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abstraCt

Purpose: To investigate the capacity of the agonistic DR4 antibody mapatumumab to potenti-
ate anti-tumor efficacy of irradiation in cervical cancer xenografts.
Design: Effect of mapatumumab, irradiation and the combination on human HeLa, CaSki 
and SiHa cervical cancer cell lines was measured using survival and apoptosis assays. Ki-
netics of apoptosis induction were measured with real time caspase-8 activation using fluo-
rescent-resonance-energy-transfer (FRET) in HeLa-ICRP cells stably expressing a caspase-8 
activity reporter protein. A bioluminescent human HeLa-luc xenograft mice model was used 
to study the anti-tumor efficacy of mapatumumab, as single agent on days 1, 4 and 8 at 10 
mg/kg, irradiation alone using 10 Gy on day 0 (start treatment), or 10 Gy combined with ma-
patumumab.
Results: Both irradiation and mapatumumab decreased cell viability in HeLa cells, which was 
further enhanced by combining these treatments. Irradiation pre-treatment did not enhance 
mapatumumab cytotoxicity in CaSki and SiHa cells. Using FRET, we observed a 2-fold faster 
onset and an enhanced rate of caspase-8 activation in HeLa cells treated with irradiation plus 
mapatumumab compared to mapatumumab, while irradiation did not induce caspase-8 acti-
vation. The combination of irradiation plus mapatumumab showed the strongest anti-tumor 
activity in HeLa-luc xenografts. On day 16, when the first mice had to be sacrificed, tumors 
were up to 90% smaller in the irradiation plus mapatumumab treated compared to the irra-
diation group (P = 0.021) and the mapatumumab group (P = 0.007). A similar pattern was ob-
served using the bioluminescent signal as a read-out for response. Moreover, the combination 
of irradiation and mapatumumab strongly enhanced median survival of mice to > 36 days 
compared with 24 days for mapatumumab.  
Conclusions: Mapatumumab in combination with irradiation results in a significantly aug-
mented anti-tumor efficacy compared to radiation or mapatumumab alone in bioluminescent 
cervical cancer xenografts. 
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introduCtion

The addition of chemotherapy to radiotherapy for locally advanced cervical cancer has im-
proved patients’ survival by 14-27%. However, 5-years survival rates still range between 66-
79% with chemoradiation (1). Further enhancement of treatment efficacy might be possible 
by increasing irradiation and chemotherapy doses. However, there is only a small therapeutic 
window left for these modalities. It is therefore of interest to consider newly developed drugs 
like targeted agents drugs that can increase anti-tumor effects with limited overlapping toxic-
ity with chemoradiation.

Of interest in this respect are the Tumor Necrosis Factor-related apoptosis-inducing li-
gand (TRAIL) death receptors’ agonists. These agonists induce the extrinsic apoptotic path-
way by activation of the TRAIL death receptors. Moreover, they can enhance the apoptotic 
effect of chemo- and radiotherapy that induce apoptosis via the intrinsic apoptotic pathway. 
Recombinant human TRAIL (rhTRAIL), TRAIL death receptor 4 (DR4) as well as 5 (DR5) ago-
nistic antibodies all potentiated irradiation-induced cell death in cervical cancer cells (2). 

Clinical trials using the agonistic DR4 antibody mapatumumab (HGS-ETR1, TRM-1) are 
ongoing. Mapatumumab showed good tolerability in phase 1-2 studies and stable disease in a 
range of solid tumor types (3-8).  In patients the antibody has a half-life of 18-21 days. In addi-
tion the feasibility of combining mapatumumab with chemotherapy was shown. Doses up to 
30 mg/kg mapatumumab every 3 weeks were well tolerated in combination with gemcitabine 
and cisplatin in advanced solid tumors (5) and up to 20 mg/kg mapatumumab every 3 weeks 
has been combined with paclitaxel and carboplatin (6).  

Until now the combination of mapatumumab with radiotherapy has obtained less at-
tention.  Preclinical animal studies showed that irradiation in combination with TRAIL or 
mapatumumab enhanced anti-tumor efficacy in a colon carcinoma model (9), lymphoblastic 
leukemia model (10), in prostate cancer model (11) and in breast tumor xenografts (12, 13).  
Previously, we have found that irradiation combined with mapatumumab enhanced apopto-
sis in HeLa cervical cancer cells when compared to the effect of irradiation or mapatumumab 
alone (2). In the present study we, therefore, explored the effect of irradiation combined with 
mapatumumab on apoptosis and cell survival in a panel of HPV-positive cervical cancer cell 
lines. Next, we investigated, whether the kinetics of caspase-8 and caspase-3 activation is 
affected by mapatumumab in combination with radiation. Finally, the efficacy of mapatu-
mumab and irradiation was measured in the xenograft model based on HeLa cells. Parallel to 
tumor growth follow-up by measuring tumor volume, we also performed bioluminescence 
imaging (BLI) to visualize tumor cells vitality in animals.
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materials and metHods

Reagents, chemicals and antibodies
Dulbeco’s MEM and Nutrient Mixture F-12 (HAM) medium and trypsin stock (10x) solu-

tion were purchased from Invitrogen-Life Technologies (Merelbeke, Belgium). Fetal calf serum 
(FCS) was obtained from Bodinco (Alkmaar, the Netherlands). 3-(4,5-dimethylthiazol-2-yl) 
2,5-diphenyltetrazolium bromide (MTT) was purchased from Sigma-Aldrich (Zwijndrecht, 
the Netherlands), dimethyl sulfoxide (DMSO) from Merck (Amsterdam, the Netherlands).  
Agonistic anti-DR4 antibody mapatumumab was a gift from Human Genome Sciences (Rock-
ville, MD). 

Cell lines and transfection procedures
 Human cervical cancer cell lines CaSki, SiHa and Hela S3 (HeLa) cells were obtained 

from the American Type Culture Collection (ATCC, Manassas, VA). Authenticity of all cell 
lines was verified by DNA short tandem repeat analysis (Baseclear, the Netherlands).  All cell 
lines contain wild-type p53. HeLa cells are derived from a cervical adenocarcinoma, while 
CaSki and SiHa are derived from cervical squamous carcinomas. The cells were cultured in 
combination medium with DMEM and HAM supplemented with 10% FCS in a humidified 
atmosphere at 37°C and 5% CO2. Cells were detached with 0.05% trypsin/0.5 mM EDTA in 
PBS (0.14 mM NaCl, 2.7 mM KCl, 6.4 mM Na2HPO4.2H2O, 1.5 mM KH2PO4).  

Recently, a vectorexpressing the initiator caspase reporter protein (IC-RP) has been de-
scribed, which allows the real-time monitoring of caspase-8 (14). The construct encodes a 
fluorescent-resonance-energy-transfer (FRET) donor-acceptor protein pair (ECFP and Ve-
nus) connected with a flexible linker that contains either the initiator caspase IETD cleavage 
sequence. Using PCR we have amplified a fragment (bp 598 to 2147) from pECFP-IETD2x-
Venus (IC-RP), kindly provided by Dr. John Albeck (Harvard Medical School, Boston), and 
introduced a 5’HindIII and a 3’SalI site. The fragment was cloned into pLNCX2 using HindIII 
and SalI. The newly constructed plasmids pLNCX2-IC-RP was transfected into HEK 293 to-
gether with pMDg/p and pMDg and viral particles were used to transfect HeLa as described 
previously (15). Following flow cytometry sorting, we have generated stably transfected cell 
line Hela-ICRP.

Luciferase expressing Hela cells were established following transfection with a luciferase 
expression vector. Briefly, the luciferase gene was excised from pGL3-basic (Promega, Mad-
ison, WI) with HindIII and Xbal restriction enzymes (Roche Applied Science, Almere, the 
Netherlands) and ligated into a pcDNA3 vector under the control of the cytomegalovirus 
(CMV) promoter. HeLa cells were cultured to 70% confluency and transfected with 2.5 µg 
plasmid DNA and 5 µl Fugene6 (Roche Applied Science, Almere, the Netherlands) in 250 
µl OptiMem (Invitrogen, Breda, the Netherlands). Two days post-transfection, transfectants 
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were selected by adding geneticin (1 mg/ml) (Roche Applied Science, Almere, the Nether-
lands). Stable transfectants were obtained with a clonogenic assay followed by subcloning of 
positive clones by limiting dilution. Geneticin was added once a month to the HeLa-luc cul-
ture. Luciferase expression was regularly tested with the luciferase assay (#E1500, Promega, 
Leiden, the Netherlands) and the BioRad ChemiDoc XRS system (BioRad, Veenendaal, the 
Netherlands).

Irradiation
Cellswere irradiated in a 137Cs-γ-ray machine (IBL 637, CIS Bio International, Gif/Yvette, 

France) at a dose rate of 0.667 Gy/min. The animals were irradiated using the same machine 
at a dose rate of 1.98 Gy/min.

Cytotoxicity assay
Cytotoxicity was measured by microculture tetrazolium (MTT) assay. In a 96-well culture 

plate 7,000 CaSki cells, 12,000 SiHa cells or 3,000 HeLa cells were seeded in 200 µl culture me-
dium. The next day cells were irradiated with 10 Gy, 24 h later 0-25 µM mapatumumab was 
added for another 48 h. The cells were incubated for 3.5 h at 37°C with 20 µl MTT-solution, 
and then centrifuged. The culture supernatant was discarded and the blue formazan crystals 
were dissolved by adding DMSO. The plate was read at 520 nm by a microtiter well spectrom-
eter (Benchmark Microplate Reader, Bio-Rad Laboratories Inc) (2, 16).

Flow cytometry
Cells were harvested by trypsinization, washed in cold PBS and diluted in cold PBS con-

taining 2% FCS and 0.1% sodium azide. Cells were incubated on ice for 30 min with PE con-
jugated mouse anti-human DR4  antibody (Alexis Benelux, Breda, the Netherlands) at a fi-
nal concentration of 20 µg/ml. PE conjugated mouse IgG1 (BD Pharmingen, Erembodegem, 
Belgium) served as isotype control. After washing, cells were resuspended in 200 µl PBS/2% 
FCS/0.1% sodium azide and analyzed (10,000 cells) by flow cytometry (Epics Elite, Coulter-
Electronics, Hialeah, FL). The fluorescence intensity is a measure for DR4 expression on the 
cell surface. For every treatment condition three independent experiments were performed. 

Live cell microscopy
HeLa-ICRP cells were cultured on 35-mm glass bottom dishes (MatTek) in 1.5 mL medium 

overnight allowing cells to attach. Cellls were irradiated (10 Gy) or not irradiated and 24 
hours later incubated   with 25 nM mapatumumab. Time lapse images were collected using a 
Zeiss TissueFAXS microscope equipped with an environmental chamber at 37°C and 5% CO2 
and 40x or 63x objective amplification, and filter wheels in the excitation and emission light 
path containing appropriate filter sets for cyan fluorescent protein (CFP), yellow fluorescent 
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protein (YFP) and FRET. Images were collected every 5 min. Ratio images were obtained us-
ing Image J software using different available custom plug-ins to calculate the ratio from the 
obtained CFP and YFP images, corrected for background and then normalized for each single 
time course experiment.

 

Animals and bioluminescence imaging
Female nude mice (Hsd:Athymic Nude-nu) were obtained from Harlan (Horst, the Neth-

erlands) at 4-6 weeks of age. Inoculation was performed after 1 week acclimatization. Subcu-
taneous injection of 5x106 HeLa-luc cells in 200 µl PBS solution in the shoulder region was per-
formed under anesthesia. All animal studies were conducted in accordance with the Dutch 
Law on Animal Experimentation and local guidelines, and were approved by the local ethical 
committee. 

BLI was carried out as described before every 4 days up to 6 weeks (17). Images were taken 
at 10, 15 and 20 minutes after D-luciferin injection. The BLI signals, made 1 day and 5 days 
after inoculation, were compared. Only mice in which the BLI signal increased between day 
1 and day 5 after inoculation, were further used and the treatment was started (set at day 0). 
Treatment arms included control (vehicle), irradiation (10 Gy), 3 gifts mapatumumab (10 mg/
kg) and a combination of irradiation (10 Gy) and 3 gifts mapatumumab (10 mg/kg).  Irradia-
tion was administered on day 0 and mapatumumab was intraperitoneally injected at day 1, 
4 and 8.  In a second experiment we investigated whether additional gifts of mapatumumab 
might improve survival even further. Treatment arms included control (vehicle), a combina-
tion of irradiation (10 Gy at day 0) and 3 gifts mapatumumab (10 mg/kg) at day 1, 4 and 8, and 
a combination of irradiation (10 Gy at day 0) and 6 gifts mapatumumab (10 mg/kg) at day 1, 
4, 8, 12, 16 and 20.  

Every other days tumor volume was measured with a digital calliper, volume = (length x 
width2)/2. The animals were sacrificed when the tumor was > 1200 mm3 on imaging days. BLI 
imaging was performed at 4 days interval, started at day 0 of treatment up to day 36 (the end 
of follow-up period). 

Statistical analysis
In vitro data were analyzed using unpaired two-tailed Student’s t-test. In vivo data were 

assessed by Wilcoxon-Mann-Whitney test. The in vivo data represented as means + SEM, bio-
luminescence signals were depicted in as fold changes compared to the start of treatment (day 
0). A P-value < 0.05 was considered significant. Statistical analysis was generated using SPSS 
18 for Windows (SPSS Inc, Chicago, IL). 
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results

Effect of irradiation and mapatumumab on survival of human cervical cancer cell lines
CaSki cells were highly sensitive, HeLa cells intermediate sensitive, while SiHa cells were 

resistant to in vitro cytotoxicity of the agonistic DR4 antibody mapatumumab. Pre-treatment 
with irradiation (10 Gy, 24 h before) enhanced sensitivity of HeLa cells to mapatumumab 
with 40%. Irradiation, however, did not improve mapatumumab efficacy in CaSki cells, and 
could not overcome mapatumumab resistance of SiHa cells (Fig. 1A). DR4 membrane expres-
sion was investigated in HeLa, CaSki and SiHa cells. CaSki cells expressed medium levels and 
HeLa and SiHa cells high levels of DR4. We observed enhanced DR4 expression only in HeLa 
cells after irradiation (Fig. 1B).

To gain more insight in the potentiating effect on mapatumumab-induced apoptosis in 
relation to the observed DR4 cell surface upregulation, we monitored the kinetics of caspase-8 
activation by mapatumumab, irradiation and the combination. Therefore, Hela cells were 
stably transfected with a retroviral vector expressing the initiator caspase reporter protein 
(IC-RP), which allows real-time sensitive monitoring of caspase-8-like activity in living cells 
(18). Activation of initiator caspase-8 was monitored with the IC-RP probe (IETDase activity), 
only in cells that finally became apoptotic. After an initial lag time, the onset of IC-RP probe 
cleavage was detectable after ~1 hour following mapatumumab treatment of irradiated cells 
versus ~2.5 hours following mapatumumab treatment of control cells (Fig.1C). In addition, a 
faster rate of mapatumumab-induced IC-RP probe cleavage was observed in irradiated cells 
versus control cells. The increased caspase-8 like activity was related to a higher percentage 
of cell death (Fig. 1C). 

Irradiation and mapatumumab in mice
Earlier, we showed that HeLa-luc is a good bioluminescent model to study irradiation-

mediated sensitization to apoptosis via TRAIL pathway. Inoculation with HeLa cells estab-
lished 85-90% successful hatching in mice, and the tumor growth could be monitored by BLI 
starting 1 day after inoculation (17). Irradiation barely had any effect on tumor growth com-
pared to control, while mapatumumab alone inhibited tumor-growth (20%-60%)  significantly 
compared to the controlgroup (P = 0.043 on day 4, P < 0.005 on day 6-16) or to the irradiation 
group (P = 0.007 on day 6, P < 0.027 on day 10-16) (Fig. 2A,C). Combination of irradiation and 
mapatumumab showed the strongest anti-tumor effect. Significant tumor growth inhibition 
was observed in irradiation plus mapatumumab treated group (up to 90% reduction in tumor 
volume) compared to the irradiation group (P = 0.021 on day 6-16) or to the mapatumumab 
group (P = 0.021 on day 6, P = 0.007 on days 8-20) and control (P = 0.047 on day 4, P = 0.008 on 
days 6-16) (Fig. 2A,C). On day 16, eight days after the last mapatumumab injection, the tumor 
size in the combination group started to increase again. 
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Figure 1. Cytotoxicity induced by irradiation (IR) and mapatumumab in cervical cancer cells. (A) Cell 

viability assays were performed following 10 Gy irradiation for 24 h followed by mapatumumab (48 

h) in increasing concentration (0-25 nM) in HeLa, CaSki and SiHa. The graphs showed mean ± SEM of 

three independent experiments. The survival of irradiated cells was set at 100%. *P < 0.05 irradiation plus 

mapatumumab versus mapatumumab. (B) DR4 membrane expression in   HeLa, CaSki and SiHa cells 24 

h after 10 Gy radiation. Included are the isotype control (grey shaded area), untreated cells (grey line) 

and irradiated cells (black line). The histograms are representatives of three independent experiments. 

(C) HeLa cells, being irradiated 24 hours before or not irradiated at all, were treated with 25 nM mapatu-

mumab. Left, time-lapse images of the CFP/YFP emission ratio, after start of treatment with mapatumab, 

were analysed in HeLa single cells expressing the IC-RP FRET probe. IETDase activity profile displayed 

FRET cleavage and the consequent increase in CFP/YFP emission ratio is plotted. The curves represent 

the analysis of apoptotic HeLa cells following mapatumumab (n= 41) or mapatumumab plus irradiation 

(n=98) treatment. Error bars indicate standard error of the mean. Right, percentage apoptotic cells after 

mapatumumab or mapatumumab plus irradiation treatment.
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Parallel to tumor growth follow-up by measuring tumor volume, we visualized tumor 
cells vitality in living animals (Fig. 2B,C). No significant differences were observed between 
the bioluminescent signals in the mapatumumab, irradiated and control groups in time. A 
significant reduction in bioluminescence was only observed in the irradiation plus mapatu-
mumab group versus the mapatumumab group (P < 0.05 on day 8-16).  

Effect of additional gifts of mapatumumab on HeLa-luc xenograft growth and survival of mice
Strong tumor growth inhibition was observed in the irradiation plus mapatumumab group 

up to day 12, i.e. 4 days after the last mapatumumab injection. Then, tumors started to grow as 
reflected in the increase in BLI. Therefore, we sought to investigate whether extra gifts of ma-
patumumab will extend growth inhibition of HeLa-luc xenografts. Our data indicate that mean 
tumor size and BLI signals of irradiation plus 6 gifts mapatumumab treatment were similar to ir-
radiation plus 3 gifts mapatumumab group during the follow-up period till day 36 (Fig. 3A,B).  

The median survival of the vehicle controls was 20 days and for the irradiated group 16 
days after start of treatment, while no mice survived more than 24 days (Fig. 3C). The mapa-
tumumab (3 doses) treated group survived longer as demonstrated by an increased median 
survival of 24 days. All mapatumumab treated mice, however, had to be sacrificed at day 28. 
Combined treatment with irradiation and mapatumumab, either 3 or 6 doses mapatumumab, 
resulted in survival benefit (median > 36 days, P < 0.001) compared to the irradiated group or 
to the mapatumumab treated group. On day 36,  six out of seven mice of the combined treat-
ment group were still alive. 

All mice were sacrificed at day 36, the maximal follow-up duration of our study. In the 
irradiation plus 3 doses mapatumumab group (n=4), average tumor size on day 36 was 962 
± 138 mm3 SEM (Fig. 3D). Tumor sizes of the two mice treated with irradiation plus 6 doses 
mapatumumab were 288 and 242 mm3, respectively, at day 36. One mouse in the irradiation 
plus 6 doses mapatumumab had to be sacrificed due to the large tumor size on day 32 (tumor 
> 1600 mm3) (Fig. 3D). 

disCussion

In the present study, we show that mapatumumab induces cytotoxicity in HeLa and CaSki 
cervical cancer cells. A strong sensitizing effect was observed in HeLa cells when the cells were 
first irradiated and subsequently treated with mapatumumab. A similar effect was observed 
on apoptosis in HeLa cells. Our FRET-based caspase-8 activation experiments (IETDase activ-
ity) indicates that irradiation strongly accelerated the onset and the rate of mapatumumab-in-
duced caspase-8 activation in HeLa cells, suggesting enhanced mapatumumab-induced DISC 
formation due to irradiation pre-treatment. In vivo experiments with HeLa xenograft bearing 
mice also demonstrated that irradiation pre-treatment strongly augmented the response of 
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HeLa xenografts to mapatumumab. In addition, survival of the mice was significantly en-
larged by this combination treatment. 

Figure 2. Growth inhibition of HeLa-luc xenografts by irradiation (IR) and mapatumumab.  Nude mice 

were inoculated with 5x106 HeLa-luc. 5 days later treatment was started in mice with increased biolu-

minescent signal compared to signal 4 days earlier (1 day after inoculation). The mice received control 

vehicle (n=7), 10 mg/kg mapatumumab (n=8), 10 Gy irradiation or irradiation plus mapatumumab (n=4). 

Irradiation was given on day 0 (start treatment) and mapatumumab were given at day 1, 4 and 8. The 

graphs showed tumor progression as mean ± SEM of tumor volume (A) and (B) BLI signal fold change 

compared to starting point (day 0). (C) Bioluminescent images on day 0, 4, 8 and 12 are shown. Similar 

photon scales were set for all groups to visualize effects in time. The same mouse from each group is 

presented at each time point. *P< 0.05, **P< 0.01, 1irradiation versus mapatumumab, 2irradiation versus 

irradiation plus mapatumumab, 3mapatumumab versus irradiation plus mapatumumab.  
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Mapatumumab showed efficacy against a range of solid and hematological malignancy 
models in in vitro and animal studies (19, 20). The efficacy of mapatumumab treatment de-
pends on DR4 cell surface expression, but the sensitivity to mapatumumab is also determined 
by several intracellular pro- and anti-apoptotic factors. Within our cell line panel CaSki cells, 
for example, expressed the lowest levels of DR4, while these cells were most sensitive to ma-
patumumab. In CaSki cells, irradiation did not result in DR4 cellsurface upregulation and 
did not enhance mapatumumab sensitivity. Notably, we only observed a sensitizing effect 
of irradiation combined with mapatumumab in HeLa cells, which also showed the clearest 
DR4 upregulation after irradiation. Our FRET-based caspase-8 activation assays gave further 
insight in the mechanism of sensitization, since onset and rate of caspase-8 activity by mapa-
tumumab was much faster and more homogeneous in irradiation pre-treated cells indicating 
enhanced mapatumumab-induced death-inducing signalling complex (DISC) formation. This 
may be due to the enhanced DR4 cell surface expression. However, we cannot exclude the 
involvement of irradiation-induced relocation of DR4 or a change in pro- and anti-apoptotic 
effectors of DISC formation (21). In line with our findings, irradiation has been found to facili-
tate TRAIL-induced apoptosis upstream of mitochondria by modulating the DISC in Jurkat 
cells as well (22). 

Combining mapatumumab and chemotherapeutics agents increased anti-tumor efficacy 
in in vitro and animal studies (23-25). Mapatumumab and cisplatin enhanced cell death in me-
sothelioma, ovarian and non-small cell lung carcinoma (NSCLC) cells (23, 25) and in NSCLC 
xenografts (3). Here, we show that irradiation strongly sensitized HeLa xenografts to mapa-
tumumab and improved survival of the xenograft bearing mice. We did not observe a sig-
nificantly larger anti-tumor effect if the mapatumumab treatment of the mice was extended 
with 3 cycles every 4 days taking into account the mapatumumab serum half-life of 3-4 days 
in mice (26). Notably, at day 36 two out of three mice treated with irradiation and 6 doses of 
mapatumumab had very small tumors compared to mice treated with irradiation and 3 doses 
of mapatumumab. This observation needs to be further investigated in a larger number of 
mice. Marini et al. reported that irradiation functions as mapatumumab-sensitizer in colon 
cancer cells and xenografts. Although the irradiation-sensitizing effect was observed in all 
colon cancer cell lines tested, a large cell line-dependent variance in efficacy was observed. In 
Colo205 xenografts, the largest anti-tumor effect and increase in survival was observed with 3 
doses of the highest mapatumumab concentration used (10 mg/kg), which effect was further 
potentiated by fractionated radiotherapy (5 x 3 Gy). Combination treatment of the Colo205 xe-
nografts also resulted in enhanced survival (9, 27). Prolonged treatment with mapatumumab, 
however, was not tested in this study.

Present and previous results have demonstrated the sensitizing effect both in vitro and 
in vivo when mapatumumab was combined with cisplatin or irradiation. In phase 1 stud-
ies with mapatumumab and cisplatin/gemcitabine or paclitaxel/carboplatin combination,
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Figure 3. Survival of HeLa-luc xenografted mice treated with irradiation and mapatumumab.
The irradiated mice (day 0) got either 3 doses mapatumumab (10 mg/kg) on day 1, 4 and 8 
(n=4) or 6 doses of mapatumumab on day 1, 4, 8, 12, 16 and 20 (n=3).  The graphs showed 
tumor progression as mean ± SEM of (A) tumor volume and (B) BLI signal fold change com-
pared to starting point (day 0). (C) Kaplan–Meier survival curves for the control group (n=7), 
irradiation 10 Gy (n=4), 3 doses mapatumumab (n=8), and irradiation 10 Gy plus 3 or 6 doses 
mapatumumab (n=7). (D) BLI pictures of all mice sacrificed at the day indicated and treated 
with irradiation plus 3 doses mapatumumab and irradiation plus 6 doses mapatumumab are 
displayed in similar photon scales.  
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several non-cervical cancer patients showed stable disease and partial responses (6). How-
ever, no clinical studies have been performed with mapatumumab and irradiation. In tumor 
specimen from cervical cancer patients hypoxia has been associated with a worse prognosis 
(28-31). Moreover, a correlation between hypoxia and chemo- or radiotherapy resistance in 
cervical cancer patients has been observed (29, 32, 33).The largely comparable efficacy of ma-
patumumab in normoxic as well as hypoxic environment in vitro and in vivo in non-cervical 
cancer models (27, 34, 35), may thus be an additional advantage for its application in cervi-
cal cancer. A clinical trial studying mapatumumab and cisplatin-based chemoradiation in 
cervical carcinoma patients has started (ClinicalTrials.gov Identifier: NCT01088347). During 
treatment, tumor biopsies will be taken and molecular markers for apoptosis will be studied 
to monitor the effect of chemoradiation and mapatumumab.

Taken together, our data demonstrate that mapatumumab in combination with irradia-
tion strongly potentiate caspase-8 activation, resulting in high apoptosis levels in cervical 
cancer cells. Using cervical cancer xenografts, we show that mapatumumab in combination 
with irradiation results in a significantly augmented anti-tumor efficacy and overall survival 
of mice compared to radiation or mapatumumab treatment alone. These results support fur-
ther exploration of mapatumumab combined with chemoradiation in cervical cancer. 
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