FULL PAPER

B)C

Keywords: Ewing's sarcoma; predictive biomarker; death receptor 5; conatumumab; caspase-8

Caspase-8 expression is predictive of tumour
response to death receptor 5 agonist
antibody in Ewing’'s sarcoma

Zhigang Kang'?, Seth D Goldstein®, Yunkai Yu', Paul S Meltzer', David M Loeb® and Liang Cao™’

"Genetics Branch, Center for Cancer Research, National Cancer Institute, Bethesda, MD 20892, USA; ®Basic Science Program,
Leidos Biomedical Research, Inc, Frederick, MD 21702, USA and >Department of Oncology, Sidney Kimmel Comprehensive
Cancer Center, Johns Hopkins University, Baltimore, MD 21231, USA

Background: Despite good initial response to chemotherapy, 30% of Ewing's sarcoma (EWS) patients with localised tumours
develop recurrent disease, associated with poor prognosis. The aim of this study was to address this challenge by conducting
preclinical evaluation of a death receptor targeted agent in vitro and in vivo, and by identifying predictive biomarkers.

Methods: Cell viability assays, drug dose responses, immunoblots, rescue with gene transfer, mice tumour models, and statistical
comparisons of tumour growth and Kaplan-Meier survival curves.

Results: This study shows that many EWS cell lines are selectively sensitive to a death receptor DR5 antibody and are more
resistant to a DR4 antibody. Preclinical evaluation of these cell lines indicates their sensitivity to human DR5 agonist antibody
conatumumab in vitro, which induces rapid activation of caspase-8 and apoptosis. We also found that sensitivity to conatumumab
correlates with expression of caspase-8. Furthermore, the catalytic activity of caspase-8 is both necessary and sufficient to confer
this sensitivity. In vivo, conatumumab is active against an EWS cell line and a patient-derived xenograft with higher caspase-8
expression, but is not effective against another with lower caspase-8 expression.

Conclusions: These studies suggest the potential of conatumumab as a therapeutic agent against EWS and caspase-8 as a

predictive biomarker for sensitivity.

Apoptosis is important in the regulation of various physiological
and pathological conditions. The extrinsic apoptotic pathway
involves cell-surface receptors, including tumour necrosis factor
(TNF) receptor, TNF-related apoptosis-inducing ligand (TRAIL)
receptors, and CD95 (Fas) (Locksley et al, 2001). In the case
of TRAIL receptors, the binding of the TRAIL ligand to
death receptor DR4 or DR5 results in the recruitment of the
death-induced signaling complex (DISC), which includes the
adaptor protein FADD and initiator proteins caspase-8 or -10
(Kischkel et al, 2000, 2001). Due to the potential selectivity of
TRAIL for cancer cells, there has been a significant interest
in agents targeting TRAIL receptors for cancers (Ashkenazi,
2008; Ashkenazi and Herbst, 2008). Some studies suggest that

sensitivity to TRAIL could be controlled mainly by upstream
events including DISC assembly and caspase-8 activation
(Hughes et al, 2009). In addition, multiple factors have
been suggested to affect TRAIL-induced apoptosis, including
post-translational modifications of DR4 and DR5 receptors,
such as O-glycosylation (Wagner et al, 2007) and endocytosis
(Zhang and Zhang, 2008), the ubiquitination of initiator caspase-8
(Jin et al, 2009), and c-FLIP that may compete for the recruitment
of caspase-8 and caspase-10 at the DISC (Safa et al, 2008).
Further studies are needed to facilitate the identification and
implementation of predictive biomarkers for the preclinical
and clinical development of TRAIL receptor targeted agents
for cancer.
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Ewing’s sarcoma (EWS) is the second most common malignant
bone tumour in children and young adults. It appears to arise from
primitive mesenchymal precursor cells (Tirode et al, 2007), having
a common pathogenic mechanism that is nearly always associated
with translocations between EWSRI and ETS family genes, most
frequently involving EWSRI and FLI1 (Delattre et al, 1992). EWS
responds well initially to cytotoxic chemotherapy, however, about
30% of patients with localised tumours develop recurrences, and
65-80% of patients with metastatic tumours die within 5 years of
diagnosis (Balamuth and Womer, 2010). In spite of intensive
chemotherapies, the survival rates for relapsed or metastatic EWS
have not changed over the past 30 years (Cotterill et al, 2000); thus,
targeted therapies are needed. Several studies have explored the
feasibility of targeting TRAIL receptors in EWS and to uncover
biomarkers predictive of response. An earlier investigation
indicated that nearly 80% of a large panel of EWS cell lines was
sensitive to TRAIL-induced apoptosis in vitro (Van Valen et al,
2000). A subsequent study showed that there is variable CASP8
expression in EWS cell lines, and re-expression of CASPS8 via gene
transfection or demethylation leads to increased sensitivity to
TRAIL (Fulda et al, 2001). More recently, cationic lipid-mediated
TRAIL gene transfer was shown to prevent EWS xenograft
development and increases mouse survival (Picarda et al, 2010).
Various agonist therapeutic antibodies against death receptors
exhibit anti-tumour activities in preclinical models (Adams et al,
2008; Jin et al, 2008; Luster et al, 2009; Kaplan-Lefko et al, 2010)
and are in clinical development (Ashkenazi and Herbst, 2008).
Studies on the identification of a specific death receptor that
mediates TRAIL-induced cell death in EWS have not been
conclusive (Mitsiades et al, 2001; Picarda et al, 2012), and direct
evidence supporting the targeting of specific death receptors with
antibodies is lacking. Furthermore, preclinical evaluation of a
therapeutic compound that would include in vitro studies,
predictive biomarker analysis, and in vivo evaluation is needed.
Conatumumab is a fully human agonist antibody to death
receptor DR5 that has been shown to induce apoptosis in multiple
tumour types in vitro and to inhibit xenograft growth in mice
(Kaplan-Letko et al, 2010). Clinical trials with conatumumab
showed that it is well tolerated as single agent (Herbst et al, 2010b)
or in combination therapy (Cohn et al, 2013; Paz-Ares ef al, 2013),
yet, a clear demonstration of clinical activity is still lacking.
To further explore the potential of conatumumab for the treatment
of cancer, we performed a preclinical investigation on EWS.
The results illustrate that EWS may be a rational target for
conatumumab and other DR5 targeted agents. Our data further
suggest that caspase-8 may be a predictive marker of sensitivity
to conatumumab and DR5-targeted agents, because the expres-
sion and activity of caspase-8 are essential for response to
conatumumab.

MATERIALS AND METHODS

Cell lines and reagents. All human EWS cell lines and the breast
carcinoma cell line MDA-MB-231 (MB-231) were maintained in
RPMI-1640 with 10% fetal bovine serum and antibiotics. Human
skeletal muscle-derived cells (SkMDC) were obtained from Cook
Myosite (Pittsburgh, PA, USA) and cultured as per manufacturer’s
manual. Mouse antibodies against human DR4 (MAB347) and
DR5 (MAB631) for cell-based assays were purchased from R&D
Systems (Minneapolis, MN, USA). The human DR5 antibody
conatumumab was kindly provided by Amgen Inc. (Thousand
Oaks, CA, USA). The goat anti-Fc antibody was obtained from
Jackson Lab (Bar Harbor, ME, USA). The expression plasmids with
CASP8 and enzymatic defective CASP8™ (C360S) were provided
by Drs Michael Lenardo and Lixin Zheng at the US National

Institutes of Health. DNA transfection was performed with
lipofectamine as per manufacturer’s manual (Invitrogen, Carlsbad,
CA, USA).

Cell viability. Cell proliferation assays were performed with
ATPLite reagent as previously described (Cao et al, 2008). All
experiments were performed in triplicate and at least three
repetitive experiments were performed for each result.

Immunoblots analysis. Cell and tissue lysates were prepared as
previously described (Cao et al, 2008). The antibodies against DR4
and DR5 were from Imgenex (San Diego, CA, USA), FADD was
obtained from BD Pharmingen (San Diego, CA, USA), FLIP,
PARP, caspase-3, caspase-8, caspase-10, a-tubulin, GAPDH, and
actin were obtained from Cell Signaling Technology (Danvers, MA,
USA).

Animal studies. Animal protocols were approved by Animal Care
and Use Committee at NCI (Protocol GB-010) and the Johns
Hopkins University Animal Care and Use Committee (Protocol
MO13M231). Female 4- to 6-week-old CB17.B6-Prkdc*™ mice
were purchased from Charles River Laboratories (Wilmington,
MA, USA). The animal study of Rhl cells was performed with
an intramuscular implantation model as previously described
(Cao et al, 2008). Conatumumab treatment was initiated as
described in the results. Conatumumab or a placebo antibody was
given at 10mgkg ' i.p. once weekly, and tumour dimensions were
measured using calipers.

For the mouse models using two histologically intact patient-
derived xenografts (PDX), EWS1 and EWS4, that express the
EWS/FLI-1 fusion gene and have been multiply serially passaged
(kind gifts from Dr. Chand Khanna, National Cancer Institute,
Bethesda, MD, USA), tumour was first grown in a single immune-
deficient NOD/SCID/IL-2R-null (NSG) mouse. When the tumour
reached sufficient size, the mouse was killed and the tumour
divided into fragments of ~2 mm diameter. Intact fragments were
washed in matrigel basement membrane matrix (BD Biosciences,
San Jose, CA, USA) and subsequently surgically implanted
subcutaneously in the flanks of NSG mice. Mice were randomised
into control and treatment cohorts (five mice each) when the
tumour was clearly palpable, typically at 5mm in diameter.
Conatumumab (200 ug at 2mg ml ") or vehicle (100l sterile
phosphate-buffered saline) was injected i.p. once weekly beginning
immediately after palpable tumour was confirmed, and tumour
dimensions were measured weekly using calipers, with volume
calculated using an elliptical formula. Mice were killed at the time
point when tumours were first measured to approach 20 mm in
greatest diameter. For the growth and survival curves in Figure 5,
end points were either killing or administrative censor at mean
tumour diameter of greater than 15 mm, whichever came first.

Statistical analysis. Statistical analyses were performed with
Prism (GraphPad, La Jolla, CA, USA). All cell-based studies were
done in triplicate. Data are presented as mean * s.e.m. Statistical
comparisons were conducted using a two-way ANOVA test using
Prism. Kaplan-Meier survival curves were compared using the
Log-Rank Test. Statistical significance was defined as P<0.05.

RESULTS

The majority of the EWS cell lines are sensitive to a DR5
antibody. To determine the in vitro sensitivity of a panel of EWS
cell lines to selective TRAIL receptor targeted agents, drug
sensitivity analysis was performed using 12 EWS cell lines with
various concentrations of TRAIL receptor DR4 or DR5-specific
mouse monoclonal antibodies that were previously shown to
induce death receptor-dependent cell death in the control breast
cancer cell line MDA-MB-231 (Kang et al, 2011). The cells were
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treated with either DR4 or DR5 antibody at doses ranging between
1 and 1000ngml ™" for 3 days and cell viability was determined
afterwards. Only two cell lines (RD-ES and TC71) were sensitive to
both DR4 and DR5 antibodies (Figure 1A and B, Table 1). Eight of
the remaining cell lines were selectively sensitive to the DR5
antibody, whereas two others (A4573 and LD) were resistant to
both antibodies (Table 1). In contrast, primary human SkMDC
were completely insensitive to treatment of DR4 or DR5 antibodies
in vitro (Table 1). Immunoblot analysis showed that DR5 was
expressed in all EWS cell lines; whereas DR4 was expressed at
lower levels in most EWS cell lines, with the highest expression
level in RD-ES, which is the most DR4 antibody-sensitive cell line
among the tested EWS cell lines (Figure 1C, Table 1). Only one
other EWS cell line, TC71, exhibited a modest sensitivity to DR4
antibody and a lower level of DR4 expression (Figure 1, Table 1).
Thus, our results on death receptor antibody sensitivity profiling
suggest that EWS cells are more susceptible to a DR5 agonist
antibody, associated with higher levels of DR5 expression.

Human DR5 agonist antibody conatumumab is effective against
EWS cells in vitro. Since the majority of EWS cell lines were
sensitive to a DR5 antibody in vitro, we explored the therapeutic
potential of an investigational agent, conatumumab, for EWS.
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Figure 1. EWS cells are sensitive to DR5 agonist antibody induced cell
death. (A) Cell viability analysis of representative EWS cell lines treated
with mouse monoclonal DR5 antibody for 72 h, followed by ATPLite
assay. (B) Sensitivity of the EWS cell lines to mouse monoclonal
antibodies against DR4. The cells were treated with indicated
concentrations of the antibody for 72 h before the viability assay.

(C) The expression of DR4 and DR5 in a panel of EWS cell lines was
determined via immunoblots.

Conatumumab is a fully human agonist antibody to death receptor
DR5 that has been shown to have both in vitro and in vivo
activities against a number of selected solid tumour cell lines
(Kaplan-Lefko et al, 2010). We examined the activity of this
antibody against the same panel of EWS cell lines tested for mouse
DR5 antibody. Conatumumab was previously reported to require
crosslinking with protein G to be active (Kaplan-Lefko et al, 2010).
We found that this antibody was only active in the presence of
anti-Fc antibody (Figure 2A and B), in agreement with the
previous findings. Nine of the EWS cell lines were very sensitive to
conatumumab (Table 1). Only A4573 was completely resistant to
conatumumab, whereas cell lines LD and TC106 showed a modest
degree of reduced sensitivity (Table 1). Conatumumab treatment
resulted in a rapid induction of apoptosis, as indicated by
fragmented nuclei post treatment in the sensitive Rhl cells, but
not in the resistant A4573 cells (Figure 2C). Furthermore,
clonogenic assay showed that the conatumumab treatment
specifically prevented the formation of tumour cell colonies of
the sensitive Rhl cells (Figure 2D), but not the resistant A4573
cells. Thus, conatumumab appears to be an effective agent against
the majority of the EWS cell lines in vitro and its activity requires
antibody crosslinking.

Reduced caspase-8 expression is implicated in resistance to
conatumumab in EWS. To better understand the cellular
components important to the sensitivity of EWS cell lines to
conatumumab, we analysed the levels of proteins present in the
DISC, which is the key mediator of TRAIL-induced apoptosis. The
expression of caspase-8 is tightly correlated with EWS cellular
sensitivity to conatumumab: it was absent in the most resistant
A4573 cells, and expressed at substantially reduced levels in the
partially resistant LD and TC106 cell lines (Figure 3A). It should be
noted that a closely related gene, CASPI0, is highly expressed in the
most resistant cell line, A4573, suggesting that caspase-10 is
insufficient to confer sensitivity to conatumumab in this cell line.
No correlation between FADD, FLIP or caspase-3 expression and
sensitivity to conatumumab was seen. Further analysis showed that
conatumumab induced caspase-8 cleavage at 60 min, associated
with cleaved caspase-3 and PARP, which are key markers of
apoptosis (Figure 3B). In contrast, caspase-10 cleavage was not
detected in the sensitive Rhl cells (Figure 3B). In addition,
conatumumab induces the caspase-3 and PARP cleavage in KAD
cells that do not express caspase-10. Further, conatumumab
treatment did not lead to cleaved caspase-3 and PARP in the
resistant A4573 cells, which express caspase-10 but not caspase-8.
Thus, caspase-8 appears to be a key mediator for conatumumab-
induced apoptosis in EWS cells.

To further prove that insufficient expression of caspase-8 is the
key determinant of resistance to conatumumab, we investigated
whether the introduction of active caspase-8 is sufficient to convert
a resistant EWS cell line into a sensitive one. For the gene transfer
experiment, we used a wild-type CASP8-GFP (green fluorescence
protein) and a protease-defective CASP8™-GFP with a C360S
mutation at the active-site cysteine of the caspase domain (Siegel
et al, 1998). Both the caspase-8-GFP and the protease-defective
caspase-8™-GFP could be expressed and detected in the resistant
A4573 cells via transient gene transfection (Figure 3C). Following
conatumumab + anti-Fc treatment, only the A4573 cells trans-
fected with wild-type CASPS, but not with CASP8™, exhibited
significant reduction in cell viability (Figure 3D). Thus, our results
indicate that the absence of caspase-8 expression is associated with
resistance to conatumumab and that exogenous expression of
CASPS is sufficient to mediate conatumumab-induced apoptosis in
resistant EWS cells, which is dependent on its catalytic activity.

In vivo activity of conatumumab against EWS xenografts. The
anti-tumour activity of conatumumab was evaluated in two
xenograft mouse models: a conatumumab-sensitive EWS cell line
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Table 1. Drug sensitivity of Ewing’s sarcoma cell lines to mouse anti-DR4 and DR5, Conatumumab (CONA), and CONA + anti-Fc

! DR4 mouse Mab I DR5 mouse Mab ) CONA I CONA + Anti-Fc |

Agent " IC5|0*1 Viability (0{02 at IC5071 Viability ("Q at IC5071 Viability (%2 at IC5071 Viability (0{02 at
gml™ ) 1ngml (hgml~") 1pgml (ngml~") 1pgml (hgml~") 1pngml

RH1 > 1000 99.6 9.3 2.1 > 1000 81.1 2.3 5.1
TC71 88.1 251 47.5 3.5 > 1000 90.2 5.1 7.9
RD-ES 13.2 15.5 1.1 3.0 > 1000 91.2 1.8 4.0
SKN-MC > 1000 102.0 28.9 10.6 > 1000 93.1 2.5 8.4
TC106 > 1000 66.1 10.1 33.1 > 1000 91.6 30.0 42.2
TC32 > 1000 82.7 12.6 334 > 1000 100.0 3.8 9.8
KAD > 1000 97.7 98.9 18.9 > 1000 94.9 3.9 15.9
A4573 > 1000 97.1 > 1000 99.9 > 1000 95.3 > 1000 92.3
A673 > 1000 54.0 9.2 7.2 > 1000 70.0 3.1 7.2
VW > 1000 88.3 7.0 18.4 > 1000 68.3 3,3 18.1
LD > 1000 92.1 > 1000 78.1 > 1000 96.7 700.9 42.8
5838 > 1000 90.1 29.2 5.2 > 1000 100.0 3.9 7.9
MDA231 27.7 44.6 30.9 25.6 > 1000 95.9 3.0 11.6
SkMDC > 1000 100 > 1000 97 > 1000 100 > 1000 95
Abbreviations: DR = death receptor; IC50 = half maximal inhibitory concentration; Mab = monoclonal antibody. The percent viability was defined as the ratio between viable cells at the
indicated drug dose and that of the no-drug control. MB-231, positive control breast cancer cell line; SkMDC, TRAIL-resistant primary human skeletal muscle-derived cells.
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Figure 2. Conatumumab (CONA) crosslinked with anti-Fc antibody induces apoptosis in the sensitive EWS cells. (A) EWS cell lines treated with
human DR5 antibody CONA alone for 72 h, followed by viability assay. (B) EWS cell lines treated with CONA plus 1:1 ratio of goat anti-Fc
antibody at the indicated doses for 72 h before the viability assay. (C) Both sensitive Rh1 and resistant A4573 cells were treated with vehicle or
1 ugml~" CONA + anti-Fc for 1h, fixed and stained with DAPI, and analysed for fragmented nuclei as a marker for apoptotic cells. The fractions of
cells with apoptotic nuclei were counted and plotted. (D) Rh1 and A4573 cells were treated with vehicle or 1 ugml ~1 CONA + anti-Fc for 3 days,
followed by continuous growth for 2 weeks. Colonies were counted and plotted.
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Figure 3. Association between caspase-8 expression and conatumumab sensitivity in EWS. (A) Analysis of EWS cell lines for the expression of
proteins relevant to DISC and its associated initiator caspases 8 and 10. (B) Sensitive Rh1 and KAD, as well as resistant A4573, cells were treated
with conatumumab + anti-Fc for the indicated time. The cell lysates were analysed for the cleavage of caspase-8, caspase-3, caspase-10, and PARP
by immunoblots. (C) Ectopic expression of caspase-8-GFP. Conatumumab-resistant A4573 cells were transiently transfected with CASP8 or
caspase-defective CASP8™ (C360S) expression plasmids for 2 days. Cell lysates were analysed for caspase-8-GFP expression with immunoblot,
using the sensitive Rh1 cells as a reference for caspase-8. (D) Ectopic expression of caspase-8 sensitises A4573 cells to CONA + anti-Fc induced
cell death. After transient transfection with CASP8 or caspase-defective CASP8™ (C3608S) expression plasmids for 2 days, the cells were then
treated with CONA + anti-Fc for 3 days and analysed for cell viability. The sensitive Rh1 cells were used as a reference.

and a pair of EWS PDXs. The conatumumab-sensitive Rh1 cells were
inoculated intramuscularly. After 4 weeks, the mice were randomised
and treated with placebo or conatumumab, once weekly, for a total of
up to 12 weeks. Tumour development was detected in mice from the
control arm (5 out of 9) but not from the conatumumab-treated
arm (0 out of 10), a statistically significant difference (P=0.0325)
(Figure 4A). Kaplan-Meier survival analysis showed the tumour-free
survival of the mice in the conatumumab-treated arm significantly
better than those in the control arm (Log-Rank P =0.0273;
Figure 4B). Thus, conatumumab has significant anti-tumour
activity against the xenografts of Rhlcells.

We next examined the in vivo activity of conatumumab with a
pair of EWS PDXs positive for the EWS/FLI-1 fusion gene. Mice
implanted with either EWS1 or EWS4 PDX were randomised upon
confirmation of palpable tumour and treated weekly with
conatumumab or vehicle. In comparison with the vehicle control
arm, conatumumab treatment had moderate, statistically signifi-
cant activity in inhibiting the growth of the EWS4 PDX
(P=0.002), whereas it had no effect against EWS1 tumours
(P=0.27) (Figure 5A). Mice were followed until the control cohort
required euthanasia due to tumour size. Conatumumab treatment
prolonged the survival of mice implanted with the EWS4
(Log-Rank P=10.011), but not with the EWS1 PDX (Log-Rank
P=0.795) (Figure 5B). Immunoblot analysis of tumour fragments
from these mice showed that while both xenografts expressed
comparable levels of DR5, EWS4 had a higher level of caspase-8
(Figure 5C). Treatment with conatumumab resulted in the
induction of cleaved caspase-8 and PARP specifically in EWS4
tumours. Thus, we observed anti-tumour activity of conatumumab
using EWS PDXs and found that the expression of caspase-8 is
associated with this activity.

DISCUSSION

To better manage metastatic and recurrent EWS, development of
novel targeted therapies is required. Our finding that most cell
lines are sensitive to a mouse monoclonal antibody against DR5
though not to a similar antibody to DR4 demonstrates that death
receptor DR5 may be a rational target for EWS. An investigational
human antibody to DR5, conatumumab, is highly toxic to most
EWS cell lines in vitro in the presence of crosslinking anti-Fc
antibody. Investigation into the mechanism of action reveals that
conatumumab induces a rapid onset of apoptosis and one of the
initiator protein caspase, caspase-8, but not caspase-10, is essential
for the process. Using an in vivo xenograft mouse model with a
sensitive EWS cell line, the administration of conatumumab
exhibited moderate, statistically significant activity against tumour
development and enhances mouse survival in comparison with the
control group. By deploying a mouse PDX model, we show that
conatumumab has some activity in inhibiting PDX tumour growth
and prolonging survival against one PDX associated with higher
expression of caspase-8.

Our work showed that caspase-8 is the critically important
initiator caspase in mediating DR5 signaling. The expression of
caspase-8 is highly correlative to conatumumab sensitive in EWS
cell lines. The most resistant cell line, A4573, expresses little
caspase-8. Despite an abundance of caspase-10, conatumumab
cannot induce the activation of caspase signaling and PARP
cleavage in A4573. In contrast, the conatumumab-sensitive cell line
KAD, which expresses caspase-8 but completely lacks caspase-10,
is competent in DR5 antibody induced cleavage of Caspase 3 and
PARP. Importantly, transient transfection experiments show that
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Figure 4. Anti-tumour activity of conatumumab in vivo using the
sensitive Rh1 EWS cells. (A) Rh1, a sensitive EWS cell line, was
inoculated intramuscularly into SCID mice. After 4 weeks, mice were
randomised treated with conatumumab or placebo weekly for a total of
12 weeks. Tumour incidence was recorded and shown for both control
and conatumumab arms. P-value was determined with Fisher's exact
test. (B) Kaplan—-Meier survival analysis of the mice with Rh1 xenograft
to determine Log-Rank P-value of conatumumab treatment and
control.

over expression of wild-type, but not mutant, caspase-8 restores the
cellular sensitivity to conatumumab in a caspase-8-deficient cell
line, further suggesting that caspase-8 is the key limiting factor.
This finding is in agreement with a previous publication in which
caspase-8 expression was suggested to be a key determinant for the
sensitivity towards receptor-mediated apoptosis of a range of
tumour cell lines, including EWS (Fulda et al, 2001). The
observation that caspase-8 expression could be restored with a
demethylation agent (Fulda et al, 2001) would suggest the potential
synergy between conatumumab and chromatin modifiers for
enhanced activity.

Our previous study with another DR5 agonist antibody,
drozitumab, demonstrated a dramatic effect in inducing the
regression of established rhabdomyosarcoma sarcoma xenografts
in vivo (Kang et al, 2011). In comparison, conatumumab treatment
had more modest effects on the EWS4 PDX. One possibility is that
the EWS4 PDX could be more heterogeneous than an established
cell line and thus less susceptible to an agent. Another possibility
may be due to the differences in the agents. The in vivo
anti-tumour activity of drozitumab has been attributed to its
crosslinking by Fcy receptors (FcyRs) on immune cells that
mediated the killing of xenograft tumour cells (Wilson et al, 2011).
In contrast, it was recently reported that FcyR expressing immune
cells were unable to enhance the ability of conatumumab to induce
apoptosis of ovarian cancer cells in vitro (Tuthill et al, 2014). These
findings suggest that the differences between drozitumab and
conatumumab in tumour cell killing mediated by FcyR of immune
cells may account for a more moderate in vivo activity of
conatumumab against the EWS PDX. Overall, our data indicate
that EWS is a good target for a DR5 agonist antibody such as
conatumumab, though some additional efforts in enhancing its
in vivo therapeutic activity will be needed.

A previous clinical trial with the TRAIL ligand rhApo2L/TRAIL
in patients with advanced cancers showed anti-tumour activity in
two sarcoma patients, without evidence of activity in patients with
carcinomas (Herbst et al, 2010a). Conatumumab has been safely
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Figure 5. Anti-tumour activity of conatumumab in vivo using PDX xenograft tumours. (A) Two PDX xenograft tumours, EWS1 and EWS4, were
surgically implanted subcutaneously in the flanks of NSG mice. Animals were randomised into control and treatment cohorts when the tumour
reached around 5 mm in diameter. Once weekly, conatumumab or vehicle injection was performed and the tumour dimensions were measured.
Animals were euthanised when the control cohort tumours reached 20 mm in maximal diameter. The tumour growth curves are shown.
Comparison of the curves was performed using a two-way ANOVA test, and the P-value is shown. (B) Kaplan—-Meier survival analysis of the same
mice with EWS1 and EWS4 xenografts at the time the experiment was terminated. (C) EWS1 and EWS4 xenograft tissue lysates were made and
subjected to immunoblots for the detection of DRS5, and caspase-8 and PARP cleavage. C, control; T1/2, conatumumab-treated tumours.

www.bjcancer.com | DOI:10.1038/bjc.2015.298

899


http://www.bjcancer.com

BRITISH JOURNAL OF CANCER

DR5 antibody conatumumab in Ewing’s sarcoma

administered to adult patients with solid tumours (Herbst et al,
2010b). The only prior clinical trial evaluating conatumumab
against sarcoma reported no benefit of the drug in terms of disease
control (Demetri et al, 2012). In that study, doxorubicin with or
without conatumumab was given to patients with a variety of
subtypes of soft tissue sarcoma. The addition of DR5 antibody was
found to be safe, but it did not increase response to doxorubicin.
However, in the context of our findings, the conclusion that DR5
antibody 1is ineffective should be interpreted with caution.
Conceivably, assessment of caspase-8 expression as an individua-
lised tumour marker, which was not performed, may have
predicted response. We continue to believe that conatumumab
holds promise as a targeted therapeutic therapy for appropriately
selected patients, namely those with tumours expressing high levels
of caspase-8. The combination with a DR5 ligand, such as
rthApo2L/TRAIL, may also enhance its in vivo activity (Graves
et al, 2014; Tuthill et al, 2014).

In conclusion, we report that EWS sensitivity to the activation of
death receptor signaling pathway is primarily mediated through
the DR5 receptor. DR4 receptor is expressed at a lower level and
was previously shown to be absent at the surface of most EWS cell
lines (Picarda et al, 2012). These data provide a rationale for the
use of an anti-DR5 antibody such as conatumumab for the
treatment of EWS. We have demonstrated that conatumumab is
effective in vitro and in vivo against EWS and that tumour
sensitivity is dependent on caspase-8 expression. Thus, we believe
our study provides the rationale for continued clinical evaluation of
conatumumab against EWS. On the basis of these data, appropriate
patient selection, specifically, the evaluation of caspase-8 expres-
sion, will be of high importance to determine the clinical utility of
conatumumab. This biomarker-driven rather than histology-
driven approach comprises many of the facets of contemporary
personalised cancer care and may be a model for testing of targeted
therapies for other tumour types in the future.
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