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GENERAL INTRODUCTION

Cervical cancer is the third leading cause of cancer-related death in women worldwide, with 
the highest mortality rates in developing countries. Infection with high risk human papillo-
ma virus (HPV) is recognized as the main etiological factor in cervical carcinogenesis. Locally 
advanced cervical cancer, FIGO stage IB2 to IVA, is currently treated with radiotherapy com-
bined with chemotherapy. However, patients treated with this combination still have 21-34% 
risk to develop tumor recurrence. Intensification of current regimens is hardly possible given 
the small remaining therapeutic window. Combination of chemoradiotherapy with new drugs 
that target different pathways may potentially increase treatment efficacy as they do not neces-
sarily have overlapping side effects. Both chemo- and radiotherapy are considered to induce 
apoptosis primarily via the intrinsic apoptosis pathway. The intrinsic apoptosis pathway is trig-
gered by DNA damage induced by both modalities. P53, the link between activation of intrinsic 
apoptosis pathway and DNA damage is frequently inactivated by HPV E6 oncogenic protein. 
Consequently the apoptosis induced by both chemo- and radiotherapy is compromised. The 
cellular death receptors-mediated extrinsic route however, is an alternative apoptotic pathway. 
Both death receptors, DR4 and DR5, which are activated following binding of the tumor necro-
sis factor (TNF)-related apoptosis inducing ligand (TRAIL), are present in respectively 96 and 
100% of the cervical cancers. Exploiting the extrinsic apoptotic route in case of cervical cancer 
therapy might therefore be of interest. Several proapoptotic receptor agonists are being exten-
sively studied in preclinical models. Some of those agents triggering the TRAIL-death receptors 
are currently in clinical trials.

The aim of the thesis is to analyze the potential of targeting the extrinsic apoptosis path-
way in order to augment chemoradiotherapeutic efficacy in cervical cancer. 

In chapter 2 a literature review is presented of the current knowledge concerning the 
potentially rational targets in HPV-positive cervical cancer. The emphasis of the review lies 
on the options to target molecular pathways in tumor cells affected by viral E6/ E7 oncogenes. 
A special attention is paid to drugs interacting with the TRAIL pathway. 

In chapter 3 the study is described that aims to sensitize resistant cervical carcinoma cell line 
SiHa to cisplatin and/or irradiation. Viral E6 oncogene was targeted with short interfering RNA 
(siRNA).  The effect on E6 mRNA levels was determined with quantitative real time PCR. The 
sensitizing effect of E6 downregulation on cisplatin-, TRAIL-, and anti-Fas-induced apoptosis 
of tumor cells was studied with the acridine orange apoptosis assay. Flow cytometry was per-
formed to analyze whether the cisplatin sensitizing effect was due to upregulation of DR4 and 
DR5 membrane expression. Western blotting was done to evaluate the effect of combining E6 
siRNA with cisplatin and recombinant human (rh)TRAIL or anti-Fas antibody at protein levels. 
Furthermore siRNA targeting XIAP and p21 were used to examine whether these genes might 
explain the E6-suppression sensitizing effect on cisplatin and rhTRAIL combination treatment.
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The E6 target protein p53 is degraded by the ubiquitin-proteasome pathway. It is therefore 
also possible to diminish the effect of E6 through proteasome inhibition. Bortezomib, a proteasome 
inhibitor, is available in the clinic for the treatment of multiple myeloma. The distinctive molecular 
mechanisms involved in sensitizing effect of bortezomib to agonistic DR4 and DR5 monoclonal 
antibodies in cervical cancer cell lines were investigated in chapter 4. Proteasome activity assay 
was executed to analyze the proteasomal inhibition by bortezomib in cervical cancer cells SiHa, 
HeLa and CaSki. Membrane levels of TRAIL death receptors in bortezomib treated cells were 
studied with flow cytometry. Immunoprecipitation of the death-inducing signaling complex was 
performed to examine the effect of bortezomib to protein recruitment. Next, an siRNA approach 
was used to downregulate c-FLIP, XIAP, Bid, p53 and Bax and to elucidate the role of these genes 
in DR4- and DR5-mediated apoptosis induction in SiHa and HeLa cells. 

Irradiation induces DR5 upregulation in vitro. Both wild-type rhTRAIL and a new variant 
that specifically targets DR5 (D269H/E195R), enhanced apoptosis when combined with radia-
tion in HeLa cells.The HeLa-ICRP cell line, stably transfected with a retroviral vector expressing 
the initiator caspase reporter protein (IC-RP), was established to monitor real time activation of 
caspase-8, an important initiator caspase. With single cell fluorescent-resonance-energy-transfer 
(FRET) analyses the kinetics of caspase-8 activation by rhTRAIL, D269H/E195R, and the com-
bination of the ligands with irradiation were investigated in HeLa-ICRP cells. Moreover the 
effect of radiation combined with rhTRAIL or D269H/E195R on tumor growth was investigated 
in mice in chapter 5. First, animals were inoculated subcutaneously with 5.106 HeLa cells sta-
bly transfected with luciferase construct (HeLa-luc). Bioluminescent imaging was performed 
every four days. Based on the increase in bioluminescent signal, the animals were assigned 
into six treatment groups; radiotherapy, rhTRAIL, D269H/E195R, radiotherapy and rhTRAIL, 
radiotherapy and D269H/E195R and control. A 10 Gy radiation dose was given as one full dose, 
the next day rhTRAIL or D269H/E195R was injected intraperitoneally for ten consecutive days.  
Tumor growth was monitored by calliper measurement and bioluminescent signal. 

Furthermore, mapatumumab, an agonistic DR4 monoclonal antibody currently being test-
ed in clinical trials, did enhance radiotherapy cytotoxicity in HeLa cells in vitro. The HeLa-ICRP 
cells were used to study the kinetics of caspase-8 activation with FRET following treatment with 
irradiation, mapatumumab or irradiation plus mapatumumab. To study whether the increased 
treatment efficacy remained in the in vivo situation, radiation combined with mapatumumab 
was studied in animal model as described in chapter 6. The study contained five treatment 
arms, radiotherapy, three doses mapatumumab, radiotherapy and three doses mapatumumab, 
radiotherapy and six doses mapatumumab, and control groups. One day after radiotherapy 
the mice got three or six doses of mapatumumab intraperitoneally injected every 3-4 days. The 
tumor growth was measured by tumor volume measurement and bioluminescent imaging.  

In chapter 7 a summary of the results is given and future directions for research are 
indicated.


