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Enhancing sensitivity of chemoresistant ovarian cancer cells to
TRAIL and FAS mediated apoptosis by radiation

Ercan CACAN'

ABSTRACT

Objective: Death receptors initiate apoptotic
signals following interaction with their cognate ligands.
However, expressions of death receptors are often
downregulated during ovarian cancer progression
and it has been recently asserted that suppression
of death receptors is associated with resistance to
chemotherapeutic drugs in ovarian cancer cells.
Radiotherapy is a common treatment modality for several
cancer types and it has been reported that low-dose
ionizing radiation modulates tumor microenvironment.
The purpose of the present study is to determine if sub-
lethal ionizing radiation will modulate the expression
of common death receptors in chemoresistant ovarian
cancer cells and to investigate if reversed expression of
death receptors will enhance TRAIL or FAS ligand (FASL)

mediated apoptosis.

Methods: Flow cytometry analyses were performed
to determine the effects of chemotherapeutic drug,
cisplatin, on chemosensitive and chemoresistant
ovarian cancer cells viability, cellular expressions of
death receptors and TRAIL or FAS mediated apoptosis,
following sub-lethal irradiation in drug resistant ovarian

cancer cells.

Results: The majority of chemoresistant A2780-

AD cells remain viable following a high dose of

OZET
Amag: Olim reseptorleri, ligandlan ile etkilesime
girerek apoptotik sinyallerini baslatmaktadir. Ancak

over kanserinin gelisimi surecinde olum reseptorlerinin
ekspresyonu siklikla baskilanmaktadir ve son yillarda
over kanse hiicrelerindeki  olum  reseptorlerini
baskilanmasinin kemoterapotik ilaglara kars1 olusturulan
direng mekanizmalan ile iliskili oldugu 6ne strulmiistdr.
Radyoterapi cesitli kanser tiplerinde yaygin bir tedavi
yontemidir ve dusuk dozda iyonize radyasyonun timorin
mikro cevresini etkiledigi rapor edilmistir. Bu calismanin
amaci olimctl olmayan iyonize radyasyonun kemorezistan
over kanseri hiicrelerinde olum  reseptorlerinin
ekspresyonunu degistirip degistirmeyeceginin belirlenmesi
ve expresyonu arttirilmis olim reseptorlerinin  TRAIL
ya da FAS (FASL) aracili

arttirmayacaginin arastirilmasidir.

ligand apoptozu arttirp
Yontem: ilaca direncli over kanseri hiicrelerinde
birakildiktan

kemosensitif

dusik dozlardaki radyasyona maruz

sonra, kemoterapotik ilacin (sisplatin)
ve kemorezistan over kanseri hiicrelerinin canliigini,
olim reseptorlerinin hiicresel expresyonunu ve FAS veya
TRAIL araciligiyla gerceklesen apoptoz lizerine etkilerini

saptamak amaviyla flow sitometri analizleri kullanilmistir.

Bulgular: ilaclara duyarliik gésteren A2780 hiicreleri

dusuk dozdaki ilaca maruz kalmanmin ardindan olmeye
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cisplatin treatment, while the drug sensitive
A2780 cells started to die following low dose drug
exposure. The results have demonstrated that 2
Gy or 5 Gy ionizing radiation enhances expression
of death receptors, FAS and DR4, in multi drug
resistant A2780-AD ovarian cancer cells. The data
further have confirmed that sub-lethal ionizing
radiation increases FAS/TRAIL-mediated apoptosis

of the chemoresistant ovarian tumor cells.

Conclusion: This study has suggested that sub-
lethal radiation treatment may simultaneously increase
immunogenicity of tumor cells and the induction of
antitumor immunity to chemoresistant ovarian cancer

cells.

Key Words: Ovarian cancer, chemoresistance, FAS,
TRAIL, radiation

basladiklar halde yiiksek dozdaki sisplatin muamelesinin
ardindan kemorezistan A2780-AD hucrelerinin bliyik bir
kismi canliigini stirdiirmdstir. Sonuclar 2 Gy yada 5 Gy
iyonize radyasyonun coklu ilaclara direncli A2780-AD
over kanseri hucrelerinde olim reseptorlerinin, FAS
ve DR4, expresyonunu arttirdigim gostermistir. Veriler
olimcul olmayan iyonize radyasyon, kemorezistan over
kanseri hiicrelerinin FAS ve TRAIL aracili apoptozu

arttirdigin1 dogrulamistir.

Sonug: Bu calisma dusiik doz radyasyon tedavisinin

dogal olarak tlimor hiicrelerinin  imminojenitisini

arttirabilecegini ve anti-timor immtniteyi

indiikleyebilecegini akla getirmistir.

Anahtar Kelimeler: Over kanseri, kemoterapi, FAS,

TRAIL, radyasyon

INTRODUCTION

Each year, over 240.000 women are diagnosed
with ovarian carcinoma and less than half of these
women live five years beyond their diagnosis,
making epithelial ovarian cancer the most deadly
gynecological cancer (1). Major factors in the
extremely low survival rate are late diagnosis and
the high incidence of acquired chemoresistance (2).
The first line therapeutic drug cisplatin is initially
very effective, but more than 80% of patients whose
tumors initially respond to cisplatin relapse within
two years with drug-resistant, terminal disease (3,
4). To address this clinical problem, it is absolutely
the

treatment of ovarian cancer to overcome resistance

necessary to develop new strategies for

to chemotherapeutic drugs. Cancer immunotherapy
approaches are now increasingly being investigated
for the treatment of malignancy, thus different
immunotherapy strategies for ovarian cancer might
overcome chemoresistance.

FAS (CD95/Apo-1), DR5 (TRAIL-R2) and DR4
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(TRAIL-R1) are death receptors that are commonly
utilized by cytotoxic T lymphocytes (CTLs) to induce
apoptotic signals in tumor cells. These death receptors
contain death domain which allows the receptors to
trigger apoptotic signals following interaction with
their cognate ligands (5). FASL induces apoptosis
through binding its cognate receptor FAS, and TRAIL
induces apoptotic signal in tumor cell through
binding its receptors DR5 and DR4. TRAIL or FASL
ligation to its receptor results in trimerization of
the receptor and subsequently leading to activation
of caspase-3 (6). It has been reported that TRAIL
exposure makes cancer cells more sensitive to
TRAIL-induced apoptosis compare to normal cells
(7, 8). However, tumor cells often avoid FASL and
TRAIL-mediated apoptosis by suppressing expression
of death receptors, which weakens the interaction
between these death receptors and their cognate
ligands during cancer progression (9-11). It has been
recently shown that FAS suppression is associated



with resistance to chemotherapeutic drugs in ovarian
cancer cells (12) and upregulation of FAS reverses
the development of resistance to cisplatin in ovarian
cancer cells (13). Thus, knowledge about death
receptor-mediated signaling pathways may offer new
therapeutic approaches and could enhance sensitivity
of tumor cells to CTLs-mediated killing.

The goal of the present study is to
investigate if the expression of death receptors will
be modulated by sub-lethal ionizing radiation in
chemoresistant ovarian cancer cells and to determine
whether reversed expression of death receptors will
enhance TRAIL or FAS mediated apoptosis.

MATERIAL and METHOD

Reagents and cell lines

The parental chemosensitive (A2780) cells and
their derivative drug-resistant (A2780-AD) ovarian
cancer cells were provided by Dr. Shelly B. Hooks,
University of Georgia. These cells were cultured in
RPMI1640 medium (Mediatech Inc; Manassas, VA,
USA) included with 5 mM penicillin-streptomycin,
10% FBS and 5 mM L-glutamine at 37°C with 5% CO2.
The resistant cells were further cultured in 3uM of
cisplatin (Sigma-Aldrich; St. Louis, MO, USA).

Cisplatin-deriven cell death assay
The (7-AAD)  (BD
Pharmingen; Franklin Lakes, New Jersey, USA) was

7-Aminoactinomycin D

used to measure percentage of dead cells. Tumor cells
were cultured in variety of cisplatin concentrations.
Following 24 h incubation, the tumor cells were
trypsinized, harvested and washed with cold PBS. 1
x 10¢ cells/mL were then resuspended in a binding
buffer. The samples were stained with 5 pL of 7-AAD
and incubated for 20 min at room temperature.
Following staining, the samples were acquired on
flow cytometry. FlowJo software was used to analyze
the resulting data. Dead cells were positive for 7-AAD
and viable cells were negative for 7-AAD labeling.

Irradiation

Tumor cells were kept on ice and irradiated
at a dose rate of 2 Gy/min by setting irradiator
current and voltage at 25 mA and 160 kV. The cells
were maintained in recommended media during
irradiation. After irradiation, the cells media was
substituted with the recommended fresh media.

Flow cytometry analysis and cell
surface staining
Chemoresistant ovarian cancer cells were

control-irradiated (0 Gy), irradiated with 2 Gy or
5 Gy and then cultured with fresh media for 48h.
The cells were harvested and stained with the PE-
DR4, APC-DR5, PE-FAS, and the suitable isotype
matched antibodies for control (BioLegend; San
Diego, CA, USA). For staining, the tumor cells
were mixed with an indicated antibody and
incubated in a cell-staining buffer on ice for 45
min. The stained cells were rinsed with PBS and
then acquired and quantified by flow cytometry.
Based on scatter profile, dead cells were omitted
from the analyzed cells. Isotype matched control
staining was kept smaller than 5%.

FAS and TRAIL mediated apoptosis assay

A2780-AD cells were control-irradiated (0 Gy),
irradiated with 2 Gy or 5 Gy and then re-cultured
with fresh media for 48 h. The chemoresistant
tumor cells were harvested, counted and
incubated for 3 h with recombinant TRAIL protein
(Millipore; Billerica, MA, USA), agonistic anti-FAS
antibody, clone CH11 (MBL; Watertown, MA, USA)
or isotype control antibody, IgM (BD Biosciences;
San Diego, CA, USA). Cells were subsequently
stained with a PE-labeled monoclonal antibody for
apoptotic marker intracellular active caspase-3
(BD Biosciences; San Diego, CA, USA). A flow
cytometer was used to analyze stained cells. The
level of activated caspase-3 was quantified by

flow cytometry.
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Statistical analysis

Student paired t test was used to evaluate the
obtained results. The normality of data was checked
by Shapiro-Wilk test. Values show the standard error
of the mean (SEM) of three independent experiments.
The p values <0.05, <0.005, <0.0005 are indicated by
asterisks (*), (**), (***), respectively.

RESULTS

Effects of cisplatin on chemosensitive and
chemoresistant ovarian cancer cells viability

Two well-characterized ovarian cancer cell lines
were used to investigate the effects of cisplatin
on tumor cell death. The ovarian tumor cells were
treated with different concentrations of cisplatin and
cultured for 24 h. Cell death was detected based on
7-AAD staining. The population of live and dead cells
was distinguished by flow cytometry analysis. Our
data showed that more than 50% of chemosensitive,
A2780, cells were killed following 50 pM of cisplatin
treatment. In contrast, only 8% of A2780-AD cells
died at the same cisplatin concentration. Majority
of A2780 cells were killed following 100 puM cisplatin
treatment, however greater than 80% of A2780-AD
cells remained viable after 100 pM cisplatin treatment
(Figure 1). The data revealed that most of A2780-AD

cells remain viable following a high dose of cisplatin
treatment, however the drug sensitive A2780 cells
start to die following low dose drug exposure.

Sub-lethal ionizing radiation upregulates
expression of some death receptors in
resistant ovarian cancer cells

Suppression of some members of death receptors
was observed in variety of cancer cell lines (14, 15)
and we have recently observed that some member
of TNFRSF (DR4 and FAS) are suppressed in resistant
ovarian cancer cells (12). To determine whether
suppressed FAS and DR4 surface expressions can
be reversed by sub-lethal radiation, cell surface
expressions of FAS and DR4 were investigated
following 0, 2 or 5 Gy irradiation of chemoresistant
cells. Radiation treatment did not cause any
alterations in the surface expression of DR5 on
the resistant cells because DR5 was already highly
expressed on A2780-AD cells (Figure 2a). In contrast
to DR5 expression, both 2 Gy and 5 Gy treatments
significantly increased FAS and DR4 surface protein
expressions in chemoresistant ovarian cancer cells
(Figure 2b-c). Overall, our data indicate that sub-
lethal ionizing radiation had significant effect on
expression of FAS and DR4 in drug resistant ovarian
cancer cells.
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Figure 1. The percentage of dead tumor cells in (a) chemosensitive and (b) chemoresistant ovarian cancer cells
after cisplatin exposure.

Cells were cultured in presence of variety concentration of cisplatin for 24 h. Adherent cells were subsequently harvested and
cell death was analyzed by 7-AAD staining and flow cytometric analysis. Experiment was repeated 3 times with similar results.
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Figure 2. Cells surface expression of (a) DR5, (b) DR4 and (c) FAS in chemoresistant A2780-AD cells following

sub-lethal ionizing radiation.

Cells were harvested and stained with PE-labeled antibody to human DR4, FAS or APC-labeled DR5. Cell surface protein

expression was evaluated by flow cytometry.

Radiation treatment enhanced sensitivity
of resistant cells to killing through TRAIL
and FASL receptors

Our data clearly demonstrate that sub-lethal
ionizing radiation enhances expression of FAS and
DR4 on chemoresistant ovarian cancer cells. To
determine whether increased expression of FAS and
DR4 on chemoresistant ovarian cancer cells by sub-
lethal radiation is functional, A2780-AD cells were
control-irradiated (0 Gy), irradiated with 2 Gy or 5
Gy. Following irradiation, cells were re-cultured in a
fresh media for 48 h. Tumor cells were then incubated
with recombinant TRAIL protein or agonistic anti-
FAS antibody for 3 h to induce apoptosis in the
tumor cells. The percentage of apoptotic cells was
determined by quantification of activated caspase-3
using a flow cytometer. Irradiation significantly
sensitized A2780-AD cells to killing by both TRAIL
and anti-FAS treatments (Figure 3). Although, 2 Gy
or 5 Gy sub-lethal ionizing radiation caused some
background killing of tumor cells, the percentage of
active caspase-3 was significantly increased following
TRAIL or anti-FAS treatment. These data suggest that
the radiation can be used as an impactful tool on
sensitization of resistant ovarian cancer cells to TRAIL
and FAS mediated apoptosis.

DISCUSSION

Tumor cells frequently down-regulate genes
that are essential for effective anti-tumor immunity
to escape from immune responses (16). Following
antigen introduction and proper stimulation, CTLs
commonly use lytic granules and death receptors to
kill tumor cells (17). Interaction between these death
receptors with their ligands on anti-tumor immune
cells is crucial to induce apoptotic signals in many
types of tumor cells (18). Therefore, modulation of
these molecules is a promising approach for improving
the activity of tumor-specific T cells against resistant
cancer cells and enhancing the efficacy of cancer
immunotherapies (19). DR4 and DR5 interact with
TRAIL, and FAS interacts with FASL to induce immune
mediated apoptotic signals (20); hence it is possible
that enhancing expression of death receptors may
have therapeutic benefit for ovarian cancer.

In this study, we focused on immune-driven
apoptosis by investigating the effect of sub-lethal
ionizing radiation on the expression of death
receptors. Our data significantly contribute to cancer
immunotherapy studies by controlling the expression

of death receptors for enhancing sensitivity of tumor
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cells to immune-mediated cytolysis. This study
demonstrates that expressions of DR4 and FAS
are significantly increased by sub-lethal ionizing
radiation, which enhanced FASL or TRAIL mediated
apoptosis. Primarily, the effect of the cisplatin
on tumor cell death was investigated in parental
chemosentitive and their derivative chemoresistant
ovarian cancer cell lines. The majority of
chemosensitive cells were killed following 100
MM cisplatin treatment while greater than 80% of
chemoresistant cells were still remained viable at
the same cisplatin concentration (Figure 1). The
data clearly shows that most A2780-AD cells remain
viable despite a high dose of cisplatin treatment,
which confirms the resistance of A2780-AD cells to

the chemotherapeutic drug cisplatin.

It has been reported that expression of multiple
death receptors are modulated by ionizing radiation
in colorectal cancer cells (5, 7), but the induction
of radiation in chemoresistant ovarian cancer cells
was unknown, and the role of sub-lethal radiation
in expression of death receptors has not been
investigated in resistant ovarian cancer cells. Our

results demonstrate that 2 Gy or 5 Gy irradiation
significantly reversed the expression of FAS and DR4
in the resistant tumor cells (Figure 2).

Enhancing tumor cells recognition by Natural
killer cells or CTLs could increase the killing rate
of tumor cells (21). Apoptosis is facilitated by a
caspase cascade and activation of caspase-3 is a
hallmark of apoptosis (22). Thus, we measured the
percentage of active caspase-3 to determine the
frequency of apoptotic cells following recombinant
TRAIL protein or anti-FAS treatments. The goal was
to test if the increase in the expression of death
receptors by radiation would actually enhance the
sensitivity of tumor cells to killing through TRAIL
or FASL receptors in chemoresistant ovarian cancer
cells. The data indicate that irradiation significantly
sensitized A2780-AD cells to killing by anti-FAS or
TRAIL (Figure 3). These data further suggest that
sub-lethal ionizing radiation sensitizes ovarian tumor
cells to apoptosis, possibly through up-regulation of
death receptors on the ovarian tumor cells, which
sensitizes these cells to FAS or TRAIL mediated
killing (Figure 4). Thus, upregulated-expression of
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Figure 3. Sensitivity of chemoresistant cells to killing through FAS and TRAIL receptors following sub-lethal

irradiation.

Tumor cells were mock-irradiated (0 Gy), irradiated with 2 or 5 Gy and cultured for 48 h. The tumor cells were counted and
then incubated for 3 h with recombinant TRAIL protein or agonistic anti-FAS antibody. Control cells were incubated with IgM
isotype control antibody. The cells were subsequently fixed and permeabilized before being stained for intracellular active
caspase-3 with a PE-labeled monoclonal antibody. The level of activated caspase-3 was evaluated by flow cytometry. Graph

shows average of three independent experiments.
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death receptors may improve the ability of CTLs
activity and sensitivity to tumor cells. The data
further suggest that radiation can be used for
the treatment of advanced ovarian cancer by
enhancing the induction of anti-tumor immune
responses. Therefore, combination of radiation
and immunotherapy could be a useful tool to
enhance tumor sensitivity and T cell reactivity.
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