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Abstract

Objectives. To investigate the cytotoxicity of TRA-8, an antibody that specifically binds death receptor 5 (DRS5), alone and in combination with
cisplatin, using an ex vivo human cervical cancer model.

Methods. Fifteen cervical cancer specimens were obtained at the time of radical hysterectomy and tumor slices were prepared with the
Krumdieck tissue slicer. Tumor slices were exposed to varying concentrations of TRA-8, cisplatin, or the combination of TRA-8 and cisplatin.
Using non-linear modeling, dose response curves and ICsq values were generated for each specimen treated with TRA-8. The additive cytotoxic
effect of combination treatment was evaluated as well. In addition to ATP viability assays, treated and untreated slices were assessed by
immunohistochemistry (IHC) and western blot analysis to confirm apoptosis induction via the extrinsic pathway.

Results. Eleven patient specimens yielded TRA-8-induced ICsq values. Sixty-four percent were found to be sensitive to TRA-8-induced
cytotoxicity at ICso doses less than 1000 ng/ml. Seven patient specimens underwent combination treatment with TRA-8 and cisplatin. Of these
specimens, 86% exhibited additive cytotoxicity in comparison to treatment with either agent alone. IHC revealed an increase in DR5 expression in
tumor slices treated with cisplatin for 24 h. IHC and Western blotting demonstrated TRA-8-induced cell death via apoptosis and activation of
caspase 3 and 8.

Conclusions. This study confirms the utility of an ex vivo human cervical cancer model, to evaluate the anti-tumor activity of TRA-8 and
cisplatin. This model may be a useful pre-clinical tool to assess cytotoxicity and mechanistic properties of novel agents in cervical cancer.

© 2007 Elsevier Inc. All rights reserved.
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Introduction

Although the incidence of cervical cancer in the United States
has declined over the past three decades, a worldwide reduction
in the incidence of cervical cancer has not been achieved with
approximately 500,000 women diagnosed with invasive cervical
cancer annually [1]. If cervical cancer is diagnosed early,
prognosis is excellent with either radical surgery or chemoradia-
tion. Patients with metastatic or recurrent disease have poor
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outcomes with limited therapeutic options. The development of
novel agents for patients with advanced or metastatic disease is
crucial to improving outcomes. Recently, translational research
has focused on improving the specificity and toxicity of
chemotherapeutic agents. Molecular targeted therapies, often
used in conjunction with traditional cytotoxic agents, hold
promise to achieve this goal. A host of FDA-approved mono-
clonal antibodies directed towards specific targets in a variety of
tumors have elicited improvements in cancer outcomes [2—4].
The role of novel therapeutic agents in the treatment of cervical
cancer has only recently been evaluated. To date, no monoclonal
antibody has been established as efficacious in the treatment of
cervical cancer.
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Selective apoptosis of cancer cells, with minimal adverse
effects on non-cancerous tissues, can be achieved with TRAIL
(tumor necrosis factor-related apoptosis-inducing ligand) [5].
TRAIL is a type 2 transmembrane protein which is expressed in
normal tissues and can be cleaved by proteases to release a
soluble form [6]. The soluble ligand is then capable of binding
any of the four membrane receptors and one soluble receptor for
TRAIL. Death receptors 4 and 5 (DR4 and DRS) function with
cytoplasmic domains that initiate apoptosis by activation of
downstream caspases in the extrinsic apoptotic pathway [7—10].

Early experiences with recombinant TRAIL were marked by
significant toxicity to human hepatocytes [11,12]. Thus,
researchers at our institution developed a monoclonal antibody,
TRA-8, that binds specifically to DR5 [13]. TRA-8 was created
by immunizing BALB/c mice with a fusion protein containing
the extracellular domain of human DRS5 and the Fc portion of
human IgG1. Preliminary data suggested that TRA-8 possesses
potent anti-tumor properties without inducing cytotoxicity in
human hepatocytes and other normal tissues [13].

Several studies have demonstrated increased DRS expres-
sion in cervical cancer cell lines and human cervical cancer
tissue [14—16]. The presence of DRS5 on the surface of a variety
of cancer cells confers cytotoxicity via an apoptotic mechanism
when exposed to TRA-8 [16—18]. This cytotoxicity can be seen
with TRA-8 treatment alone, but is enhanced when combined
with conventional cytotoxic agents [16—18]. Most studies eval-
uating the apoptotic effects and mechanisms of TRA-8 utilize
traditional in vitro cancer cell line experiments followed by in
vivo human tumor xenograft models. We sought to investigate
the therapeutic potential of TRA-8 with cisplatin using a three-
dimensional ex vivo human model of primary cervical cancer.

Materials and methods
Human cervical cancer specimens

Following IRB approval from the University of Alabama at Birmingham,
patients with clinical stage IB1 to IIA biopsy-proven cervical carcinoma (visible
lesions) undergoing radical hysterectomy were enrolled in the study. Patients
with a history of neoadjuvant chemotherapy or radiation therapy were ineligible.
All histologic subtypes were allowed. Patient demographics were recorded for
each patient specimen, and final histologic diagnosis was confirmed by a
gynecologic pathologist.

Specimen processing

Immediately following removal of the radical hysterectomy specimen from the
patient, the uterine cervix was evaluated for tumor availability. Patients with
insufficient tumor were ineligible for the study. 5 mm cylindrical cores were created
by random sampling of grossly visible cervical tumor using specialized coring tools
compatible with the Krumdieck tissue slicer (Alabama Research and Development,
Munford, AL). The 5 mm tumor cores were placed in complete culture media
(DMEM supplemented with 10% FBS, 100 U/ml penicillin, 100 pg/ml strepto-
mycin, 2.5 pg/ml amphotericin B, and 50 pg/ml gentamycin) on ice and taken
immediately to the 4 °C cold room for subsequent tissue slicing. Within 30 min of
specimen retrieval, the Krumdieck tissue slicer was used according to previous
reports to prepare tissue slices from the collected tumor cores [18—20]. Each tumor
core was cut into multiple slices of 300 um thickness, using a reciprocating blade,
while submerged in media. Tissue slices were collected and randomly placed into
individual wells of 24-well plates in 1.5 ml of complete media. The 24-well plates
were incubated at 37 °C with 5% CO, and atmospheric oxygen for 48 h.

Cell viability

To assess cell viability, ATP assays were performed on six replicate slices for
each treatment variable. Tumor slices were exposed to varying concentrations of
TRA-8 (10, 30, 100, 300, 500, and 1000 ng/ml) and cisplatin (10, 30, and
100 pM) as tumor size and slice number would permit. Since prior studies have
revealed that chemotherapy has the ability to enhance DRS expression, tumor
slices were pre-treated for 24 h with cisplatin prior to the addition of TRA-8
[21-23]. After a total of 48 h treatment, slices were sonicated for 15 s in a 50:50
mixture of complete media and ATP mammalian cell lysis buffer. ATP levels
were measured in four aliquots from each tissue slice via ATP-dependent light
emission in counts per second, and mean ATP levels were determined for each
slice [24]. Fractional tumor slice survival was then calculated for each of the six
untreated control slice specimens (each with four replicate aliquots) and each
treated specimen consisting of six slices (also with four replicate aliquots per
slice) as the ratio of mean ATP levels in the TRA-8 treated slices versus the mean
of untreated control slices. ICs, values were established from the dose response
curve created from these fractional ratios as described in the statistical section.
When applicable, patient specimens were assessed for interactive effects of
TRA-8 and cisplatin combination therapy.

To assess viability of tumor slices using this model, a slice viability time-
course study was performed. Six replicate control slices from time points 24, 48,
and 96 h post-slicing were processed in an identical manner as previously
described. Viability plots were generated from the fractional ratios of the
individual time points compared to time point zero.

Immunohistochemistry

Treated and untreated tumor slices from available specimens were assessed
by immunohistochemistry (IHC) and compared to representative tumor slices
fixed immediately after slicing. The methods we employed for bright-field
immunohistochemical analysis have been previously published [25-27]. Tumor
slices were mounted on sialinized slides (Bond-Rite), and soaked in Tris buffer.
Paraffin sections were cut at 5 pm thickness and mounted on sialinized
microscopic slides (Bond-Rite). In a similar fashion as reported by Estes et al,
slices and paraffin sections were evaluated with the TUNEL assay and antibody
staining for DRS and cleaved caspase 8, respectively [18]. The tumor cells
were classified by one of the co-authors (WG) with respect to the intensity of
immunostaining, with the percent of cells determined at each staining intensity
from 0 to +4 as previously described [25,26,28,29].

Western blot analysis

Treated and untreated patient specimens were analyzed for caspase 3 and
caspase 8 cleavage. Tumor tissue slices were washed twice with cold PBS and
solubilized in 300 pl lysis buffer and the lysates were subsequently prepared for
Western blotting in a similar fashion as reported previously [18]. A total of 20 pug
of protein was loaded and separated on 15% SDS-PAGE gels, and electro-
phoretically transferred to PVDF membranes. The blots were blocked with 5%
nonfat dry milk in TBST buffer (100 mM Tris—HCI at pH 7.4, 150 mM NaCl,
and 0.1% Tween 20) and incubated with primary antibody in blocking buffer at
4 °C overnight. The blots were then washed three times with TBST and probed
with HRP-conjugated secondary antibodies for 1 h at room temperature. After
washing four times with TBST, the probed proteins were visualized using the ECL
Western blotting detection system (Amersham Biosciences, Piscataway, NIJ).
Mouse anti-human caspase 8 antibody (BD Pharmingen, San Diego, CA) and
rabbit anti-human caspase 3 antibody (Stressgen, Ann Arbor, MI) recognize the
cleaved and proforms of caspase 8 and caspase 3.

Statistical analysis

The dose-response curve of TRA-8 treated slices was created by plotting the
fractional tumor slice survival against the logarithm of TRA-8 concentration.
The data was fit by nonlinear regression to a sigmoidal dose-response function
with variable slope using Prism 3.01. Log ICs, values, defined as the logarithm
of the TRA-8 concentration producing 50% reduction in ATP levels (counts per
second) compared to the untreated tumor slices, were determined for each
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Fig. 1. Viability of untreated ex vivo cervical cancer tissue slices over time as
compared to the mean ATP level of timepoint zero control slices.

tumor. To estimate the ICsy of TRA-8, we used a non-linear model: y=Min+
(Max—Min)/(1+dose/p)*, was applied to calculate ICs, where y is the response,
the parameter [3 represents ICsq, the parameter o is used to scale concentration for
proper transformation, and Min and Max represent the minimum and the maximum
of response [30,31]. NLIN procedure in SAS® version 9.1 (SAS Institute Inc.,
Cary, NC) was utilized for estimation. A correlation coefficient of R*>0.85 was
used as a cut-off value to ensure data quality control for each assay. The cytotoxicity
data were evaluated to assess whether the combination cytotoxic effects were
additive, less than additive (antagonistic), or greater than additive (synergistic). The
dose response relationships for the treatment combinations were modeled using a
second-order response surface model with linear, quadratic and interaction terms
[32]. A significant interaction term was classed as synergistic if it was positive and
antagonistic if negative. If the interaction term was not significant, then the
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relationship between TRA-8 and cisplatin would be considered additive, provided
the additive terms were significant.

Results

Patient characteristics

Fifteen cervical cancer specimens were collected from
patients undergoing radical hysterectomy at the University of
Alabama at Birmingham from January 2006 to April 2007.
Eleven specimens were assayed for TRA-8-induced cytotoxi-
city. Ten of eleven were squamous cell carcinomas, and one was
adenocarcinoma. Seven specimens were treated with TRA-8
alone, cisplatin alone, and the combination of TRA-8 and
cisplatin. Six of seven were squamous cell carcinomas, and one
was adenocarcinoma. The median patient age was 43 years
(range 29—53), and the majority of patients were Caucasian. All
patients had visible cervical lesions, and 53% were clinical
stage IB1.

Cytotoxic tissue slice assay

Untreated cervical cancer slices exhibited excellent viability
over 96 h of ex vivo culture (Fig. 1). TRA-8-induced ICs
values were generated for 11 specimens. Sensitivity to TRA-8
did not correlate with stage or histology. Insufficient slice
number in four patients resulted in the absence of ICs, data for
these four specimens. TRA-8-induced cytotoxicity, depicted

100 Patient 5
5 80
2
c
o
O 60
]
2
= 40
2
]
-
& 20
<
IC50= 100 ng/ml (highly sensitive)
0 10 100 1000
TRA-8 (ng/ml)
Patient 15
100
S 80
€
3
w 60
o
2
© 40
1
-
E 20
<
IC50= 2.5 ng/ml (highly sensitive)

0 10
TRA-8 (ng/ml)

100 1000

Fig. 2. TRA-8-induced cytotoxicity of cervical cancer tissue slices. Results are plotted as ATP level (% of untreated control) versus log TRA-8 concentrations (hatched
line). Non-linear modeling was used to determine IC50 values for each individual curve (solid line).
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Fig. 3. TRA-8, cisplatin, and combination therapy cytotoxicity assays for 3
cervical cancer tissue slice experiments. Additive cytotoxicity is evident when
TRA-8 and cisplatin are combined.

with dose response curves as well as the calculated ICs, values,
is shown in Fig. 2 for four patient specimens. There was a broad
range of ICs, values in the 11 specimens (2.5 to >1000 ng/ml).

Patient specimens 5, 6, 8, and 15 were highly sensitive to TRA-
8-induced apoptosis, with 1Cs, values ranging from 2.5 to
300 ng/ml. Patient specimens 3, 9, and 10 were moderately
sensitive to TRA-8 treatment, with ICso values ranging from
787 to 813 ng/ml. Four patient specimens with ICs, values
greater than 1000 ng/ml were resistant to TRA-8.

Cytotoxicity of combination therapy with TRA-8 and cisplatin
was evaluated for seven patients that had adequate slice numbers.
Six patient specimens treated with TRA-8 and cisplatin exhibited
additive cytotoxicity in comparison to treatment with either agent
alone. Fig. 3 graphically represents three patient specimens
exhibiting variable additive cytotoxicity at different drug and
TRA-8 concentrations. In patient 8, the increase in viability seen
in slices treated with the combination of TRA-8 100 ng/ml and
cisplatin 100 uM likely reflects tumor heterogeneity. Specimens
with a greater proportion of stromal tissue than tumor appear to be
less susceptible to cytotoxic agents.

Immunohistochemical and Western blot analysis

Available specimens underwent [HC utilizing staining for
DRS5 expression, TUNEL assays, caspase 3 and caspase 8§ eval-
uation. In order to evaluate the effect of cisplatin chemotherapy
on DRS5 expression, slices were stained for DRS. Fig. 4 dem-
onstrates an increase in DRS expression in slices treated with
100 uM of cisplatin compared to control slices. The apoptotic
effect of cisplatin and TRA-8 monotherapy was evaluated using
the TUNEL assay. Increased TUNEL staining was seen with
each therapy compared to controls (Fig. 5).

Additional specimens underwent Western blot analysis to
confirm that the cytotoxicity seen in treated slices resulted from
the induction of apoptosis and not necrosis. In order to evaluate
TRA-8 activation of the extrinsic apoptotic pathway, caspase 8
and caspase 3 were evaluated (Fig. 6). The presence of cleaved
caspase 8, was evident with combination utilizing cisplatin and
TRA-8 or TRA-8 alone. Apoptotic cell death was further
confirmed by staining for caspase 3 which demonstrated
caspase 3 cleavage products in slices treated with 1000 ng/ml
TRA-8 alone and in combination with cisplatin.

24 hours

Fig. 4. Immunohistochemistry analysis of untreated and cisplatin treated cervical cancer slices 24 h post-slicing. A marked increase in DR5 expression is seen in the

cisplatin treated tissue using the TRA-8 antibody for staining.
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Discussion

Patients with locally advanced or recurrent cervical cancer
have limited therapeutic options and poor outcomes. In 1999,
the National Cancer Institute issued a clinical announcement on
cervical cancer advising clinicians that concomitant chemother-
apy and radiotherapy should be strongly considered for all
patients with locally advanced cervical cancer. Five randomized
trials which led to this announcement exhibited improved
survival when chemotherapy was combined with radiation
therapy [33—37]. Since that time, no novel treatment regimen
has been identified to further improve survival of patients with
advanced or recurrent cervical cancer.

Currently, cancer research is focused on targeted therapeutics
to enhance treatment of cancer while limiting the toxicities
which have plagued conventional cytotoxic drugs and radiation
therapy. TRAIL receptor activating agents have established
themselves as promising candidates for novel biological therapy
development. The monoclonal antibody, TRA-8, has the ability
to target death receptor 5 on the surface of cancer cells and
trigger an apoptotic response while sparing normal cells.

Several studies have demonstrated substantial efficacy of the
TRA-8 antibody, particularly when coupled with chemotherapy
and/or radiation therapy [16—18,38]. Furthermore, the ex vivo
technique utilized in this study has previously been evaluated in
patients with ovarian cancer [18]. Therefore, we sought to eval-
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Fig. 6. TRA-8 activation of caspase 8 and caspase 3 in cervical cancer tissue
slices. Following 48 h of treatment, tissue lysates were separated in SDS-PAGE
and blotted. Blots were probed with antibodies specific to human caspase 8 and
caspase 3. Arrows point to caspase cleavage products.

uate the cytotoxic effects of TRA-8 alone and in combination
with cisplatin in an ex vivo tumor slice model of human cervical
cancet.

This ex vivo tissue slice model provides a unique experimental
approach to evaluate fresh human tissue. Unlike cell line and

Fig. 5. Immunohistochemistry analysis of treated and untreated cervical cancer slices after 48 h. An increase in staining via the TUNEL assay demonstrates marked

apoptosis in the slices treated with cisplatin or TRA-8.
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xenograft studies, fresh tissue slices maintain all the components
indigenous to human tumors. These components comprise a
complex three-dimensional structure of tumor, stroma, endothe-
lium, and lymphocytic infiltrate which may influence the
therapeutic outcome of a drug or antibody treatment. Similar to
previous studies, we found remarkable viability of untreated
cervical cancer tissue slices in ex vivo culture [18]. It appears that
the cytotoxic effects seen in these experiments were due to drug/
antibody treatment and not loss of cell viability over time.

The majority of targeted agents are utilized in conjunction
with traditional cytotoxic drugs possessing known efficacy
against the tumor type. There is significant data to support the
use of cisplatin as an active agent for cervical cancer [33-37].
Moreover, Nagane et al. found that cisplatin enhanced TRAIL-
mediated apoptosis of glioma cells by upregulating DRS
expression [39]. Therefore, we designed our experiments to
assess the cytotoxic response of TRA-8 alone and in combina-
tion with cisplatin. Approximately two-thirds of the specimens
exhibited a response to TRA-8 monotherapy, while one-third
were resistant to TRA-8 (ICso >1000 ng/ml). Importantly,
additive cytotoxicity was seen in 86% of specimens treated with
the combination of TRA-8 and cisplatin. Western blot analysis
revealed a reduction of pro-caspase 8§ as well as the presence of
its cleavage product, indicating activation of the extrinsic
apoptotic pathway. Immunohistochemistry revealed an increase
in DRS expression in tumor slices pre-treated with cisplatin.
These results support our rationale to treat with chemotherapy
prior to TRA-8 therapy in hopes that increased DR5 expression
will enhance the cytotoxic effects of TRA-8.

Traditional chemotherapeutic agents initiate apoptosis via
activation of the intrinsic, or p53-mitochondrial pathway.
Treatment with chemotherapy or radiotherapy triggers transloca-
tion of p53 from the cytoplasm to the nucleus of the cell, thereby
stimulating transcription of pro-apoptotic factors ultimately
leading to cell death [40,41]. Approximately 50% of human
cancers possess a p53 genomic mutation that may enable them to
escape death induced by conventional therapeutic regimens [42].
More specific to cervical cancer, HPV E6 leads to down regula-
tion of p53, thereby inhibiting apoptosis via the intrinsic path-
way [43]. Thus, development of novel agents that exploit the
extrinsic apoptotic pathway becomes paramount. Treatment with
TRA-8 may provide an alternative treatment that can effectively
activate the extrinsic apoptotic pathway, and circumvent chemo-
resistance resulting from p53 mutations or HPV-induced down
regulation.

This pilot study demonstrated a therapeutic effect of TRA-8
and cisplatin in an ex vivo human cervical cancer tissue slice
model. This ex vivo model not only provides cytotoxicity data
on fresh tumor obtained from patients prior to therapy, but also
allows for mechanistic studies to be performed. Future studies
are planned to evaluate the response of cervical cancer to TRA-
8 plus radiation and chemotherapy. The tissue slice model
represents a new paradigm for translational research, as it allows
human tissue to be evaluated both from a cytotoxic and
mechanistic standpoint. A phase I study utilizing a humanized
version of the TRA-8 antibody in the treatment of patients with
solid malignancies is currently underway.
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