest or apoptotic cell 

death4·71• P53-mediated apoptosis can occur via the death receptor pathway or the 

mitochondrial death pathway. P53 can induce both pathways by the transcriptional 

activation of Fas and DRS or the pro-apoptotic Bcl-2 family members Bax, Bak, PUMA 

and Noxa4• However, p53 also regulates the expression of proteins involved in the 

induction of cell cycle arrest such as p21W•f1/C•r1 (p21), GADD45, or 14-3-3cr. Therefore, 

depending on which genes are activated by p53, tumor cells will go directly into 

apoptosis or go first into cell cycle arrest to repair the DNA damage. 

Although the p53 gene is the most frequently mutated gene in human cancers"B, 

almost no p53 mutations occur in human TGCTs54• Lutzker et al59 demonstrated in 

teratocarcinoma cells that a high-level wild-type p53 expression is required for 

apoptosis induction following low-level DNA damage. However, the exact 

mechanism(s) of p53-induced apoptosis by DNA damage in TGCTs is still unclear. 

Previously, we have shown that the sensitivity of TGCT cells to cisplatin is related to the 

presence of a functional p53- and Pas-dependent death pathway156•273• Furthermore, 

despite accumulation of p53 only minimal p21 induction occurs in TGCT cells upon 

chemotherapeutic drug exposure34•273• In addition, most TGCTs lack p21 protein 

expression15-17. Several studies have shown that p21 is not only an important mediator of 

p53-induced cell cycle arrest72•274, but also of apoptosis suppression following DNA

damaging agents exposure104-106-275-276. The reduced p21 expression in TGCT cells may 

thus not only result in a less efficient inhibition of cell cycle progression, but also fail to 

prevent rapid apoptosis induction upon DNA damage. Therefore, low p21 protein level 

is probably an additional explanation for the extreme sensitivity of TGCTs for apoptotic 

stimuli. 

In the present study, potential mechanisms involved in the reduced p21 protein 

levels and the importance of the low p21 expression in the sensitivity of TGCT cells to 

apoptotic stimuli were studied. The results from this study clearly demonstrate that the 

low p21 protein expression is caused by reduced p21 gene transcription and sensitizes 

TGCT cells to the Fas death pathway. 

MATERIALS AND METHODS 
Cell lines 
The TGCT cell lines Tera and Scha were described previously12• The human ovarian cancer cell line 
A2780 was used as a control for functional wild-type p53 expressing cells with high p21 protein levels273• 
All cell lines grow as monolayers in RPM! 1640 supplemented with 10% heat inactivated fetal calf serum 
(both from Life Technologies, Breda, the Netherlands) in a humidified atmosphere at 37"C and 5% C02. 
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Westem blot a11alysis 
After irradiation or treatment with cisplatin (Pharmachemie BV, Haarlem, the Netherlands), alone or in 
combination with an agonistic anti-Fas antibody (Ab) (7Cll; Immunotech, Marseille, France), MG-132 or 
zV AD-fmk (both from Calbiochem, Breda, the Netherlands), cells were harvested and lysates were 
examined by Western blot analysis as described previously156. The following Abs were applied: mouse 
anti-p53-D0-1, mouse anti-Rb, mouse anti-Bcl-2, rabbit anti-Bcl-XL, rabbit anti-Bax, goat anti-FAP-1, and 
goat anti-caspase-3 Abs were all purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). 
Rabbit anti-caspase-3 Ab was obtained from Becton Dickinson. Mouse anti-retinoblastoma protein (Rb) 
and mouse anti-p21 were purchased from Oncogene Research (Cambridge, MA, USA). Rabbit anti-PARP 
Ab was obtained from Roche Diagnostics (Almere, the Netherlands) and mouse anti-XIAP Ab from 
Transduction Laboratories (Lexington, KY, USA). Mouse anti-actin was obtained from ICN Biomedicals 
(Zoetermeer, the Netherlands). Mouse anti-cF!ip Ab NF6193 was a gift from Dr. M. Peter (University of 
Chicago, IL, USA). Binding of these antibodies was determined using horseradish peroxidase (HRP)
conjugated secondary Abs (all from DAKO, Glostrup, Denmark) and visualized with the ECL
chemiluminescence kit of Roche Diagnostics. 

Reverse trmtscriptio11-polymerase chai11 reactio11 (RT-PCR) 
RT-PCR was performed as previously described156. A 331 bp p21 fragment was amplified in 30 cycles 
with the primers 5' -CGA CTG TGA TGC GCT AA T GG-3' (sense) and 5' -CCG TIT TCG ACC CTG AGA 
G-3' (antisense). Human glyceraldehyde-3-phosphatase dehydrogenase (GAPDH) was used as a control 
to normalize the amount of template RNA. Primer sequences for GAPDH were 5'-CAC CAC CAT GGA 
GAA GGC TGG-3' and 5' -CCA AAG TTG TCA TGG ATG ACC-3' (sense and antisense respectively), 
which resulted in a 200 bp fragment after 24 cycles. PCR products were electrophorized in a 2% agarose 
gel in 1x Tris-borate EDTA buffer. Densitometry analysis was performed with Diversity One POI 
software (Amersham, Pharmacia Biotech, Roosendaal, the Netherlands). 

I"adiatio11 
Cells from exponentially growing cultures were harvested and resuspended into a density of 1.2 x 
106/300 J.ll and y-irradiated in round-bottom tubes using a mcs y-ray machine (IBL 637; CIS 
Biointernational, Gif-sur-Yvette, France) at a dose rate of 0.783 Gy /min. Irradiated cells were plated 
directly in fresh tissue culture medium. 

Acridi11e ora11ge apoptosis assay 
Irradiated cells were plated in 96-well tissue-culture plates. After 6 h or 24 h, medium (control) or 7Cll 
was added to the irradiated cells. For cisplatin treatment, cells were plates in %-well tissue-culture plates 
and incubated with cisplatin alone or in combination with 7Cll. After 20 h incubation with this anti-Fas 
Ab, acridine orange (10 J.lg/ ml) was added to each well to distinguish apoptotic cells from viable cells. 
Staining intensity was determined by fluorescence microscopy and apoptosis was defined by the 
appearance of apoptotic bodies and/ or chromatin condensation. Apoptosis was expressed as percentage 
apoptotic cells in a culture. 

Preparatio11 of fractiollated protei11s 
Irradiated, cisplatin-treated or untreated cells were harvested and washed with ice-cold phosphate 
buffered saline (PBS: 6.4 mM Na2HP04; 1.5 mM KH:zP04; 0.14 mM NaCl; 2.7 mM KCl; pH=7.2) and 
suspended in 400 Ill buffer A (10 mM Hepes/KOH, pH7.9, 10 mM KCI, 0.1 mM EDTA, 0.1 mM EGTA, 1 
mM OTT, 0.5 mM phenylmethylsulfonyl fluoride (PMSF)). After incubation on ice for 10 min, 25 J.!l 10% 
Nonidet P-40 (NP-40) was added and directly vortexed for 10 s. The nuclear-rich fraction was pelleted by 
centrifugation at 23,000 x g for 1 min and the supernatant was collected as the cytosol-rich fraction. The 
pellet was washed with buffer A, dissolved in buffer B (20 mM HepesjNaOH, pH 7.9, 0.4 M NaCJ, 1 mM 
EDTA, 1 mM EGTA, 1 mM OTT, 1 mM PMSF) and incubated on ice for 20 min and vortexed every 5 
min. After centrifugation at 23,000 x g for 5 min, the supernatant was collected as the nuclear-rich 
fraction. Each fraction was examined by Western blot analysis as described above. 

Detectio11 of Fas membra11e expressio11 
Irradiated, cisplatin-treated or untreated cells were stained with a phycoerythrin (PE)-conjugated Ab 
against Fas (DX2 from Becton Dickinson, Erembodegem-Aalst, Belgium) for 30 min on ice. Subsequently, 
cells were washed and analyzed by flow cytometry (Epics Elite, Coulter-Electronics, Hialeah, FL). The 
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mean fluorescence intensity was determined by comparison of the fluorescence intensity of unlabeled 
cells. 

RNA iuterfereuce 
Small interfering RNAs (siRNAs) specific for human p21 were designed conforming to the sequence 
AA(N19)TI, where AA and TI are present in the p21 open reading frame at a spacing of 19 nucleotides. 
Two sets of two single-stranded RNA molecules directed against p21 were synthesized by Eurogentec 
(Seraing, Belgium). Sequence for p21 siRNA I molecules were 5'-GAC CAU GUG GAC CUG UCA CTdT-
3' (sense) and 5'-GUG ACA GGU CCA CAU GGU CdTdT-3' (antisense). Sequence for p21 siRNA II 
molecules were 5'-CUU CGA CUU UGU CAC CGA GTdT-3' (sense) and 5'-CUC GGU GAC AAA GUC 
GAA GTdT-3' (antisense). Single-stranded RNA molecules specific for the luciferase (Luc) gene served as 
control240. The sequences for Luc RNA molecules were 5'-CUU ACG CUG AGU ACU UCG AdTdT-3' 
(sense) and 5'-UCG AAG UAC UCA GCG UAA GdTdT-3' (antisense). For annealing to form RNA 
duplexes, 20 J.!M of both single-stranded RNAs were incubated in annealing buffer supplied by 
Eurogentec (50 mM Tris, pH 7.5-8.0, 100 mM NaCl in RNase-free distilled water) for 1-5 min at 90°C and 
cooled down to room temperature in approximately 1 h. Tera cells (0.4 x 106/well) were transfected in 6-
wells plates with 10 Ill of 20 J.!M siRNA duplexes using Oligofectamine reagent according to the 
manufacturer's instructions (Invitrogen BV, Breda, the Netherlands). After 48 h, cells were harvested, 
irradiated and plated in 96- or 6-wells for an apoptosis assay or for protein isolation respectively. Six 
hours after irradiation, medium or 2 !lg/ml 7Cll was added. After 20 h, percentage apoptosis was 
determined by acridine orange apoptosis assay or the cells were lysed for protein analysis. FACS 
analysis of Tera cells transfected with fluorescein-5-isothiocyanate-labeled oligonucleotides revealed a 
transfection efficiency of 86%. 

Cell cycle aualysis 
Cell cycle distribution was determined as described previously277• Briefly, cells were harvested, washed 
with ice-cold PBS, fixed in 70% ethanol and stored at 4°C. The cells were washed once with PBS and 
resuspended in PBS containing 40 !lg/ml RNase (Sigma-Aldrich Chemie BV, Zwijndrecht, the 
Netherlands) followed by incubation at 37°C for 15 min. The cells were stained with 40 !lg/ml 
propidium iodide (PI; Sigma-Aldrich Chemie BV) for 30 min at 37°C and analyzed on a FACScalibur 
flow cytometer (Beckton Dickinson Medical Systems, Sharon, MA). Percentages of cells within each cell 
cycle compartment (Go/G1, S, or G2/M phase) were calculated using the DNA cell cycle analysis 
software Modfit (version 5.2, Verity Software House Inc. Topsham, ME). 

Imm1moprecipitatio11 
Irradiated or untreated Tera cells were harvested and washed once in cold PBS. Cells were lysed in lysis 
buffer (50 mM Tris-HCl, pH 7.5, 150 mM NaCI, 1mM EDT A, 10% glycerol, 1% NP-40, 0.5 mM sodium 
orthovanadate (NaJOV4), 1 mM PMSF, and complete protease inhibitors (Roche Diagnostics)) for 15 min 
on ice. After centrifugation at 2,500 x g at 4°C for 10 min, protein concentration was determined of the 
supernatant and equal amounts of proteins were used for the immunoprecipitation. Anti-p21 Ab (C-19 
from Santa Cruz; 2 J.lg/ml) or anti-caspase-3 (Transduction Laboratories; 2 J.lg/ml)) was added to the 
lysates and reacted at 4°C for 1 h. Immune complexes were precipitated using 30 J.!l protein A-sepharose 
(Amersham, Pharmacia Biotech) and washed three times in 1.5 ml lysis buffer. The precipitate was 
examined for the presence of p21 and caspase-3 by Western blot analysis as described above. Goat HRP
conjugated secondary Ab specific for mouse IgG1 (Southern Biotechnologies, Birmingham, AL) was used 
for detection of p21. HRP-conjugated Protein G (Sigma-Aldrich Chemie BV) was used for detection of 
the goat caspase-3 A b. 

Statistics 
Statistic analysis was performed using the Student's t-test. P values 5 0.05 were considered to be 
significant. 
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RESULTS 

Reduced p21 protein level is related to the low p21 mRNA levels in TGCT cells 

Previously, we found that p21 expression levels remained low in the TGCT cell lines 

Tera and Scha in comparison to ovarian cancer cells A2780 despite the massive 

upregulation of p53 following cisplatin exposure273. As depicted in Figure 1A, Tera and 

A2780 cells revealed similar cisplatin-induced p53 protein accumulation, but only a 

marginal induction of p21 protein was observed in Tera cells in comparison to A2780 

cells (note the different exposure time of 20 min and 20 s respectively). 

P21 protein level can be regulated by proteasomal degradation or caspase

mediated cleavage105.I06 275.2?B,279. As shown in Figure 1B, p21 protein level in A2780 cells 

was increased upon exposure to the proteasome inhibitor MG-132. In Tera cells, 

however, MG-132 exposure only resulted in marginal p21 accumulation and p21 protein 

levels remained substantially lower than those observed in A2780 cells. In addition, 

cisplatin combined with MG-132 exposure did not increase in p21 protein in Tera cells. 

Western blot analysis of p53, another target for proteasome degradation, revealed an 

increase of p53 upon MG-132 incubation, indicating that the proteasome-dependent 

degradation pathway was indeed inhibited in Tera cells. Similar results were observed 

with Scha cells (data not shown). Previously, we have shown that zVAD-fmk efficiently 

inhibits cisplatin-induced apoptosis of Tera cells1s6. Although caspase-3 cleavage was 

completely inhibited by zVAD-fmk, it did not result in elevated p21 protein levels upon 

cisplatin exposure (Figure 1C). 
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Figure 1. Low p21 protein level is not due to increased degradation by the proteasome or cleavage by 
caspases. (A) Tera and A2780 cells were treated with different concentrations cisplatin and expression of p53 
and p21 protein was examined by Western blot analysis. ( B) Tera and A2780 cells were incubated for 6 h with 8 
J.IM cisplatin alone or with 10 J.IM MG-132. Cells were analyzed by immunoblotting for protein expression of 
p21 and p53. (C) Tera cells were incubated with cisplatin alone or with 50 f!M zVAD-fmk. Cells were then 
analyzed by immunoblotting for p21 expression and caspase -3 cleavage. Actin is shown as a loading control. A 
representative example of at least two independent experiments is shown. 
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To investigate whether a reduced transcription of the p21 gene might cause the low 

p21 protein expression in TGCTs, Tera and A2780 cells were incubated with or without 

8 J.1M cisplatin followed by analysis of the p21 mRNA expression. In Tera cells, p21 

mRNA expression was relatively low in comparison to A2780 cells (Figure 2). Cisplatin 

treatment induced p21 mRNA in both cell lines. However, the p21 mRNA levels 

remained limited in Tera cells upon cisplatin exposure as compared to p21 mRNA levels 

in cisplatin-treated A2780 cells (14-fold difference). Comparable results were observed 

in the TGCT cell line Scha (data not shown). Altogether, these results suggest that the 

low p21 protein levels in Tera cells are predominantly caused by a low level of p21 gene 

transcription. 
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Figure 2. Reduced p21 protein level is related to the low p21 mRNA levels in TGCT cel ls.Tera and A2780 
cells were incubated with or witho ut 8 !lM cisplatin and p21 mRNA levels were determined by RT -PCR. 
Expression of GAPDH was used to control RNA integrity and quantity. Subsequent dilutions (0 (undiluted), 5 -
and 25-fold) of eDNA were used for RT -PCR. Relative optical density of p21 mRNA exp ression (25-fold 
dilution) in untreated (white bars) or cisplatin -treated (black bars) Tera and A2780 cells. P21 mRNA expression 
was corrected to GAPDH expression and is expressed in relation to untreated Tera cells (which was defined as 
1). A representative example of at least three independent experiments is shown. 

Irradiation but not cisplatin treatment induces p21 mRNA and protein levels 

Several studies have demonstrated an increase in p21 mRNA and protein level in TGCT 

cells upon irradiation61'99'280, while others reported a minimal induction of p21 following 

drug-induced DNA damage34•273. Therefore, Tera cells were irradiated or exposed to 

cisplatin followed by analysis of p21 expression levels. Despite similar p53 

accumulation, cisplatin marginally induced p21 protein levels whereas a massive 

induction of p21 protein was observed upon irradiation of Tera cells (Figure 3A). 

Comparable differences in p21 accumulation were obtained between cisplatin-treated 

and irradiated Scha cells (data not shown). In addition, irradiated Tera cells expressed 

12-fold more p21 mRNA than cisplatin-treated Tera cells (Figure 3B). These results 

suggest that p53 is transcriptionally more active upon DNA damage caused by 

irradiation than by cisplatin, resulting in increased p21 levels. 

Subcellular localization of p53 and p21 upon cisplatin-treatmeut or irradiation 

To exclude that cisplatin-induced p53 could not enter the nucleus to transcriptionally 

activate p21, the cellular localization of p53 upon cisplatin exposure or irradiation was 

67 



Low p21 levels sensitize TGCTs to Fas-induced apoptosis 

studied. Therefore, nuclear-rich and cytosol-rich fractions were isolated from irradiated 

or cisplatin-treated Tera cells and evaluated for the presence of p53. Successful 

fractionation was verified by Western blot analysis for the nuclear Rb, which was only 

detectable in the nucleus. As shown in Figure 4, p53 was present in both the cytoplasm 

and the nucleus, without a clear difference in localization upon irradiation or cisplatin 

exposure. In contrast, while irradiation induced p21 expression predominantly in the 

cytoplasm, cisplatin only gave a minimal induction of p21 in the cytoplasm and the 

nucleus. 
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Figure 3. Irradiation but not cisplatin 
induces massive elevation in p21 
mRNA and protein levels Tera eels 
were irradiated or treated with 
cisplatin. After 24 h, the cells were 
analyzed by immunoblotting for p53 
and p21 protein expression (A) or by 
RT·PCR for p21 mRNA expression ( B).  
Expression of GAPDH was used to 
control RNA integrity and quantity. 
Subsequent dilutions (0 (undiluted), S 
and 25-fold) of  eDNA were used for RT 
PCR. Relative optical density of p21 
mRNA expression (25 -fold dilution) in 
untreated (white bars), cisplatin -treated 
or irradiated (black bars) Tera cells. P21 
mRNA expression was corre cted to 
GAPDH expression and is expressed in 
relation to untreated Tera cells (which 
was defined as 1). A representative 
example of at least three independent 
experiments is shown. 
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Figure 4. P21 is mainly localized in the cytoplasm 
upon irradiation. Tera cells were irradiated or 
treated with cisplatin. After 24 h, nuclear and 
cytoplasmic proteins were isolated as described 
under "Materials and Methods" and analyzed by 
immunoblotting for expression of p53, p21 and Rb. 
Actin is shown as a loading control. A 
representative example of at least three 
independent experiments is shown. 

68 

cisplntin (J.1M) 
0 8 0 

p53 

p21 

8 
irrndinti on ( Gy) 
0 10 0 10 kDn 

• 53 

Rb Ll ______ �-��-��----��-���1 · 100 
actin j- ���-- 1 • 40 

'--v--' '--v--' '----y--1 '----y--1 
Cyt. Nuc. Cyt. Nuc. 



Chapter S 

Irradiated Tera cells are resistant to Fas-induced apoptosis 

Recently we have described that cisplatin treatment only results in a minimal p21 

induction but sensitizes Tera cells to Pas-induced apoptosis156• Several studies have 

shown that cytosolic p21 can inhibit the Fas death pathway by binding to and thereby 

inhibiting activation of caspase-314•107•108•281• To investigate whether the increased p21 

protein level renders irradiated Tera cells resistant to Pas-induced apoptosis, Tera cells 

were exposed to 7Cll, an agonistic anti-Fas Ab, 6 h or 24 h after irradiation (Figure SA 

and B). No additional apoptosis was induced in irradiated Tera cells. In contrast, Tera 

cells pretreated with low concentrations cisplatin for 24 h were sensitive to Pas-induced 

apoptosis, increasing the apoptosis approximately 2-fold as compared to cisplatin only 

(Figure SC). The difference in Fas sensitivity between irradiated and cisplatin-treated 

Tera cells was not caused by reduced Fas membrane expression. On the contrary, 

irradiated Tera cells revealed higher levels of Fas membrane expression in comparison 

to cisplatin treatment (Figure 6A and B respectively). Evaluation of the expression of 

several apoptosis inhibitory proteins upon irradiation or cisplatin treatment revealed no 

clear changes in expression of FAP-1, cFlipL, Bcl-2, Bel-Xu XIAP or the pro-apoptotic Bcl-

2 family member Bax (Figure 6C). The non-specific anti-XIAP immuno-reactive 

molecule as indicated (*), served as an internal loading controJ242• These results suggest 

that high p21 protein levels induced by irradiation render Tera cells resistant to Pas

mediated apoptosis. 
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Figure 5. Irradiated Tera cells are not sensitive to Fas
induced apoptosis. Tera cells were irradiation or treated 
with cisplatin. Six (A) or 24 h (B) after irradiation and 24 h 
after cisplatin addition (C), medium (white bars) or 2 �g/ ml 
agonistic anti-Fas Ab, 7Cll (black bars) was added to the 
cells. Apoptosis was determined 20 h upon 7C11 exposure 
by acridine orange staining. Values shown are the mean ± 
SO of three independently performed experiments. •: The 
percentage of apoptosis in cells treated with cisplatin and 
7C11 differs from the percentage of apoptosis in cells 
treated with cisplatin only, (p< 0.05). 
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Figure 6. Resistance to Fa&-induced apoptosis 
is related to increased p21 protein levels but 
not to changes in apoptosis inhibitory 
proteins. Tera cells were irradiated ( A) or 
treated with cisplatin (B). After 24 h, cells were 
analyzed for Fas membrane expression plotted 
in arbitrary units (AU). Values shown are the 
mean ± SO of three independently performed 
experiments. (C) Irradiated or cisplatin-treated 
cells were analyzed by immunoblotting for the 
expression of FAP-1, cFiipL, &1-2, Bcl-XL, Bax, 
XIAP, and p21. A representative example of at 
least two independent experiments is shown. 

P21 siRNA sensitizes irradiated Tera cells to Fas-induced apoptosis 

To determine if p21 is indeed responsible for the observed differences in sensitivity to 

Fas-induced apoptosis between irradiated and cisplatin-treated cells, short interfering 

RNA (siRNA) were used to suppress endogenous p21 rnRNA. SiRNAs are highly 

efficient for the selective silencing of gene expression240 282• After transfection of p21 

specific (p21 siRNA I and II) or control luciferase (Luc siRNA) siRNA molecules, Tera 

cells were irradiated, followed by the addition of 7Cll After 20 h exposure to 7Cll, 

apoptosis was determined by acridine orange staining (Figure 7 A-D) and PARP 

cleavage (Figure 7E). Control cells only exposed to the transfection agent Oligofectamine 

(control) or transfected with Luc siRNA molecules, were still resistant to Fas-induced 

apoptosis (Figure 7 A and B respectively) .  In contrast, Tera cells transfected with p21 

siRNA became sensitive to stimulation of the Fas receptor following irradiation. Using 

p21 siRNA I molecules, apoptosis was approximately 1 .7-fold increased compared to 

irradiation only (Figure 7C). P21 siRNA II molecules were slightly more effective, 

increasing apoptosis approximately 2.1-fold compared to irradiation only (Figure 7D). 
Both p21 siRNA sets inhibited the irradiation-induced increase in p21 protein (Figure 

7F). However, p21 siRNA II was more effective in down-regulation of p21 than p21 

siRNA I, which might explain the small difference between sensitivity to Fas-induced 

70 



Chapter 5 

apoptosis. These results indicate an important role of p21 in the sensitivity to Pas

induced apoptosis of Tera cells. 
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Figure 7. Decreasing the expression of p21 by RNA interference smsitizes irradiated Tera cells to Pas
induced apoptosis. Tera cells were exposed to Oligofectamine alone (control, A) or transfected with siRNA 
duplexes directed against the luciferase gene (Luc, B) as control siRNA or the p21 gene (p21 I and II, C and D 
respectively). Cells were irradiated 48 h after transfection. Six h upon irradiation, medium (white bars) or 2 
f.lg/ml anti-Fas Ab, 7C11 (black bars) was added to the cells. Apoptosis was determined by acridine orange 
staining (A-D) and by PARP cleavage ( E). Values shown are the mean ± SD of three independently performed 
experiments. •: The percentage of apoptosis in irradiated cells treated with 7Cll differs from the percentage of 
apoptosis in irradiated cells, (p< 0.05). (F) Expression of p21 was analyzed by imrnunoblotting in Tera cells 
exposed to Oligofectamine alone (control) or transfected with Luc or p21 siRNA molecules. A representative 
example of at least two independent experiments is shown. 
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Figure 8. P21 is not involved in the irradiation-induced G1/M cell cycle arrest. Tera cells were exposed to 
Oligofectamine alone (control) or transfected with siRNA duplexes directed against the luciferase gene (Luc 
siRNA) as control siRNA or the p21 gene (p21 siRNA I and II). Cells were irradiated 48 h after transfection. 
Twenty-four h upon irradiation, cell cycle distribution was analyzed by flow cytometry. Cells were analyzed for 
DNA content by PI staining. The percentages of cells in the G o/G1, S and G2/M phase are indicated. A 
representative example of at least two independent experiments is shown. 

P21 is not involved in irradiation-induced G:V'M arrest or caspase-3 inhibition 

The cellular p21 localization determines its function as an inhibitor of cell cycle 

progression (nuclear) or apoptosis (cytoplasmic)14•104·107·108•281• The cytosolic p21 

localization in Tera cells (Figure 4) suggests that the main function of p21 is not 

inhibition of cell cycle progression. Therefore, analysis of cell cycle distribution by PI 
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staining was performed to investigate the role of p21 in the regulation of cell cycle 

progression upon irradiation. Figure 8 shows that despite the reduced p21 protein 

levels, p21 siRNA transfected Tera cells still underwent an irradiation-induced G2-cell 

cycle arrest. In addition, complex formation between p21 and caspase-3 was examined 

to investigate a possible apoptosis inhibitory role of cytoplasmic p21. However, 

although p21 or caspase-3 was clearly immunoprecipitated using Abs specific for p21 or 

caspase-3 respectively (Figure 9), no caspase-3 or p21 was co-precipitated. The lack of 

complex formation with caspase-3 and the lack of involvement in cell cycle arrest 

indicates that p21 execute its role as apoptosis inhibitor by a different mechanism. 
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Figure 9. No complex formation between caspas�3 and p21 upon irradiation. P21 or caspase-3 was 
immunoprecipitated from irradiated Tera cells as described under "Materials and Methods". 
Jmmunoprecipitates (IP) and used Iysates were stained for p21 and caspase -3. The Ab used for the 
immunoprecipitation was used as a negative control (Ab IP). A representative example of at least three 
independent experiments is shown. 

DISCUSSION 

In the present study, potential mechanisms involved in the reduced p21 protein levels 

and the involvement of p21 in the sensitivity of TGCT cells to apoptotic stimuli have 

been studied. We demonstrate that the low p21 protein expression in TGCT cells upon 

cisplatin exposure is related to a reduced p21 gene transcription and not to an increased 

proteasome- or caspase-mediated breakdown. In contrast to cisplatin treatment, 

irradiation of TGCT cells resulted in substantial induction of p21 protein levels caused 

by increased p21 gene transcription. Furthermore, the elevated p21 protein levels in 

irradiated TGCT cells render them resistant to Pas-induced apoptosis. In contrast, 

cisplatin-treated TGCT cells expressing low p21 protein levels are Pas-sensitive. 

Several studies have shown that human TGCTs often lack p21 expression15-17. 

Although p53 protein is overexpressed, a loss of p21 but a gain of mdm2 expression is 

often observed in invasive TGCT16-17• In addition, despite accumulation of p53 upon 

exposure to chemotherapeutic drugs, TGCT cell lines show a minimal induction of p21 

protein in comparison to other wild-type p53 expressing cancer cell lines34·273. These 

observations indicate a partial loss in functionality of the p53 regulatory pathway in 

TGCTs resulting in a decreased p21 gene transcription2B3. Results obtained in the present 

study support this hypothesis, showing that reduced p21 protein levels in TGCT cells 

are related to low p21 transcription, even in the presence of accumulated p53 upon 

cisplatin treatment. Malashicheva et a/99 showed in mouse TGCT cells that p21 protein is 
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degraded by a proteasome-dependent mechanism resulting in the lack of p21 protein 

expression despite the presence of p21 mRNA. Although proteasome inhibition resulted 

in elevated p21 protein expression in human TGCT cells, the induced p21 protein levels 

remained extremely low in comparison to A2780 ovarian cancer cells. In contrast to 

other studies105·106·275·279, p21 was not cleaved by caspases in cisplatin treated TGCT cells. 

Furthermore, irradiation of TGCT cells resulted in a massive increase in p21 mRNA 

expression, leading to a substantial elevation of p21 protein levels. Therefore, the 

reduced p21 protein levels in TGCT cells upon cisplatin treatment is due to the reduced 

p21 gene transcription in TGCTs. Whether a reduced p53 transcriptional activity, as 

suggested above, is indeed responsible for the low p21 mRNA levels and not a 

decreased stability of the p21 mRNA has not been proven yet. 

Although p21 gene transcription can be initiated by several other transcription 

factors such as E2F, C/EBP, AP2, or BRCA1284-287, p53 has often been shown to be 

important for the induction of p21 upon exposure to DNA-damaging agents72.274·288,289_ In 

addition, the p53 family protein member p73 also activates transcription of the p21 gene 

upon DNA-damage290-292. However, the N-terminally truncated, transactivation

deficient p73 isoform, �TA-p73 (also called �N-p73) is a dominant-negative inhibitor of 

both p53 and p73 blocking their transcriptional activity292-294• Interestingly, while 

cisplatin treatment of TGCT cells gave a selective induction of �TA-p73, no change in 

expression of this protein was observed upon irradiation (data not shown) . Based on 

these findings, it is conceivable that the absence of p21 protein upregulation is related to 

the selective accumulation of �TA-p73 upon cisplatin exposure. In addition, the 

activation of p73 is regulated by the tyrosine kinase c-AbF95-29B. In contrast to irradiation, 

cisplatin causes a sustained activation of c-Abl and subsequent stabilization of p73295·297. 

Since �TAp73 can also be phosphorylated and stabilized by c-Ab}298 it is tempting to 

speculate that a sustained cisplatin-induced stabilization of �TA-p73a might further 

contribute to the reduced p21 protein levels. 

Irradiation can sensitize tumor cells to Pas-induced apoptosis299-3°2. In the present 

study, however, irradiated TGCT cells were Pas-resistant despite the high Fas 

membrane expression. This cell-cycle independent effect was due to increased 

accumulation of p21 in the cytoplasm, which blocked Pas-induced apoptosis. These 

findings are supported by siRNA-studies demonstrating restoration of Fas sensitivity in 

response to p21 downregulation. Several studies have shown that p21 inhibits death 

receptor Fas- and DR4/DR5-mediated apoptosis14·107·108·279·281·303 . Different pathways have 

been recognized that mediate this p21 effect. A direct inhibitory binding between p21 

and caspase-3 might occur which could not be detected in the present study. 

Furthermore, p21 can inhibit apoptosis induced by apoptosis signal-regulating kinase 1 

(ASK1)104•248 . Since Fas ligation induces recruitment of Daxx which interacts with and 

thereby activates ASK1168-169·304, inhibition of Daxx-ASKl-induced apoptosis might be 

another mechanism of p21 to cause Pas-resistance. Alternatively, the inhibitory effect of 

p21 on Pas-induced apoptosis of irradiated TGCT cells could be at the level of Bcl-XL. 

Increased p21 protein levels indirectly suppress deamidation, i.e. inactivation, of Bcl-XL 
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via activated Rb305•306• These various p21-inhibitory pathways are currently the subjects 

of further research. 

In conclusion, the present study shows that the low p21 protein expression 

observed in TGCT cells upon cisplatin treatment is caused by reduced p21 gene 

transcription and sensitizes these cells to the Fas death pathway. 
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TRAIL and its receptors in man and chimpanzee 

ABSTRACT 

Recombinant human (rh) TNF-related-apoptosis-inducing-ligand (TRAIL) harbors 

potential as anticancer agent. RhTRAIL induces apoptosis via the TRAIL receptors DR4 

and DRS in tumors and is non-toxic for nonhuman primates. As limited data is available 

about TRAIL receptor distribution, an immunohistochemical analysis of the expression 

of DR4, DRS, the anti-apoptotic TRAIL receptor DcRl, and TRAIL was performed in 

normal human and chimpanzee tissues. In humans, hepatocytes stained positive for 

TRAIL and TRAIL receptors and bile duct epithelium for TRAIL, DR4, and DcRl. In 

brains, neurons expressed DR4, DRS, DcRl but no TRAIL. In kidneys, DcRl was 

negative, tubuli contorti expressed DR4, DRS, and TRAIL and cells in Henle's loop 

expressed only DRS. Heart myocytes showed positivity to all proteins studied. In colon, 

DR4, DRS, and TRAIL were present. Alveolar and bronchial epithelium, and germ- and 

Leydig cells were positive for all proteins studied. Endothelium in liver, heart, kidney, 

and testis lacked DR4 and DRS, in lung and brain DRS and DcRl was expressed and 

DR4 not, in the heart also DcRl was present. No major differences were observed 

between human and chimpanzee brain, kidney, heart and liver. In contrast to human, 

chimpanzee bile duct epithelium lacked TRAIL, DR4, and DcRl, lung and colon showed 

no TRAIL or its receptors, DcRl was absent in germ- and Leydig cells, vessels showed 

only DRS expression in brain. In conclusion, comparable expression of TRAIL and 

TRAIL receptors was observed in human and chimpanzee tissues. Lack of liver toxicity 

in chimpanzees after rhTRAIL administration despite DR4 and DRS expression is 

reassuring for rhTRAIL application in humans. 

Keywords: TRAIL; DR4; DRS; DcRl; human; chimpanzee 

78 



Chapter 6 

INTRODUCTION 

A lot of attention has been focused on the tumor necrosis factor (TNF)-receptor family 

members and their cognate ligands as potential cancer-therapeutic agents307.308. The best

characterized death ligands include TNF-a, Fas ligand (FasL/CD9SL/ ApolL), and TNF

related apoptosis-inducing ligand (TRAIL/ Apo2L). They induce apoptosis by activating 

their cell-surface death receptors, TNFRl, Fas, and DR4/DRS, respectively. Despite the 

ability of TNF-a and FasL to induce apoptosis in cancer cells, severe toxic side effects 

preclude both ligands from use in systemic anticancer therapy309·310. TNF-a caused an 

inflammatory response resembling septic shock in humans at higher doses. FasL or 

agonistic anti-Fas antibody caused lethal liver injuries in preclinical models. In contrast, 

recombinant human (rh) TRAIL showed no toxicity when systemically administered in 

rodents and nonhuman primates1B·21 . Moreover, rhTRAIL has apoptosis-inducing 

capacity in a variety of tumor cells in culture and in tumor implants in mice19·25. In 

addition, rhTRAIL cooperates synergistically with chemotherapeutic drugs and can 

overcome drug resistance in tumor cell lines and animal models23.24,311,312. 

Repeated rhTRAIL administration to cynomolgus monkeys appeared remarkably 

safe and non-immunogenic1B.19,21 . It was reassuring that also chimpanzees, animals with 

the highest genetic homology with men, showed no toxicity following rhTRAIL 

administration1B·21 . The observation that histidine- or Flag-tagged rhTRAIL resulted in 

apoptosis of cultured human hepatocytes313 and cells in human brain slices314, has 

caused a period of concern about the clinical applicability of rhTRAIL. Lawrence et a/21, 
however, showed that human and cynomolgus monkey hepatocytes are sensitive in 

vitro to histidine- and cross-linked Flag-tagged versions of rhTRAIL, but not to the 

native sequence, recombinant soluble ligand. Comparable results were obtained in 

normal human keratinocytes315. 

The broad TRAIL expression and the inability of rhTRAIL to induce apoptosis in 

normal cells suggest that these cells contain mechanisms, which protect them from 

TRAIL-induced apoptosis307. One possible mechanism could be restricted TRAIL 

receptor expression. Currently, five human TRAIL receptors have been identified. Two 

of them are death-inducing receptors, DR4 (TRAIL-Rl) and DRS (TRAIL-R2/TRICK2), 

containing a cytoplasmic death domain to transmit the apoptotic signaJ316·322. Two 

additional decoy receptors, DcRl (TRAIL-R3/TRID) and DcR2 (TRAIL-R4/TRUNDD) 

have either truncated or absent intracellular domains and are unable to transduce the 

death signaJ319·326• The fifth receptor is the soluble osteoprotegerin (OPG), a regulator of 

os teoclastogenesis327. 

TRAIL, DR4, DRS, DcR2, and OPG show 84-99% extracellular protein sequence 

identity between cynomolgus monkey and man21 . Moreover, rhTRAIL binds to 

cynomolgus monkey receptors with an affinity comparable to human receptors, 

demonstrating good cross-reactivity. The extracellular domains of all four chimpanzee 

TRAIL receptors even show 97-99% sequence identity with the human receptors21. 

Because of this high homology and the absence of rhTRAIL toxicity in chimpanzees, 

knowledge about the balance between TRAIL death- and decoy receptors in tissues in 
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human and chimpanzee will further support clinical studies. In addition, more insight 

may be obtained in the physiological role of TRAIL and its receptors knowing their 

normal distribution. Until now, only limited data is available about the expression of 

TRAIL receptors in normal tissues. Several reports have demonstrated mRNA 

expression of the TRAIL receptors in various human tissues316-326. The observed mRNA 

expression, however, does not reveal the cell type in which the receptor is expressed, 

which can be easily visualized by immunohistochemical techniques. Therefore, the aim 

of the present study was to perform an immunohistochemical inventory of TRAIL 

receptors and TRAIL in relevant normal human tissues and to compare this with 

chimpanzee tissues. 

MATERIALS AND METHODS 
Tissue collection 
Paraffin-embedded normal human tissue specimens were retrieved from the files of the Department of 
Pathology of the University Hospital Groningen. Tissues were obtained from biopsy as well as resection 
material of the liver, kidney, colon, small intestine, stomach, parotid gland, thyroid gland, pancreas, eye, 
ovary, testis, lung, brain and heart, from which the last two were obtained from autopsy material. Frozen 
normal chimpanzee tissues were purchased from the Biomedical Primate Research Center (TNO, 
Rijswijk, the Netherlands). Frozen tissues from kidney, heart, liver, brain, colon, lung, and testis of two 
chimpanzees were fixed in 10% formalin and paraffin embedded. Histologic classifications were carried 
out on hematoxylin and eosin (H&E) stained slides and in most cases two or three samples without 
inflammation were examined for expression of TRAIL and its receptors. 

Reverse transcription-polymerase chain reaction (RT-PCR) 
Total RNA was isolated by guanidine thiocyanate-phenol-chloroform extraction from frozen pulverized 
chimpanzee and human liver tissues. The quality of the samples was checked by agarose gel 
electrophoresis. Prior to eDNA synthesis, RNA was treated with DNase I (Roche Diagnostics, Almere, 
the Netherlands). eDNA was synthesized as described by the manufacturer's protocol (Life 
Technologies, Breda, the Netherlands) using oligo dT primers and MMLV transcriptase. The PCR 
programs and primers used to amplify TRAIL, DR4, DRS, and DcR1 were described elsewhereJ2B-330. 
Primer sequences for glyceraldehyde-3-phosphatase dehydrogenase (GAPDH) were S'
CACCACCATGGAGAAGGCTGG-3' (sense) and S'-CCAAAGTTGTCATGGATGACC-3' (antisense), 
which resulted in a 200 bp fragment after 24 cycles. PCR products were electrophorised in a 2% agarose 
gel in 1x Tris-borate EDTA buffer. The colon carcinoma cell line, SW948, was used as a positive controJ331. 

Westem blot analysis 
Frozen chimpanzee and human liver tissues were pulverized and dissolved in cold phosphate buffered 
saline (PBS: 6.4 mM Na2HP04; 1.S mM KH2P04; 0.14 mM NaCI; 2.7 mM KCl; pH=7.2). After 
centrifugation at 23,000 x g for 1 min to remove debris, the supernatant was collected, an equal volume 
of 2x standard Western blot sample buffer (0.5 M Tris/HCl, pH 6.8, 4% SDS, 20% glycerol, 0.002% 
bromophenol blue, 10% 2-�-mercaptoethanol) was added and the samples were boiled for S min. Protein 
concentration was determined according to Bradford191. All samples were sized fractionated on sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-P AGE) and transferred onto activated 
polyvinylidene difluoride membranes (Millipore, Bedford, UK). After blocking for 1 h in Tris buffer 
saline supplemented with S% milk powder (Merck, Darmstadt, Germany) and O.OS% Tween-20 (Sigma
Aldrich Chemie BV, Zwijndrecht, the Netherlands), immunodetection of TRAIL, DR4, DRS, and DcR1 
was performed using the following antibodies: a goat polyclonal IgG specific for TRAIL (1:100; clone 
K18, Santa Cruz Biotechnology, Santa Cruz, Ca), a goat polyclonal IgG specific for DR4 (1:SOO; clone C-
20, Santa Cruz Biotechnology), a rabbit polyclonal IgG specific for DRS (1 :SOO; Oncogene Research, 
Cambridge, MA), and a goat polyclonal IgG specific for DcR1 (1:250; Calbiochem, Breda, the 
Netherlands). Binding of these antibodies was determined using horseradish peroxidase (HRP)
conjugated secondary Abs (all from DAKO, Glostrup, Denmark) and visualized with the ECL
chemiluminescence kit of Roche Diagnostics. The SW948 cell line served as a positive control for DR4 
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and DRS. Soluble rhTRAIL (made according to Ashkenazi et a/19) and DcR1-Fc (Research and Diagnostic 
Systems, Uithoom, the Netherlands) were used as controls for TRAIL and DcR1 staining respectively. 

Imm111whistoc1zemistry 
For immunohistochemical staining, 3 J.lm thick sections were cut from paraffin blocks. Prior to staining, 
slides were deparaffinized and rehydrated. For DRS, antigen retrieval was performed by microwave 
treatment of the slides for 8 min at 700 W in 0.01 M citrate buffer, pH 6.0. For TRAIL DR4, and DcR1, no 
antigen retrieval was performed. Endogenous peroxidase was blocked with 0.3% H202 in phosphate 
buffered saline solution (PBS: 6.4 mM Na2HP04.H20; l.S mM KH2P04; 0.14 M NaCI; 2.7 mM KCI; 
pH=7.8) for 30 min, followed by incubation with avidin and biotin blocking solutions (Vector 
Laboratories, Burlingame, Ca). For DR4, DRS, and DcRl, the slides were preincubated with 1% AB 
serum, 1% bovine serum albumin (BSA, Life Technologies, Breda, the Netherlands) in PBS for 1S min. 
For TRAIL, S% normal rabbit serum was used instead of AB serum. The primary antibodies described 
earlier were applied for 1 h at room temperature diluted 1:2S, 1 :100, 1:200, and 1:SO for TRAIL, DR4, DRS, 
and DcR1 respectively, in PBS 1% BSA. After washing with PBS, slides were incubated with a 1:300 
dilution of a biotinylated rabbit-anti-goat or a swine-anti-rabbit antibody (DAKO), followed by addition 
of streptavidin-conjugated peroxidase (DAKO). Peroxidase activity was visualized by incubating the 
slides for 10 min in 3,3-diaminobenzidine tetrahydrochloride (DAB, Sigma-Aldrich Chemie BV) solution 
(O.OS% DAB, 0.1 % imadizol, 0.03% H202 in PBS). Counterstaining was performed with hematoxylin for 2 
min. As negative controls, the primary antibodies were substituted with non-immune normal goat or 
normal rabbit IgGs. For TRAIL, DR4, and DcRl, immunohistochemistry was performed in the presence 
or absence of a 10-fold excess of a corresponding blocking peptide. Positive controls were (tumor) tissue 
samples, found on previous occasions to stain positive: normal liver, first trimester placenta, colon or 
ovarian cancer. All sections were reviewed by two examinators (DCS and HH) and evaluated in a 
semiquantitative way for intensity of staining: no staining (0), weakly positive staining (1), moderate 
staining (2), or strong positive staining (3). The localization of staining (nuclear, membranous, or 
cytoplasmic) was also recorded. In contrast to a previous report:J32 we have used intensity of staining in 
order to compare the expression of TRAIL and the receptors in different cell types present in each organ. 

RESULTS 

Detection of DR4, DRS, DcRl and TRAIL mRNA and protein in the liver 

In order to validate the specificity of the antibodies used in the immunohistochemical 

staining, additional analyses were performed on chimpanzee and human liver. First, the 

DR4, DRS, DcRl and TRAIL mRNA expression was evaluated by RT-PCR. Figure lA 

shows that both chimpanzee and human liver expressed mRNA of the three TRAIL 

receptors and TRAIL. Next, the protein expression was checked in the liver by 

immunoblot analysis using the same antibodies for DR4, DRS, DcRl, or TRAIL detection 

as used for immunohistochemical stainings. The TRAIL antibody is directed against the 

extracellular carboxy terminus of the TRAIL protein and recognizes therefore both 

soluble and membrane bound TRAIL. As shown in Figure lB, the antibodies detected 

protein products corresponding to the predicted molecular mass. In SW948, the 

antibody used to detect DR4 showed several bands at approximately 50 kDa and higher. 

Since DR4 has an N-linked glycosylation site318, these bands could represent differently 

glycosylated forms of the DR4 protein, which was also observed in chimpanzee and 

human liver. DRS protein was detectable in chimpanzee and human liver at 

approximately 46-50 kDa as described by Walczak et a/316• The DcRl antibody detected 

DcRl-Fc at approximately 66 kDa. DcRl protein was present in chimpanzee and human 

liver at approximately 32-35 kDa. The slightly higher band in the chimpanzee liver in 

comparison to human liver could be explained by difference in glycosylation of the 
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DcRl protein321 .  The antibody used for TRAIL detection recognized the soluble rhTRAIL 

at approximately 20 kDa19·21 .  In chimpanzee and human liver, several bands were 

detected at approximately 32 and 40 and 60 kDa corresponding to membrane bound 

TRAIL and dimer and trimer forms of soluble or membrane bound TRAIL19.21 . The 

lower bands could possibly correspond to a truncated or degraded TRAIL fragment. 

A C HI H2 H3 H4 SW 
DR4��--��==��--==� 

DRS �� ;__...:......=..c:.._==----_.. 

TRAIL !� ---------------'---J 

GAPDH'L---����� 

Figure 1. mRNA and protein expression of TRAIL and 
TRAIL receptors in liver tissue. DR4, DRS, DcRl and 
TRAIL mRNA and protein expression in chimpanzee 
(C) and human (Hl -H4) liver were determined by RT 
PCR (A) and Western blot analysis ( B), respectively. For 
RT-PCR, SW948 served as a positive control. For protein 
analysis, SW948 served as positive control for the DR4 
and DRS staining, DcRl-Fc for the DcRl staining and 
soluble rhTRAIL for the TRAIL staining. 
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DR4, DRS, DcRl and TRAIL expression in chimpanzee and lwman tissues 

Detailed data on DR4, DRS, DcRl and TRAIL expression in human and chimpanzee 

tissues are given in Table 1. Expression of these four proteins was cytoplasmatic and no 

clear membrane staining was detected. 

As shown in Figure 2, both chimpanzee and human hepatocytes stained positive for all 

three tested TRAIL receptors and TRAIL. The DcRl expression was lower in 

chimpanzee hepatocytes than in human hepatocytes where DcRl was sometimes even 

strongly expressed. DR4, DcRl and TRAIL (arrows in Figure 28, F, and H respectively) 

stained positive in human but not in chimpanzee bile duct epithelium. The vasculature 

in chimpanzee and human livers lacked expression of the four examined proteins. Only 

DR4 was weakly positive in sinusoidal endothelial cells. However, since these cells were 
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difficult to distinguish, other methods, such as transmission electron microscopy, should 

be used to analyze the expression of the receptors in sinusoidal endothelial cells. 

CHIMPANZEE HUMAN 

Figure 2. Immunohistochemical analysis of TRAIL and TRAIL receptors in the liver.Chimpanzee (A, C, E, 
and G) and human (B, D, F, and H) liver sections were immunohistochemically stained with antibodies specific 
for DR4 (A and B), DRS (C and D), DcRl (E and F), or TRAIL (G and H). Arrows indicate bile duct epithelium 
positive for DR4 (B), DcRl (F) and TRAIL (H). Magnification lOOx. 
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Table 1. Expression �attem of TRAIL and TRAIL rece�tors in chim�anzee and human tissues determined b): immunohistochemistry 

Type of tissue DR4 DRS DcRl TRAIL 

Chimp.• Human Chimp. Human Chimp. Human Chimp. Human 

Liver 

Hepatocytes 3b 3 2 2 1 2-3 2 2-3 

Bile duct epithelium 0 1-2 0 0 0 2-3 0 2 

Vasculature 0 0 0 0 0 0 0 0 

Brain 

Neurons 1-2 2-3 2 2-3 1 0-2 0 0-1 

Vasculature 0 0 0 0-2 0-1 2-3 0 0 

Kidney 

Glomeruli 0 0 0 0 0 0 0 0 

Tubuli Contorti 1 2 0 1 0 0 1 2-3 

Henle's loop 0 0 1 1 0 0 0 0 

Vasculature 0 0 0 0 0 0 0 0 

Heart 

Myocytes 1-2 2-3 1 1 1 2 1-2 2-3 

Heart vasculature 0 0 0 0 0 1 0 0 



Table 1. Continued 

Type of tissue DR4 DRS DcRl TRAIL 

Chimp. Human Chimp. Human Chimp. Human Chimp. Human 

Colon 

Luminal epithelium 0 3 0 2 0 0 2 0-1 

Crypt cells 0 1 0 2 0 0 0 0-1 

Lamina propria 0 0 0 2 0 0 0 0 

Lung 

Bronchial epithelium 0 1-3 0 1-3 0 1 0 1-2 

Alveolar epithelium 0 1 0 1-2 0 1-3 0 1-2 

Vasculature 0 0 0 0-2 0 0-1 0 1 

Testis 

Germ cells 0 1 0 1 0 2 0 1 

Sertoli cells 0 0 0 0 0 0 1-2 0 

Leydig cells 1 3 0 1-2 0 3 0 3 

Vasculature 0 0 0 0 0 0 0 0 

• chimpanzee, b Staining intensity: 0 no staining, 1 weakly positive staining, 2 moderate staining, or 3 strong positive staining. 
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In the human and chimpanzee brain, neurons were positive for DR4, DRS, and DcRl. 

Most human neurons lacked TRAIL, except for a few which revealed a weak 

immunoreactivity for TRAIL. No TRAIL expression was observed in chimpanzee 

neurons. DcRl was present in chimpanzee and human brain vasculature, while the 

latter was also positive for DRS (Figure 3 A and C, inset) . 
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Figure 3. Expression of DRS and DcRl in 
vasculature of several human tissues. 
Immunohistochemical staining was performed for 
DRS (A and B) and DcR1 (C, D and E) on human 
brain (A and C), lung (B and D) or heart (E). 
Magnification 100x, insets 400x 

DR4, DRS, and TRAIL expression was relatively low in the kidney compared to some 

other tissues such as the liver. No DcRl expression was observed in chimpanzee or 

human kidney. DR4 staining was detected in the tubuli contorti in chimpanzee and 

man. Human tubuli contorti also expressed DRS. In both chimpanzee and man, tubuli 

contorti were positive for TRAIL. Cells in the Henle's loop were only positive for DRS. 

No expression of the four examined proteins was detectable in the glomeruli or renal 

vasculature. 

86 



Chapter 6 

Chimpanzee and human heart myocytes stained positive for DR4, DRS, DcRl, and 

TRAIL. In contrast to chimpanzee, the human heart vasculature expressed DcRl (Figure 

3E, inset). No expression of the other two TRAIL receptors or TRAIL was found in the 

heart vasculature. 

DR4, DRS, or DcRl was not detectable in chimpanzee colon. However, the luminal 

epithelium in chimpanzee colon was positive for TRAIL. In human colon, DR4 was 

highly expressed in the luminal epithelium while a weak DR4 expression was observed 

in crypt cells. DRS was homogeneously expressed in the luminal epithelium and crypt 

cells. Very faint but mostly no DcRl staining was detectable in the human colon. 

Luminal epithelium and crypt cells were positive for TRAIL. 

Human alveolar and bronchial epithelium expressed all three TRAIL receptors and 

TRAIL. Lung vasculature was positive for DRS, DcRl, and TRAIL (Figure 3B and D, 

inset). No staining of the four proteins was detectable in chimpanzee lung. 

In the testis, human germ cells were weakly positive for DR4, DRS, and TRAIL while 

DcRl was strongly expressed. No staining was found in chimpanzee germ cells. In 
contrast to the human, chimpanzee Sertoli cells showed TRAIL expression. Chimpanzee 

and human Leydig cells expressed DR4, while only the latter also expressed DRS, DcRl, 

and TRAIL. Testis vasculature showed no expression of these proteins. 

DR4, DRS, DcRl and TRAIL expression in other human tissues 

Table 2 shows detailed data on DR4, DRS, DcRl, and TRAIL expression in several other 

human tissues. 

Granulosa cells of human ovaries only expressed DR4. No staining of DR4, DRS, DcRl, 

or TRAIL was found in follicles and surface epithelium. 

In the thyroid, epithelial cells were positive for DR4 and DRS, while no DcRl or TRAIL 

expression was detectable. 

Villous epithelial cells in the duodenum expressed DR4, DRS, DcRl, and TRAIL. The 

crypt cells were only positive for DR4. 

In the stomach, only the G-cells showed TRAIL expression, but lacked DR4, DRS, and 

DcRl expression. Mucous cells were negative for all proteins analyzed. Chief and 

parietal cells expressed only DR4. 

The ductal cells of the glandula parotis expressed DR4 and TRAIL, while the acinar cells 

were positive for DR4 and DRS. No DcRl expression was present in the parotis. 

In contrast to the parotis, the ductal cells in the pancreas showed no DR4 or TRAIL 

expression. In addition, no DRS and DcRl was detectable in these ductal cells. Acinar 

cells were only positive for DRS. In islet cells only DRS was expressed. 

In the eye, DR4 was present in the neurons and retina and DRS in the retina, cornea 

epithelium, Descemet's membrane, choroids and the granular layer of the retina. Only 

the granular layer was positive for DcRl. TRAIL expression was detected in the 

choroids and the granular layer. 
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Table 2. Ex�ression �attem of TRAIL and TRAIL rece�tors in human tissues determined by immunohistochemis 

Type of tissue DR4 DRS DcRl TRAIL 

Human Human Human Human 

Ovary 

Epithelium Oa 0 0 0 

Follicles 0 0 0 0 

Granulosa cells 2 0 0 0 

Thyroid epithelial cells 2-3 2 0 0 

Duodenum 

Villous epithelial cells 1-2 2 1 2-3 

Crypt cells 0-3 0 0 0 

Stomach 

Mucous cells 0 0 0 0 

Parietal cells 3 0 0 0 

Chief cells  3 0 0 0 

G-cells 0 0 0 3 



Table 2. Continued 

Type of tissue DR4 DRS DcRl TRAIL 

Human Human Human Human 

Glandula Parotis 

Ductal cells 1 0 0 1 

Acinar cells 1 0-1 0 0 

Pancreas 

Ductal cells 0 0 0 0 

Acinar cells 0 2-3 0 0 

Islet cells 0 1 0 0 

Eye 

Neurons 1 0 0 0 

Retina 1 2 0 0 

Cornea epithelium 0 1 0 0 

Descemet's membrane 0 2 0 0 

Lens epithelium 0 0 0 0 

Granular layer 0 2 2 1 

Choroid 0 3 0 2 

• Staining intensity: 0 no staining, 1 weakly positive staining, 2 moderate staining, or 3 strong positive staining 
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DISCUSSION 

In the present study we examined immunohistochemically the protein expression of the 

death ligand TRAIL and its receptors DR4, DRS and DcRl in normal chimpanzee and 

human tissues. No immunostaining for DcR2 was performed because no reliable 

antibody for paraffin-embedded specimens was available. Several reports studied the 

mRNA expression TRAIL and its receptors in a variety of human tissues316-326,333,334. 

Although our data are generally consistent with these mRNA data, 

immunohistochemistry is a better technique to study in more detail which cells express 

the protein of interest. A few tissues revealed no detectable protein, although mRNA 

expression had been described earlier. In the kidney for example, no expression of DcRl 

protein was detectable in our study despite its presence at the mRNA level observed in 

some but not all studies3l9-322. An explanation might be the fact that mRNA levels are not 

necessarily predictable for protein expression levels due to protein specific post

transcriptional and post-translational regulatory mechanisms. In the present study, a 

few tissues revealed protein expression, while no mRNA was observed in other studies. 

For example, human liver showed immunoreactivity for TRAIL (Figure 2H), while 

others did not detect TRAIL mRNA expression by Northern blot analysis333-334. 

However, we were also able to detect TRAIL mRNA by RT-PCR analysis (Figure lA) 

implicating that Northern blot analysis is not sensitive enough when tissues express low 

levels of the mRNA of interest. 

The absence of TRAIL protein and the presence of DR4, DRS, and DcRl proteins in 

the human brain are in line with results obtained by others329,335. Colon epithelium 

showed TRAIL, DR4, and DRS expression while DcRl was not detectable as defined by 

our method based on intensity of staining. In general, this is in agreement with Strater et 

af330 and Koornstra et af332. In accordance with a study of Mitsiades et af214, human 

thyroid epithelial cells showed immunoreactivity for DR4 and DRS. However, in 

contrast to data from Ozawa et af336, we could not detect DR4 or TRAIL protein in 

pancreatic ductal or acinar cells. In addition, while they observed DRS expression in 

both ductal and acinar cells, in our study DRS was only expressed by acinar and islet 

cells but not by ductal cells. A possible explanation for this discrepancy could be the 

usage of different antibodies to detect DR4, DRS, or TRAIL, which may also explain the 

findings in a study performed by Ichikawa et af337. Their anti-human DRS monoclonal 

antibody, TRA-8, could not detect DRS protein in liver, lung, kidney, spleen, testes, 

ovary, heart or pancreas. In contrast, the DRS antibody used in the present study 

showed immunoreactivity in all of these tissues. For example, in human livers, we could 

not only detect DRS protein by Western blot analysis and immunohistochemistry 

(Figures lB and 2D respectively), but we were also able to show DRS mRNA by RT-PCR 

(Figure lA). These results strongly support the presence of DRS in human liver. 

Interestingly, the death receptor Fas is not constitutively expressed in several 

organs in which our study revealed DR4 and/ or DRS expression338. For instance, all cells 

in the nervous system appeared to be Fas negative, while we and others33s observed 

herein DR4 and DRS expression. Besides the nervous system, absence of Fas but 

presence of TRAIL death receptors was observed in thyroid glands, cardiac muscle, 
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testicular germ cells and pancreatic islet cells. Regarding FasL, the ligand for the Fas 

receptor, Lee et a[339 showed that it is widely expressed in both lymphoid and non

lymphoid tissues. Expression of FasL and TRAIL was comparable in the tissues 

examined. 

While the presence of multiple TRAIL receptors suggests that TRAIL may be 

involved in multiple processes, the precise physiological function of TRAIL and its role 

in human diseases still has to be established. Recent reports indicate that TRAIL, like 

TNF and FasL, may play a role in the modulation of host defense mechanisms330,340·347. 

Studies using TRAIL-deficient mice demonstrated that TRAIL is important in 

controlling tumor growth340-342. Several effector cells, including lymphocytes348, natural 

killer cells342.349, monocytes350 and dendritic cells3SJ.352 have been shown to play a critical 

role in TRAIL-mediated suppressing of tumor development or metastasis. Besides 

tumor surveillance, TRAIL may play an important role in preventing autoimmunity. For 

example, chronic blockade of TRAIL in mice exacerbated autoimmune arthritis, while 

intraarticular TRAIL gene transfer prevented the disease343. In addition, TRAIL inhibits 

experimental autoimmune encephalomyelitis (EAE), since blockade of TRAIL 

exacerbated EAE induced by myelin oligodendocyte glycoprotein344. In contrast to FasL, 

TRAIL does not induce activation-induced cell death in autoreactive lymphocytes, but 

rather inhibits their activation and expansion via cell cycle arrest343.353. Furthermore, 

several studies have demonstrated that the TRAIL/TRAIL receptor system may play an 

important role in the elimination of virus-infected cells. Cells infected by human 

cytomegalovirus, adenovirus, reovirus, measles virus or human immunodeficiency 

virus revealed increased TRAIL, DR4 and DRS protein levels rendering them more 

sensitive to TRAIL-induced apoptosis by autocrine or T-ce11 derived TRAILJ30,345·347. 

The lack of toxicity of rhTRAIL administration to chimpanzees18·21 and the high 

homology between the human and chimpanzee TRAIL and TRAIL receptors, prompted 

us to examine the expression of these proteins in chimpanzee tissues. Interestingly, no 

major differences in TRAIL, DR4, DRS, or DcRl expression were observed between 

human and chimpanzee liver, brain, kidney, and heart. However, DR4 and DRS were 

not detectable in chimpanzee colon, lung, and testis, while these proteins were 

expressed in their human counterparts. Besides these death receptors, the human lung 

and testis also expressed the decoy receptor DcRl, which was absent in the chimpanzee 

lung and testis. These differences might have some consequences for rhTRAIL 

administration in the clinic. However, taken into account that the most severe cellular 

damage after administration of agonistic anti-Fas antibodies to mice was observed in 

their livers, the comparable expression of DR4, DRS and DcRl in both human and 

chimpanzee hepatocytes is reassuring. One has to question whether hepatocytes will be 

the primary target of rhTRAIL. Several studies have recently demonstrated that the 

severe hemorrhagic liver injury observed after administration of Fas agonists is most 

consistent with a microvascular injury beginning at the level of sinusoidal endothelial 

cells rather than a primary hepatocyte injury354·356. In addition to the liver, disseminated 

vascular endothelial cell apoptosis was also observed after Fas agonist administration in 

organs such as kidney, heart, and brain356. Therefore, potential toxicity of rhTRAIL 
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might be to human endothelial cells. However, several in vitro experiments by using 

human umbilical vein endothelial cells, human microvascular endothelial cells or 

human aortic endothelial cells have shown that these cells were relatively resistant to 

rhTRAILJ2l.357•359. Protection of these endothelial cells for rhTRAIL-induced apoptosis 

appeared to be dependent on DcRl membrane expression, activation of Akt and 

ERKl/2 survival signaling pathways, and unknown intracellular inhibitor(s) of 

apoptosis. In the present study, no DR4 or DRS was detectable in liver-, renal-, 

testicular- or heart endothelium, of which the latter did express DcRl. Lung and brain 

endothelium expressed DRS and DcRl but no DR4. This might be of interest considering 

that DR4 can induce apoptosis upon binding of soluble TRAIL derivates, while DRS 

signals predominantly by membrane-bound TRAIL, but not or only modestly by soluble 

TRAIL derivates360·361 Toxicity of rhTRAIL will, among others, depend on the presence 

of the death receptors on the cell surface which has been demonstrated in human tumor 

cell lines362,363. In the present study, no membranous staining pattern was observed for 

DR4 and DRS. This does, however, not preclude the presence of DR4 or DRS on the cell 

surface since immunohistochemistry is not the optimal technique to detect membranous 

staining especially when there is an abundant cytoplasmic expression. In addition, the 

decoy receptor DcRl is only able to prevent rhTRAIL-induced apoptosis when present 

on the cell surface. In our study, DcRl was detectable but no membranous staining 

pattern could be observed. 

In summary, no major differences were observed in expression of TRAIL and 

receptors between human and chimpanzee tissues. Lack of liver toxicity after 

administration of rhTRAIL to chimpanzees is not due to the absence of TRAIL death 

receptors, which is relevant for the toxicity profile in case of the clinical application of 

rhTRAIL in humans. 
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ABSTRACT 

Purpose: Several in vitro studies have shown that non-small cell lung cancer (NSCLC) 

cell lines are sensitive to apoptosis induction by the recombinant human TRAIL 

(rhTRAIL) death ligand, indicating that rhTRAIL might become an attractive molecule 

for treatment of NSCLCs. To investigate the therapeutic potential of rhTRAIL, the 

expression of TRAIL and its apoptosis-inducing receptors DR4 and DRS was evaluated 

in tumors of stage III NSCLC patients. 

Experimental design: Prior to treatment, tumor biopsies from locally advanced NSCLC 

patients were obtained by bronchoscopy. DR4, DRS, and TRAIL expression were 

determined immunohistochemically in 87 tumors. Patients were randomized for 

treatment with 60 Gy radiotherapy with or without carboplatin as radiosensitizer. 

Results: DR4, DRS, and TRAIL were expressed in respectively 99%, 82%, and 91 % of the 

tumors. Seventeen percent of the samples expressed only DR4 and no DRS. In NSCLCs 

with squamous cell differentiation, a typical staining pattern for DR4 and DRS was 

observed. Cells from the basal layer were strongly positive and the more mature cells 

were less positive or negative. An inverse staining pattern was observed for TRAIL. 

Poorly differentiated areas showed strong staining intensity for DR4, DRS, and TRAIL. 

DRS positive staining was associated with increased risk of death (OR=S.76 (9S%CI: 

1.04-31-93); p=0.04S). 

Conclusio11s: The majority of the locally irresectable stage III NSCLCs expressed at least 

one of the two death receptors for TRAIL. Therefore, these death receptors may provide 

a target for the use of rhTRAIL as a new adjunct in the treatment of stage III NSCLC. 

Keywords: NSCLC; DR4; DRS 
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INTRODUCTION 

Lung cancer is the leading cause of cancer-related mortality in the Western World. Non

small cell lung cancers (NSCLCs) represent 7S-80% of all types of lung cancer and 

include squamous cell carcinomas, adenocarcinomas and large-cell carcinomas. For 

NSCLC patients with early stage disease (stage I and II), surgical resection offers 

substantial cure rates364•36s. However, around 70% of the patients present with locally or 

regionally advanced cancers (stage III) or with metastatic disease (stage IV). Although a 

combination of chemo- and radiation therapy has clearly improved treatment results, 

most of these patients die of disease progression due to acquired or intrinsic resistance 

to chemotherapeutic drugs366• Therefore, the investigation of novel agents continues to 

have a high priority. 

Current interest is focused on the so-called "death ligands", including tumor 

necrosis factor (TNF), Fas ligand (FasL) and TNF-related apoptosis-inducing ligand 

(TRAIL)308·367·368• Death ligands can trigger apoptosis in tumor cell lines via their cognate 

cell-surface death receptors, TNFRl, Fas, and DR4/DRS respectively. In particular 

recombinant human TRAIL (rhTRAIL) harbors potential as a cancer therapeutic agent. 

In pre-clinical models it has no adverse effects on normal tissues and shows anti-tumor 

activity18·21·23·24. In addition, rhTRAIL acts synergistically with chemotherapeutic drugs 

and can overcome drug resistance in tumor cell lines and animal tumor 

modeJs23,24,3tt,369.370. 

TRAIL can interact with several distinct receptors. Two of these receptors, DR4 

(TRAIL-Rl) and DRS (TRAIL-R2/TRICK2), are plasma membrane proteins containing 

intracellular death domains essential for the transmission of the death signal upon 

TRAIL binding3t6,3t8,320,321 . Two other membrane receptors, DcRl (TRAIL-R3/TRID) and 

DcR2 (TRAIL-R4/TRUNDD), are so-called decoy receptors because they can bind 

TRAIL but lack death domains and are unable to induce cell death320·321·324. Initially, it 

was suggested that the relative distribution of DR4 and DRS versus DcRl and DcR2 

determines the sensitivity of a given cell to rhTRAIL induced apoptosis320·321·324. 

However, several in vitro studies have failed to find this correlation and suggest that 

rhTRAIL induced cell death is regulated by intracellular factors24,328,362.363_ 
In vitro studies have shown that several NSCLC cell lines are sensitive to apoptosis 

induction by rhTRAIL, while normal lung epithelial cells are resistantt9,26-28,348,371.372. 

These studies indicate that rhTRAIL may become an attractive molecule for treatment of 

NSCLCs. However, no data are available on the DR4 and DRS protein expression in 

human NSCLCs. In this study, we analyzed immunohistochemically the expression of 

TRAIL and its apoptosis-inducing receptors, DR4 and DRS in stage III NSCLC samples. 

MATERIALS AND METHODS 
Patients and biopsies 
Tumor samples were available from patients who participated in a randomized study373• Tumor biopsies 
were obtained prior to treatment by bronchoscopy. From four patients, tumor samples were not only 
obtained from the primary tumor but also from the mediastinal lymph nodes. From two patients, 
material was available only from the mediastinal lymph nodes. All NSCLC samples were fixed in 10% 
formalin and paraffin embedded. Three flm sections were cut and placed on 3-aminopropyltrietoxysilan 
(APES) coated slides. The presence of NSCLC tumor tissue in the sections was confirmed by an 
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independent pathologist using standard hematoxylin-eosin (H&E) staining on parallel sections. Patients 
with locally inoperable stage III NSCLC were treated with radiotherapy (60 Gy) administered as 2 Gy 
per day for S days a week during 6 weeks with or without continuous intravenous carboplatin (total 
dose: 860 mg/m2 in 6 weeks) as radiosensitizer. The study was approved by the medical ethics 
committee. Informed consent was obtained from all patients. Tumor response was measured according 
to the World Health Organization (WHO) criteria. Patients were followed every 3 months by history, 
physical examination, chest X-ray and additional imaging tests when there was reason to suspect 
metastatic disease. Overall survival was calculated from the time of randomization until death, and 
censored for loss of follow-up or still alive at the time of closure of this study. Time to progression was 
calculated from the time of randomization until the time of local tumor progression or the occurrence of 
metastases. 

Reverse transcription-polymerase clzain reaction (RT-PCR) 
High quality RNA was isolated by lysing 2S rm sections of frozen NSCLC samples in a guanidine 
thiocyanate buffer (4 M guanidine thiocyanate, O.S% n-lauroyl sarcosine, 2S mM sodium citrate (pH 7.0), 
0.1 M 2-�-mercaptoethanol) according to Wisman et a/190, The quality of the samples was confirmed by 
agarose gel electrophoresis. Prior to eDNA synthesis, RNA was treated with DNase I (Roche Diagnostics, 
Almere, the Netherlands). eDNA was synthesized as described by the manufacturer's protocol (Life 
Technologies, Breda, the Netherlands) using oligo dT primers and MMLV transcriptase. The PCR 
programs and primers used to amplify DR4, DRS, and TRAIL were described elsewhere328,329. Primer 
sequences for glyceraldehyde-3-phosphatase dehydrogenase (GAPDH) were S'
CACCACCATGGAGAAGGCTGG-3' and S'-CCAAAGTTGTCATGGATGACC-3' which resulted in a 
200 bp fragment after 24 cycles. PCR products were electrophorized in a 2% agarose gel in 1x Tris-borate 
EDTA buffer. The colon carcinoma cell line SW948 cell line was used as a positive controJ331, 

Westem blot analysis 
Frozen NSCLC samples were pulverized and dissolved in cold phosphate buffered saline (PBS: 6.4 mM 
NailiP04; l.S mM KH2P04; 0.14 mM NaCI; 2.7 mM KCl; pH=7.2). After centrifugation at 23,000 x g for 1 
min to remove debris, the supernatant was collected, an equal volume of 2x standard Western blot 
sample buffer (0.5 M Tris/HCI, pH 6.8, 4% SDS, 20% glycerol, 0.002% bromophenol blue, 10% 2-�
mercaptoethanol) was added and the samples were boiled for S min. Protein concentration was 
determined according to Bradford191. All samples were size fractionated on sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto activated polyvinylidene 
difluoride membranes (Millipore, Bedford, UK). After blocking for 1 h in Tris buffer saline supplemented 
with S% milk powder (Merck, Darmstadt, Germany) and O.OS% Tween-20 (Sigma-Aldrich Chemie BV, 
Zwijndrecht, the Netherlands), immunodetection of DR4, DRS and TRAIL was performed using the 
following antibodies: a goat polyclonal IgG specific for DR4 (1:500; clone C-20, Santa Cruz 
Biotechnology, Santa Cruz, Ca), a rabbit polyclonal IgG specific for DRS (1:SOO; Oncogene Research, 
Cambridge, MA), and a goat polyclonal IgG specific for TRAIL (1:100; clone K18, Santa Cruz 
Biotechnology). Binding of these antibodies was determined using horseradish peroxidase (HRP)
conjugated secondary Abs (all from DAKO, Glostrup, Denmark) and visualized with the ECL
chemiluminescence kit of Roche Diagnostics (Almere, the Netherlands). SW948 cells and soluble 

rhTRAIL (made according to Ashkenazi et n[l9) were used as positive controls. 

Immunolzistoclremistry 
Prior to staining, slides were deparaffinized and dehydrated. For DRS, antigen retrieval was performed 
by microwave treatment of the slides for 8 min at 700 W in 0.01 M citrate buffer, pH 6.0. For DR4 and 
TRAIL, no antigen retrieval was performed. Endogenous peroxidase was blocked with 0.3% H202 in 
phosphate buffered saline solution (PBS: 6.4 mM Na2HP04.H20; l.S mM KH2P04; 0.14 M NaCI; 2.7 mM 
KCI; pH=7.8) for 30 min, followed by incubation with avidin and biotin blocking solutions (Vector 
Laboratories, Burlingame, Ca). For DR4 and DRS, the slides were preincubated with 1% AB serum and 
1% bovine serum albumin (BSA, Life Technologies) in PBS for 1S min. For TRAIL, S% normal rabbit 
serum was used instead of AB serum. The primary antibodies described earlier were applied for 1 h at 
room temperature. Dilutions of 1:50, 1:100 and 1:2S in PBS 1% BSA were used for DR4, DRS, and TRAIL 
respectively. After washing with PBS, slides were incubated with a 1:300 dilution of a biotinylated 
rabbit-anti-goat or a swine-anti-rabbit antibody (DAKO), followed by addition of streptavidin
conjugated peroxidase (DAKO). Peroxidase activity was visualized by incubating the slides for 10 min in 
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3,3-diaminobenzidine tetrahydrochloride (DAB, Sigma-Aldrich Chemie BV) solution (O.OS% DAB, 0.1 % 
imadizol, 0.03% H202 in PBS). Counterstaining was performed with haematoxylin for 2 min. As negative 
controls, the primary antibodies were substituted with non-immune normal goat or normal rabbit IgGs. 
For DR4 and TRAIL, immunohistochemistry was also performed in the presence or absence of a 10-fold 
excess of a corresponding blocking peptide (Santa Cruz Biotechnology). Positive controls were (tumor) 
tissue samples, found on previous occasions to stain positive: normal liver tissue, first trimester placenta 
tissue, colon or ovarian cancer tissues. Control archival normal lung samples (n=4) were obtained from 
non-involved parts of lobectomy specimens, removed in therapeutic surgical procedures for bronchial 
carcinoma. 

Staining analysis 
All sections were reviewed light microscopically by three observers (D.C.J.S., S.d.J., W.T.), without 
knowledge of the clinical data. Tumors showing $10 % positively stained cells were considered negative. 
Samples showing >10% positively stained tumor cells were considered positive. All stained tumor 
biopsies were evaluated semiquantitatively for intensity of staining: no staining (0), weakly positive 
staining (1), positive staining (2), or strong positive staining (3). The percentage of positive cells, 
localization of staining (nuclear, membranous, or cytoplasmic), heterogeneity and pattern of staining 
regarding differentiation grade were also recorded. For statistical analysis, all tumors with positive or 
strong positive staining in >10% of tumor cells were considered positive, while tumors with negative or 
weakly positive staining were considered negative. 

Statistics 
Data analysis was performed using SPSS 10.0 software package (SPSS Inc., Chicago, IL). Associations 
between DR4, DRS and TRAIL staining, and the relationship between DR4, DRS and TRAIL staining and 
tumor response were evaluated by the Chi-square-test or Fisher's exact test when appropriate. Kaplan
Meier curves were used to compare overall and progression-free survival rates between groups. 
Statistical differences in survival between tumors staining positive or negative for DR4, DRS, or TRAIL 
were analyzed using the log-rank test. Multiple logistic regression models were used to estimate the risk 
of death for positive compared to negative DR4, DRS or TRAIL staining. All three immunohistochemical 
factors were adjusted for each other and histopathology, stage, lymph nodes (N1, N2, N3), sex and 
duration of follow-up. The risk of recurrence according to DR4, DRS, and TRAIL staining were estimated 
likewise. All tests were performed two-sided and p-values <O.OS were considered statistically significant. 

RESULTS 

Patient characteristics and tumor biopsies 

NSCLC tumor samples were used as described in a study by Fokkema et af374• Briefly, 

bronchoscopic evaluation was performed in 155 out of 160 patients who entered a 

randomized study assessing the radiosensitizing effect of carboplatin in stage III NSCLC 

373,374• Biopsies were taken from 117 patients with central bronchial tumors for histologic 

diagnosis and from 95 of these patients residual tumor was available for further studies. 

The characteristics of these patients are shown in Table 1. The patients were equally 

distributed between treatment with radiotherapy alone and treatment with 

radiotherapy combined with carboplatin (Table 1). Expression of DR4, DRS, and TRAIL 

was equally distributed over both treatment arms. The addition of carboplatin had no 

effect on response or survivaP73, so no distinction was made between the treatment arms 

in further analysis. Pariffin-embedded tissue was available from 95 patients, 74-87 of 

these had enough remaining evaluable tissue for subsequent immunological staining. 

Detection ofDR4, DRS and TRAIL mRNA and protein 

In order to validate the specificity of the antibodies used in the immunohistochemical 

staining, additional analyses were performed on five resectable NSCLC samples. First, 
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the DR4, DRS and TRAIL mRNA expression was evaluated by RT-PCR. Figure lA 

shows that all five NSCLCs expressed mRNA for both death receptors and TRAIL. 

Second, the protein expression was checked in these five NSCLCs by immunoblot 

analysis using the same antibodies for DR4, DRS or TRAIL detection as used for 

immunohistochemical staining. The SW948 cell line served as a positive control for DR4 

and DRS and soluble rhTRAIL for the TRAIL staining. The TRAIL antibody used in this 

study is directed against the extracellular carboxy terminus of the TRAIL protein and 

should therefore recognize both soluble and membrane bound TRAIL. As shown in 

Figure lB, the antibodies detected protein products corresponding to the predicted 

molecular mass: approximately 50 kDa for DR4 and DRS in SW948 cell line and 20 kDa 

for soluble rhTRAIU9·21• All five NSCLC expressed DR4 protein although more bands 

were detected which were slightly higher than in SW948 cells. Since DR4 has an N

linked glycosylation siteJlS, these bands could represent different glycosylated forms of 

the DR4 protein. DRS protein was detectable in all NSCLC samples at approximately 46-

50 kDa as described by Walczak et a/316. The antibody used for TRAIL protein detection 

showed several bands at approximately 32 and 40 and 60 kDa corresponding to 

membrane bound TRAIL and dimer and trimer forms of (soluble) TRAIU9·21• Some 

lower bands seen in P3 and P4 could possibly correspond to a truncated or degraded 

TRAIL fragment. TRAIL protein was found in all tumor samples. From two of these 

NSCLC samples, Pl and P3, immunohistochemical stainings of DR4, DRS, and TRAIL 

are shown in Figure lC-H. The immunohistochemical and immunoblot stainings were 

in accordance, indicating the specificity of the antibodies used for DR4, DRS, and TRAIL 

detection. Preincubation of the DR4 or TRAIL antibodies with the corresponding 

blocking peptide completely abolished the immunostaining, further confirming the 

specificity of the antibodies. Moreover, no staining was observed when the primary 

antibodies were replaced by non-immune normal goat (DR4, TRAIL) or rabbit (DRS) 

IgGs. 

Table 1: Patient characteristics 

Total 

Male/ female 

Stage IIIA/IIIB 

Performance status WHO 0/1 

Mean weight Joss in last 3 months (% of body weight) 

Radiotherapy with/without carboplatin 

Tumor response/no response 

98 

Number of patients 

95 

86/9 

45/50 

58/37 

2.2% 

49/46 

43/52 
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Figure 1. mRNA and protein expression of DR4, DRS, and TRAIL in NSCLC tumorsDR4, DRS and TRAIL 
mRNA and protein expression of five resectable NSCLC tumors (Pl -PS) were determined by RT -PCR (a) and 
Western blot analysis (b), respectively. As positive control, C, served SW948 or soluble rhTRAIL. 
Immunohistochemical staining was performed for DR4 (C and D), DRS (E and F) and TRAIL (G and H) on two 
NSCLC samples, Pl (C, E, and G) and P3 (D, F, and H). 

Expression ofDR4, DRS and TRAIL protein in stage III NSCLC 

Both DR4 and DRS staining was cytoplasmatic and no clear membranous staining was 

detected. TRAIL was mainly expressed in the cytoplasm, but sometimes nuclear staining 

was also observed. The intensity of DR4, DRS, and TRAIL expression differed 

considerably between the tumors, as did the expression pattern (diffuse versus granular 

staining). Both DR4 and DRS were detected in bronchial epithelial cells of all 

histologically normal control lung tissues studied (Figure 2A and B). However, in 

contrast to the overall cytoplasmic staining in tumor cells, in normal bronchial 

epithelium expression of the receptors was located at the apical side of the bronchial 

epithelial cells with a similar intensity as in tumor cells. The bronchial epithelium was 

negative or only weakly positive for TRAIL in 2 out of four normal lungs and 

moderately positive in the other two. 

Table 2 shows the staining characteristics of DR4, DRS, and TRAIL in the stage III 

NSCLC samples tested. Examples of DR4, DRS and TRAIL expression in NSCLCs are 

shown in Figure 2C-H. 
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Figure 2. Immunohistochemical staining of DR4, DRS, and TRAIL.Staining of normal lung epithelium for 
DR4 (A) and DRS (B). Representative examples of DR4 (C and D), DRS (E and F), and TRAIL (G and H) staining 
in stage III NSCLC tumor samples. In well -differentiated areas, a typical staining pattern was observed for DR4 
(D) and DRS (F) with the basal cells staining highly positive and the more maturated cells staining less positive 
to negative. For TRAIL (H) basal cells were less positive compared to maturated cells. 

100 



Table 2: Immunohistochemical staining results in stage III NSCLC patients 

Immunohistochemistry 

Variable DR4 

No. patients .. 87 

No. positive staining 86 (99%) 

Staining intensity: 

0 1 

1 3 

2 22 

3 61 

Histology: 

Squamous cell 

No. positive staining 53 (100%) 

No. negative staining 0 (0%) 

Adenocarcinoma 

No. positive staining 22 (96%) 

No. negative staining 1 (4%) 

Large cell 

No. positive staining 11 (100%) 

No. negative staining 0 (0%) 

DRS 

87 

71 (82%) 

16 

32 

21 

18 

44 (83%) 

9 (17%) 

18 (78%) 

5 (22%) 

9 (82%) 

2 (18%) 

TRAIL 

74 

67 (91%)  

7 

7 

16 

44 

44 (94%) 

3 (6%) 

15 (83%) 

3 (17%) 

8 (89%) 

1 (11%) 

Chapter 7 

* Patients with biopsies that contained sufficient detectable tumor cells to make a proper evaluation of the 
immunohistochemical staining. Biopsies containing too much necrosis, background or absence of proper tissue 
that could be defined was considered non -evaluable. 

DR4 was detectable in all but one of the tumor samples studied and was strongly 

expressed in 70% of the NSCLCs. DRS expression was generally lower than DR4 

expression and was not detectable in 18% of the tumors studied. Twenty percent 

showed strong DRS expression. Only one NSCLC expressed neither DR4 nor DRS. 

Seventeen percent of the studied samples expressed only DR4 and no DRS. Lack of 

TRAIL expression was found in 9% of the NSCLC samples. Strong TRAIL expression 

was found in 59% of the studied NSCLCs. DR4, DRS, and TRAIL were heterogeneously 

expressed: in 81%, 78% and 82% respectively of the positively stained NSCLCs. 

Interestingly, NSCLCs with squamous cell differentiation often showed a typical DR4 

staining pattern in which cells in the basal layer were strongly positive and the more 

mature cells in the supra basal layers were less positive or even negative for DR4 (Figure 
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2D). For DRS, the same staining pattern was observed as for DR4 though this was 

sometimes less obvious (Figure 2F) . In contrast, an inverse staining pattern was 

observed for TRAIL with the basal cells being less positive compared to the mature cells 

(Figure 2H). Poorly differentiated areas within the well-differentiated NSCLC tumor 

specimens showing no clear distinction between a basal and supra basal cell layer often 

revealed strong staining for DR4, DRS and TRAIL. 

DR4 and DRS expression were not associated (n=87, p=0.124). In contrast, there 

was a significant association between DR4 and TRAIL expression (n=74, p=0.020) and 

between DRS and TRAIL expression (n=74, p=0.034). Considering the different tumor 

types, there were more large-cell carcinomas (4 out of 9 [44%]) with low or no TRAIL 

expression compared with squamous cell carcinomas (S out of 47 [11 %]) or 

adenocarcinomas (S out of 18 [18%]) (p=0.033). No significant correlation was found 

between the DR4 or DRS expression and the different NSCLC tumor types. 

Relation of expression of DR4, DRS or TRAIL on tumor response and prognosis 

Tumor response was not associated with DR4, DRS, or TRAIL expression. Kaplan-Meier 

survival curves indicate (initial) better survival for negative DR4, DRS, or TRAIL 

staining compared to positive staining (Figure 3A, C, and E respectively). These 

differences were not statistically significant. Likewise, DR4, DRS and TRAIL staining 

were not significantly associated with time to progression as outcome variable (Figure 

3B, D, and F respectively). Since only 4 NSCLC samples revealed no or only weakly 

positive DR4 staining, DR4 expression was further excluded from the statistical 

analyses. To estimate the risk of death according to DRS and TRAIL independent of 

each other and confounding factors (histopathology, stage, lymph nodes (N1, N2, N3), 

sex and duration of follow-up), we performed multiple logistic regression. DRS positive 

staining was significantly associated with an increased risk of death (OR=S.76 (9S%CI: 

1.04-31 .93); p=0.04S). TRAIL positive staining was not associated with increased risk of 

death (OR=1.72 (9S%CI: 0.33-8.90); p=0.517). No significant associations were found 

between DRS staining or TRAIL staining and recurrence within 1 year respectively 

within 2 years of follow-up. 

DISCUSSION 

In the present study, the expression of the apoptosis-inducing TRAIL receptors, DR4 

and DRS, was studied in order to investigate the therapeutic potential of rhTRAIL for 

NSCLC. All but one of the NSCLCs showed protein expression of at least one of the two 

death receptors for TRAIL. DR4 was present in almost all tumors (99%) while DRS was 

expressed in 82 'Yo. 
The presence of  these death receptors in NSCLCs is  interesting for future treatment 

of stage III NSCLC patients with rhTRAIL. The success of rhTRAIL therapy will, among 

others, be dependent on the presence of the death receptors on the cell surface362•363. For 

example, rhTRAIL-sensitive Ewing's sarcoma cell lines expressed significant levels of 

DR4 and DRS on their cell surface, while a resistant cell line lacked expression of these 

death receptors362. Restoration of the surface DRS levels rendered the rhTRAIL-resistant 
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Figure 3. Cumulative survival in patients with stage III NSCLC.Kaplan-Meier estimates of overall survival 
(A C, and E) and progression -free survival (B, D, and F) according to DR4 (A and B), DRS (C and D) a nd to 
TRAIL (E and F) expression. All tumors with positive or strong positive staining in >10% of tumor cells were 
considered positive, while tumors with negative or weakly positive staining were considered negative. 

cell line sensitive to rhTRAIL. In the present study, DR4 and DRS expression were 

determined immunohistochemically in paraffin-embedded sections. Both receptors were 

detectable but no membranous staining pattern was observed. This does, however, not 

preclude the presence of DR4 or DRS on the cell surface since immunohistochemistry is 

not an optimal technique to detect membranous staining. Moreover, Zang et a/375 

demonstrated that, although present on the cell surface, both DR4 and DRS are 
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predominantly located in the trans-Golgi network. Furthermore, they suggested that the 

localization in the trans-Golgi network might be a common feature of apoptosis

inducing TNF family receptors, since Fas and TNF were also reported to be located in 

the trans-Golgi network167,376. 

Whether the observed DR4 and DRS expression in NSCLCs can be translated into a 

successful rhTRAIL therapy, also depends on the functionality of these receptors. Two 

missense mutations in the DR4 gene have been detected in NSCLCs377. These alterations 

result in amino acid changes in or near DR4' ligand-binding domain, which might 

interrupt TRAIL binding to DR4. However, this assumption is based only on the crystal 

structure of DRS and its homology with DR4, and still has to be proven. DRS gene 

mutations in the death domain, known to be involved in the transduction of the 

apoptotic signal, were observed in 10.6% of NSCLCs in a Korean population378. In white 

Americans, however, no DRS mutations were found in 100 NSCLCs379. The same study 

showed DRS rnRNA expression in 30 primary NSCLCs. In our study, DRS protein 

expression was absent in 18% of the NSCLCs. 

DR4 and DRS expression are induced by DNA damage and regulated by the wild

type pS3 tumor suppressor23·24·311.380·381 . However, Wu et a[379 observed no association 

between DRS expression and pS3 mutation status in the primary NSCLC studied. This 

observation was confirmed in our study since no correlation was found between DRS 

expression and loss of pS3 staining previously investigated in the same NSCLCs374. In 

addition, no correlation could be found between DR4 expression and loss of pS3 

staining (data not shown). 

Chemotherapy and ionizing radiation can render tumor cells more sensitive to 

rhTRAIL induced apoptosis23,24,31l,l69,37o . In addition, combination of rhTRAIL and 

chemotherapeutic drugs can even overcome drug resistance. Upregulation of DR4 or 

DRS levels and increased membrane localization are important mechanisms, which 

could explain an increased sensitivity to rhTRAIL. In some models, however, abolition 

of rhTRAIL resistance by chemotherapeutic drug was caused by intracellular 

mechanisms and not by alteration of death receptor levels. Several inhibitors of the 

TRAIL signaling pathway have been described, such as FLICE-like inhibitory protein 

(FLIP), inhibitor of apoptosis proteins (lAPs), or anti-apoptosis members of the Bcl-2 

family like Bcl-2/Bcl-XL382•384• However, none of these factors correlated with the degree 

of sensitivity to rhTRAIL or the level of apoptosis following chemotherapy in NSCLC 

cell lines371·3ss,386. In vitro studies demonstrated that NSCLC cell lines could be sensitized 

to rhTRAIL induced apoptosis by cisplatin, camptothecin, paclitaxel or the synthetic 

retinoid 6-[3-(1-Adamantyl)-4-hydroxyphenyl]-2-naphthalene carboxylic acid 

(CD437)26,Z?,371 . Therefore, chemotherapy combined with rhTRAIL could potentially 

render NSCLCs more susceptible to rhTRAIL-induced apoptosis. 

A number of studies have demonstrated that patients without expression of death 

receptor Fas in their NSCLC had a shorter survival than patients with Fas positive 

NSCLC387,388. This may indicate that Fas is an important regulator of lung cancer growth 

and increases the tumor's sensitivity to physiological apoptotic signals induced by FasL 

from the tumor self or the immune system. Recently, a few studies have demonstrated a 
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physiological role for TRAIL in tumor surveillance by natural killer cells in mice and 

human NSCLC tumor-infiltrating lymphocytes in SCID mice342·348·389. Until now, no data 

was available about the effect of the TRAIL receptors DR4 and DRS on the clinical 

outcome of NSCLC patients. In our study, DRS expression was associated with an 

increased risk of death. This indicates that DRS positive NSCLCs may have a growth 

advantage. Interestingly, recent reports demonstrated that besides apoptotic signals, a 

number of other signaling pathways are activated by death receptors such as the 

extracellular-signal regulated kinase (ERK) pathway390-392. Activation of ERKl/2 by the 

death ligands FasL, TRAIL and TNF seems to have a dominant protecting effect over the 

apoptotic signal from their death receptors resulting in proliferation rather than 

apoptosis. Therefore, the death receptor/ligand systems may have an important role in 

tumorigenesis by providing an autocrine growth factor and thus promoting tumor 

growth. 

TRAIL was expressed by 91% of the NSCLCs. It was suggested that the expression 

of apoptosis-inducing ligands such as TRAIL may play an important role in cell 

regulation and may result in an immunological advantage for tumor cells393,394. 

Although the Kaplan-Meier survival curve indicates an initial longer survival for TRAIL 

negative NSCLCs compared to TRAIL positive tumors, no significant association was 

observed between loss of TRAIL expression and overall survival. Interestingly, though, 

we noticed that NSCLCs with squamous cell differentiation often showed a typical 

staining pattern for DR4 or DRS with the basal cells being highly positive and the more 

mature cells in the supra basal layers less positive or negative. An inverse staining 

pattern was observed for TRAIL. Poorly differentiated areas next to well-differentiated 

areas often showed strong staining intensity for DR4, DRS and TRAIL. 

In conclusion, in the present study we have shown expression of DR4 and DRS in 

locally irresectable stage III NSCLCs. Systemic administration of rhTRAIL has already 

appeared to be remarkably safe and non-immunogenic in mice and nonhuman 

primates1B.19,21 . Moreover, Lawrence et a[21 showed that, in contrast to polyhistidine- and 

cross-linked flag-tagged versions, the native sequence rhTRAIL is not toxic to human 

and cynomolgus monkey hepatocytes. These observations suggest a potential value of 

rhTRAIL for cancer therapy. Although NSCLC is relatively resistant to chemotherapy 

and radiation, the expression of both TRAIL death receptors may provide a basis for the 

use of rhTRAIL in combination with chemotherapy as a new approach to treat stage III 

NSCLC. 
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SUMMARY 

Much attention has been focused on apoptosis induction via the tumor necrosis factor 

(TNF)-receptor family members and their cognate ligands. The best-characterized death 

ligands include TNF-a, Fas ligand (FasL), and TNF-related apoptosis-inducing ligand 

(TRAIL)2• They induce apoptosis of susceptible cells by activating their cell-surface 

death receptors TNFRl, Fas, and DR4/DRS respectively. Several studies have 

investigated the potential of these death receptors as a cancer-therapeutic target, either 

alone or in combination with chemotherapeutic agents to activate both the "extrinsic" 

death receptor pathway and the "intrinsic" mitochondrial death pathway in order to 

efficiently eliminate cancer cells. Other studies, however, have investigated the 

involvement and importance of death receptors in apoptosis induction by 

chemotherapeutic drug and show that both the Fas/FasL and DRS/TRAIL death 

pathway can be activated upon exposure to e.g. doxorubicin or cisplatin. In the first part 

of the present thesis, the importance of the Fas death pathway in cisplatin sensitivity of 

testicular germ cell tumor cells was investigated, while the second part addresses the 

therapeutic potential of recombinant human (rh) TRAIL by studying the expression of 

death receptors in normal healthy tissues and in non-small cell lung cancers. 

Testicular germ cell tumors represent one of the few solid tumor types that, when 

metastasized, are curable by cisplatin-containing chemotherapy, with an overall cure 

rate of about 80%30. In addition, most human testicular germ cell cancer cell lines display 

an unusually high sensitivity to chemotherapeutic agents with cisplatin as key drug33,176. 

The tumor suppressor protein p53 plays an important role in the response of cancer cells 

to DNA damage45-47• Although the p53 gene is the most frequently mutated gene in 

human cancers48, almost no p53 mutations occur in human testicular germ cell cancers54. 

Furthermore, several studies have demonstrated that a high-level wild-type p53 

expression is required for apoptosis induction of testicular germ cell cancer cells 

following low-level DNA damage34·59,273. Chapter 2 reviews the involvement of p53 in 

drug sensitivity of testicular germ cell cancer cells, focusing on p53-activated 

mechanisms such as cell cycle arrest (p21"'•fl/Cip1) or apoptosis via the mitochondrial 

death pathway (involving the bcl-2 family members) and the Fas death pathway. We 

hypothesize that the extreme sensitivity of testicular germ cell cancer cells to apoptotic 

stimuli is an inherited property of the cell of origin. During normal spermatogenesis, 

spontaneous apoptosis occurs in the testis as an import physiological mechanism to 

adjust germ cell numbers to that of the supporting Sertoli cells and to ensure a quality 

control of the gametes produced42-44. Mechanisms involved in apoptosis induction of 

these germ cells, such as the Fas/FasL system and the Bcl-2 family proteins in the 

mitochondria apoptotic pathway, also seem to be important for apoptosis induction of 

testicular germ cell cancer cells (see Figure on backcover turnover). Our hypothesis is 

that the lack of cell cycle arrest following a cisplatin containing treatment, together with 

the activation of the Fas death pathway and the mitochondrial death pathway, explain 

the rapid and efficient apoptosis induction of testicular germ cell cancer cells. Support 

for this hypothesis is described in chapter 3, 4 and 5. 
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In Chapter 3, the role of the Pas-mediated cytotoxicity in cisplatin sensitivity and 

resistance in human testicular germ cell cancer cells was investigated. As a model for 

acquired cisplatin resistance served the cisplatin-sensitive testicular germ cell cancer cell 

line NTera2/D1 (Tera) and its cisplatin-resistant subclone Tera-CP. We showed that the 

cisplatin sensitivity of testicular germ cell cancer cells is dependent on the activation of 

the Fas death pathway and that loss of cisplatin-induced activation of this Fas signaling 

pathway may result in resistance to cisplatin. This conclusion is based on results from 

several experiments. Cisplatin induced a concentration-dependent increase in Fas 

membrane expression, which preceded the onset of apoptosis. Upon cisplatin exposure, 

recruitment of FADD and caspase-8 to the Fas receptor to form the death-inducing 

signaling complex (DISC) was only observed in Tera but not in Tera-CP. Blocking the 

FasL/Fas interactions with the anti-FasL antibody NOK-1 showed that FasL was 

involved in the cisplatin-induced activation of the Fas death pathway in Tera cells. 

However, NOK-1 had no effect on cisplatin-induced apoptosis of Tera-CP cells 

confirming the lack of cisplatin-induced DISC formation in these cells. Furthermore, the 

importance of caspase-8 in initiating cisplatin-induced apoptosis of Tera cells was 

demonstrated by the reduced apoptosis observed upon overexpression of a 

physiological caspase-8 inhibitor viral FLIP (vFLIP) or by the application of the synthetic 

caspase-8 inhibitor ziETD-fmk. Finally, in contrast to Tera, the Fas apoptotic signaling 

pathway was not functional in the cisplatin-resistant subline Tera-CP. Despite 

comparable Fas membrane expression, a combination of low doses cisplatin and an 

agonistic anti-Pas antibody induced no additional apoptosis in Tera-CP cells as was 

observed in Tera cells. Similar results were obtained in a model for intrinsic cisplatin 

sensitivity and resistance using 833KE and Scha testicular germ cell cancer cells 

respectively. Like Tera-CP, the Fas death pathway was nonfunctional in the cisplatin

resistant Scha cells. In contrast, the cisplatin-sensitive 833KE cells were sensitive to Pas

induced apoptosis. Furthermore, FasL/Fas interactions were involved in cisplatin

induced apoptosis in 833KE cells but not in Scha cells, underscoring the importance of 

the CD95 death pathway in cisplatin sensitivity of testicular germ cell cancer cells. Fas 

resistance of Tera-CP and Scha testicular germ cell cancer cells was not caused by a 

direct down-regulation of the Fas membrane expression or mutations in the Fas gene. 

Other potential mechanisms behind the absence of apoptotic Fas signaling in 

cisplatin-resistant testicular germ cell cancer cells were further evaluated in the 

Tera/Tera-CP model. As described in Chapter 4, isolation of the DISC upon anti-Pas 

antibody incubation revealed that FADD, caspase-8 and the cellular caspase-8 inhibitor 

cFLIPL were recruited to the Fas receptor in both Tera and Tera-CP. However, while full

length and cleaved cFLIPL were present in the DISC of both cell lines, only full-length 

cFLIPL was detectable in cell lysates of Tera-CP incubated for 24 h with the anti-Pas 

antibody. In contrast, cFLIPL was almost completely cleaved in Tera. Moreover, basic 

cFLIPL protein levels were higher in Tera-CP than in Tera. Preincubation with the 

protein synthesis inhibitor cycloheximide sensitized Tera-CP cells to Pas-induced 

apoptosis, which was related to a loss of cFLIPL expression. No change in protein levels 

of other apoptosis inhibitors, such as FAP-1, Bcl-2, Bcl-XL, XIAP, ciAP-1, ciAP-2, was 
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observed upon cycloheximide exposure. Suppression of cPLIPL expression by cPLIP

specific siRNA reversed Pas-resistance in Tera-CP. In addition, cisplatin-treated Tera-CP 

cells were only sensitized to Pas-induced apoptosis when preincubated with the NP-KB 

inhibitor SN50, but not with inhibitors of the MEK (U0126) or PKB/ Akt (LY294002) 

survival signaling pathways. Sensitization by SN50 resulted in reduced cPLIPL levels 

and not of other inhibitors of apoptosis. This study describes for the first time that in 

cisplatin-resistant testicular germ cell cancer cells, the NP-KB-dependent expression of 

cPLIPL protein following Pas stimulation results in Pas-resistance. 

Exposure to chemotherapeutic agents or y-irradiation leads to stabilization and 

activation of p53, resulting in either cell cycle arrest or apoptotic cell death4•71• P53 can 

induce apoptosis via both the death receptor- and mitochondrial pathway by the 

transcriptional activation of Pas and DRS or the pro-apoptotic Bcl-2 family members 

Bax, Bak, PUMA and Noxa4• On the other hand, p53 also regulates the expression of 

proteins involved in the induction of cell cycle arrest such as p21Wafl/Cipl (p21). P21 is not 

only an important mediator of p53-induced cell cycle arrest72.274, but also of apoptosis 

suppression following DNA-damaging agents exposure or upon activation of the Pas 

death pathway14,104-IOS.275,276,2B1. In testicular germ cell cancers, however, only minimal p21 

induction occurs upon chemotherapeutic drug exposure despite accumulation of p53. 

The reduced p21 expression in testicular germ cell cancer cells may thus not only result 

in a less efficient inhibition of cell cycle progression, but it also may fail to prevent rapid 

apoptosis induction upon DNA damage or Pas stimulation. In Chapter 5, potential 

mechanisms involved in the low protein p21 protein levels and the importance of this 

low p21 protein expression in the sensitivity of testicular germ cell cancer cells to 

apoptotic stimuli were studied. Tera and Scha were used as a model for testicular germ 

cell cancer cells with wild-type p53 and low p21 protein levels, while the human A2780 

ovarian cell line served as a wild-type p53 expressing control cell line expressing high 

p21 protein levels. Despite similar cisplatin-induced p53 accumulation, Tera and Scha 

showed low p21 protein and mRNA expression levels in comparison to A2780 ovarian 

cancer cells. Neither inhibition of the proteasome complex with MG-132 nor inhibition 

of caspase-3 activity with the broad-spectrum caspase inhibitor zV AD-fmk increased 

basic p21 protein levels in testicular germ cell cancer cells or p21 levels upon cisplatin 

treatment. Cisplatin-treated Tera cells expressing low p21 protein levels were Pas

sensitive. In contrast to cisplatin, irradiation of Tera cells substantially increased both 

p21 mRNA and protein expression. Moreover, irradiation-induced p21 was mainly 

localized in the cytosol and rendered irradiated Tera cells resistant to Pas-induced 

apoptosis. Sensitivity of irradiated Tera cells to Pas-induced apoptosis was restored by 

siRNA specific suppression of p21 expression. These results strongly indicate that the 

low p21 protein levels are caused by reduced p21 gene transcription and sensitize 

cisplatin-treated testicular germ cell cancer cells to the Pas death pathway. Whether a 

reduced p53 transcriptional activity is responsible for the low p21 mRNA levels upon 

cisplatin exposure needs to be resolved in future research. 
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The death ligand rhTRAIL harbors potential as anticancer agent not only because of its 

apoptosis-inducing capacity in a variety of tumor cells in culture and in tumor implants 

in mice19·25, but also since its shows no toxicity when systemically administered in 

rodents and nonhuman primates including chimpanzees1B·21 . RhTRAIL can interact with 

several distinct receptors namely the death receptors DR4 and DRS and the decoy 

receptors DcR1 and DcR22• The extracellular domains of the chimpanzee TRAIL 

receptors show 97-99% sequence identity with the human receptors. Knowledge about 

the balance between TRAIL death- and decoy receptors in tissues in human and 

chimpanzee will further support clinical studies. Therefore, in Chapter 6 an 

immunohistochemical analysis of the expression of DR4, DRS, DcR1 and TRAIL was 

performed in normal human and chimpanzee tissues. In humans, hepatocytes stained 

positive for TRAIL and TRAIL receptors and bile duct epithelium for TRAIL, DR4, and 

DcRl. In brains, neurons expressed DR4, DRS, DcR1 but no TRAIL. In kidneys, DcR1 

was negative, tubuli contorti expressed DR4, DRS, and TRAIL and cells in Henle's loop 

expressed only DRS. Heart myocytes showed positivity to all proteins studied. In colon, 

DR4, DRS, and TRAIL were present. Alveolar and bronchial epithelium, and germ- and 

Leydig cells were positive for all proteins studied. Endothelium in liver, heart, kidney, 

and testis lacked DR4 and DRS, in lung and brain DRS and DcR1 was expressed and 

DR4 not, in the heart also DcR1 was present. No major differences were observed 

between human and chimpanzee brain, kidney, heart and liver. In contrast to human, 

chimpanzee bile duct epithelium lacked TRAIL, DR4, and DcR1, lung and colon showed 

no TRAIL or its receptors, DcR1 was absent in germ- and Leydig cells, vessels showed 

only DRS expression in brain. In summary, comparable expression of TRAIL and TRAIL 

receptors was observed in human and chimpanzee tissues. Lack of liver toxicity after 

administration of rhTRAIL to chimpanzees is not due to the absence of TRAIL death 

receptors, which is relevant for the toxicity profile in case of the clinical application of 

rhTRAIL in humans. 

To investigate the therapeutic potential of rhTRAIL for non-small cell lung cancer, 

the expression of TRAIL and its apoptosis-inducing receptors DR4 and DRS was 

immunohistochemically evaluated. As described in Chapter 7, biopsies were obtained at 

diagnosis from patients with locally advance (stage IliA/B) non-small cell lung cancer. 

The patients were randomized for treatment with either radiation alone or in 

combination with carboplatin as radiosensitizer. DR4, DRS, and TRAIL were expressed 

in respectively 99%, 82%, and 91 % of the tumors. Seventeen percent of the samples 

expressed only DR4 and no DRS. In non-small cell lung cancers with squamous cell 

differentiation, a typical staining pattern for DR4 and DRS was observed. Cells from the 

basal layer were strongly positive and the more mature cells were less positive or 

negative. An inverse staining pattern was observed for TRAIL. Poorly differentiated 

areas showed strong staining intensity for DR4, DRS, and TRAIL. DRS positive staining 

was associated with increased risk of death (OR=S.76 (9S%CI: 1.04-31-93); p=0.04S). In 

conclusion, the majority of the locally irresectable stage III non-small cell lung cancers 

expressed at least one of the two death receptors for TRAIL. Therefore, these death 
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receptors may provide a target for the use of rhTRAIL as a new adjunct in the treah�ent 

of stage III non-small cell lung cancers. 

GENERAL DISCUSSION AND FUTURE PERSPECTIVES 

Cisplatin sensitivihj of testicular genn cell ttnnor cells 

Chemotherapeutic drugs commonly used in cancer therapy induce tumor cell death by 

apoptosis177• Inhibition of the apoptotic pathway can lead to chemotherapeutic drug 

resistance179• Testicular germ cell cancers are extremely sensitive to DNA damaging 

agents because of their inherent sensitivity to apoptosis-inducing signals (reviewed in 

Chapter 2). Knowledge of mechanisms involved in apoptosis induction by 

chemotherapeutic agents in these sensitive testicular germ cell cancers will provide new 

ideas and tools to increase the sensitivity of all kind of human tumors with acquired or 

intrinsic resistance to DNA damage-inducing chemotherapy. The present thesis 

describes the importance of the simultaneous activation of apoptotic pathways in the 

cisplatin-sensitivity of testicular germ cell cancers. The current section of this chapter 

will discuss these apoptotic mechanisms and draw the attention to other interesting 

pathways that can be of importance for the hypersensitivity of testicular germ cell 

cancers to DNA-damaging agents such as cisplatin. 

The Fas death pathway in testicular genn cell cancers 

The data presented in Chapter 3 describe that activation of the Fas death pathway is an 

important mechanism of testicular germ cell cancer cells to undergo rapid apoptotic cell 

death upon cisplatin exposure. Cisplatin-resistant testicular germ cell cancer cells have a 

defective Fas apoptotic-signaling pathway which they do not use during cisplatin

induced apoptosis. In the cisplatin-resistant Tera-CP, Pas-resistance is related the NF

KB-induced expression of cFLIPL upon ligation of the Fas receptor (Chapter 4). 

However, the role of cFLIPL or NF-KB in cisplatin-resistance of testicular germ cell 

cancer cells is still unknown. Yet, overexpression of vFLIP has already shown to 

decrease apoptosis induction by cisplatin in the cisplatin-sensitive Tera (Chapter 3). 

Although no cisplatin-induced DISC formation was observed in Tera-CP cells, only the 

recruitment of FADD and caspase-8 to the Fas receptor was analyzed in that study 

(Chapter 3) and not the presence of other potential DISC components such as TRADD, 

RIP, TRAFl/2 and cFLIPL itsel£251. Furthermore, preincubation of Tera-CP cells with the 

blocking anti-FasL antibody NOK-1 to prevent FasL-Fas interactions gave sometimes 

more apoptosis upon cisplatin exposure (Chapter 3), suggesting the presence of survival 

signals induced by the binding of FasL to the Fas receptor. Therefore, further research is 

needed to obtain more insight into the mechanism behind the lack of cisplatin-induced 

activation of the Fas apoptotic pathway in Tera-CP. Such a study has to focus on the role 

of cFLIPw other potential components of the DISC, and the activation of the NF-KB 

survival pathway. 

Besides cFLIPL, p21 is also involved in Pas-resistance of testicular germ cell cancer 

cells. As described in Chapter 5, high levels of p21 protein rendered irradiated Tera cells 

resistant to Pas-induced apoptosis, while cisplatin-treated Tera cells expressing low p21 
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levels were Pas-sensitive. Down-regulation of p21 expression by p21-specific siRNA 

restored the sensitivity of irradiated Tera cells to Pas-induced apoptosis. Since the Pas 

death pathway plays an important role in the cisplatin sensitivity of testicular germ cell 

cancer cells, the low level of p21 often observed in testicular germ cell cancers might be 

essential for their extreme sensitivity to cisplatin treatment. Demonstrating the 

importance of the low p21 expression in cisplatin sensitivity will not be easy. The most 

convincing experiment would be determining the cisplatin sensitivity of testicular germ 

cell cancer cells that exogenously overexpress the p21 protein. However, since testicular 

germ cell cancer cells can have the capacity to differentiate114, overexpression of p21 can 

result in differentiation, as was observed in neuroblastomas cells113• Other factors 

accompanying the differentiation process besides p21 may influence the susceptibility to 

apoptosis upon cisplatin exposure and thereby complicating p21-overexpression 

experiments. The application of inducible promoter system to express p21 might be an 

alternative method to evade these differentiation problems but this has to be proven in 

future research. 

The role of the mitochondrial death pathway in cisplatin-sensitivity of testicular genn 

cell cancers 

Although the Pas death pathway has been shown to be important in cisplatin sensitivity, 

testicular germ cell cancer cells also use the mitochondrial death pathway to undergo 

apoptosis upon cisplatin treatment. This conclusion is based on the observation that 

blocking PasjPasL interactions with NOK-1 or inhibition of caspase-8 by overexpression 

of vPLIP reduced but not completely abolished cisplatin-induced apoptosis (Chapter 3). 

The importance of the mitochondrial death pathway in cisplatin sensitivity was also 

demonstrated by Mueller et af395 who showed that failure of caspase-9 activation induces 

a higher cellular threshold for cisplatin-induced apoptosis of testicular germ cell cancer 

cells. 

The mitochondrial death pathway is activated by pro-apoptotic Bcl-2 family 

members through permeabilization of the mitochondrial outer membraneJ%.397. Upon 

DNA damage, p53 can activate the mitochondrial pathway by the induction of pro

apoptotic Bcl-2 family members Bax, Bak, PUMA and Noxa4• The precise role of Bcl-2 

family proteins in sensitivity of testicular germ cell cancer cells to DNA-damaging 

agents is still unclear since several reports have demonstrated contradictory 

results34,37,38,60,273. In the testicular germ cell cancer cell line panel used in our studies, no 

relation was observed between the ratio Bcl-2/Bax and the Bcl-XL expression level and 

sensitivity to cisplatin273• However, our and other studies only investigated the 

expression of a few Bcl-2 family members (Bcl-2, Bcl-XL and Bax) while nowadays many 

other pro- and anti-apoptotic Bcl-2 family members are identified396,397. Especially the 

pro-apoptotic Bcl-Gs is very interesting since it is only expressed in the testis and the 

gene encoding this protein is localized on chromosome 12p136 of which an 

isochromosome is present in more than 80% of the testicular germ cell cancers398. 

Recent studies demonstrated that caspase-2 can activate the mitochondrial death 

pathway399402• Although the identity of apoptotic signals specifically activating caspase-
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2 is still unknown, caspase-2 is required for the translocation of Bax to the mitochondria 

as well as the permeabilization of mitochondria. Furthermore, activation of caspase-2 is 

essential for apoptosis induced by several DNA-damaging agents including cisplatin. 

Interestingly, caspase-2 also plays an important role in the Fas death pathway by 

contributing to caspase-8 activation at the DISC level403. Unfortunately, activation of 

caspase-2 upon cisplatin exposure was not investigated in our studies. However, 

Mueller et a[395 showed that initiation of apoptosis of cisplatin-resistant testicular germ 

cell cancer cells by high cisplatin concentrations occurred in a caspase-9 independent 

manner but was accompanied by activation of caspase-2 and caspase-3. This indicates 

that caspase-2 is involved in cisplatin-induced apoptosis of testicular germ cell cancer 

cells. Additional research will give a full picture of the role of caspase-2 and the Bcl-2 

proteins in cisplatin-induced activation of the mitochondrial pathway in testicular germ 

cell cancer cells. 

The role of p53 in sensitivity of testicular genn cell cancers to apoptotic stimuli 

Although the tumor suppressor protein p53 has been shown to be important for 

apoptosis induction of testicular germ cell cancer cells upon DNA damage34,59,273, the 

exact mechanism behind p53-mediated apoptosis is still unclear. Because of the high p53 

expression often observed in testicular germ cell cancers, it has been hypothesized that 

p53 is a functionally inactive protein in testicular germ cell cancer cells but becomes 

activated by DNA damage to facilitate apoptosis induction. However, despite 

accumulation of p53 upon exposure to cisplatin, testicular germ cell cancer cell lines 

show only a minimal induction of p21 mRNA in comparison to control wild-type p53 

A2780 ovarian cancer cells (Chapter 5). In contrast, a clear increase in transcription of 

another p53-target gene, Fas, was observed in cisplatin-treated testicular germ cell 

cancer cells (Chapter 3). These observations indicate a partial loss in p53 functionality in 

testicular germ cell cancers. Besides p53, the p53 family protein member p73 is also able 

to activate transcription of p53-responsive genes upon DNA-damage290·292. In contrast, 

the N-terminally truncated, transactivation-deficient p73 isoform, �TA-p73, inhibits the 

transcriptional activity of p53 or p73 and thereby their ability to induce apoptosis or cell 

cycle arrest292·294,404. Interestingly, while cisplatin treatment of testicular germ cell cancer 

cells gave an induction of �TA-p73, no change in expression of this protein was 

observed upon irradiation (data not shown). Since irradiation of testicular germ cell 

cancer cells resulted in both increased p21 mRNA and protein levels in comparison to 

cisplatin treatment (Chapter 5) and �TA-p73 can inhibit transcription of p21 by p53, it is 

tempting to speculate that �TA-p73 is responsible for the reduced p21 levels upon 

cisplatin treatment. However, the precise involvement of �TA-p73 and p53 in p21 

expression and apoptosis induction in testicular germ cell cancers needs to be resolved 

in future research. 

Recent studies demonstrated that p53 induces apoptosis not only in a 

transcription-dependent but also in a transcription-independent manner213.405-408• While 

transcription-dependent p53-mediated apoptosis involves the translocation of p53 to the 

nucleus and transactivation of genes encoding pro-apoptotic Bcl-2 family members and 
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death receptors, transcription-independent p53-mediated apoptosis involves the p53-

translocation to the mitochondria where p53 is directly involved in activation of the 

mitochondrial death pathway. P53-induced permeabilization of mitochondria requires 

the interaction of p53 with Bcl-2 or Bci-XL407 and is dependent on the presence of Bax408• 

In Chapter 5, we observed that p53 is not only located in the nucleus but also in the 

cytosol of cisplatin-treated testicular germ cell cancer cells, suggesting that the 

possibility exists that p53 can induce apoptosis in a transcription-independent manner 

in these cells. The functionality of p53 in testicular germ cell cancers has always been 

defined by the capacity of p53 to induce transcription of p53-responsive genes. 

However, one has to realize that transcription may not be the main mechanism of p53 to 

induce apoptosis in testicular germ cell cancer cells. In contrast, the capacity of p53 to 

translocate to the mitochondria to directly activate the mitochondrial death pathway 

without transcription could be the real reason that p53 is important for the rapid 

apoptosis induction of testicular germ cell cancers following low-level DNA damage. 

Future research has to elucidate the importance of the transcription-independent p53-

induced apoptosis in the sensitivity of testicular germ cell cancers to DNA damaging 

agents. 

Other mecha11isms importa11t for cisplati11 se11sitivihj of testicular gen11 cell ca11cers 

The present thesis focused on the increased commitment to undergo apoptosis upon 

DNA damage as a mechanism involved in the extreme cisplatin sensitivity of testicular 

germ cell cancers. Of course, one has to consider that sensitivity to DNA-damaging 

drugs such as cisplatin is not only dependent on the susceptibility to apoptotic cell 

death, but also on e.g. sufficient accumulation of the drug and the level of DNA-damage 

repair. Several studies observed a role for the reduced detoxifying capacity of testicular 

germ cell cancer cells in cisplatin sensitivity based on the low levels of gluthathione, 

glutathione S-transferase, and metallothionein in testicular germ cell cancers11·12,409-411. In 

addition, testicular germ cell cancers often reveal defects in DNA repair36A12414. 

Recently, the Fanconi anemia-BRCA (FANC-BRCA) pathway has drawn a lot of 

attention regarding cisplatin sensitivity41541B. Fanconi anemia is an inherited autosomal 

recessive disease characterized by developmental abnormalities and cancer 

predisposition. The FANC-BRCA pathway involves six different Fanconi anemia 

proteins as well as BRCAl and BRCA2. Although these proteins protect cells against cell 

death induced by DNA-cross-linking agents, the exact mechanism behind this 

protection is not completely clear. It has been postulated that Fanconi anemia proteins 

function primarily in the DNA damage response and are involved in DNA repaif419• The 

FANC-BRCA pathway is required for the normal cellular response to DNA-cross

linking agents including cisplatin and is disrupted in Fanconi anemia cells. In addition, 

disruption of this pathway in ovarian cancers is related to increased cisplatin 

sensitivity417• Considering the similar characteristics of testicular germ cell cancer cells 

and Fanconi anemia cells, including their increased sensitivity to DNA-damaging 

agents, increased accumulation of DNA adducts and defects in DNA repair, disruption 

of this FANC-BRCA pathway might be involved in the extreme sensitivity of testicular 
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germ cell cancers to cisplatin. Moreover, the fact that the hypersensitivity of Fanconi 

anemia cells to the apoptotic effects of interferon-y depends in part on an intact 

FasjFasL pathway420422 resembles the importance of the Fas/FasL system in the 

cisplatin sensitivity of testicular germ cell cancer cells. In addition, a major phenotypic 

abnormality observed in mouse models of Fanconi anemia is the reduction of germ cells 

in the testis of these Fanconi anemia mice421A23. Therefore, it will be worthwhile to 

investigate the importance of the FANC-BRCA pathway in cisplatin sensitivity of 

testicular germ cell cancers. 

RhTRAIL, a potential anti-cancer therapeutic agent? 

In the testicular germ cell cancer model, it was demonstrated that the simultaneous 

activation of the extrinsic death receptor pathway and the intrinsic mitochondrial death 

pathway enhances the effectiveness of chemotherapy. Because most cancer cells fail to 

activate this death receptor pathway upon exposure to chemotherapeutic agents, death 

receptors are interesting targets for anti-cancer therapy. Death ligands can cooperate 

synergistically with chemotherapeutic drugs and can overcome drug resistance in tumor 

cell lines by the simultaneous activation of both apoptotic pathways. However, despite 

the ability of FasL and TNF-a to induce apoptosis in cancer cells, severe toxic side effects 

preclude both ligands from use in systemic anticancer therapy309.310. In contrast, 

rhTRAIL harbors potential as anticancer agent since it is cancer selective and non-toxic 

for normal cells1B·21• 

Several studies demonstrated that chimpanzees, animals with the highest genetic 

homology with men, showed no toxicity following rhTRAIL administration1B·21• The 

data described in Chapter 6 revealed no major differences in expression of TRAIL and 

receptors between human and chimpanzee tissues. Furthermore, in both men and 

chimpanzee, the primary target organ for TNF-a and FasL toxicity, the liver, expressed 

DR4, DRS, and DcRl. Of course one has to consider that this study investigated only the 

presence and not the functionality of these receptors. The toxicity of rhTRAIL will, 

among others, depend on the presence of death receptors on the cell surface. Although 

no membranous staining pattern was observed for DR4 and DRS, this does not preclude 

their presence on the cell surface since immunohistochemistry is not the optimal 

technique to detect membranous staining. Moreover, several in vitro studies 

demonstrated that normal cells, including hepatocytes, are resistant to rhTRAIL despite 

the presence of these receptors19•21.2B.315. Therefore, the lack of liver toxicity after 

administration of rhTRAIL to chimpanzees is not due to the absence of TRAIL death 

receptors, which is reassuring for rhTRAIL application in humans. 

Besides rhTRAIL, monoclonal antibodies directed against DR4 or DRS can also 

induce apoptosis in a variety of cancer cell lines337.424426• In addition, these antibodies 

display anti-cancer activity in vivo in mice bearing human solid tumors like astrocytoma, 

colon, and breast cancers or leukemia cells. The pharmaceutical company "Human 

Genome Sciences" has started a multi-center Phase-1 study in patients with advanced 

malignancies, which is designed to evaluate the safety and pharmacology of a DR4-
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specific antibody. Considering the fact that the FDA approves this antibody might 

implicate a step forward for future clinical application of rhTRAIL. 

The majority of the stage III non-small cell lung cancers evaluated in Chapter 7 

expressed at least one of the two death receptors for TRAIL. The presence but absence of 

these death receptors in human and chimpanzee lung epithelium respectively (Chapter 

6), might undermine the application of rhTRAIL to treat non-small cell lung cancer 

patients. However, several in vitro studies have shown that normal human lung 

epithelial cells are resistant to apoptosis induction by rhTRAIL, while several non-small 

cell lung cancer cell lines were rhTRAIL-sensitive19,26·28,348,371,372. These studies together 

with our study showing the expression of rhTRAIL target receptors indicate that 

rhTRAIL may become an attractive molecule for treatment of non-small cell lung 

cancers. Although non-small cell lung cancers are relatively resistant to chemotherapy 

and radiation, the use of rhTRAIL in combination with chemotherapy may overcome 

this resistance and improve treatment results. 

Conclusions 

Knowledge about mechanisms involved in the sensitivity of tumors such as testicular 

germ cell germ cell cancers to DNA-damaging agents might contribute to the design of 

new treatment strategies to overcome drug resistance of other human cancers. Enhanced 

efficacy in the treatment of cancers can be achieved by the combination of conventional 

chemotherapy with rhTRAIL or with drugs that induce pro-apoptotic proteins or impair 

the expression of anti-apoptotic proteins and thereby correcting deregulated apoptotic 

pathways. 
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INLEIDING IN APOPTOSE 

Ons lichaam bestaat uit biljarden cellen. Sommige cellen blijven continue delen, maar er 

zijn ook cellen die zich in een zogenaamde groeiarrest bevinden en niet meer delen. Dit 

geeft de eel de mogelijkheid om uit te rijpen (differentieren) tot een eel met een 

specifieke taak. Naast delen of differentieren, kunnen cellen ook dood gaan. Deze 

normale "fysiologische" celdood wordt ook wei geprogrammeerde celdood genoemd, 

omdat iedere eel dit proces als een zeer strak gereguleerd programma kan 

uitvoeren427A28• In de wetenschap wordt deze vorm van celdood "apoptose" genoemd 

wat afkomstig is uit het Grieks en "het vallen van de bladeren" betekent. Apoptose is 

betrokken bij de opruiming van beschadigde cellen en is erg belangrijk gedurende de 

embryonale ontwikkeling, in verschillende immunologische processen en bij de 

regulatie van de hoeveelheid cellen in het lichaam (weefsel "homeostase"). Als 

voorbeeld om het belang van celdood weer te geven, gaf de onderzoeker Dr. Melino429 

de volgende schatting: wanneer cellen aileen maar blijven delen en niet dood zouden 

gaan, dan zou een 80-jarig persoon 2000 kilogram aan lymfeklieren en beenmerg 

hebben, tezamen met 16 kilometer lange darmen! 

Apoptose is een proces dat logischerwijs strikt onder controle wordt gehouden in 

de eel. Het kan worden aangeschakeld door verschillende fysiologische stimuli zoals het 

wegvallen van bepaalde voedingstoffen (groeifactoren) of hormonen die essentieel zijn 

om een eel te Iaten delen. Als apoptose niet goed wordt gereguleerd, kan dit 

bijvoorbeeld leiden tot ongeremde celgroei (kanker). Een kankercel kan simpelweg 

gezien worden als een eel die heeft kunnen ontsnappen aan het apoptotisch signaal 

waardoor deze eel continue blijft delen430. 

Het kankergezwel (tumor) en uitzaaiingen daarvan kunnen behandeld worden 

met een operatie, radiotherapie (bestraling), chemotherapie en hormonale therapie of 

een combinatie hiervan. Behandeling met bestraling of met chemotherapie zoals 

cisplatine heeft als doel DNA schade in de kankercel te veroorzaken. Hierdoor wordt de 

kankercel voor de keuze gesteld om te stoppen met delen (celdelingarrest) en deze 

schade te repareren of om, indien de schade te groat is, direct in apoptose te gaan. 

Bij deze beslissing speelt het eiwit p53 een belangrijke rol4.45.47. Onder stress 

omstandigheden zoals bijvoorbeeld in het geval van DNA schade, wordt er veel p53 

aangemaakt dat vervolgens de eel kan aanzetten in een celdelingarrest of in apoptose te 

gaan (zie Figuur 1). Dit doet p53 door het reguleren van de productie van verschillende 

eiwitten die betrokken zijn bij deze twee processen4• Bij de celdelingarrest is onder 

andere het p21 eiwit betrokken. Naast zijn belangrijke functie in celdelingarrest, kan p21 

ook apoptose remmen zodat de eel nog meer de tijd heeft om de schade te repareren. 

Naast p21, kan p53 oak de productie van zogenaamde "death receptoren" en "Bcl-2" 

eiwitten induceren die zijn betrokken bij het reguleren van het apoptose proces. 

In het algemeen kan worden gesteld dat een eel via twee verschillende routes in 

apoptose kan gaan1•3. De eerste route heet de "death receptor route" . Death receptoren 

zijn eiwitten die op de buitenkant van de celmembraan zitten. Wanneer deze death 

receptoren een interactie aangaan met een ander eiwit wat specifiek op deze receptoren 

past, "death ligand" genoemd, wordt er een apoptose signaal doorgegeven. Hierdoor 
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worden versehillende eiwitten in de eel, easpases genoemd, geaetiveerd die op hun 

beurt weer andere eiwitten die essentieel zijn voor het voortbestaan van de eel kapot 

maken waardoor de eel niet meer kan blijven leven en dood gaat. De tweede route heet 

de "rnitoehondriele apoptose route" en hierin spelen Bcl-2 eiwitten een belangrijke rol. 

Bcl-2 eiwitten bestaan uit een farnilie van versehillende eiwitten die erg veel op elkaar 

lijken maar waarvan somrnige apoptose remmen terwijl andere apoptose kunnen 

indueeren, de anti-apoptotisehe en pro-apoptotisehe Bcl-2 eiwitten respeetievelijk. De 

pro-apoptotisehe Bcl-2 eiwitten kunnen gaa�es maken in de energie fabrieken van de 

eel, de rnitoehondrien. Hierdoor raken de rnitoehondrien lek en kunnen er eiwitten uit 

lekken die het apoptose proces activeren. De anti-apoptotische Bcl-2 eiwitten 

besehermen de rnitoehondrien doordat ze de funetie van de pro-apoptotische Bcl-2 

eiwitten remmen. 

chemotherapielbestraling 

CYTOPLASM A 
CELMEMBRAAN 

CEL 

Figuur 1. Apoptose routes in de eel. Wanneer door bestraling of chemotherapie het DNA in de celkem 
beschadigd wordt, vindt er een opregulatie van p53 plaats. P53 kan vervolgens celdelinga rrest induceren door 
de productie van verschillende eiwitten betrokken bij dit proces, waaronder het p21 eiwit. Daamaast kan p53 
apoptose induceren door de opregulatie van death receptoren en pro -apoptotische &1-2 eiwitten. Hlerdoor 
worden de death receptor- en de mitochondri!!le apoptose routes opgestart met als gevolg dat de eel dood gaat. f = opregulatie. 

Helaas blijken heel vee! soorten kanker ongevoelig te zijn voor chemotherapie of 

bestraling. Dit komt onder andere doordat kankereellen vaak niet in apoptose kunnen 

gaan omdat ze een niet goed funetionerend apoptose programma bezitten179. 

121 



Summary in Dutch 

Daarentegen zijn testiculaire kiemceltumoren (zaadbalkankers) bij volwassen mannen 

erg gevoelig voor chemotherapie30. Testiculaire kiemceltumoren zijn een van de weinige 

"solide" tumoren die, nadat ze uitgezaaid zijn, goed behandeld kunnen worden met 

cisplatine bevattende chemotherapie waardoor meer dan 80% van de patienten geneest. 

Vanwege deze gevoeligheid voor chemotherapie, worden kiemceltumoren vaak als 

model gebruikt om te onderzoeken welke apoptose routes belangrijk zijn om snel en 

efficient dood te kunnen gaan. Als de mechanismen bekend zouden worden, die de 

gevoeligheid van kiemceltumoren voor chemotherapie verklaren, zou men met deze 

kennis ook kunnen proberen om ongevoelige kankers gevoeliger te maken voor 

chemotherapie. 

OVERZICHT VAN DIT PROEFSCHRIFT 

Testiculaire kiemceltumoren ontstaan uit de voorlopercellen (kiemcellen) van 

zaadcellen. Gedurende de normale ontwikkeling van deze kiemcellen tot zaadcellen 

(spermatogenese) speelt apoptose een belangrijk rol om de hoeveelheid zaadcellen 

onder controle te houden en het ontstaan van beschadigde zaadcellen te voorkomen42-44. 

In Hoofdstuk 2 van dit proefschrift wordt een overzicht gegeven van de verschillende 

processen die belangrijk zijn in het reguleren van apoptose in kiemcellen. Eveneens 

wordt gepostuleerd dat kiemceltumoren de eigenschap om gemakkelijk in apoptose te 

gaan, nog steeds bezitten en dat ze daarom zo gevoelig zijn voor chemotherapie. De 

daarop volgende hoofdstukken beschrijven het onderzoek betreffende de gevoeligheid 

van kiemceltumoren voor cisplatine. 

In Hoofdstuk 3 wordt aangetoond dat de cisplatine gevoelige 

kiemceltumorcellijnen Tera en 833KE snel in apoptose kunnen gaan omdat ze de beide 

apoptose routes activeren wanneer ze blootgesteld worden aan cisplatine. Naast de 

mitochondriele celdood route, starten deze cellen ook de death receptor route door de 

binding van het death ligand "FasL" aan de death receptor "Fas". Wanneer de Fas death 

receptor route wordt geremd, zijn Tera en 833KE cellen ook rninder gevoelig voor 

cisplatine. Verder is gebleken dat de cisplatine ongevoelige kiemceltumorcellijnen Tera

CP (= een cisplatine ongevoelige cellijn afkomstig van Tera) en Scha geen gebruik 

maken van deze apoptose route. Tera-CP en Scha cellen hebben een niet goed 

functionerende Fas death receptor route waardoor er via deze route geen apoptose kan 

optreden. 

In Hoofdstuk 4 is onderzocht waarom activatie van deze Fas death receptor route 

niet tot apoptose leidt in cisplatine ongevoelige kiemceltumorcellen. Hierbij is gebruik 

gemaakt van zogenaamde "apoptose-inducerende anti-Fas antilichamen" om de 

binding van het natuurlijke ligand FasL met de Fas receptor na te bootsen. Deze 

antilichamen zijn gericht tegen de Fas receptor en kunnen net als FasL het apoptose 

proces activeren. Uit deze studie is gebleken dat de Fas death receptor route in Tera-CP 

cellen geblokkeerd wordt door de verhoogde expressie van de apoptose rernrner cFLIPL. 

Wanneer cFLIPL eiwit spiegels verlaagd worden, zijn de Tera-CP cellen opeens weer 

gevoelig voor het apoptose-inducerend anti-Fas antilichaam. Daarnaast wordt er in 

Tera-CP, na blootstelling aan dit anti-Fas antilichaam, een overlevingssignaal gegeven 
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waardoor de cellen blijven Ieven. Dit overlevingssignaal wordt doorgegeven via het NF

KB eiwit wat op zijn beurt weer de apoptose remmer cFLIPL kan opreguleren. In Tera 

daarentegen, wordt aileen een apoptose signaal afgegeven met als gevolg dat het 

apoptose proces wordt opgestart. 

In Hoofdstuk 5 wordt beschreven dat het p21 eiwit de Fas death receptor apoptose 

route kan remmen in kiemceltumorcellen. Hoewel na cisplatine behandeling geen 

duidelijke toename van p21 in kiemceltumorcellijnen te zien is, vindt deze wel plaats 

nadat deze cellen bestraald zijn. Bestraalde Tera cellen blijken door deze verhoogde p21 

hoeveelheid ongevoelig te zijn voor het apoptose-inducerende anti-Fas antilichaam. 

Daarentegen zijn cisplatine behandelde Tera cellen wei gevoelig voor dit anti-Fas 

antilichaam. Wanneer de p21 eiwit spiegels verlaagd worden in bestraalde Tera cellen, 

worden ze ook weer gevoelig voor het apoptose-inducerende anti-Fas antilichaam. Het 

exacte mechanisme waarop p21 apoptose remt en de rol van p21 in cisplatine 

gevoeligheid moet nog verder onderzocht worden. 

Uit het onderzoek naar de cisplatine gevoeligheid van kiemceltumorcellijnen is dus 

gebleken dat de snelle apoptose inductie te verklaren is door de gelijktijdige activatie 

van de Fas death receptor route en de mitochondriele apoptose route. Helaas kunnen 

niet alle kanker soorten de death receptor route activeren na chemotherapie 

behandeling. Combinatie therapie waarin naast chemotherapie ook een death ligand 

wordt toegediend, zou wellicht de tumorcellen op een efficientere manier kunnen 

doden. In verschillende soorten kankercellijnen is a] aangetoond dat de combinatie van 

chemotherapie met death liganden extra celdood veroorzaakt368• Het death ligand FasL 

kan helaas niet in de kliniek gebruikt worden omdat het waarschijnlijk ook normale 

cellen dood31o. Dit is aangetoond in muizenstudies waar vooral veel apoptose werd 

gevonden in de lever. In tegenstelling tot FasL kan een ander death ligand, "TRAIL" 

genoemd, selectief kankercellen doden terwijl normale cellen gespaard blijven19·24• Dat 

TRAIL niet toxisch is voor normale cellen is niet aileen aangetoond in muizen maar ook 

in chimpansees. TRAIL kan binden aan twee death receptoren, namelijk DR4 en DRS. 

Daarnaast bestaan er ook twee "decoy receptoren", DcRl en DcR2, die wei TRAIL 

kunnen binden maar geen apoptotisch signaal aan de eel door kunnen geven. 

In Hoofdstuk 6 is onderzoek gedaan naar de expressie van DR4, DRS, DcRl en 

TRAIL in verschillende gezonde organen van de mens en chimpansee. Hieruit is 

gebleken dat er geen grote verschillen zijn tussen de expressie van deze TRAIL 

receptoren in de mens en chimpansee. Evenals de lever van de mens, brengt ook de 

chimpansee lever beide TRAIL death receptoren DR4 en DRS tot expressie tezamen met 

DcRl. Het uitblijven van lever toxiciteit in de chimpansee na toediening van TRAIL 

blijkt dus niet te komen omdat de death receptoren voor dit ligand afwezig zijn. Dit is 

een erg belangrijk gegeven voor de toekomstige klinische toediening van TRAIL in 

mensen. 

Om na te gaan of TRAIL gebruikt zou kunnen worden voor de behandeling van 

niet-kleincellige longtumoren, is er in Hoofdstuk 7 gekeken of de twee death 

receptoren, DR4 en DRS, aanwezig zijn in dit type longtumor. DR4 en DRS kwam tot 
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expressie in respectievelijk 99% en 82% van de longtumoren die onderzocht zijn. In 17% 

van de tumoren is aileen DR4 aanwezig. Daamaast zijn 91% van de niet-kleincellige 

longtumoren positief voor de death ligand TRAIL zelf. Hoewel de meeste niet

kleincellige longtumoren ongevoelig zijn voor chemotherapie, is in verschillende studies 

aangetoond dat niet-kleincellige longtumorcellijnen wei gevoelig zijn voor 

TRAILJ9.27,348,371 . De aanwezige death receptoren in niet-kleincellige longtumoren zouden 

een goed doelwit kunnen zijn van TRAIL om zo deze tumoren te doden, eventueel in 

combinatie met chemotherapie. 

CONCLUSIE 

Kennis over mechanismen die betrokken zijn bij de gevoeligheid van bijvoorbeeld 

testiculaire kiemceltumoren voor chemotherapie zoals cisplatine, kan bijdragen tot de 

ontwikkeling van nieuwe behandelingsstrategieen om chemotherapie ongevoeligheid 

van andere kankersoorten te overwinnen. Een verhoogde efficientie van de behandeling 

van kankers kan misschien bereikt worden door de combinatie van de huidige 

chemotherapie met de toepassing van het death ligand TRAIL of andere medicijnen die 

de expressie van pro-apoptotische eiwitten verhogen en die van anti-apoptotische 

eiwitten verlagen waardoor niet goed functionerende apoptose routes gecorrigeerd 

worden. 
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LIST OF ABBREVIATIONS 

Ab 

AFC 

APES 

ASK1 

AU 

BSA 

CCND2 

CDK 

CHX 

DAB 

DED 

�tpm 
DGGE 

DISC 

DiOC6(3) 

DMSO 

EAE 

ERK 

FA 

FADD 

FAP-1 

FasL 

FCS 

FLICE 

FLIP 

GAPDH 

GFP 

GSH 

GST 

H&E 

HRP 

lAP 

IC50 

LOH 

Luc 

MAPK 

MEK 

MTT 

NFKB 

NIK 

NP-40 

antibody 

7-amino-4-trifluoromethyl coumarin 

3-aminopropy 1 trietoxysilan 

apoptosis signal-regulating kinase 1 

arbitrary units 

bovine serum albumin 

cyclin 02 gene 

cyclin-dependent kinase 

cycloheximide 

3,3-diaminobenzidine tetrahydrochloride 

death effector domain 

mitochondrial transmembrane potential 

denaturating gradient gel electrophoresis 

death inducing signaling complex 

3,3-dihexyloxacarbocyanine iodide 

dimethyl sulfoxide 

experimental autoimmune encephalomyelitis 

extracellular signal-regulated protein kinase 

Fanconi anemia 

Pas-associated protein with death domains 

Pas-associated phosphatase-1 

Fas ligand 

fetal calf serum 

caspase-8 

FLICE-inhibitory protein 

glyceraldehyde-3-phosphatase dehydrogenase 

green fluorescent protein 

glutathione 

glutathione S-transferase 

hematoxylin-eosin 

horseradish peroxidase 

inhibitor of apoptosis protein 

drug concentration inhibiting survival by 50% 

loss of heterozygosity 

luciferase 

mitogen-activated protein kinase 

MAPK/ERK kinase 

3-[4,5-dimethyl-thiazol-2yl]2,5-diphenyltetrazoliumbromide 

nuclear factor KB 

NF-KB-inducing kinase 

Nonidet P-40 
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NSCLC 

OPG 

P21 

PARP 

PBS 

PE 

PI 

PI3K 

PKB 

PMSF 

Rb 

rhTRAIL 

RIP 

RT-PCR 

sCD95L 

SDS-PAGE 

siRNAs 

TA 

TGCT 

TNF-a 

TRAF 

WHO 

XIAP 
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non-small cell lung cancer 

osteoprotegerin 

p21 Wafl/C•pl 
poly-(ADP-ribose)-polymerase 

phosphate buffered saline 

phycoerythrin 

propidium iodide 

phosphatidylinositol 3 kinase 

protein kinase B 

phenylmethylsulfonyl fluoride 

retinoblastoma protein 

recombinant human TNF-related apoptosis-inducing ligand 

receptor-interacting protein 

reverse transcription-polymerase chain reaction 

soluble CD95L 

sodium dodecyl sulfate-polyacrylamide gel electrophoresis 

small interfering RNAs 

transactivation domain 

testicular germ cell tumor 

tumor necrosis factor-a 

TNF receptor-associated factor 

World Health Organization 

X-linked inhibitor of apoptosis 
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DANKWOORD 

AI op de middelbare school leek het me zeer interessant om medisch wetenschappelijk 

onderzoek te doen, ook a! kon ik me er op dat moment natuurlijk nog niet echt een 

realistische voorstelling van maken. Mijn stageopdrachten gedurende mijn studie 

Medische Biologie gaven mij de bevestiging: onderzoek doen is echt fantastisch! Een 

onderzoekscarriere begint altijd met promoveren en dit lijkt te gaan Iukken. 

Hoewel veel mensen zeggen dat je het uiteindelijk allemaal voor jezelf doet (en dat 

is uiteraard ook zo), promoveren doe je zeker niet aileen. Daarom wil ik graag een 

aantal mensen bedanken. 

Allereerst wil ik mijn promotores, Prof. dr. E.G.E de Vries en Prof. dr. E. Vellenga, 

en mijn co-promotor, Dr. S. de Jong, bedanken dat ze me de mogelijkheid hebben 

geboden om bij de Medische Oncologie en Hematologie promotieonderzoek te doen. 

Daarnaast wil ik hen bedanken voor de geweldige begeleiding tijdens deze 

promotieperiode. Ik heb heel vee! respect voor het feit dat jullie ondanks jullie andere 

verplichtingen toch altijd tijd wisten te vinden om mij te helpen, met name natuurlijk 

door mijn voorlopige (altijd te lange) manuscripten na te kijken en door jullie visie naar 

voren te brengen tijdens de werkbesprekingen. Liesbeth, bedankt voor je enthousiaste 

begeleiding. Het leek altijd alsof je de nieuwe versies van mijn manuscripten niet af kon 

wachten! Edo, bedankt voor de "andere" kijk op apoptotische signaal transductie 

routes. Steven, jij was mijn meest directe begeleider. Ik moest in eerste instantie even 

wennen aan je overweldigende enthousiasme en de voile overgave waarop je werkt en 

je mensen begeleidt. Ik ben je heel erg dankbaar voor je betrokkenheid, 

wetenschappelijke inbreng en aanstekelijke enthousiasme. Ik heb ontzettend veel van je 

geleerd. Ik stel de vele discussies die wij hebben gevoerd (vaak zonder afspraak aan het 

einde van de dag) erg op prijs. De vele uren die wij 's avonds achter de microscoop 

hebben door gebracht (soms onder het genot van een bier�e), waren altijd gezellig en 

heeft tot goede dingen geleid (Hoofdstuk 7). 

De !eden van mijn leescommissie, Prof. dr. J. Borst, Prof. dr. L.F.M.H. de Leij, en 

Prof. dr. J.W. Oosterhuis ben ik zeer erkentelijk voor het beoordelen van mijn 

manuscript. 

De pathologen, Dr. H. Hoilema en Prof. dr. W. Timens wil ik hartelijk bedanken 

voor hun bijdrage aan de Hoofdstukken 6 en 7 respectievelijk. Harry, je hebt me 

wegwijs gemaakt in de histologie van verschillende organen in de mens (en 

chimpansee!). Zonder je hulp was ik er met mijn beperkte kennis hierover zeker niet 

gekomen. Wim, je stond altijd klaar als er weer een paar coupes bekeken moesten 

worden. Bedankt voor je tekst en uitleg over de verschillende types niet-kleincellige 

longtumoren, differentiatiepatronen en voor de beoordeling van kleuringen. 

Verder hebben ook Dr. H.J.M. Groen (Harry), Dr. H.M. Boezen (Marike), Dr. J. 

Wesseling (Jelle) en Drs. J.J. Koornstra (Jan Jacob) een belangrijke bijdrage geleverd aan 

deze hoofdstukken waarvoor ik ze dankbaar ben. 

De onderzoeksschool "Groningen University Institute for Drug Exploration" 

(GUIDE) ben ik zeer erkentelijk voor haar financiele ondersteuning betreffende mijn 

aanstelling, cursussen, congressen en werkbezoeken. De "Koninklijke Nederlandse 
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Akademie van Wetenschappen" (I<NAW) wil ik bedanken voor de Van Walree beurs 

die het mij mogelijk heeft gemaakt de AACR in San Francisco te bezoeken. 

Natuurlijk wil ik ook mijn collega's van het Oncologie-lab bedanken. Om te 

beginnen, aile analisten die roulerend als "A-van-de-Week" er altijd weer voor zorgen 

dat het lab "draait" . Ik denk dat door vel en wordt onderschat hoe belangrijk jullie zijn 

en hoe gemakkelijk het is om in een perfect georganiseerd lab onderzoek te kunnen 

doen. Uiteraard wordt dit ailemaal gecoordineerd door Dr. H. Timmer-Bosscha en Dr. 

C. Meijer. Hetty en Coby, juilie zorgen er niet aileen voor dat alles in het lab strak 

georganiseerd blijft, maar jullie staan ook altijd klaar voor mensen met vragen. Iedere 

keer als ik iets wilde weten over testiculaire kiemceltumoren, werd er een (bestofte) map 

met resultaten te voorschijn getoverd en kreeg ik altijd een duidelijk antwoord. Bedankt 

voor de vanzelfsprekendheid waarmee juilie dingen voor mij geregeld hebben, niets 

was te veel moeite. Fiona en Nynke wil ik graag speciaal bedanken voor hun bijdrage 

aan de immuunhistochemie studies. Het was nooit een probleem om nog even snel een 

paar coupes te snijden of me mee te helpen met de kleuringen. 

Tijdens mijn onderzoek heb ik verschillende studenten mogen begeleiden en hun 

inbreng heeft in meer of mindere mate bijgedragen aan de totstandkoming van dit 

proefschrift. Anna (Na Lih), Nelina en Sebastiaan, bedankt voor jullie inzet. Alja, ook al 

was je eigenlijk niet "mijn" student, ik wil je toch even noemen. Ik vond het erg leuk om 

je "in te werken" en om samen experimenten te doen. 

En dan kom ik bij mijn collega-pomovendi. In het begin waren dat aileen Bea (nu 

Dr. G.B.A. Wisman) en Diane, later werd de groep uitgebreid met Anne, Brigitte, 

Caroline, Evelien, Hilde, Ingrid, Janine, Margaretha en Derk Jan. Ook al kost het energie 

om te organiseren, het AIO-eten was en is altijd erg gezellig. Kortom: blijven doen! 

Ook mijn andere collega's (Gerry, Filip, en Patrick), vroegere collega's (Linda, 

Marco, Mirjam en Tineke), de secretaresses (Bianca, Gretha en Silvia) en de collega's van 

het Hematologie-lab (met name A:rjen-Kars, Bart-Jan, Gwenny, Hein, Kim en Ma:rjan), 

wil ik bedanken voor hun hulp en de gezellige tijd. 

Aan mijn kamergenoten Caroline, Derk Jan, Diane en Evelien: het zit al in het 

woord "kamergenoten" ingesloten, ik heb genoten van jullie aanwezigheid op de 

kamer. Bedankt voor aile (niet-) wetenschappelijke discussies, het aanhoren van mijn 

klaagzangen als het niet goed ging, de altijd stimulerende opmerkingen over mijn 

fluitkwaliteiten, maar vooral voor de gezelligheid en de lol die we hebben gehad. 

Caroline en Bea, jullie zullen de eersten zijn die dit boekje onder ogen krijgen als ik 

in Amerika zit. Ik vind het erg fijn dat jullie mijn paranirnfen willen zijn en hoewel we 

nu nog niet kunnen bedenken wat jullie extra " taken" zuilen zijn (omdat ik straks niet in 

Nederland ben) hoop ik dat jullie het leuk blijven vinden om mijn paranirnf te zijn. 

AI vast bedankt! 
Naast mijn directe collega's wil ik ook graag andere personen bedanken. Naomi, 

tezamen met jou ben ik jaren geleden vanuit Utrecht naar Groningen gekomen om hier 

te gaan werken. Ik denk dat we de juiste beslissing hebben genomen om naar het hoge 

noorden te vertrekken. Prof. dr. J.C. Wilschut en Dr. A.L.W. Huckriede, Jan en Anke, 

hoewel het qua onderzoek anders is verlopen dan dat we gehoopt hadden, vond ik het 
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toch leuk om in jullie groep te werken. En dan mijn "andere" AIO-clubje, Barry-Lee, 

Jolanda, en Laura, ik vind het geweldig dat we nog steeds contact hebben en hopelijk 

blijft dat zo, ook al zitten we straks iets verder van elkaar. Ik zal onze lunches en etentjes 

missen. Verder wil ik mijn volleybal teamgenootjes bedanken voor het begrip als ik 

weer eens een keer een training moest afzeggen omdat ik het te druk had op het werk. 

Over twee jaar ben ik weer van de partij! 

Mijn ouders en mijn broer (en zijn gezin) wil ik heel erg bedanken voor de 

zorgzaarnheid en liefde die ik altijd heb gekregen. Hoewel het niet altijd even 

gemakkelijk voor jullie is, omdat ik het weer eens te druk heb met mijn werk en 

bovendien "helemaal" in Groningen woon (en straks zelfs in Amerika), weet ik dat jullie 

me zullen blijven steunen. 

Last but not least, Sebo. Ik denk dat jij het meeste hebt moeten "lijden" onder mijn 

promotiestress, niet aileen door mijn frequente afwezigheid maar ook vanwege de (voor 

iedere AIO wei bekende) "promotiedipjes". Ik ben je ontzettend dankbaar voor je 

eindeloze begrip, steun, vertrouwen en liefde die je mij in deze periode hebt gegeven. 
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